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Abstract: The Yellow River Basin (YRB) is a significant economic development region in
China; however, it faces the challenge of underdeveloped economic levels, which impacts
the sustainable development of the national economy. This study constructs an index sys-
tem for high-quality economic development (HQED) based on five development concepts.
The CRITIC method was utilized to comprehensively evaluate 78 prefecture-level cities in
the YRB from 2000 to 2022. Techniques such as the Dagum Gini coefficient, exploratory
spatial data analysis, Markov chain analysis, and the obstacle degree model were employed
to investigate the temporal and spatial evolution of HQED levels and their associated ob-
stacles in the YRB. The findings indicate a positive temporal trend in the HQED index, with
increasing intra-group differences and overlapping issues among regions, while inter-group
differences are decreasing. Nevertheless, the primary contradiction in the YRB continues to
arise from inter-group disparities. Spatially, the development regions are predominantly
centered around provincial capitals, exhibiting a pronounced “fault line” phenomenon and
characteristic “spatial proximity”. In terms of evolutionary trends, the likelihood of each
region maintaining its current state is relatively high; however, regions with higher-quality
neighborhoods demonstrate a lower probability of stability and a greater likelihood of up-
ward mobility. The positive impacts of high-quality neighborhoods outweigh the negative
effects associated with low-quality areas. In terms of obstacles, factors such as sharing and
coordination hinder progress in HQED in the YRB, with challenges related to coordination,
innovation, and openness intensifying in recent years.

Keywords: high-quality economy; economic sustainability; temporal and spatial evolution;
obstacle factors; YRB

1. Introduction

The watershed serves as a vital component of Earth’s ecology and human civilization,
possessing significance across multiple dimensions, including ecological, economic, social,
and cultural aspects. It profoundly influences the global sustainable development process.
The watershed economy, a distinct type of regional economy, is characterized by its strong
integrity and high interconnectivity. Evidence from various countries demonstrates that
watershed economies, especially those linked to major rivers, play a crucial strategic role in
the broader context of national development [1]. In the contemporary era, promoting high-
quality development of the watershed economy has emerged as a critical issue within the
political economy of socialism with Chinese characteristics [2]. Effectively harnessing the
economic potential of watersheds and enhancing economic cooperation and coordinated
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development in these regions are essential for fostering sustained growth and prosperity
in the global economy. The Yellow River, due to its unique significance, has emerged as a
vital symbol of both nature and culture for the Chinese nation. Investigating the HQED of
the YRB reflects China’s proactive approach to sustainable economic development, Thus,
promoting high-quality economic development in the Yellow River Basin is a vital pathway
for achieving high-quality development in China’s economic framework. A comprehen-
sive and objective evaluation of the study area is essential for improving its development
quality. Nonetheless, the per capita income of residents in urban and rural areas across the
nine provinces and autonomous regions of the YRB remains below the national average
(Economic Reference Network, 2020). Therefore, achieving HQED in the YRB is crucial.
In October 2021, the Central Committee of the Communist Party of China and the State
Council issued the “Outline for Ecological Protection and High-Quality Development of
the YRB”, which emphasizes that promoting HQED in this region is strategically necessary
for enhancing cooperation across the basin, narrowing the North-South development gap,
and improving people’s livelihoods (Economic Reference Network, 2021), and it is an
inevitable requirement for realizing sustainable development. Additionally, the YRB, as
a key core area for grain production in China, holds a significant strategic position in the
country’s economic and social development (People’s Daily Online, 2020). Research on
HQED has been a focal point, concentrating on four main aspects. First, concerning the
connotation of HQED, early research predominantly focused on general issues related to
economic development in the YRB. This research primarily examined the upgrading of
China’s industrial structure [3], various economic development models, structural and
dynamic forms [4], the new development pattern of mutual promotion between domestic
and international markets [5], socio-economic well being [6], supply-side reforms, and
the use of reform measures to stimulate economic growth [7,8]. Currently, academia has
reached a broad consensus that high-quality development represents a comprehensive
model characterized by the coordination and unity of economic, social, and ecological
dimensions, emphasizing a people-centered approach aimed at shared development out-
comes. The essence of HQED involves a shift in focus from quantity growth to efficiency
enhancement, a transition in development pathways from scale expansion to structural
optimization, and a change in development drivers from factor input-driven growth to
innovation-driven growth [9,10]. Secondly, the factors influencing HQED encompass green
technological innovation, financial structure, land use, digital productivity, social capital,
the development of digital infrastructure, and environmental regulation [11-17]. Thirdly,
regarding the construction of the indicator system, various methodologies are employed,
including the use of total factor productivity, green total factor productivity, and labor pro-
ductivity as proxy indicators for specific study areas [18-20]. Alternatively, the indicators
may emphasize aspects such as “high-quality supply, demand, development efficiency,
economic operation, and openness [21]”; “the structure, stability, welfare, resource uti-
lization, environmental costs, and distribution of developmental outcomes [22]”; “the
fundamentals of economic growth and social outcomes [23]”; and “high-quality supply,
high-quality demand, development efficiency, structural optimization, economic stability,
social benefits, and green development [24]”. Furthermore, Frolov and colleagues em-
ployed matrix analysis methods to merge annual productivity growth rates with per capita
development indices, thereby establishing an evaluation framework for regional economic
growth quality [25]. Additionally, Qi proposed a measurement framework for economic
growth quality that encompasses multiple dimensions, including economic scale, devel-
opment performance, industrial structure, and coordinated development [26]; however,
the “Five Development Concepts” remain the primary evaluation model [27-32]. Finally,
strategies for achieving HQED focus on several key areas: restructuring innovation and
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technological momentum, enhancing internal and external linkages, reducing regional
disparities, optimizing green productivity, and addressing industrial “shortcomings” to
refine the pathway toward HQED [33,34].

In summary, significant progress has been made in researching the levels of HQED;
however, several limitations persist. (1) In terms of research content, comprehensive
analyses over extended periods and across regions within the basin are relatively scarce,
and studies on the obstacle factors hindering HQED are insufficient. (2) Concerning the
weighting calculation of indicator systems, most studies rely on the entropy weight method
and principal component analysis. The entropy weight method is mainly suitable for static
research and is not conducive to temporal analyses, while principal component analysis
often suffers from stability issues and missing data. Consequently, this study employs
the CRITIC method, which comprehensively considers the variability and conflict among
indicators, allowing for a more thorough reflection of each indicator’s importance, thus
avoiding the limitations of focusing solely on variability or correlation. (3) Methodologically,
there is limited application of spatial Markov chains, and the use of obstacle models to
identify the factors obstructing HQED requires further refinement.

This study investigates HQED within the YRB, aiming to elucidate its intrinsic logic
and provide both theoretical support and practical guidance for sustainable regional eco-
nomic development. The specific research objectives are as follows. First, the CRITIC
method will be employed to determine the weights of indicators, thereby accurately quanti-
fying their importance in the evaluation system for HQED in the YRB. Second, the Dagum
Gini coefficient and Moran’s I will be utilized to systematically analyze the temporal
evolution characteristics and spatial distribution patterns of inter-regional differences in
HQED levels among 78 prefecture-level cities from 2000 to 2022. Finally, the Markov chain
model will facilitate an in-depth exploration of the spatio-temporal evolution trends of
HQED while identifying key restrictive factors that impede this progress. The following
primary research questions are posed: What temporal change patterns and spatial distribu-
tion characteristics do the inter-regional differences in HQED levels exhibit among the 78
prefecture-level cities in the YRB from 2000 to 2022? In the spatio-temporal evolution trends
revealed by the Markov chain model, which factors emerge as core obstacles to HQED in
the YRB? Through an extensive investigation of these questions, this study aims to achieve
a precise understanding of the long-term context of HQED in the YRB, thereby providing
a robust foundation for the scientific formulation of policies that align with the basin’s
developmental rhythm and indicating pathways to overcome developmental bottlenecks
and achieve coordinated regional economic growth.

2. Materials and Methods

2.1. Research Methods
2.1.1. Construction of the Indicator System for HQED in the YRB

High-quality economic development is a multidimensional and systematic evolution-
ary process, and its evaluation indicator system must integrate both conceptual transmis-
sion and practical guidance. This paper synthesizes and organizes the research conducted
by various scholars regarding high-quality economic development in the Yellow River
Basin, ultimately constructing a development framework tailored to the region’s economic
needs [35,36]. The indicator system is presented in Table 1.
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Table 1. Evaluation index system of the high-quality development level of the YRB economy.

Standardized Indicator Level Indlcat(.)r Weights
Layer Properties
X1: Human capital level (persons) + 0.0568
Innovation X2: Financial e>.<penditure on science and technology/local general public + 0.0349
budget expenditure (%)
X3: Number of invention patents authorized for 10,000 people (pieces) + 0.0332
X4: Urban-rural income gap (%) — 0.0479
Coordinati X5: Urban-rural consumption gap (%) — 0.0619
oordination X6: Index of industrial advancement + 0.0397
X7: Industrial rationalization index + 0.0434
X8: Industrial sulfur dioxide emissions per unit of GDP (kg/million yuan) — 0.0161
X9: Share of energy-saving (ecological) environmental protection expenditure in
. . : + 0.0264
G financial expenditure (%)
reen X10: Comprehensive utilization rate of general industrial solid waste (%) + 0.0762
X11: Water consumption per unit of GDP (10,000 cubic meters/million yuan) — 0.1056
X12: Greening coverage rate of built-up areas (%) + 0.0667
Openness X13: Total import and export of goods as a share of GDP (%) + 0.0503
P X14: Actual utilization of foreign direct investment/GDP (%) + 0.0333
X15: Number of hospital doctors per 10,000 people (persons) + 0.05
X16: Internet broadband access users per 10,000 people (households per
+ 0.0518
) 10,000 people)
Sharing X17: Road area per capita (m?/person) + 0.0741
X18: Share of social security and employment expenditure in fiscal
; o + 0.0532
expenditure (%)
X19: Gas penetration rate (%) + 0.0786

o

+

)

@)

®)

4)

is a positive indicator,

u__

is a negative indicator.

Innovative Capability: Innovation is a critical driving force behind economic growth
and social progress. The level of human capital reflects the cultivation of talent for
innovation, while the ratio of scientific and technological fiscal expenditures to local
general public budget expenditures indicates the investment in innovation. The
number of invention patents authorized per ten thousand people serves as a measure
of a region’s innovation output.

Coordinated Capability: There exists a significant gap in economic and developmental
levels between the upstream, midstream, and downstream areas of the YRB, as well as
among different provinces. As such, collaborative development is essential to achieve
regional coordination. The income and consumption disparity between urban and
rural areas reflects the degree of urban-rural coordination in a region. The advanced
industrial structure index and rationalization index provide insights into the level of
industrial structure coordination.

Green Development Capability: As a crucial ecological protection zone, the YRB
plays a vital role in the overall ecosystem, and its green development capability
significantly impacts environmental quality and ecological balance. The industrial
sulfur dioxide emissions per unit of GDP reflect the region’s pollution emission
efficiency. Moreover, the proportion of energy-saving and ecological environmental
protection expenditures in the fiscal budget highlights the government’s commitment
to environmental protection in the YRB. Water consumption per unit of GDP indicates
the utilization of water resources in the area, while the comprehensive utilization
rate of industrial solid waste reflects resource recycling within the region. Finally, the
green coverage rate of built-up areas signifies the sustainable development potential
of the YRB’s environment.

Open and Shared Capability: Openness and sharing are essential pathways for es-
tablishing a mutually reinforcing dual cycle of domestic and international markets
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and are critical for enhancing a region’s competitiveness in economic development.
The proportion of total goods imported and exported to GDP illustrates the region’s
dependence on foreign trade. The actual utilization of foreign direct investment as a
percentage of GDP reflects the region’s use of foreign capital. The number of hospital
doctors per ten thousand people indicates the availability of healthcare resources,
while the proportion of social security and employment spending within the fiscal
budget reflects the social and employment support aspects of residents’ lives. Addi-
tionally, the number of broadband internet access users per ten thousand people, the
per capita road area, and the gas coverage rate demonstrate the status of infrastructure
development in the region.

2.1.2. CRITIC Method

The CRITIC method is an objective weighting technique that considers the comparative
strength and conflict of properties. It is characterized by ease of computation, good data
adaptability, strong interpretability, and high scalability. Consequently, this study employs
the CRITIC method to accurately calculate the weights of each indicator. Zhao Jinhui
employed the CRITIC method to investigate the coupled developmental characteristics
of energy, environment, economy, and ecology in the Yellow River Basin [37], thereby
facilitating a scientific evaluation of the HQED level in the YRB. The specific steps are
outlined as follows.

Step 1: Standardization of Indicators: In this step, there are i prefecture-level cities
and j indicators, where Xj’ represents the standardized value of the j indicator for the i
prefecture-level city.

Positive indicators are as follows:

Xij — min{xi]-}

/
Xy =

max{xij} — min{xij}
Negative indicators are as follows:

e max{x; } — X;j
Xl] N max{xij} — min{xij} @

Step 2: Calculate the variability of the indicators as follows:

1 n
Xj = H.Z% Xij ©)
1=

Step 3: Calculate indicator conflict as follows:

p

H
Il
-

This represents the correlation coefficient between indicators i and j.
Step 4: Calculate information quantity as follows:

p
=5 (1-15) =§ xR, (©6)
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The larger the value, the greater the role of the j-th evaluation indicator within the
entire evaluation indicator system, and consequently, the greater its weight.

Step 5: Calculate weights.

The weight of the j-th indicator is given by

G
Wj = ZP C;
j=1"j

2.1.3. Dagum Gini Coefficient

The Dagum Gini [38] coefficient is a pivotal metric for assessing income distribution in-
equality. Compared to the traditional Gini coefficient, it offers clear advantages by allowing
a more in-depth analysis of the underlying causes of economic development imbalances.
This coefficient serves as a robust tool for examining disparities in economic development.
This study employs the Dagum Gini coefficient to investigate spatial differences and specific
sources of HQED in the YRB. The specific formula is as follows:

n
ij:l Yot Tl By ‘in ~ Yr
G= % (8)

where G denotes the overall Gini coefficient, n represents the number of research areas, k
indicates the number of regional divisions, and ¥ is the average index of all prefecture-level
cities within the region. Additionally, n designates the number of measured objects, y;(y;,)
denotes the value of any object within the measured area of j(h), and nj(n;) indicates the
count of measured objects in the j(h) area.

2.1.4. Exploratory Spatial Data Analysis

This study utilizes exploratory spatial data analysis to compare correlations among
regions, revealing the spatial differentiation characteristics of HQED levels in the YRB
through global and local Moran’s indices.

(1) Global autocorrelation. Global autocorrelation primarily assesses the overall spa-
tial correlation and regional discrepancies during the HQED of the YRB [39]. Its
calculation formula is as follows:

im1 Lt Wi (Xi = X) (% — X)
SPY s Ly Wi

Moran’s I =

©)

S? represents the discrete variance; X represents the mean; n is the number of
prefecture-level cities; X; and X; are the HQED indices of prefecture-level cities i and
j, respectively; and Wj; is the spatial weight matrix used, indicating the common boundary
between spatial units i and j, with Wj; assigned values of 1 or 0.

(2) Local autocorrelation. Local autocorrelation primarily examines the spatial correlation
of index changes within and between neighboring regions and, combined with visual
processing, reveals the spatial heterogeneity of the changes in HQED levels in the
YRB [40].

X;—X& -
I = 18722 Wi (Xi — X) (10)
j=1

The meanings of all symbols are the same as those in Formula (9).
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2.1.5. Markov Chain

Markov chains are widely used to describe the evolution of random variables over
time [41]. Markov chains have two states. First, the traditional Markov chain. This study
introduces a Markov transition probability model for analysis, discretizing continuous
data into k types. Under conditions of both temporal and state discretization, a k x k
transition probability matrix P is constructed to present the probability distribution and
dynamic evolution of each category, thereby revealing the internal evolutionary trends and
positional shifts in HQED in the YRB.

Second, the spatial Markov chain extends the traditional Markov chain into the spatial
dimension, incorporating unique factors and characteristics. This approach decomposes
the original k x k traditional Markov chain into k k x k matrices while integrating spatial
interactions among states, thereby effectively demonstrating the dynamic changes in HQED
levels in the YRB under spatial spillover effects.

2.1.6. Obstacle Degree Model

The obstacle factor model determines the obstacle degree of each indicator by calculat-
ing the factor contribution and deviation [42], thereby clarifying the primary constraints on
the system. The formulas for calculation are

Fyj = W — Wj; (11)
L =1-X; (12)
o) 1 (13)

i Z?:l Fl] X Il]
n;

Ui=) 05 (14)
i=1

where Xij’ represents the standardized value of the indicator, Fy; denotes the factor contri-
bution of the j-th indicator at the i-th criterion layer, Wj; represents the weight of the j-th
indicator at the i-th criterion layer, Wj represents the weight of the i-th criterion layer, and
the weights of each indicator at the criterion layer are normalized. Here, Oij denotes the O
value of the j-th indicator at the i-th criterion layer and U; represents the U value of the i-th
criterion layer.

3. Results and Analysis

3.1. Temporal Evolution Characteristics of HQED in the YRB
3.1.1. Analysis of Differences in HQED Levels Across Different Dimensions in the YRB

To gain a more comprehensive understanding of the temporal evolution characteristics
of HQED levels in the YRB, the development indices for the overall region, upstream,
downstream, and each province were assessed, as shown in Figure 1. The results indicate
that (1) from an overall average perspective, the high-quality development level index
for the YRB increased from 0.315 in 2000 to 0.482 in 2022, with an average annual growth
rate of 2.1%. Notably, the HQED level experienced significant growth in 2007. Although
minor temporal fluctuations occurred during the study period, there remains an overall
upward trend. This growth is attributed to the substantial promotion of the coal industry’s
structural upgrades and infrastructure development around 2007. (2) In terms of regional
dimensions, the high-quality economic development levels follow the order of downstream
> midstream > upstream. However, regarding growth rates, the order is reversed, with
increases of 65.82%, 59.01%, and 42.98% for the upstream, midstream, and downstream
areas, respectively. This growth disparity primarily reflects the different stages of economic
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development in the YRB; the upstream region is accelerating its catch-up through resource
transformation and ecological value realization, while the midstream region is forming
new growth points through industrial restructuring. Furthermore, the differences between
the midstream and upstream regions are gradually narrowing, and the gap with the
downstream region is also decreasing. This indicates a growing national emphasis on
ensuring that the benefits of development reach the population, and the implementation
of this policy has been reinforced throughout the HQED of the YRB. (3) The heatmap
analysis of changes across provinces shows significant improvements in HQED levels for
all provinces. Shandong Province has consistently maintained a leading position among
the provinces in the YRB. Inner Mongolia and Shanxi are at similar development stages,
benefiting from their rich coal resources, which have provided advantages in economic
development. The average ranking of HQED levels across provinces in the YRB is as follows:
Shandong Province (0.4458), Henan Province (0.4066), Inner Mongolia Autonomous Region
(0.3991), Shanxi Province (0.3916), Ningxia Hui Autonomous Region (0.3883), Shaanxi
Province (0.3736), and Gansu Province (0.3613). Due to the limited availability of data
for Qinghai Province, which only has data from Xining, it is excluded from the ranking.
This situation has resulted in higher levels of high-quality economic development in the
eastern provinces compared to the central and western provinces, which can be attributed
to lower resource endowments, poor industrial structures, and inadequate infrastructure in
those provinces.

sL= Upstream [E2] Overall Average AA Ningxia
© Midstream A

4 Downstream QQHQ Qinghai

|

7‘ | “. Gansu
L I "1 g Shami
- lollel(*]lof ][ 1= z
]’_H: /' l"' = Henan
D /."

Shandong

Inner Mongolia

Shanxi

0.0
2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022
Year

car

Figure 1. Distribution of HQED levels in the YRB from 2000 to 2022.

3.1.2. Analysis of Inter-Regional Relative Differences in High-Quality Economic
Development Levels in the YRB

This paper employs the Dagum Gini coefficient to measure regional differences in
HQED within the YRB from 2000 to 2022. As shown in Figure 2, (1) in terms of changes in
the Gini coefficient during the observational period, the Gini coefficients for the upstream,
midstream, and downstream regions show a trend of fluctuation and decline. Overall, the
Gini coefficient for the YRB decreased from 0.10 in 2000 to 0.05 in 2022, representing a
50% reduction. The reductions in the Gini coefficients for the upstream, midstream, and
downstream areas are 56.07%, 45.26%, and 43.33%, respectively, with the upstream region
experiencing the most significant narrowing of regional disparities. This improvement
is a result of the national strategy of differentiated governance aimed at the upstream,
midstream, and downstream regions. With HQED as the core focus, environmental im-
provements have stimulated green industries and deepened green principles. Moreover,
enhanced regional cooperation and the establishment of inter-provincial collaboration
mechanisms, along with the free flow of resources, have collectively facilitated a more bal-
anced and coordinated development path for the YRB. (2) Analyzing the contribution rates
and differences among the upstream, midstream, and downstream regions, the intra-group
contribution rates and super-variable density contribution rates initially exhibit a trend
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of fluctuation followed by a gradual decline, peaking in 2017 before slowly decreasing.
This suggests that internal disparities among regions are gradually widening, and the
intersecting situations among different regions are becoming increasingly pronounced.
In contrast, the inter-group contribution rates are steadily declining. Despite this, the
contradictions in HQED in the YRB primarily stem from inter-group differences, which
continue to impede HQED. The greatest disparities lie between the upstream and down-
stream regions, while the smallest differences are observed between the upstream and
midstream areas. From 2000 to 2018, inter-regional differences have shown a noticeable
decline, followed by a slower decrease in subsequent years. The gap trend between the
upstream and midstream areas exhibits a “wave-like” pattern, with a moderate annual
decline, while the decline trend in the midstream and downstream regions takes on an
“M” shape, and the upstream and downstream trends display “W” shaped fluctuations.
This circumstance may result from the implementation of integration policies in the YRB,
which have reduced inter-regional disparities, yet the pronounced polarization among
central provinces has constrained the developmental space of the weaker provinces, further
widening internal regional gaps.

~—8— Upstream & Midstream —@—Downstream & Upstream—a— Downstream & Midstream
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Figure 2. Gini coefficient of HQED levels in the YRB from 2000 to 2022.

3.2. Spatial Differentiation Characteristics of HQED in the YRB
3.2.1. Spatial Differentiation Characteristics of HQED Levels in the YRB

To vividly illustrate the spatial differentiation of HQED levels in the YRB, this study
uses the years 2000, 2005, 2010, 2015, 2019, and 2022 as time snapshots, employing ArcGIS
10.8.2 software for spatial visualization, as shown in Figure 3. The results indicate that, over
time, the HQED levels in the YRB have gradually increased, generally revealing a develop-
ment area centered around provincial capitals. There are significant disparities between the
eastern and western regions, reflecting a spatial pattern characterized by “strength in the
east and weakness in the west”. Additionally, the high-quality economic development in
the YRB exhibits notable phenomena of “faults” and “spatial proximity”. This is due to the
resource agglomeration effects of provincial capital cities, which create development zones
centered around these capitals. The east-west disparity is primarily attributed to differ-
ences in natural resource conditions, industrial foundations, and infrastructure. The “fault”
phenomenon results mainly from insufficient regional industrial coordination and differ-
ences in policy regions, while spatial proximity arises from the flow and agglomeration of
factors and the interconnectedness of infrastructure in neighboring areas.
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Figure 3. Spatial differentiation patterns of HQED levels in the YRB from 2000 to 2022.

Specifically, in 2000, the HQED levels of Qingdao and Zhengzhou were leading.
Subsequently, as the economy of the basin developed, Zhengzhou’s HQED level gradually
dropped to the second tier, while Taiyuan and Qingdao maintained high development
levels. By 2005, most prefecture-level cities in Shandong Province were at relatively high
levels, exemplifying the “strength in the east and weakness in the west” situation. In 2010,
Jinan rose to the top tier, maintaining a high-level status thereafter. However, the “fault”
phenomenon was pronounced, as the comprehensive scores for Jinan, Qingdao, Weihai,
and Xi’an all exceeded 0.49, while the scores for the underdeveloped western regions fell
below 0.3. The year 2015 marked a stage of consolidation and enhancement in HQED for
the YRB, with most prefecture-level cities entering a new development phase. The indices
for most cities concentrated in the range of 0.4 to 0.49, indicating a more concentrated
overall distribution and a gradual narrowing of regional development gaps. By 2019, the
downstream regions continued to lead, reducing the number of lower-level cities to four.
By 2022, high-level cities were primarily concentrated in the east, with regional disparities
further narrowing. Overall, the level of development in the basin has significantly improved
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compared to 2000, benefiting from supportive national policies, technological innovation,
and industrial development.

3.2.2. Spatial Correlation Characteristics of HQED Levels in the YRB

To identify the spatial differences in HQED within the YRB, this study utilized GeoDa
software version 1.21 to assess the high-quality development levels from 2000 to 2022. The
analysis yielded both global and local autocorrelation indices, allowing for an exploration
of the internal spatial correlation characteristics and clustering patterns.

(1) Spatial Correlation Characteristics Based on Global Autocorrelation

The global Moran’s I for the HQED levels in the YRB from 2000 to 2022 was calculated
using GeoDa software, as shown in Table 2. The results indicate that during the study
period, the global Moran’s I for the YRB consistently exceeded zero, demonstrating sig-
nificant spatial clustering and a positive spatial relationship in the distribution of HQED
levels. Furthermore, this relationship is significant at the 1% level, indicating a highly
significant spatial correlation. This suggests that the indices of different regions are not
randomly distributed, and there exists a notable spatial clustering effect between areas
of high-quality and low-quality economic development. Additionally, it highlights the
strong regional economic ties. Future policy formulation should consider spatial effects,
fully leverage positive spatial correlations, and emphasize collaborative development in
the YRB to achieve high-quality economic growth in the region.

Table 2. Global Moran’s index of the level of HQED in the YRB, 2000-2022.

Vintages Moran’s 1 p-Value Z-Value Vintages Moran’s 1 p-Value Z-Value
2000 0.2937 0.001 4.1047 2012 0.3667 0.001 4.9267
2001 0.27 0.002 3.7506 2013 0.3868 0.001 5.2331
2002 0.295 0.002 4.065 2014 0.2983 0.001 4.0103
2003 0.2191 0.003 3.0212 2015 0.3202 0.001 4.3319
2004 0.272 0.001 3.6937 2016 0.273 0.001 3.7246
2005 0.316 0.001 4.2537 2017 0.2393 0.003 3.2487
2006 0.3529 0.001 4.7217 2018 0.3174 0.001 4.2822
2007 0.2875 0.001 3.8086 2019 0.2616 0.001 3.5601
2008 0.2652 0.001 3.6455 2020 0.2564 0.002 3.4293
2009 0.3218 0.001 4.3344 2021 0.247 0.002 3.2811
2010 0.3442 0.001 4.7119 2022 0.2878 0.001 3.8462
2011 0.3236 0.001 4.3213

(2) Spatial Correlation Characteristics Based on Local Autocorrelation Indices

To further elucidate the spatial correlation characteristics of HQED levels in the YRB,
GeoDa and ArcGIS software were employed to create spatial correlation maps of the
development levels. A local autocorrelation analysis was conducted on the cross-sectional
data for six years, revealing localized spatial clusters of HQED in certain areas, as shown
in Figure 4. In the one H-H clustering area, from 2000 to 2022, the high-high clustering of
HQED in the YRB remained relatively stable, primarily concentrated in Shandong Province.
The development levels in these prefecture-level cities and their neighboring regions are
comparatively high, forming a stable clustering area. This indicates that the downstream
region, as the economic core of the YRB, continues to play a leading role. Notably, in 2022,
the H-H clustering area included Kaifeng City in Henan Province. In the two H-L clustering
areas, the number of high-low clustering areas initially increased and then decreased over
time, starting as predominantly distributed in the central region in 2000. After 2010, these
areas gradually shifted upstream, resulting in a band-like distribution by 2022. This shift
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is primarily attributed to the strengthening radiative effects of growth poles, leading
production factors to diffuse into surrounding and upstream regions, facilitating economic
development in the upstream areas, and reducing regional disparities, thereby decreasing
the number of high—low clustering areas. In the two L-H clustering areas, the number of
low-high clustering areas has been continuously decreasing. In 2000, L-H clustering was
predominantly concentrated in Shandong and Shanxi provinces, followed by a reduction in
fluctuations. This trend reflects the positive outcomes of high-quality development but also
cautions against the potential suppression of growth poles’ radiative effectiveness due to
excessive homogenization. In the future, it is essential to seek a dynamic balance between
equity and efficiency to avoid a “low-level equilibrium trap”. In the four L-L clustering
areas, the number of low—low clustering areas has also steadily decreased. In 2000, these
areas were predominantly clustered in patches, mainly located in the Yin Chuan Plain in
the upstream and the Lii Liang Mountain area in the midstream. Over time, this clustering
became more dispersed, and by 2022, low-low clustering areas were mainly distributed
in a band-like manner across Gansu Province and the Ning Xia Hui Autonomous Region.
This indicates an overall improvement in regional economic development levels, effective
regional coordinated development, optimization and upgrading of industrial structures,
significant support from guiding policies, and enhanced development momentum and
innovation capabilities.
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Figure 4. LISA clustering map of HQED levels in the YRB from 2000 to 2022.

3.3. Analysis of the Dynamic Evolution Trends of HQED in the YRB

To further predict the dynamic evolution direction and positional changes of HQED
levels in the YRB, this study employs both traditional and spatial Markov chain transition
matrices in MATLAB R2024a to conduct an analysis of the specified region. Based on the
quantile method, the YRB is classified into four levels: I, I, III, and IV, representing low,
relatively low, relatively high, and high levels, respectively, as shown in Tables 3 and 4.

Table 3. Time-shifted trends in the level of HQED in the YRB, 2000-2022.

t(t+1) I II III IV
I 0.833 0.16 0.007 0
II 0.048 0.728 0.218 0.007
11 0 0.07 0.756 0.173
v 0 0 0.047 0.953

Table 4. Trend of the spatial shift in the level of HQED in the YRB, 2000-2022.

Neighborhood Yit+1) I IT 11 v

I 0.902 0.088 0.009 0
I II 0.068 0.796 0.107 0.029
III 0 0.091 0.818 0.091

v 0 0 0 1

I 0.693 0.307 0 0

I II 0.057 0.722 0.222 0
III 0 0.172 0.707 0.121
v 0 0 0.194 0.806

I 0.364 0.636 0 0

I 1II 0.009 0.701 0.29 0
I 0 0.032 0.782 0.185
v 0 0 0.102 0.898

I 0 1 0 0

v II 0.053 0.579 0.368 0
III 0 0.014 0.74 0.247

v 0 0 0.004 0.996
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3.3.1. Temporal Evolution Trends of HQED Levels

The results from the traditional Markov chain model reveal the following character-
istics of changes in HQED levels in the YRB. (1) A “club convergence” characteristic is
observed, with the probability of cities maintaining their current status being the highest,
exceeding 70%. Specifically, the probabilities for type I and type IV cities maintaining
their status are greater, at 0.833 and 0.953, respectively, illustrating the clustering effect of
“high-quality growth poles”. In contrast, the convergence probabilities for type I and type
III cities are lower, at 0.728 and 0.756, respectively. This indicates that the development
trend of high-quality economic levels in the YRB is expected to remain relatively stable for
the foreseeable future. In the short term, there are no significant breakthrough signs in the
high-quality development areas, while cities with lower development levels exhibit strong
path dependency characteristics, suggesting that achieving leapfrog development will
pose significant challenges over a certain period. (2) Some regions continue to experience
fluctuations in development levels, with a higher probability of upward migration for
types I, 11, and III; however, a small number still show downward migration. This indicates
that regional development remains unstable, necessitating vigilance in future efforts. It is
essential to adapt to local conditions, adjust industrial structures, and continuously reduce
disparities between regions to achieve overall HQED.

3.3.2. Spatial Evolution Trends of HQED Levels

To further investigate the impact of neighboring cities on the HQED levels of various
prefecture-level cities, a global Moran'’s I test was conducted on the indicators of HQED, as
shown in Table 3. Subsequently, a spatial neighborhood matrix was introduced to establish
the spatial Markov chain transition probability matrix, as presented in Table 4. The type of
neighborhood influences HQED. Specifically, (1) the probability of maintaining stability
decreases as neighborhood types increase. For instance, for type I, when the neighborhood
types are II and III, the probabilities of maintaining its own type are 0.693 and 0.364,
respectively. For type II, when the neighborhood types are III and 1V, the probabilities
of maintaining its own type are 0.701 and 0.579, respectively. (2) The probability of an
upward transition may be higher, while the probability of a downward transition may be
lower. For example, type II shows upward transition probabilities of 0.222, 0.290, and 0.368
when the neighborhood types are II, I1I, and IV, respectively. These probabilities exhibit
a consistent increase, while the probabilities of a downward transition decrease. (3) The
probabilities of regional development influences may vary, with positive effects from high-
quality neighborhoods outweighing the negative effects from low-quality areas. When type
II cities have type I neighborhoods, the probability of a downward transition is 0.068, while
the probabilities of an upward transition for type III neighborhoods are 0.290 and 0.368,
respectively. For type IlI cities, the probabilities of a downward transition are 0.091 and
0.172 when neighboring type I and Il cities, respectively. However, when neighboring type
IV cities, the probability of a downward transition is only 0.014. This indicates that higher-
quality neighborhoods exert a positive pull on cities, while lower-quality neighboring cities
have negative impacts. (4) The spatial Markov transition probability matrix obtained by
incorporating the spatial adjacency matrix shows that, regardless of the neighborhood type,
probabilities are generally highest along the diagonal. This suggests that achieving a leap
in HQED in the YRB is challenging within a short timeframe, which is consistent with the
conclusions drawn from the traditional Markov chain.
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3.4. Barrier Factors to HQED Levels in the YRB
3.4.1. Criterion-Level Barrier Factors

Based on the barrier model, this study diagnoses the barrier factors affecting HQED in
the YRB. SPSSAU software (https:/ /spssau.com/index.html, accessed on 20 April 2025)
performs normalization on the weights of the corresponding indicators at the criterion layer.
The analysis of the results reveals that from 2000 to 2022, the average ranking of barrier
factors among subsystems is as follows: sharing (0.281) > coordination (0.223) > greenness
(0.193) > innovation (0.175) > openness (0.122), with the variations shown in Figure 5.
Both sharing and greenness barriers show a declining trend, while those of coordination,
innovation, and openness exhibit an increasing trend. Specifically, the sharing barrier
decreased from 34% to 23%. Although the decline has gradually slowed in the past two
years, it remains a notable shortfall within the system. The greenness barrier decreased
from 21% to 11%, indicating substantial progress in ecological protection within the YRB.
In contrast, the coordination, openness, and innovation barriers increased from 19% to 25%,
from 10% to 14%, and from 16% to 18%, respectively. Despite the diminishing inter-regional
disparities in HQED mentioned earlier, significant issues persist regarding the urban-rural
divide and disparities in industrial structure within the region. If the barriers continue to
rise unchecked, the region may fall into a “low-level equilibrium trap”, where regional
convergence occurs superficially but resource allocation efficiency declines, leading to an
imbalanced industrial structure and inequitable public services, which hampers talent
mobility and labor employment, ultimately affecting the sustainable development of the
regional economy and hindering overall HQED.
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Figure 5. Changes in barrier degrees of various subsystems of HQED levels in the YRB from 2000
to 2022.

3.4.2. Indicator-Level Barrier Factors

Due to the large number of secondary indicators and samples, the average impact
value is used to represent them, as shown in Figure 6. From 2000 to 2006, the primary
barrier factors affecting HQED in the YRB were the proportion of social security and
employment in fiscal expenditures, human capital levels, and per capita road area. From
2007 to 2008, the main barriers included human capital levels, rationalization of industrial
structure, and the number of broadband internet users per ten thousand people. From
2009 to 2022, the main barrier factors shifted to the proportion of total goods imports
and exports in GDP, human capital levels, and rationalization of industrial structure. The
youth student population is a significant part of the labor market; it plays a crucial role
in the conversion and application of scientific and technological achievements, serving
as a reservoir of high-level talent with specialized skills. The level of human capital can
objectively reflect the supply level of knowledge-based talent in the region. It is observed
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that the barrier degree related to human capital level has consistently remained high,
necessitating increased investment in education, optimization of systems, talent attraction,
improvement of incentives, health assurance, and creating a favorable environment for
breakthrough. After 2008, the per capita road area and the number of broadband internet
users per ten thousand people ceased to be significant barrier factors, primarily due to
continuous improvement of infrastructure, technological advancement, and diversification
of travel modes. Since the rationalization of industrial structure became a major barrier
factor in 2007, it has exhibited an upward trend, indicating that the coordination and
connectivity between industries face obstacles. The trend of trade dependency reflects
similar challenges. Therefore, future efforts should focus on eliminating industrial barriers
to innovation, openness, and industrial coordination to achieve coordinated development
and facilitate HQED in the YRB.
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Figure 6. Changes in barrier degrees of various barrier factors affecting HQED levels in the YRB from
2000 to 2022.

4. Discussion
4.1. Comparison with Existing Research

This study reveals that HQED in the YRB exhibits significant temporal and spatial
differentiation. The development levels in the upper reaches are relatively lagging, while
the middle and lower reaches present more favorable developmental trends, resulting in
high-value agglomeration areas centered around specific urban clusters in Shandong and
low-value agglomeration areas in the western part of the basin. These findings are consis-
tent with existing research that concludes the spatial imbalance of economic development in
the YRB [43]. Regarding the identification of obstruction factors, this study finds that shared
infrastructure construction, fragile ecological environments, and unreasonable industrial
structures significantly restrict HQED in the basin. This aligns with the perspectives of
previous scholars who noted that slow industrial transformation and significant ecological
protection pressures impact economic development in the region [44].

Furthermore, this study employs spatial econometric models to conduct a detailed
analysis of the spatial correlation of HQED, revealing significant spatial spillover effects
between regions; specifically, the level of HQED in one area positively or negatively
influences surrounding areas. This conclusion addresses the shortcomings of most previous
studies, which primarily analyzed economic development from a static perspective and
lacked exploration of spatial correlation mechanisms, thereby enhancing the understanding
of the spatial evolution of HQED in the YRB.
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4.2. Universality of Obstacles to HQED

Obstacles to HQED are prevalent throughout the YRB. An unreasonable industrial
structure leads to inefficient resource utilization, with a considerable proportion of tradi-
tional high-energy-consuming and high-pollution industries. These industries not only
consume substantial resources but also severely damage the ecological environment of the
basin, hindering sustainable economic development. The fragile ecological environment
exposes the basin to issues, such as soil erosion and water resource shortages, which restrict
the developmental space for agriculture, industry, and other sectors while also increasing
the costs of ecological restoration, thus affecting the quality and efficiency of economic
development. However, these obstacles are not insurmountable. By optimizing the in-
dustrial structure and promoting a transition toward greener and higher-end industries,
resource utilization efficiency can be improved, and negative environmental impacts can be
mitigated. Strengthening ecological protection and restoration can enhance the ecological
environment of the basin, creating favorable conditions for economic development. Rein-
forcing regional collaboration to achieve resource sharing and complementary advantages
will help enhance the overall competitiveness of the basin. This indicates that, despite facing
numerous challenges, HQED in the YRB can achieve coordinated economic and ecological
development through sound policy guidance and effective development strategies.

4.3. Limitations of This Study and Future Prospects

This study systematically analyzes the spatio-temporal evolution and obstruction
factors of HQED in the YRB; however, certain limitations remain. In terms of research
scope, it primarily focuses on the basin as a whole, lacking in-depth exploration of the
heterogeneous characteristics of different sub-regions, which may limit the applicability of
the findings in specific areas. Regarding the selection of indicators, while a comprehensive
evaluation index system for HQED has been constructed, data availability has restricted
the inclusion of indicators that reflect emerging economic forms and social livelihood areas.
This may prevent a complete and accurate measurement of the level of HQED. Regarding
sample size, data for 2023 and 2024 cannot currently be updated due to limitations in data
acquisition channels and statistical reporting periods for certain indicators.

Future research could explore the following aspects. First, refine the study of sub-
regions within the basin to analyze the unique patterns and key obstacles to HQED in
different areas, providing more precise bases for formulating differentiated policies. Second,
strengthen the integration of multi-source data and utilize new technologies, such as
big data and satellite remote sensing, to enhance evaluation indicators, improving the
scientific rigor and accuracy of the research. Third, investigate the interaction mechanisms
between obstruction factors and examine the dynamic effects of external policies and
technological innovations on HQED, thereby offering more forward-looking and actionable
recommendations for the development of high-quality economics in the YRB. Fourth, we
will continue to monitor data dynamics. Following the release of the latest statistical
information, we will promptly supplement and refine the relevant analysis.

5. Conclusions and Recommendations
5.1. Conclusions

This paper develops a high-quality economic indicator system for the YRB based on
the five development concepts, employing the CRITIC method to assess the high-quality
economic development levels of 78 prefecture-level cities within the basin. Additionally, it
utilizes the Dagum Gini coefficient, spatial Markov chain, and obstacle model to elucidate
the spatio-temporal evolution trends of high-quality economic development levels in the
YRB and identify the primary obstacle factors. The conclusions are as follows. (1) In terms
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of temporal evolution, the high-quality economic development in the YRB aligns with
national trends; although fluctuations in the high-quality economic development index
were observed from 2000 to 2022, and a general upward trend remains evident. At the
regional level, fluctuations among subsystems have increased, with the downstream region
taking a leading position while the upstream region exhibits the fastest growth. From
a provincial perspective, the development levels in the central and western regions lag
behind, and regional disparities are gradually diminishing; however, the main challenge
in the YRB continues to stem from inter-group differences. (2) From a spatial perspective,
the overall pattern shows development areas centered around provincial capitals, with
significant disparities between the eastern and western regions. High-quality economic
development also exhibits noticeable “fault” phenomena and characteristics of “spatial
proximity”. (3) Regarding the evolution trend, the overall situation of high-quality eco-
nomic development from 2000 to 2022 has been relatively stable, with a high probability of
regions maintaining their respective states. The higher the neighborhood type, the lower
the likelihood of maintaining stability, while the probability of upward transitions may
increase. The positive impact generated by high-quality neighborhoods surpasses the
negative effects associated with low-quality areas. (4) Concerning obstacle factors, the
hierarchy is as follows: sharing > coordination > green > innovation > openness. These
obstacles hinder the HQED of the YRB.

5.2. Recommendations

Building on the research conducted above, we propose the following recommendations
to effectively foster HQED, with the aim of contributing to the sustainable advancement of
China’s economy.

(1) Promote systematic coordination and reduce regional disparities. Grounded in the
“growth pole theory” and “gradient transition theory” from regional economics, sus-
tainable development policies for river basins can establish mechanisms for regional
collaboration to dismantle institutional barriers hindering the flow of resources. En-
hancing the regional planning legislative framework and inter-regional management
system can lower transaction costs and facilitate the rational allocation of resources,
such as labor and capital. The interaction of “institution—factor—industry” not only
helps to narrow regional development gaps but also unleashes the spatial dividends
of economic growth, thereby maximizing overall effectiveness. This approach fosters
stable and moderately rapid growth of the Chinese economy and encourages the
formation of a unified national market, offering theoretical support and practical
pathways for achieving coordinated development.

(2) Strengthen ecological compensation and green development mechanisms. Given the
dual challenges of ecological protection and economic development in the YRB, it is
crucial to establish and enhance the ecological compensation mechanism, promote
the realization of ecological product value, and encourage regional green develop-
ment. By employing instruments, such as ecological compensation and green finance,
enterprises and local governments can be incentivized to actively engage in ecological
protection, facilitating a virtuous interaction between economic development and eco-
logical conservation. This concept not only emphasizes the scale of economic growth
but also prioritizes growth quality and long-term benefits, providing a model for
high-quality national economic development while promoting ecological civilization
and sustainable development in China.

(3) Deepen reforms and innovations in key areas. According to the “theory of institutional
change” in new institutional economics, reforms to the socialist market economy can
release market vitality through institutional innovation. Reforms in the science and
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technology sector can promote collaboration between academia and industry, enhance
research and development investment intensity, improve patent conversion rates,
and increase the contribution of new forms of productivity to economic growth.
Reform initiatives in the YRB, particularly in areas such as the digital economy and
green low-carbon initiatives, will yield practical experiences for market-oriented
resource allocation and innovation-driven development nationwide, promoting the
construction of a modern economic system.

(4) Expand open cooperation and coordinated linkage. Development in the YRB is hin-
dered by administrative barriers, resulting in sluggish resource movement. Drawing
on regional integration theory, it is imperative to dismantle these administrative ob-
stacles. Utilizing the “Belt and Road” initiative and positioning the YRB as a central
axis, countries and regions along the route can collaborate to create a “Belt and Road”
green economic corridor. By optimizing the business environment and facilitating the
free flow of talent, capital, and technology, regional competitiveness can be enhanced.
This policy recommendation carries significant implications for other inter-regional
economic cooperation across the nation and contributes to the efficient allocation of
resources and the advancement of HQED on a national scale.
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