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This study examines the interplay and spatial convergence of the digital economy,
green finance, and green urbanization in the Yellow River Basin from 2001 to
2022, with a focus on their roles in promoting sustainable development. Utilizing
a “pattern-process-mechanism” framework, the study employs the Global Moran
Index, the Dagum Gini Coefficient, and the β-convergence model to analyze
spatiotemporal dynamics and the coupling coordination across 77 cities in the
region. The findings reveal a steady improvement in coordination, primarily driven
by advancements in the digital economy, although regional disparities remain.
Downstream cities benefit from industrial and resource advantages, while
upstream areas continue to face significant challenges. The β-convergence
analysis further suggests a narrowing of the regional gap, with spatial factors
playing a key role in enhancing coordination. Based on these results, policy
recommendations include strengthening regional cooperation, optimizing
industrial structures, and increasing government support to foster balanced
green development. These insights provide both theoretical and practical
guidance for the formulation of sustainable economic strategies in
ecologically sensitive regions.

KEYWORDS

digital economy, green finance, green urbanization, coupling and coordination
development, Yellow river

Introduction

In order to achieve long-term peace and stability in the Yellow River Basin, the Central
Committee of the Communist Party of China (CPC) has elevated ecological protection and
high-quality development of the region to a national strategy, on par with other key national
initiatives such as the coordinated development of the Beijing-Tianjin-Hebei region, the
Yangtze River Economic Belt, the Guangdong-Hong Kong-Macao Greater Bay Area, and
the integrated development of the Yangtze River Delta. In September 2019, China formally
proposed to elevate the ecological protection and high-quality development of the Yellow
River Basin to a major national strategic priority. From the perspective of the strategic
significance of watershed ecological protection, the ecological vulnerability of the basin
dictates that green development is not only a prerequisite for economic development but
also a crucial component of its high-quality advancement. The Yellow River Basin has
historically been at the heart of China’s ecological security, as well as its economic and social
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development, yet it remains a region confronted with numerous
challenges and pressing issues. The Yellow River is China’s second-
longest river, with a basin area exceeding 750,000 square kilometers,
traversing nine provinces and autonomous regions. In 2018, the
total population of the basin reached 420 million, accounting for
30.3% of the national population, and the regional GDP amounted
to 23.9 trillion yuan, or 26.5% of the national total. Additionally, the
Yellow River Basin encompasses several major agricultural
production areas, contributing 29.5% of the country’s total
grain output.

China’s economy has made remarkable strides over the past
4 decades of reform and opening-up. However, the long-standing
development model—characterized by high consumption, low
efficiency, and an emergency-driven approach—has increasingly
proven unsustainable. This model has led to a series of resource
and environmental challenges, including resource depletion,
environmental pollution, and ecological degradation (Shi, Rubiao,
et al., 2024), which have significantly hindered the nation’s ability to
achieve high-quality development. Confronted with these severe
resource and environmental constraints, China must transition to a
new development paradigm focused on green, low-carbon, and
sustainable growth—a central pillar of the country’s vision for
ecological civilization construction. At the same time, the global
proliferation of emerging digital technologies has positioned the
digital economy as a critical driver of socio-economic progress
worldwide (Zhou et al., 2022). This transformation is poised to
catalyze a comprehensive green transition that spans production
factors, productivity, and production relations. Moreover, it will
spur innovations in green finance and provide vital support for
green urbanization. The 14th Five-Year Plan for National
Informatization emphasizes the importance of advancing the
development of a green, smart, and ecological civilization,
advocating for the integration of digitization and sustainability.
In this context, the digital economy, green finance, and green
urbanization emerge as three interconnected drivers of China’s
high-quality development, each deeply influencing the others.
Digital economic activities that are disconnected from
environmental considerations cannot effectively contribute to
sustainable development (George et al., 2021). Similarly, green
urbanization must provide the necessary support and strategic
guidance for the digital economy to ensure its continued growth.
Therefore, embedding green principles within digital economic
activities, fostering green finance, and advancing green
urbanization are essential steps toward achieving a sustainable
future. In turn, green urbanization practices should leverage data-
driven approaches to accelerate the growth of the digital economy
and foster innovation in green financial models. As such, effectively
coordinating these three dimensions—digital economy, green
finance, and green urbanization—has become a critical agenda
for the Chinese government and a key focus of academic research.

A review of the existing literature reveals that current research
primarily focuses on the independent impacts of the digital
economy, green finance, and green urbanization, or examines the
unidirectional influence of the digital economy on the latter two.
Concerning the interaction between the digital economy and green
urbanization, digital technologies play a critical role by providing
robust technical support. For example, digital city management
systems enhance the efficiency of resource management and

environmental monitoring (Adriaens and Ajami, 2021), while big
data analytics optimize traffic flow and reduce energy consumption.
At the same time, green urbanization generates significant
application scenarios and market demands for the digital
economy, with sectors such as smart buildings and smart city
services emerging as new growth areas (Tian et al., 2024). The
link between the digital economy and green finance lies primarily in
the capacity of digital technologies to empower financial systems
(Lin and Ma, 2022). Advancements in fintech, such as blockchain,
facilitate traceability and transparency in green financial products,
thereby enhancing market credibility (Agrawal et al., 2024).
Additionally, big data and artificial intelligence enable financial
institutions to perform more precise risk assessments (Ţîrcovnicu
and Haţegan, 2023) and develop accurate pricing models for green
projects (Tian et al., 2022), thereby broadening and deepening green
financial services (Ciocoiu, 2011). Green urbanization and green
finance exhibit a symbiotic relationship. Green finance provides
essential funding for green urbanization, supporting infrastructure
development and the strategic layout of green industries. In turn, the
progress of green urbanization creates significant investment
opportunities, driving innovation in green financial products and
expanding their market reach. For example, renewable energy
projects within green cities (Dong et al., 2021) can be financed
through instruments like green bonds (Sachs et al., 2019), while the
development of ecological industrial parks attracts investments from
green funds (Owen et al., 2018). However, research on the integrated
development of the digital economy, green finance, and green
urbanization remains in its early stages. Key areas, such as the
construction of collaborative mechanisms and the design of
coordinated policies, require further exploration. Achieving deep
integration and synchronized progress across these three
dimensions is critical for realizing global sustainable development
goals and fostering a resilient, green future.

In summary, while extensive research exists on the digital
economy, green urbanization, and green finance individually,
studies examining their coordinated development remain limited.
Future research should adopt more interdisciplinary and integrative
approaches to explore their interconnectedness and synergies in
greater depth, thereby providing robust theoretical support for
policy formulation and practical applications. Notably, green
urbanization in China exhibits significant regional imbalances.
The lack of comprehensive quantitative assessments of the digital
economy, green finance, and green urbanization hinders our ability
to evaluate whether their development is synchronized or to identify
areas that may be lagging behind. As a result, the intricate
relationships among these three domains remain insufficiently
understood. This study seeks to bridge this knowledge gap by
providing nuanced insights into the spatiotemporal characteristics
and dynamic mechanisms of the interplay between the digital
economy, green finance, and green urbanization. Focusing on
China’s Yellow River Basin, the research examines 77 cities
across eight provinces (or autonomous regions) over the period
2001–2022, using a “pattern-process-mechanism” framework. By
employing the Global Moran Index and the DagumGini Coefficient,
the study investigates the coupling and coordination dynamics of
these three dimensions. This approach contributes to the field of
economic geography, particularly in the context of the digital
economy and green development, and offers valuable insights for
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advancing national strategies related to green urbanization and
high-quality development in the Yellow River Basin.

Theoretical analysis, research
methodology, and indicator system

Theoretical analysis

Research on multi-system coordination is essential for
deepening our understanding of the synergistic effects between
green development and high-quality development in the Yellow
River Basin. Evaluating the ternary coupling and coordination
among the digital economy, green finance, and green
urbanization involves a multitude of indicators and complex
interrelationships, including factor flows and mutual influences.
This paper proposes a theoretical framework (Figure 1) to clarify
the coupling mechanisms of these three systems in the Yellow
River Basin.

From the digital economy perspective, the socio-economic
development of the Yellow River Basin urgently requires a
transition from a growth model focused on quantity and speed
to one that emphasizes quality and sustainability (Wang et al., 2022).
The digital economy presents a pivotal opportunity for this
transformation, driving both green finance and green
urbanization. In green finance, the digital economy fosters
innovation and modernization. Through technological
advancements and network effects, digital technologies enhance
financial systems, stimulate green financial innovation, and
facilitate the transition to more sustainable economic models
within the basin. In green urbanization, the digital economy
exerts influence through substitution, penetration, and efficiency
effects. By replacing traditional inputs with more efficient digital
alternatives, it optimizes resource utilization and reduces energy
consumption and emissions. This transition enhances resource
efficiency and mitigates pollution, promoting sustainable urban
growth. Ultimately, the integration of digital technologies not
only revitalizes green finance but also provides a structural
foundation for green urbanization. Understanding and leveraging

these interactions is essential for achieving coordinated, high-
quality, and sustainable development in the Yellow River Basin.

From the perspective of the green finance system, green finance
refers to the integration of environmental protection into
fundamental financial policies, with the objective of guiding
capital toward green industries through financial services, thereby
promoting sustainable social development. It has positive
externalities in terms of innovative knowledge, risk management,
and guiding market demand. On the one hand, from an innovation-
driven perspective, green finance favors projects focused on
environmental protection and sustainable development, thereby
stimulating innovation among digital economy enterprises. It
supports the development of related sectors by providing
financing channels and risk-sharing mechanisms for innovative
firms, attracting talent, and fostering an ecosystem conducive to
innovation, which accelerates the development process. In terms of
risk management, the rapid growth of the digital economy
necessitates the processing of large volumes of data, making data
security critically important. Green finance, in supporting the digital
economy, encourages firms to prioritize data security and privacy
protection, invest accordingly, reduce risks, and ensure the healthy
and stable operation of the digital economy. On the other hand,
through its resource allocation function, green finance directs key
factors such as capital, labor, and technology toward green
industries, thereby accelerating their development. At the same
time, it imposes strict limitations on high-pollution, high-energy-
consuming, resource-based, and overcapacity industries, driving
industrial transformation and upgrading while achieving energy
conservation, emission reduction, and the goals of green
urbanization.

From the perspective of the green urbanization system, green
urbanization in the Yellow River Basin represents a high-quality
development opportunity under the regulatory framework of
national strategic policies. On the one hand, green urbanization
requires the construction of modern infrastructure systems, which
directly drives the development of digital infrastructure. The
burgeoning demand for digital infrastructure opens up vast
market opportunities for ICT enterprises, bringing unprecedented
growth prospects. This, in turn, accelerates the rapid development

FIGURE 1
Themechanism framework of the ternary coupling and coordination of digital economy, green technology innovation and ecological protection in
the Yellow River Basin.
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and widespread application of information and communication
technologies such as 5G, optical fiber broadband, satellite
communication, cloud computing, and big data. On the other
hand, the development of green urbanization imposes higher
demands on green finance. This forces green finance to
continuously innovate, including expanding service areas,
upgrading service models, developing diversified product systems,
and improving relevant mechanisms, in order to align with the
development pace and practical needs of green urbanization.

Research methods

Entropy weight method
The entropy weight method is a standard approach for

comprehensive scoring. In this study, the entropy weight method
is applied to calculate the digital economy index, green technology
innovation index, and ecological protection index for the Yellow
River Basin. Detailed steps can be found in Zhang et al. (2014).

Coupling coordination model
The coupling coordination model is typically used to analyze the

coordination level between different systems. Coupling degree
reflects the interdependence and mutual constraint relationships
between systems, while the coupling coordination degree indicates
the harmonious coexistence and sustainable development
relationship among systems. The formula for calculating the
three-system coupling degree C is:

C � f x( ) × g y( ) × h z( )
f x( ) + g y( ) + h z( )

3[ ]3
⎧⎪⎪⎪⎨⎪⎪⎪⎩

⎫⎪⎪⎪⎬⎪⎪⎪⎭

1/3

(1)

f x( ) � ∑6
i�1
aixi, g y( ) � ∑6

j�1
bjyj, h z( ) � ∑6

k�1
ckzk

Equation 1: C represents the coupling degree (0 ≤ C ≤ 1).
According to the classification method of coupling degree and
coupling types by Li et al. (2012), the system coupling degree
and corresponding types are divided into six categories (see
Table 1). f(x), g(y) and h(z) represent the comprehensive
benefit values of the green urbanization subsystem, the green
finance subsystem, and the digital economy subsystem,
respectively. xi and ai are the i-th factors and weights of the
green urbanization subsystem; yj and bj are the j-th factors and
weights of the green finance subsystem; zk and ck are the k-th factors
and weights of the digital economy subsystem. To more accurately
characterize the coordinated development relationship among the
green urbanization, green finance, and digital economy subsystems,
a coupling coordination degree model is introduced based on the
calculation of the coupling degree:

T � Tbr + Twr

Tbr � ∑m
q�1

pq

p
( ) ×

TEq

μ
( ) × ln

TEq

μ
( )[ ] (2)

Equation 2: T represents the comprehensive benefit index, and D
represents the coupling coordination degree of the compositeT
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TABLE 2 Three-way coordinated comprehensive evaluation index system of digital economy, green finance, and green urbanization in the Yellow river
basin.

System level Criterion level Indicator level unit Indicator
attributes

Internet Penetration Rate Number of Internet Users per 100 People Households/
100 People

Positive

Number of Internet-Related
Employees

Proportion of Computer Service and Software
Practitioners

% Positive

Digital Economy Internet-Related Output Total Telecommunications Business per Capita Yuan/person Positive

Number of Mobile Internet Users Number of Mobile Phone Users per 100 People Household/100 people Positive

Inclusive Digital Financial
Development

Digital Financial Inclusion Index Positive

Green Credit Total Environmental Project Credit/Total Credit Positive

Green Investment Investment in Environmental Pollution
Control/GDP

Positive

Green Insurance Environmental Pollution Liability Insurance Income/
Total Premium Income

Positive

Green Finance Green Bonds Total Green Bond Issuance/Total Bond Issuance Positive

Green Support Proportion of Fiscal Environmental Protection Expenditure/General Budget
Expenditure

Positive

Green Funds Total Market Value of Green Funds/Total Market
Value of All Funds

Positive

Green Rights and Interests Carbon Trading, Energy Use Rights, Emission Rights/Total Equity Market
Transactions

Positive

Per Capita Regional GDP Yuan/person Positive

Economic Development | Proportion of Tertiary Industry Added Value/GDP % Positive

Average Wage of Employees Yuan/person Positive

Water Consumption per Unit GDP Tons/10,000 Yuan Burden

Resource Efficiency Electricity Consumption per Unit GDP kWh/10,000 Yuan Burden

GDP Achieved per Unit Built-up Area 10,000 Yuan/sq. km Positive

Green Urbanization Comprehensive Utilization Rate of General Industrial
Solid Waste

% Positive

Harmless Treatment Rate of Domestic Waste % Positive

Centralized Treatment Rate of Sewage Treatment
Plants

% Positive

Per Capita Industrial Wastewater Discharge Tons/Person Burden

Environmental Friendliness Per Capita Industrial SO2 Emissions Tons/10,000 People Burden

Per Capita Industrial Smoke (Dust) Emissions Tons/10,000 People Burden

Green Coverage Rate of Built-up Areas % Positive

Per Capita Urban Park Green Space Area Square Meters Positive

Per Capita Urban Road Area Square Meters Positive

Number of Buses per 10,000 People Units Positive

Local Science and Technology Expenditure 10,000 Yuan Positive

Social Progress Local Education Expenditure 10,000 Yuan Positive

Number of University Students per 10,000 People Persons Positive

Number of Doctors per 10,000 People Persons Positive

Number of Public Library Books per 100 People Volumes Positive
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system. α, β, and γ are the undetermined weights of the green
urbanization subsystem, the green finance subsystem, and the digital
economy subsystem, respectively. Referring to the classification
method of coupling coordination degree and coupling
coordination type by Dong et al., (2021), this paper divides the
coupling coordination development status of the system into three
major categories and ten subcategories (see Table 1).

Global Moran’s I and local Moran’s I
By calculating the Moran’s I index, the spatial correlation

(among prefecture-level cities) of the coupling coordination
degree between the digital economy, green urbanization, and
green finance in the Yellow River Basin can be determined.
Specific formulas can be found in reference (Bivand and
Wong, 2018).

Dagum gini coefficient method
The Dagum Gini coefficient method is widely used in spatial

disparity research. Unlike the Theil index, coefficient of
variation, and traditional Gini coefficient, it decomposes the
overall disparity of a specific variable into intra-regional
disparity, inter-regional disparity, and transvariation density,
allowing for an accurate analysis of each part’s contribution to
the total disparity. The formula for the Dagum Gini coefficient
G is:

G �
∑k
j�1

∑k
h�1

∑nj
i�1
∑nh
r�1

Dji −Dhr

∣∣∣∣ ∣∣∣∣
2 �Dn2

(3)

Equation 3: �D is the mean value of the coupling coordination
degree; k is the number of regions (in this study, the Yellow River
Basin is divided into three regions: upstream, midstream, and
downstream, as detailed below); j and h are region indices; nj
and nh are the number of prefecture-level cities in regions j and
h, respectively; i and r are indices of prefecture-level cities within
regions i and r; Dji is the coupling coordination degree of
prefecture-level city i within region j; and Dhr is the coupling
coordination degree of prefecture-level city r within region h. A
smaller Dagum Gini coefficient G indicates a lower disparity in the
coupling coordination level.

Evaluation index system and data description
The evaluation index system for the digital economy is based on

the research of Bukht, and Richard (2017); the evaluation index for
green finance is derived from the works of Ozili (Ozili, 2022), Berrou
et al. (2019), and Meo and Abd karim (2022), the evaluation index
system for green urbanization is constructed based on the research
of Borck and Pflüger, (2019) and Eeckhout and Hedtrich (2021) The
system is developed from four dimensions: economic development,
resource efficiency, environmental friendliness, and social progress,
as shown in Table 2. In addition, from a geographical perspective,
the Yellow River flows through nine provinces (autonomous
regions). However, Sichuan Province is included in the Yangtze
River Economic Belt Development Strategy, while Chifeng,
Tongliao, Hulunbuir, and Xingan League in eastern Inner
Mongolia are part of the Northeast Regional Revitalization Plan,
and Laiwu in Shandong Province was merged into Jinan City in
2019. Therefore, this study excludes these administrative regions
and uses data from 77 prefecture-level cities across eight provinces
(regions) within the Yellow River Basin. The basin is divided into
three regions: upstream, midstream, and downstream. The upstream
region includes 23 cities from Qinghai, Gansu, Ningxia, and Inner
Mongolia; the midstream region includes 34 cities from Shaanxi,
Shanxi, and Henan (above Zhengzhou Taohua Valley); and the
downstream region includes 20 cities from Henan (below
Zhengzhou Taohua Valley) and Shandong. The study period
spans from 2001 to 2022, with data primarily sourced from the
China City Statistical Yearbook, China Environmental Statistical
Yearbook, China Science and Technology Statistical Yearbook, and
the statistical reports of various prefecture-level cities. Missing data
for certain regions were supplemented using interpolation methods.

The coupling and coordination
characteristics of digital economy,
green finance, and green urbanization
in the Yellow river basin

Analysis of system development and
coupling coordination level

From 2001 to 2022, the indices for the digital economy, green
finance, and green urbanization, along with their coupling
coordination degree, showed a steady upward trend (see
Figure 2). Specifically, the digital economy index increased
steadily from 0.10 to 0.365, a growth of 243.52%. The green
finance index showed moderate growth, rising from 0.1732 to
0.348, with a growth rate of approximately 100%. The green
urbanization index increased from 0.0185 to 0.0222 between
2001 and 2010, showing a small but stable fluctuation. However,
in the last decade of the study period, it saw a rapid increase to
0.0425, reflecting a growth rate of 129.72%. The ecological
vulnerability of the Yellow River Basin has long made it difficult
to balance economic and green development. Despite the leapfrog
growth of the digital economy, the dual constraints of traditional
development models and resource-environment limitations have
made green development still challenging. As a result, the overall
growth in green finance and green urbanization has been slower
compared to the rapid development of the digital economy.

FIGURE 2
Digital economy index, green finance index, and green
urbanization index, and their coupling coordination degree.
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As shown in Figure 2, the coupling coordination degree among
the digital economy, green finance, and green urbanization in the
Yellow River Basin exhibits a steady upward trend, increasing from
0.249 at the beginning of the study period to 0.405 by the end,
representing a growth of 62.5%. This indicates that the coupling
coordination level among the three systems in the Yellow River
Basin is continuously improving, with positive externalities and
mutual reinforcement evident among the digital economy, green
finance, and green urbanization. The spatial evolution of the
coupling coordination levels of the three systems in 2001, 2011,
and 2022 is shown in Figure 3. At the beginning of the study period,
12 cities experienced severe imbalance, primarily located in Ningxia,
Qinghai, and Inner Mongolia, all within the upper and middle
reaches of the Yellow River. Additionally, 53 cities exhibited
moderate imbalance, indicating that the majority of cities in the
basin were moderately imbalanced at that time. There were 11 cities
with mild imbalance, including Lanzhou, Jiayuguan, and Wuwei in
the upper reaches, Xi’an in the middle reaches, and the rest located
in Shandong Province. Only Tongchuan was classified as
near imbalance.

With the continuous development of the digital economy, green
finance, and green urbanization in the Yellow River Basin, all cities
had escaped the severe imbalance category by the end of the study

period. The number of cities experiencing moderate imbalance
decreased from 53 to 8, while those classified as mildly
imbalanced rose to 29. The number of near-imbalanced cities
increased from 1 to 35. In terms of distribution, the 35 near-
imbalanced cities are spread across the entire Yellow River Basin,
indicating a balanced improvement in coordination throughout the
region. The number of cities in a coordinated state also grew over the
study period. Notably, in addition to Xi’an in the midstream,
Dongying, Yantai, Jinan, and Qingdao in the downstream region
reached a marginally coordinated level. Overall, compared to the
upstream region, cities in the midstream and downstream regions
exhibit better coupling coordination development in digital
economy, green finance, and green urbanization. This may be
due to the relatively weaker resource endowments and more
fragile ecological environment in the upstream areas. In contrast,
the midstream and downstream regions benefit from richer
development endowments and innovative resources, contributing
to a stronger momentum in coupling coordination development.

Spatial distribution characteristics of the
coupling coordination degree

Global Moran’s I and local Moran’s I
The global Moran’s I index for the coupling coordination degree

of the digital economy, green finance, and green urbanization in the
Yellow River Basin from 2001 to 2022 is shown in Table 3.
Throughout the study period, the global Moran’s I index
exhibited some fluctuations but remained significantly positive at
the 1% level (i.e., p < 0.01). This indicates a clear positive spatial
clustering effect in the coupling coordination degree of these systems
across the cities in the Yellow River Basin. However, global spatial
autocorrelation assumes spatial stationarity and considers only one
of three trends—aggregation, dispersion, or random
distribution—for the entire region. As a result, it may obscure
local instabilities. The Moran’s I scatter plot is an effective tool
for examining local spatial clustering and instability. It primarily
describes the correlation between observed variables of spatial units
and their spatial lag variables (i.e., the weighted average of observed
values from neighboring spatial units). Using Stata software, Moran
scatter plots for the spatial clustering patterns of the digital
economy, green finance, and green urbanization in 2006, 2012,
2018 and 2022 were generated. The scatter plots are divided into
four quadrants (HH, LH, LL, HL) based on the differences between
provinces and their surrounding areas.

FIGURE 3
Spatial evolution pattern of the coupling coordination of digital economy, green finance, and green urbanization in the yellow river basin.

TABLE 3 Global Moran’s I index of the coupling coordination degree of
digital economy, green finance, and green urbanization in the Yellow river
basin.

Year I Z P-value* Year I Z P-
value*

2001 0.587 7.811 0.000 2012 0.621 8.190 0.000

2002 0.581 7.715 0.000 2013 0.664 8.757 0.000

2003 0.575 7.612 0.000 2014 0.622 8.191 0.000

2004 0.627 8.265 0.000 2015 0.641 8.458 0.000

2005 0.610 8.046 0.000 2016 0.608 8.032 0.000

2006 0.667 8.786 0.000 2017 0.644 8.490 0.000

2007 0.614 8.100 0.000 2018 0.582 7.705 0.000

2008 0.651 8.594 0.000 2019 0.607 8.004 0.000

2009 0.637 8.413 0.000 2020 0.666 8.763 0.000

2010 0.627 8.281 0.000 2021 0.632 8.330 0.000

2011 0.613 8.090 0.000 2022 0.648 8.529 0.000
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As shown in Figure 4, the Moran’s I values for the spatial
autocorrelation of coupling coordination degrees in the Yellow River
Basin were all positive over the 4 years examined: 2006 (0.6668), 2012
(0.6208), 2018 (0.5815), and 2022 (0.477). This indicates a significant
positive spatial autocorrelation in the coupling coordination degrees
across the cities in the basin. In other words, when a city exhibits a
higher (or lower) coupling coordination degree, its neighboring cities
tend to have similarly higher (or lower) values. From 2006 to 2018,
Moran’s I showed a declining trend, suggesting that the spatial
clustering of the coupling coordination degrees for digital economy,
green finance, and green urbanization within the Yellow River Basin
gradually weakened. This change implies an increasing divergence in
the coordinated development of these three aspects among the cities. In
terms of scatterplot distribution, the points in 2006 were relatively
concentrated near the 45-degree reference line, with a balanced
distribution across the four quadrants. High-High (HH) and Low-
Low (LL) clustering phenomena were particularly evident. By 2018, the
scatterplot becamemore dispersed, withmore points deviating from the
reference line. This may reflect that some cities increasingly diverged
from the developmental trajectories of their neighboring cities in terms
of coordinated development, indicating a growing imbalance within the
region. In 2022, the Moran’s I value rebounded to 0.639, showing a
resurgence in spatial autocorrelation. The scatterplot distribution
became more concentrated around the reference line again,
suggesting a recovery in the spatial interconnection of coupling
coordination degrees among the cities. In each figure, most scatter
points are distributed in the first and third quadrants. This indicates that
in the Yellow River Basin, areas with high coupling coordination
degrees tend to be surrounded by other high-coordination areas
(High-High, HH), while areas with low coupling coordination
degrees are often surrounded by other low-coordination areas (Low-
Low, LL). Specifically, regions where digital economy, green finance,
and green urbanization are well-coordinated also see strong
performance in their neighboring areas. Conversely, underdeveloped
regions are often surrounded by similarly underperforming areas,
reflecting positive spatial autocorrelation, where cities with similar
levels of development tend to cluster spatially.

The results show that, in terms of regional distribution
characteristics, the high-high promoting areas in the upstream have
expanded, while the high-high promoting areas in the downstream
remain relatively stable. This indicates that the agglomeration effect of
high values in these regions is continuously strengthening, suggesting
that regions with better coupling coordination are further consolidating
their advantages. In contrast, the low-low lagging areas have remained
largely unchanged. Additionally, the low-high clustered areas in the
midstream have increased, indicating that cities with lower levels of
development are gradually being surrounded by more developed
regions, likely benefiting from spillover effects and coordinated
regional development.

Dagum gini coefficient
TheDagumGini coefficient for the coupling coordination degree of

the digital economy, green finance, and green urbanization in the
Yellow River Basin is shown in the table. As indicated in the Table 4, the
overall Dagum Gini coefficient for the coupling coordination degree
decreased from 0.108 at the beginning of the study period to 0.0897 by
the end, suggesting that the overall disparity in coupling coordination
across the basin is gradually narrowing. In terms of intra-regional

differences, the Dagum Gini coefficient for the midstream and
downstream regions exhibited a fluctuating upward trend,
decreasing from 0.057 to 0.165 to 0.048 and 0.12 by the end of the
period, respectively. Meanwhile, the upstream region consistently
fluctuated around 0.55. This indicates that the internal development
gap in coupling coordination within the midstream and downstream
regions is gradually narrowing, while the disparity among cities in the
upstream region has remained relatively stable.

From an inter-regional perspective, the Dagum Gini
coefficient between the upstream and midstream regions
decreased from 0.082 to 0.075, and between the upstream and
downstream regions from 0.148 to 0.135. The midstream-
downstream coefficient also fell from 0.141 to 0.109 during the
study period. This suggests that the development disparity
between the upstream and the other regions is gradually
expanding, though the overall widening is less pronounced
than in the midstream and downstream areas. The likely
reason is that provinces in the lower Yellow River region have
better resource endowments and developmental advantages.
Notably, Shandong, as a leading province in the basin, has a
large economic scale, an early start in digital economy
development, and a richer pool of innovative talent compared
to the midstream and upstream regions. This provides superior
conditions for the coordinated development of the digital
economy, green finance, and green urbanization. Thus, the
issue of unbalanced development between the downstream and
upstream regions has become increasingly prominent during the
study period. In terms of contribution rates, the inter-regional
difference contributes the most and shows an overall upward
trend, rising from 41.98% at the beginning of the study period to
52.37%. In contrast, the intra-regional difference contribution
rate is relatively low, fluctuating downward from 26.24% to
25.86%. This indicates that the digital economy, green finance,
and green urbanization in the Yellow River Basin urgently require
enhanced coordination mechanisms to foster overall coordinated
development, and that inter-regional disparities need to be
progressively reduced.

Convergence analysis of the coupling
coordination between digital economy,
green finance, and green urbanization
in the Yellow river basin

β-Convergence model

To further explore the future dynamic trend of regional
differences in coupling coordination, especially whether these
differences will narrow and eventually disappear over time, this
paper introduces the β-convergence model for analysis. Specifically,
if regions with initially low levels of coupling coordination exhibit
higher growth rates and eventually catch up with high-level regions,
achieving a uniform steady-state level of coupling coordination, this
is considered an indication of β-convergence. β-convergence can be
classified into two types: absolute convergence and conditional
convergence. Absolute convergence refers to the ideal scenario
where, over time, the coupling coordination degrees of different
regions gradually approach the same stable level, without being
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affected by external factors such as local resources or policy support.
The specific model is as follows:

ln
Di,t+1
Dit

( ) � α + β ln Dit( ) + μi + ηt + εit (4)

Equation 4, Di,t+1 and Dit represent the coupling coordination
degree of city i in periods t+1and t, respectively. β is the convergence
coefficient; if β < 0, it indicates a convergence trend. The
convergence speed is calculated as v � −ln(1 − |β|)/T. μi、 ηt and
εit represent regional effects, time effects, and random disturbance
terms, respectively. This study incorporates spatial factors into the
β-convergence model for further analysis. The specific model is
as follows:

ln
Di,t+1
Dit

( ) � α + β ln Dit( ) + ρ∑n
j�1
Wij ln

Di,t+1
Dit

( )
+ μi + ηt + εit

(5)

ln
Di,t+1
Dit

( ) � α + β ln Dit( ) + + μi + ηt + μit,

uit � λ∑n
j�1
Wij uij + εij

(6)

ln
Di,t+1
Dit

( ) � α + β ln Dit( ) + ρ∑n
j�1
Wij ln

Di,t+1
Dit

( )

+ γ∑n
j�1
Wij ln Dit( ) + μi + ηt + εit

(7)

The above Equations 5–7 refers to the Spatial Autoregressive
Model (SAR), Spatial ErrorModel (SEM), and Spatial DurbinModel
(SDM). In these models, ρ is the spatial lag coefficient, which
represents the spatial spillover effect of the dependent variable; λ
is the spatial error coefficient, indicating the spatial effect in the
random disturbance term; γ is the spatial lag coefficient of the
independent variable, reflecting the spatial spillover effect of the
explanatory variable. Wij is the spatial weight matrix. In this study,
the geographical distance matrix is used as the spatial weight matrix
for empirical analysis, and an adjacency weight matrix is employed
for robustness checks. Conditional β-convergence builds upon
absolute β-convergence by adding a set of control variables Xi,t+1.
This allows us to consider whether the coupling coordination of
digital economy, green finance, and green urbanization in the Yellow
River Basin shows a convergence trend while accounting for other
influencing factors. Based on related research [3, 5], this study selects

TABLE 4 The DagumGini coefficient of the coupling and coordination degree of digital economy, green finance and green urbanization in the Yellow River
Basin.

The dagum gini coefficient 2001 2004 2007 2010 2013 2016 2019 2022

G The Yellow River Basin 0.108 0.101 0.098 0.092 0.092 0.092 0.093 0.090

Upstream 0.054 0.063 0.060 0.059 0.060 0.057 0.055 0.055

Gjj Midstream 0.057 0.060 0.050 0.047 0.050 0.054 0.055 0.048

Downstream 0.165 0.142 0.142 0.125 0.125 0.124 0.123 0.120

Upstream-midstream 0.087 0.085 0.081 0.082 0.079 0.082 0.079 0.075

Gjh Upstream-downstream 0.148 0.140 0.148 0.140 0.140 0.133 0.138 0.135

Midstream-downstream 0.141 0.122 0.120 0.106 0.108 0.105 0.111 0.109

Contribution rate% Within the area 26.239 27.481 25.922 25.632 26.220 26.825 26.468 25.858

Between the area 41.978 44.246 50.690 53.932 54.051 50.378 52.597 52.373

Supervariable density 31.783 28.273 23.388 20.437 19.730 22.797 20.935 21.769

FIGURE 4
A localized spatial autocorrelationmap of the coupling and coordination degree between digital economy, green finance, and green urbanization in
the Yellow River Basin.
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four indicators to serve as control variables affecting the coupling
coordination of digital economy, green finance, and green
urbanization in the Yellow River Basin. These variables are: the
share of the tertiary industry’s added value in GDP, local
government budgetary expenditure, actual foreign capital utilized
in the current year, and R&D personnel.

Empirical results analysis

Absolute β-Convergence test and result analysis
Table 5 presents the results of the absolute β-convergence test.

As shown in Table 5, the absolute β-convergence coefficients for
all regions are significantly negative. This indicates that, without
considering other influencing factors, there is absolute β-
convergence in the coupling coordination of digital economy,
green finance, and green urbanization in the Yellow River Basin.
The central region exhibits a faster development speed, and the
coupling coordination degrees of various regions may converge
to the same level over time. When spatial correlation is
considered, the above conclusion still holds, and the
convergence speed for each region accelerates under the
spatial weight matrix. This suggests that communication and
cooperation between neighboring regions have significantly
reduced the regional development gap. In terms of
convergence speed, without considering spatial factors, the
central region has a faster convergence speed, which is higher
than the overall basin level, while the upstream region is below
the overall basin level. When spatial factors are taken into
account, the convergence speed of all regions significantly
improves. The convergence speed of both upstream and
downstream regions accelerates notably, and both regions have
already surpassed the central region. Furthermore, the spatial lag
correlation coefficient ρ for each region is significantly negative,
indicating that the coupling coordination of digital economy,

green finance, and green urbanization in the Yellow River Basin is
subject to negative spatial spillover effects from neighboring
cities within the region. This suggests a noticeable siphon
effect, and an overall convergence along with a “core-
periphery” pattern is gradually emerging within the basin.
Since absolute β-convergence does not account for other
influencing factors, there may be a “spurious correlation”
issue. Therefore, in the next section, control variables will be
included for conditional β-convergence analysis.

Conditional β-convergence test and result analysis
Table 6 presents the results of the conditional β-convergence

test. As shown in Table 6, the conditional β-convergence
coefficients for the coupling coordination degrees in the Yellow
River Basin and its three subregions are all significantly negative at
the 1% level. This indicates that, after considering factors such as
industrial structure optimization, government intervention,
foreign investment, and technological innovation, the coupling
coordination degrees in the Yellow River Basin and its subregions
exhibit conditional β-convergence. In other words, the
convergence characteristics of digital economy, green finance,
and green urbanization are determined by their intrinsic
properties, and other influencing factors do not fundamentally
alter their convergence trends. By comparing convergence speeds,
it can be observed that spatial conditional β-convergence is faster
than general conditional convergence across all regions. This
suggests that interactions and cooperation among neighboring
cities within the basin significantly reduce regional development
disparities. After accounting for factors such as industrial
structure optimization, government intervention, foreign
investment, and technological innovation, the spatial lag
coefficients for the Yellow River Basin and its subregions
remain significantly negative. From Table 6, it is evident that
the processes of conditional β-convergence are affected differently
by the factors considered:

TABLE 5 Absolute β-Convergence Test Results for the Coupling Coordination Degree of Digital Economy, Green Finance, and Green Urbanization in the
Yellow River Basin.

Yellow river basin Upstream Midstream Downstream

Model OLS SDM OLS SDM OLS SDM OLS SDM

β −0.048* −0.756* −0.064* −0.829* −0.093* −0.625* −0.035* −0.789*

(0.006) (0.023) (0.014) (0.045) (0.015) (0.033) (0.013) (0.049)

α −0.080* −0.097* −0.143* −0.070*

(0.011) (0.027) (0.022) (0.018)

ρ/λ −0.748* −0.759* −0.918* −0.872*

(0.201) (0.215) (0.199) (0.197)

γ 0.001* 0.003* 0.000* 0.000*

0.000) (0.000) (0.000) (0.000)

Time Fixed ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Region Fixed ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Convergence Speed 0.002 0.067 0.003 0.084 0.005 0.047 0.001 0.074
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Industrial structure optimization
In the spatial Durbin model for the entire Yellow River Basin

and its subregions, the coefficients for industrial structure are all
positive, though small in magnitude and in some cases not
statistically significant. This may imply that an increase in the
share of the tertiary sector in GDP has a positive but relatively
weak effect on convergence in coupling coordination. This weak
effect could be due to a lag in the impact of the tertiary sector’s
development on the coordination of digital economy, green finance,
and green urbanization, as evidenced by the coefficients of
lagged variables.

Government intervention
Regardless of whether spatial factors are considered,

government intervention has a significantly positive impact on

coupling coordination across the Yellow River Basin and the
central and downstream regions. This demonstrates that
government spending plays a crucial role in promoting
convergence in regional coupling coordination. Investments in
infrastructure, industry guidance, and policy support help narrow
regional gaps in digital economy, green finance, and green
urbanization, fostering coordinated development. However, the
effect of government spending on the upstream region is
negative. This may be attributed to an irrational allocation of
government expenditure, with excessive funding directed toward
non-essential areas such as redundant administrative costs, rather
than key sectors like digital economy, green finance, and
urbanization. This leads to resource misallocation and hinders
coordinated development. Alternatively, a lack of foresight and
coordination in government planning might result in large-scale

TABLE 6 Conditional β-Convergence Test Results for the Coupling Coordination Degree of Digital Economy, Green Finance, and Green Urbanization in the
Yellow River Basin.

The Yellow
River basin

Upstream Midstream Downstream

Model OLS SDM OLS SDM OLS SDM OLS SDM

β −0.059* −0.767* −0.067* −0.847* −0.117* −0.658* −0.062* −0.831*

(0.007) (0.023) (0.014) (0.046) (0.016) (0.033) (0.017) (0.05)

Ser −0.002 0.001 0.001 0.003 −0.000 −0.000 0.000 0.003

(0.002) (0.003) (0.005) (0.008) (0.002) (0.003) 0.002 (0.005)

Bug 0.001 0.008* −0.002 −0.006 0.003 0.012* (0.003) 0.007

(0.003) (0.003) (0.008) (0.009) (0.003) (0.004) 0.000 (0.003)

Inv −0.001 −0.000 −0.005 0.020* −0.002 −0.006* (0.003) −0.002

(0.002) (0.002) (0.005) (0.006) (0.003) (0.003) 0.000 (0.003)

Rnd 0.006* 0.005 0.005 0.009* 0.005 0.010 (0.002) −0.011

(0.002) (0.004) (0.003) (0.005) (0.002) (0.012) 0.003 (0.004)

ρ/λ −0.663* −0.694* −0.869* −0.813*

(0.207) (0.220) (0.202) (0.201)

γ 0.002* 0.003* 0.001* 0.000*

(0.000) (0.000) (0.000) (0.000)

WxSer 0.051* 0.028 0.004 0.052*

(0.029) (0.056) (0.017) (0.030)

WxBug 0.049 0.0185 −0.096 −0.053

(0.038) (0.123) (0.059) (0.034)

WxInv −0.052 0.002 −0.013 −0.010

(0.035) (0.048) (0.043) (0.020)

WxRnd 0.154 0.112 −0.117 −0.257*

(0.162) (0.102) (0.186) (0.092)

Time Fixed ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Region Fixed ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Convergence Speed 0.003 0.069 0.003 0.089 0.006 0.051 0.003 0.0847
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infrastructure projects misaligned with the region’s needs, wasting
resources and impeding the convergence of coupling coordination.

Foreign investment
The impact of actual foreign capital utilized is only significantly

positive in the upstream region, while it is not significant for the entire
Yellow River Basin or the central and downstream regions. This
suggests that in the upstream region, an increase in foreign
investment positively influences convergence in coupling
coordination, likely due to the introduction of advanced technology,
management expertise, and capital that facilitate the synergy between
digital economy, green finance, and green urbanization. However, in
other regions, the effect of foreign investment might be less pronounced
or constrained by other factors.

Technological innovation
The impact of technological innovation is significantly positive

for the entire Yellow River Basin as well as the upstream and central
regions, but significantly negative for the downstream region. This
indicates that in most parts of the Yellow River Basin, an increase in
R&D personnel and innovation activities promotes convergence in
coupling coordination. The clustering of technological talent and
innovation activities helps integrate digital economy, green finance,
and green urbanization. However, in the more developed
downstream region, intense competition in the tech and
innovation labor market may lead to short-term focus on
individual achievements rather than long-term contributions to
regional synergy. Furthermore, fierce competition among
enterprises to attract talent raises labor costs, reducing funds
available for R&D investment and green industry development.
This diversion of resources ultimately hampers convergence in
coupling coordination in the downstream region.

Robustness test for β-convergence

To ensure the accuracy of the β-convergence test results, this
study conducts a robustness test using an adjacency weight matrix.

The results are presented in Appendix Tables 7, 8. It is evident that
under the adjacency weight matrix, the direction and speed of both
absolute β-convergence and conditional β-convergence show little
variation. This indicates that the β-convergence test results for the
Yellow River Basin and its three subregions are robust.

Discussion

Conclusion

This study provides a comprehensive analysis of the
development and coupling coordination of the digital economy,
green finance, and green urbanization across 77 cities in 8 provinces
(or autonomous regions) within the Yellow River Basin from 2001 to
2022, and draws the following conclusions:

Development Trends
Over the study period, the indices for the digital economy, green

finance, and green urbanization in the Yellow River Basin showed an
upward trend, though green urbanization lagged behind the
development of the digital economy. The degree of coupling
coordination among the three components continuously improved,
rising from 0.249 in 2001 to 0.405 in 2022. While the overall
coordination levels improved, some cities reached a state of barely
coordinated development. Initially, cities in the upper and middle
reaches of the Yellow River exhibited severe imbalances, but over
time, this disparity has lessened. Cities in the middle and lower
reaches of the basin demonstrated better performance in terms of
coupling coordination development.

Spatial characteristics
The Global Moran’s index for coupling coordination degree is

significantly positive, indicating a strong positive spatial agglomeration
effect. The local Moran scatter plot shows that High-High (HH)
promoting areas are predominantly clustered downstream, while
Low-Low (LL) lagging areas are concentrated upstream. The Dagum
Gini coefficient reveals a narrowing of overall disparity in the basin,

TABLE 7 Robustness Test of Absolute β-Convergence Based on Adjacency Weight Matrix.

The Yellow river basin Upstream MIdstream Downstream

Model SDM SDM SDM SDM

β −0.740* −0.800* −0.631* −0.739*

(0.0226) (0.0422) (0.0320) (0.0459)

α

ρ/λ −0.053 −0.095* −0.033 −0.0789

(0.034) (0.056) (0.053) (0.0637)

γ 0.002* 0.003* 0.000* 0.000540*

(0.000) (0.001) (0.000) (3.73e-05)

Time Fixed ✓ ✓ ✓ ✓

Region Fixed ✓ ✓ ✓ ✓

Convergence Speed 0.064 0.076 0.047 0.06365
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although regional differences have increased. The contribution rate of
inter-regional differences has risen, while intra-regional differences
have declined. The imbalance in development between the
downstream and upper-middle reaches is especially pronounced.

Convergence characteristics
Both absolute and conditional β-convergence tests indicate that the

coupling coordination degrees across the Yellow River Basin and its
subregions follow a convergence trend. After accounting for spatial
factors, the convergence speed has accelerated, and the spatial lag
coefficients are significantly negative. In the conditional β-convergence
model, the effects of industrial structure optimization are weak and
delayed. Government expenditure promotes convergence in the central,
downstream, and overall basin regions, but has a negative impact in the
upstream region due to structural or planning issues. Foreign investment
positively influences convergence only in the upstream region, while

technological innovation fosters convergence in most regions, though it
hinders convergence in the downstream due to factors such as talent
competition. These results were tested for robustness using the adjacency
weight matrix, confirming their reliability. In conclusion, while the
Yellow River Basin has made notable progress in the coordinated
development of the digital economy, green finance, and green
urbanization, it still faces challenges related to regional disparities and
the integration of these sectors. Further optimization of development
strategies is necessary to address these issues and achieve more balanced
and synchronized growth across the region.

Recommendations

Promote Overall Coordinated Development: Given the relative lag
in green urbanization, it is essential to increase investment and support

TABLE 8 Robustness Test of Conditional β-Convergence Based on Adjacency Weight Matrix.

The Yellow river basin Upstream MIdstream Downstream

Model SDM SDM SDM SDM

β −0.757* −0.881* −0.671* −0.769*

(0.023) (0.044) (0.033) (0.0467)

Ser 0.001 0.002 −0.000 0.001

(0.003) (0.007) (0.003) (0.005)

Bug 0.006 −0.004 0.015* 0.005

(0.003) (0.008) (0.004) (0.003)

Inv 0.000 0.021* −0.006* 0.000

(0.002) (0.006) (0.003) (0.003)

Rnd 0.004 0.008 0.013 −0.004

(0.004) (0.006) (0.011) (0.005)

ρ/λ −0.050 −0.105* −0.045 −0.072

(0.034) (0.058) (0.054) (0.064)

γ 0.002* 0.003* 0.001* 0.001*

(0.000) (0.000) (0.000) (0.000)

WxSer −0.013* −0.024 0.001 −0.010

(0.005) (0.011) (0.005) (0.009)

WxBug −0.006 0.008 0.013 −0.009

(0.005) (0.013) (0.009) (0.006)

WxInv 0.010* 0.012* −0.002 0.005

(0.004) (0.006) (0.005) (0.004)

WxRnd −0.012* 0.004 −0.037 0.002

(0.006) (0.010) (0.023) (0.010)

Time Fixed ✓ ✓ ✓ ✓

Region Fixed ✓ ✓ ✓ ✓

Convergence Speed 0.067 0.101 0.053 0.069
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in this area. Efforts should focus on promoting the green upgrading of
urban infrastructure, improving resource utilization efficiency, and
enhancing environmental sustainability to narrow the gap with the
development of the digital economy and green finance. Achieving
balanced development across these sectors can strengthen synergies
and improve overall coupling coordination. Initiatives could include the
application of green building technologies and environmentally friendly
materials, the development of green transportation systems to reduce
energy consumption and emissions, and the strategic allocation of
digital economy and green finance resources toward key areas of green
urbanization to foster industrial integration.

Strengthen Regional Interaction and Cooperation: To address
the issue of widening regional disparities, it is crucial to establish a
cross-regional cooperation mechanism within the basin.
Strengthening collaboration and exchange between upstream,
midstream, and downstream cities in the fields of digital
economy, green finance, and green urbanization will promote
more balanced development. Downstream cities, with their
industrial advantages, can drive the development of upstream
and midstream cities through industrial transfers, technology
exports, and talent sharing. Midstream and upstream cities
should actively accept industrial transfers, leverage their resource
advantages, and collaborate with downstream cities to co-build
industrial parks, achieving complementary strengths. Joint
initiatives, such as green technology innovation projects and the
sharing of research and development outcomes, can facilitate inter-
regional resource flows and optimal allocation, narrowing regional
development gaps and enhancing the overall competitiveness of
the basin.

Optimize Industrial Structure and Layout: Although the current
impact of industrial structure optimization on convergence is weak,
it remains an important long-term objective. Each city should
develop and nurture distinctive clusters of the digital economy,
green finance, and green industries based on its resource
endowments and developmental foundation. Agricultural cities
can leverage digital technologies to advance smart agriculture,
promote green agricultural processing and sales, and attract
green finance to support ecological agriculture projects. Industrial
cities should accelerate the digital and green transformation of
traditional industries, develop high-end manufacturing and
strategic emerging industries, and direct financial resources
toward green industrial innovation. The optimization and
upgrading of industrial structures will facilitate the deep
integration and coordinated development of these three systems.

Allocate Government Resources Effectively: Governments play a
crucial role in guiding regional development. Public spending
structures should be optimized to reduce administrative
inefficiencies and ensure precise investment in key areas that
promote the synergy of the digital economy, green finance, and
green urbanization. Project planning should emphasize forward-
looking, coordinated research to align infrastructure projects with
local industrial development needs, avoiding resource misallocation
and waste. For example, when planning digital infrastructure, the
specific needs of local digital economy enterprises and green
industries should be considered to provide tailored facilities, such
as networks and data centers, thus improving resource utilization
efficiency and promoting coupling coordination.

Precisely Guide Foreign Investment and Technological Inputs:
Upstream regions should continue to attract foreign investment and
implement preferential policies to encourage investments that
integrate the digital economy, green finance, and green
urbanization. This will maximize the advantages of foreign
investment in technology, management expertise, and funding,
thereby promoting local collaborative development and
enhancing coupling degrees. For midstream and downstream
regions, it is crucial to select projects that align with local
industries, strengthen the regulation of foreign investments, and
ensure alignment with regional development goals. To address
technological talent challenges in downstream regions,
governments and enterprises must work together to create an
innovation-friendly environment, improve talent incentive
mechanisms, and encourage cross-disciplinary and cross-regional
research collaborations. Businesses should be guided to compete
fairly, ensure stable R&D investments, and mitigate the adverse
effects of excessive competition for talent and resources on coupling
development. This approach will position technology and
innovation as core drivers for enhancing coupling coordination.
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