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As new progress has been made in urban–rural integration in recent years, the gap 
between urban and rural development in China has gradually narrowed. However, 
balancing urban–rural relations, especially accelerating rural development, remains 
a great challenge. Quantitative research on the level of urban–rural integrated 
development (URIDL) and its drivers is essential for establishing harmonious urban–
rural relations. By utilizing a URIDL indicator system, vertical and horizontal scatter 
degree method and Geodetector methods, this study evaluates the URIDL in the 
three agglomerations in China’s Yangtze River Economic Belt from 2010 to 2019, 
and provides an in-depth exploration of their spatiotemporal evolution and its 
influencing factors. The results show that: (1) Overall, the URIDL has been on the 
rise from 2010 to 2019, but the Chengdu-Chongqing urban agglomeration (CYUA) 
is significantly lower than the Yangtze River Delta urban agglomeration (YRDUA) 
and the middle reaches of the Yangtze River urban agglomeration (MRYRUA). (2) In 
terms of spatial distribution, the URIDL exhibits a clear clustering effect, with high 
value areas concentrated in the east (north) and low value areas concentrated in 
the west (south). (3) The study found that the interaction effects of factors such 
as the proportion of non-agricultural population to total population (X1), per 
capita arable land area (X3), and industrial structure (X6) are significant, surpassing 
the impact of single factors. In addition, the volatility of industrial structure (X6) 
reflects the impact of China’s economic transformation on URID. This study 
provides scientific guidance for the high-quality development of urban–rural 
integration in urban agglomerations. It also provides important theoretical and 
practical references for optimizing regional development layouts and promoting 
the coordinated development of urban and rural areas.
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1 Introduction

As an inseparable whole, the city and countryside are 
indispensable, based on their interdependence, mutual promotion, 
and assistance. Urban–rural integration strives for a harmonious 
blend and mutual penetration of urban and rural areas, aiming for full 
integration. It signifies the deepening and enhancement of urban and 
rural development coordination and integration (Zhang and Du, 
2019; Li et al., 2018). Over the past 70 years, China’s urban–rural 
relations have moved from differentiation to integration (Zhang and 
Lu, 2018; Liu et al., 2021). Despite significant progress, challenges such 
as unbalanced development, inadequate rural advancement, limited 
bi-directional factor flow, and poor resource allocation persist, which 
hinder further integration (Zhan et al., 2023; He, 2018; Shuqian et al., 
2022). Promoting the bi-directional flow of urban–rural factors, 
equalizing basic public services, and rationalizing resource allocation 
are crucial for implementing urban–rural integration strategies. This 
also poses a significant challenge to the governance capabilities of all 
levels of government. For localities, as the primary implementers of 
these policies, effectively planning development, formulating policies, 
and optimizing the flow and allocation of resources are key to 
advancing urban–rural integration. Thus, it is urgent and necessary to 
conduct a scientific quantitative assessment of URIDL, to analyze its 
current characteristics, evolutionary trends, and driving factors, and 
to formulate targeted policy recommendations based on these findings.

The disparities in socioeconomic development across countries 
have resulted in divergent characteristics of urban–rural development, 
thereby expanding the scope of related research. In contrast to the 
evolution of urban–rural relations in China, the trajectory of urban–
rural relations in foreign countries typically encompasses a cyclical 
process of “integration-separation-integration.” Within this context, 
approaches such as “urban bias,” “rural bias,” and “balanced 
development” have emerged. Despite the fact that they discuss urban–
rural interactions, these theories do not deeply explore urban–rural 
integration. While explorations into urban–rural social welfare 
(Cattaneo et  al., 2022), land use (Boudet et  al., 2020), population 
mobility (Zarifa et al., 2019), and public services (Rickardsson, 2021), 
the breadth of research remains somewhat narrow. Conversely, 
research in China primarily focuses on theoretical analysis (Xiao et al., 
2017; Liu et al., 2016; Fang, 2022; Cao et al., 2021), implementation 
strategies (Chen et al., 2022; Long et al., 2011; Shi and Wu, 2024), and 
policy development (Liu et al., 2022; Li, 2012). Recently, innovations 
in research methods have led to a growing focus on quantitative 
analysis of URID, emphasizing the development of a comprehensive 
evaluation index to analyze its spatio-temporal dynamics. Most 
studies are conducted at provincial and municipal levels, revealing 
significant regional disparities in URIDL within China (Liu et al., 
2013; Yang et al., 2021; Zhou et al., 2020; Zhao and Jiang, 2022). High-
level areas predominantly lie in the east, with lower-level areas in the 
central and western regions, showing a gradient from southeast to 
northwest. Farther research (Zeng and Chen, 2023) have highlighted 
regional variations in types of urban–rural integration, with the 
eastern region notably outpacing the central and western regions. 
Spatial analysis (Zhou et al., 2020; Zhou et al., 2019) shows an annual 
increase in URIDL, along with notable spatial agglomeration effects. 
There is also evidence of club convergence and internal differentiation, 
with higher values predominantly in the east and lower values in the 
central and western regions.

Considering China’s vast geographical and significant 
environmental variations, it is crucial to tailor URID studies to local 
conditions (Shi et al., 2022). Municipal research indicates specific 
spatial distribution patterns in China’s URIDL. The Hu Huanyong 
Line and Kunlun-Qinling-Huaihe Line divide regions showing 
distinct patterns: high URIDL in the east and north, and low in the 
west and south (Liu et al., 2015). Building on this, researchers have 
studied the spatiotemporal evolution of URID in the Qinling-Daba 
Mountains region over the last decade, which revealed spatial 
imbalances, i.e., with high URIDL values in the west and low values in 
the east (Wu and Cui, 2016). Additionally, studies (Rao and Gao, 2022; 
Shan et al., 2022; Sun and Yang, 2022; Ma et al., 2020; Muga et al., 
2023; Yang et al., 2021) in various municipal-level cities across China 
have shown that higher URIDL values tend to cluster in economically 
prosperous areas along railways, coastlines, and in urban 
agglomerations. Although the aforementioned studies have provided 
extensive quantitative research on URIDL, these studies mostly focus 
on the provincial and municipal levels, with relatively limited research 
at the scale of urban agglomerations. Existing research primarily 
centers on individual urban agglomerations. For example, in the 
Beijing-Tianjin-Hebei urban agglomeration, studies using coupling 
coordination models and obstacle diagnosis methods revealed that 
although the URIDL has generally increased, it exhibits a “core-
periphery” spatial structure. Beijing and Tianjin drive integration in 
surrounding cities through their radiation effects, with the core of 
integration shifting from the east to the north, while southern cities, 
such as Shijiazhuang, have weaker driving effects (Zhang et al., 2021; 
Wu et al., 2025). In the CYUA, studies using entropy method and 
ESDA technology found that the URIDL is generally low, with only 
Chengdu and Chongqing showing clear advantages, while peripheral 
mountainous counties form low-value marginal areas, presenting a 
significant “core-periphery” gradient (Liu et  al., 2024). For the 
YRDUA, research shows that the integration level exhibits an “inverted 
U-shaped” spatial differentiation, with core cities developing robustly, 
while peripheral cities lag behind (Shi et al., 2022; Shi et al., 2021). 
Additionally, spatial econometric studies in the Huaihai Economic 
Zone indicated that the integration exhibits enhanced agglomeration, 
with urban factors playing a leading role, but lower-tier cities are 
constrained by employment and policy environments, which reduces 
their development momentum (Zhang et al., 2020). However, these 
studies still have the following shortcomings: (1) Limitations in 
Research Objects: Existing studies mostly focus on the internal 
mechanisms of individual urban agglomerations and lack cross-
regional comparative studies, making it difficult to systematically 
reveal the common patterns and regional heterogeneity in urban–
rural integration evolution; (2) Limitations in Temporal Scale: Most 
existing studies rely on data from discontinuous years for cross-period 
comparisons, which lacks a detailed depiction of the continuous 
process of urban–rural integration, leading to insufficient precision in 
revealing its temporal and spatial changes; (3) Insufficient Analysis of 
Driving Mechanisms: Existing literature primarily focuses on the 
driving mechanisms within a specific study area, with insufficient 
attention to the spatial heterogeneity, factor coupling relationships, 
and policy response differences in different regions, limiting the depth 
of understanding of policy impacts.

To address these gaps, this study selects the three major national 
urban agglomerations in the Yangtze River Economic Belt—YRDUA, 
MRYRUA, and CYUA—covering 73 cities, for a cross-regional 

https://doi.org/10.3389/frsc.2025.1528062
https://www.frontiersin.org/journals/sustainable-cities
https://www.frontiersin.org


Muga et al. 10.3389/frsc.2025.1528062

Frontiers in Sustainable Cities 03 frontiersin.org

comparative analysis. The Yangtze River Economic Belt, as one of 
China’s key regional development strategies, spans the eastern, central, 
and western regions with significant economic development 
disparities, making it a representative area for this study (Ren and 
Tian, 2022). This research aims to fill the gap in cross-regional URID 
comparisons by revealing the differences and commonalities among 
urban agglomerations, and analyzing the driving factors under 
different policies and economic conditions. Using panel data from 
2010 to 2019, this study systematically reveals the spatio-temporal 
evolution characteristics of urban–rural integration in the three urban 
agglomerations of the Yangtze River Economic Belt and further 
explores the key driving factors and regional differences. These 
findings will provide empirical evidence for promoting coordinated 
regional development and formulating targeted policy measures.

2 Materials and methods

2.1 Study area

The Yangtze River Economic Belt extends across eastern, central, 
and western China, encompassing nine provinces and two centrally 
administered municipalities, covering an area of about 2.05 million 

square kilometers. It represents over 40% of the national population and 
GDP, benefiting from excellent geographical conditions, plentiful 
natural resources, and a robust industrial base. Specifically, the Yangtze 
River Delta, Middle Yangtze River, and CYUA are typical and 
representative national key urban agglomerations situated in the upper, 
middle, and lower reaches of the Yangtze River, which correspond to the 
eastern, central, and western parts of China and include 71 municipal-
level cities and two directly administered municipalities (Figure 1).

The CYUA acts as a critical ecological barrier in the upper Yangtze 
River, linking east to west and forming a vital transportation hub 
between north and south (Figure  1A). It spans approximately 
185,000 km2, includes 15 cities from Sichuan and the municipality of 
Chongqing, and had a population of about 95 million in 2019, with a 
GDP of 6.1 trillion yuan (6.15% of the national total). The region’s 
economy is supported by pillar industries such as electronics, 
automotive, and equipment manufacturing; The MRYRUA, located in 
central China, covers 326,100 km2 across Hubei, Hunan, and Jiangxi, 
with a population of 133 million and a GDP of 9.36 trillion yuan (9.4% 
of the national total). It benefits from favorable geography, transport, 
and educational resources, and its economy is driven by manufacturing, 
aviation, metallurgy, and petrochemicals; The YRDUA, as China’s most 
economically advanced urban agglomeration, covers 211,700 km2 with 
238 million people, and reached a GDP of 23.7 trillion yuan in 2019 

FIGURE 1

Spatial distribution of the three major urban agglomerations within the Yangtze River Economic Belt (YREB). (a) CYUA, Chengdu–Chongqing Urban 
Agglomeration; (b) MRYRUA, Middle Reaches of the Yangtze River Urban Agglomeration; (c) YRDUA, Yangtze River Delta Urban Agglomeration.
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(23.9% of the national total), dominated by the digital economy, finance, 
and high-end manufacturing. These three urban agglomerations differ 
significantly in economic development, geography, and urban–rural 
interaction. The YRDUA represents a mature integration model, the 
MRYRUA reflects a transitional pattern, while the CYUA relies heavily 
on national policy. This regional heterogeneity provides a valuable 
comparative foundation for studying spatial disparities and driving 
mechanisms of urban–rural integration. Therefore, it is necessary to 
analyze their spatiotemporal dynamics and driving forces to support 
evidence-based policy formulation and promote high-quality 
development across the Yangtze River Economic Belt.

2.2 Data sources

The primary data sources for this study are the China Urban 
Statistical Yearbook and the provincial and municipal statistical 
yearbooks within the Yangtze River Economic Belt. Additional 
data were derived through calculations based on yearbook figures. 
NDVI data, with a resolution of 1 km, were sourced from the 
United States Geological Survey (USGS).1 Land use data, covering 
construction and arable land, come from the 2010–2019 China 
Land Cover Dataset at a resolution of 30 m x 30 m (Yang and 
Huang, 2021). Land use data were precisely extracted using ArcGIS 
software by clipping to the administrative boundaries of the three 
major urban agglomerations, standardizing coordinates to 
WGS1984. Slope data, using Feng Zhi Ming’s method (Feng et al., 
2007), were acquired via ArcGIS, clipped to the administrative 
boundaries of the urban agglomerations. This raster data covers 
2010–2019, with a resolution of 10 km x 10 km, and coordinates 
standardized to WGS1984. Missing data were addressed using 
linear interpolation to ensure data continuity and integrity.

2.3 Methods

2.3.1 Evaluation of the URIDL

2.3.1.1 Construction of indicator system
Urban–rural integration has evolved beyond the simple models of 

industry promoting agriculture and cities leading villages into a 
multidimensional and comprehensive concept. To scientifically assess 
URIDL, this study selected 17 indicators across five dimensions—
economic, social, cultural, spatial, and ecological integration—based 
on urban–rural integration concepts and literature reviews (Yang et al., 
2021; Zhou et al., 2019; Rao and Gao, 2022) (Table 1). Additionally, 
URID indicators are categorized into comprehensive and comparative 
types. Comprehensive indicators reflect the overall development of 
urban and rural regions, whereas comparative indicators highlight the 
differences between these areas. Both types of indicators are essential 
and complementary. Without comparative indicators, the results might 
only reflect overall regional development while diverging from specific 
research goals. Similarly, the absence of comprehensive indicators 
could skew the results away from intended goals.

1 https://www.usgs.gov

2.3.1.2 Comprehensive measurement method
Multiple approaches have been applied to measure the URIDL, 

including principal component analysis (PCA), entropy method, and 
analytic hierarchy process (AHP). While these traditional methods 
offer insights into multidimensional evaluation, they generally rely 
on static cross-sectional data and subjective weighting schemes, 
which limit their ability to capture longitudinal variation and 
dynamic processes. In contrast, the Vertical-and-Horizontal Scatter-
Degree Method provides a dynamic evaluation framework that 
integrates both temporal and spatial variation. It not only reveals the 
disparity among cities at a given time but also reflects the evolution 
of integration over time. This method mitigates subjective bias, 
enhances comparability across years, and is particularly suited for 
studies involving panel data and urban agglomeration scales (Guo 
et al., 2015). All simulations were performed using Matlab R2024a. 
The specific model is as follows (Equations 1–4):
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Where T is the research year, m  is the number of cities, N  is the 
number of indicators, and the eigenvector u corresponding to the 
largest eigenvalue of the matrix H is the weight determination vector. 
After u is obtained, normalization is performed. At this time, 2e  takes 
the maximum value. This determines the weight vector u, where u(w1, 
w2, w3, w4, wn). Among these terms, t is the research year, n is the 
research city, n is the number of indicators in the study, and gti is the 
urban–rural integration degree of the ith city in the tth year. The 
weight of each index is multiplied by the corresponding standardized 
index value of the city in the current year to obtain the urban–rural 
integration degree of the ith city in the tth year.

2.3.2 Detection of spatial–temporal 
characteristics of URIDL

2.3.2.1 Trend-surface analysis
Trend-surface analysis is a mathematical-geographic method that 

fits a polynomial surface to spatial data to reveal overall spatial 
tendencies and directional patterns. It is especially useful for 
visualizing and interpreting the spatial evolution of geographical 
phenomena over large regions. In this study, trend-surface analysis is 
used to simulate spatial and temporal variation in urban–rural 
integration levels (URIDL) across the three major urban 
agglomerations from 2010 to 2019. The approach helps capture the 
east–west and north–south gradient structures of URID. Let (xi, yi) 
represent the spatial coordinates of the ith municipality, where Zi (xi, 
yi) is the trend function. The X-axis corresponds to the east–west 
direction and the Y-axis to the north–south direction. All simulations 
were performed using Matlab R2024a.
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2.3.2.2 Spatial autocorrelation analysis
Exploratory Spatial Data Analysis (ESDA) is widely employed to 

detect spatial dependence, clustering, and heterogeneity. Among its 
tools, Moran’s I index is a fundamental statistic that quantifies the 

degree of spatial autocorrelation (Anselin, 2019). This study applies 
both Global Moran’s I (to assess the overall spatial dependence of 
URIDL across the study area) and Local Moran’s I (to identify 
localized clusters or outliers). These two indicators together reveal not 

TABLE 1 Indicator system for urban–rural integration development level (URIDL) measurement.

Dimensionality Indicator name Indicator calculation and description Attribute Category Wieght

Economic integration

Per capita GDP GDP/Regional resident population (yuan) + comprehensive 0.119092

Disposable income ratio 

of urban and rural 

residents

Per capita disposable income of urban residents/per 

capita disposable income of rural residents (%)
− comparison 0.025925

Per capita consumption 

ratio of urban and rural 

households

Per capita consumption expenditure of urban residents/

per capita consumption expenditure of rural residents 

(%)

− comparison 0.013492

Engel’s coefficient ratio 

between urban and rural 

areas

Urban Engel’s coefficient/Rural Engel’s coefficient (%) + comparison 0.000004

Binary contrast 

coefficient

(Output value of primary industry/employees of 

primary industry)/(output value of secondary and 

tertiary industries/employees of secondary and tertiary 

industries) (%)

+ comparison 0.000004

Social integration

Urban and rural cultural, 

educational and 

entertainment 

comparison coefficient

Per capita expenditure on cultural, educational and 

recreational services for urban residents/per capita 

expenditure on cultural, educational and recreational 

services for rural residents (%)

− comparison 0.000004

Teacher-student ratio in 

basic education

Number of elementary education teachers/number of 

elementary education students (%)
+ comprehensive 0.078124

Contrast coefficient of 

medical care per capita 

between urban and rural 

areas

Per capita health care expenditure of urban residents/

per capita health care expenditure of rural residents (%)
− comparison 0.023388

Urban and rural 

unemployment insurance 

coverage

Number of urban and rural residents covered by 

unemployment insurance/number of permanent 

residents (%)

+ comprehensive 0.003762

Population integration

Urban and rural 

population contrast 

coefficient

Urban population/rural population (%) + comparison 0.178366

The ratio of 

nonagricultural 

employment to 

agricultural employment

Number of employees in the secondary and tertiary 

industries/Number of employees in the primary 

industry/(%)

+ comparison 0.167085

Population urbanization 

level
Total urban population/total population (%) + comprehensive 0.160972

Ecological integration

Vegetation index
Urban and rural Normalized Difference Vegetation 

Index (NDVI)
+ comprehensive 0.000004

Urban and rural sewage 

treatment

Centralized treatment rate of sewage treatment plant 

(%)
+ comprehensive 0.008824

Urban and rural domestic 

waste treatment
Harmless treatment rate of domestic waste (%) + comprehensive 0.046777

space integration

Road network density Highway operating mileage/total land area (km/km2) + comprehensive 0.096549

Urban and rural internet 

user rate

Number of internet users in urban and rural areas/total 

number of households at the end of the year (%)
+ comprehensive 0.077630

An index with an attribute of “+” means that the larger the index value is, the more conducive to improving 278 URID; an index with an attribute of “−” means that the larger the index value 
is, the less conducive to improving URID.
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only whether spatial clustering exists, but also where it is concentrated. 
This dual-level approach helps uncover both macro and micro spatial 
patterns in urban–rural integration development. All spatial 
autocorrelation analysis was conducted using ArcGIS 10.8. The 
Moran’s I index consists of Global Moran’s I and Local Moran’s I, 
modeled as follows (Equations 5, 6):
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Here, xi and xj are the observed geographical attributes of regions 
i and j, respectively, and x  represents the mean of these observations. 
n is the number of sampled cities, and S2 represents the sample 
variance. Ωij, the element of the spatial weight matrix, equals 
ωij = 1/dij2 with dij being the Euclidean distance between the 
centroids of cities i and j. The Global Moran’s I index (I) ranges from 
−1 to 1. A positive I (>0) indicates spatial clustering of similar 
attributes; a negative I (<0) indicates clustering of dissimilar 
attributes; an I of 0 suggests random spatial distribution of attributes. 
The Local Moran’s I index (Ii) measures the similarity between a 
location’s attribute value and that of its immediate neighbors. An Ii > 
0 suggests spatial clustering of similar values locally, an Ii < 0 indicates 
clustering of dissimilar values, and an Ii = 0 implies a random 
spatial distribution.

2.3.3 Analysis of driving mechanisms of URIDL

2.3.3.1 Selection of potential driving factors
From a systemic perspective, urban–rural integration constitutes 

a complex system where cities and rural areas, as fundamental 
components, are interconnected and interact (Li et al., 2019). Cities 
rely on rural areas for resources, labor, and markets, whereas rural 
revitalization depends on urban support and guidance (Huang, 2018). 
Within this system, the flow and allocation of elements like people, 
land, money, and industry are key drivers of URID and are essential 
for effective urban–rural integration (He, 2018). Urban–rural 
integration involves not just the merging of physical spaces but also 
the exchange and sharing of elements like people, land, money, and 
industry between urban and rural settings. Therefore, this study 
identifies eight key variables—labor force, land, capital, industry, 
business environment, and terrain—as independent variables X, to 
comprehensively assess their impact on URIDL (dependent variable 
Y) (Table 2). This analysis aims to elucidate the mechanisms by which 
these key factors role in urban–rural integration and to provide a 
decision-making foundation for policymakers.

2.3.3.2 Quantitative identification of driving factors
Geodetector is a statistical tool designed to assess the spatial 

stratified heterogeneity and to identify the factors that significantly 
influence spatial patterns. It is particularly suited for geographic 

problems involving complex interactions among variables. The factor 
detection module is used to quantify the explanatory power of each 
variable with respect to URIDL, while the interaction detection module 
identifies synergetic or nonlinear enhancement effects between 
variables (Wang and Xu, 2017). A major advantage of Geodetector is its 
compatibility with both qualitative and quantitative data. In this study, 
the model is applied to assess the main influencing factors of URIDL 
and uncover their regional differentiation mechanisms in the Yangtze 
River Economic Belt. The Geodetector analysis was performed using 
the “geodetector” package in R. The specific models used for detection 
are as follows (Equations 7, 8):
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In the formula, L denotes the strata for the URID index Y or the 
influencing factor X, representing the number of categories or zones. 
N and Nh are the sample sizes for the entire region and for stratum h 
respectively, indicating the number of research units in the entire 
urban agglomerations and in each stratum. 2σ  and 2

hσ  signify the 
variances of the entire study area and of stratum h, respectively. SSW 
and SST represent the within-stratum variance and the total variance 
of the entire region, respectively. q measures the degree of influence 
of a factor on URID, ranging from 0 to 1. A higher q value indicates 
stronger explanatory power for URID. A q of 0 suggests no 
relationship with URID, whereas a q of 1 implies complete 
explanatory power over URID’s distribution.

3 Results

3.1 Temporal and spatial changes in URIDL

From 2010 to 2019, the overall URIDL in the three major urban 
agglomerations of the Yangtze River Economic Belt exhibited an 
upward trend. Specifically, the CYUA’s URIDL rose significantly, 
recording an average annual growth rate of 6.4%. The MRYRUA 
maintained steady growth, with an average annual growth rate of 
4.5%. Meanwhile, the YRDUA continued to lead with an average 
annual growth rate of 3.8%, indicating a consistent upward trend. 
Overall, the development trend ranks as follows: YRDUA > MRYRUA 
> CYUA (Figure 2). These results reflect the effectiveness of major 
national strategies such as the “New Urbanization Plan,” the Rural 
Revitalization Strategy, and the regional coordinated development 
plans, which collectively promoted the narrowing of urban–rural 
gaps and sustained improvements in integration level.

To further reveal the spatial characteristics, trend surface analysis 
was used to visualize the spatial evolution of URIDL. The results show 
that the integration level exhibits a clear spatial gradient, decreasing 
from east to west and increasing from south to north. Notably, cities 
like Shanghai, Suzhou, and Wuxi maintain the highest URIDL, while 
cities like Yaan and Yibin in the western CYUA show lower levels. The 
overall structure reflects the economic development gradient of the 
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Yangtze River Basin, with eastern core cities radiating positive 
externalities toward the interior (Figure 3).

3.2 Spatial dependency characteristics of 
URIDL

Using the Global Moran’s I index model and ArcGIS software, the 
Global Moran’s I index was calculated for URIDL across the three 
major urban agglomerations in the Yangtze River Economic Belt 
from 2010 to 2019. The results (Table 3) show that the Global Moran’s 
I index for these urban agglomerations was above 0, ranging from 
0.3785 to 0.4310. Additionally, the annual p-values were all below 
0.01, indicating that the global spatial autocorrelation is significantly 
positive in each year. This suggests that the spatial evolution of 
URIDL is not random but spatially dependent, confirming the 
presence of strong regional spillover or convergence mechanisms.

To explore local patterns more precisely, the Local Moran’s 
I index was used. Four local spatial association types—HH (High-
High), LL (Low-Low), HL (High-Low), and LH (Low-High)—were 
identified based on previous literature (Wu et al., 2025). The results 
(Figure  4) show a predominant presence of HH and LL clusters, 
suggesting simultaneous agglomeration of both highly and poorly 
integrated cities. Specifically, the YRDUA displays strong HH clusters 
in cities such as Shanghai, Suzhou, and Wuxi, forming a diffusion-
driven integration belt. In contrast, the CYUA exhibits significant LL 
clustering in western cities like Yaan and Guang’an, indicating a 
persistence of low-integration states. These patterns suggest that cities 
with strong institutional, industrial, and infrastructural foundations 
tend to lead  integration and positively influence adjacent areas, 
whereas lagging cities may face spatial inertia and low mobility.

3.3 Impact of multidimensional factors on 
URIDL

3.3.1 Impact of a single factor
The single-factor detection analysis from 2010 to 2019 reveals that 

the dominant drivers of URIDL vary across urban agglomerations. In 
the CYUA, the industrial structure (X6) had the greatest explanatory 
power (Q = 0.5301), indicating that upgrading and transformation of 
industries play a pivotal role in promoting urban–rural economic 
integration. In the MRYRUA, the proportion of non-agricultural 
population (X1) ranked highest (Q = 0.4133), reflecting the decisive 
influence of population urbanization on resource allocation and 
spatial restructuring. In the YRDUA, X1 also ranked first (Q = 0.3965), 
followed by per capita arable land area (X3) and industrial structure 
(X6), underscoring the dual importance of demographic 
transformation and resource endowment. For the TMUA as a whole 
(d), per capita arable land (X3) emerged as the top contributor 
(Q = 0.4853), suggesting that land-based agricultural foundations 
remain crucial in shaping spatial integration at a national level 
(Figure 5A).

3.3.2 Interactive effects of multiple drivers
The interaction detection results demonstrate that bivariate 

combinations significantly enhance explanatory power compared to 
single factors. In CYUA, the interaction between slope (X8) and 
proportion of non-agricultural population (X1) reached the highest 
explanatory power (0.762), showing nonlinear enhancement (NE), 
which implies that geographic terrain constraints jointly shape 
integration outcomes with demographic transformation. In MRYRUA, 
the interaction of X3 and X1 had the strongest effect (0.631), 
characterized by bi-factor enhancement (BE), reflecting the coupling 
between land and labor in shaping integration capacity. In YRDUA, 
X8 and X3 was the dominant combination (0.756, NE), while at the 
TMUA level, the same combination X8 and X3 produced the highest 
explanatory power overall (0.729, BE), suggesting the spatial synergy 
between topography and land resources is the most critical compound 
driver across the entire study region (Figure 5B).

4 Discussion

4.1 Temporal and spatial evolution 
mechanism of URIDL

This study performed a detailed analysis of URIDL across the 
three major urban agglomerations within the Yangtze River Economic 
Belt to uncover the evolutionary mechanisms in both time and space. 
The findings indicate that URIDL not only varies distinctly over time 
but also differs significantly across the urban agglomerations (refer to 
Figures 2–5).

4.1.1 Mechanisms of temporal evolution of URIDL
From 2010 to 2019, URIDL across the three major urban 

agglomerations demonstrated a consistent upward trend. This result 
is in line with previous research that has shown a steady improvement 
in China’s urban–rural integration since the early 2000s. Some studies 
identified 2002 as the initial turning point, while others highlighted 
2006 as the key moment when urban–rural policy adjustments began 

TABLE 2 Potential influencing factors of urban–rural integration 
development level (URIDL).

Factor Variable Variable 
interpretation

Labor Force

Proportion of non-

agricultural population to 

total population (X1)

Non-agricultural population / 

Total population

Land

Per capita construction 

land area (X2)

Construction land area / Total 

population

Per capita arable land area 

(X3)

Arable land area / Total 

population

Capital

Fiscal decentralization 

(X4)

Local government fiscal 

expenditure / GDP

Financial development 

(X5)

Balance of RMB loans and 

deposits of financial institutions 

/ GDP

Industry Industrial structure (X6)

Proportion of the value added 

of the tertiary industry to the 

secondary industry

Business 

Environment

Degree of opening-up 

(X7)

Actual utilization of foreign 

direct investment / GDP

Terrain Slope (X8)
Average slope of ArcGIS grid 

statistics
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to yield visible effects. The alignment of these findings across different 
temporal and spatial scales supports a broader consensus that China’s 
sustained investment in rural development, poverty alleviation, and 
urbanization reform has significantly improved URIDL in recent 
decades (Yang et al., 2021; Muga et al., 2023). Although the national 
trend points to a general and continuous improvement in urban–rural 
integration, the Yangtze River Economic Belt demonstrates a distinct 
trajectory shaped by its river-basin characteristics, polycentric urban 
agglomeration structure, and developmental asymmetries, which 
together contribute to a regionally specific, stage-based pattern of 
integration. This trend is largely attributable to the Chinese 
government’s focus on the “three rural issues” and its sustained policy 
initiatives. Starting with coordinated urban–rural development and 
evolving through strategies like new countryside initiatives, urban–
rural integration, targeted poverty alleviation, new urbanization, and 
rural revitalization, these policies have provided solid institutional 
support and a strong policy drive for URID. The deepening 
implementation of these policies has collectively enhanced URIDL in 
the three major urban agglomerations. Key factors including the 
proportion of non-agricultural population (X1), per capita arable land 
(X3), and industrial structure (X6) significantly contributed to this 
trend during this period (refer to Figure  5A). As urbanization 
progresses, agricultural land is increasingly converted to urban land, 
providing more space and resources for urban development. This 
trend has been widely documented not only in China but also in other 
developing countries. For instance, a study in Khulna City, Bangladesh, 
revealed that rapid urban expansion significantly transformed 

agricultural land into urban use, reshaping local land-use dynamics 
and enhancing urban resilience. This transformation not only 
physically extended urban areas but also improved infrastructure 
provision and economic vitality, thereby strengthening the city’s 
socioeconomic resilience and optimizing its spatial resource allocation 
(Siddika and Sresto, 2025). Similarly, recent studies have identified 
comparable phenomena in the Yangtze River Delta and other rapidly 
urbanizing regions in China, where the large-scale conversion of 
farmland to construction land has markedly reshaped the urban–rural 
spatial relationship and reallocated land-based resources (Niu et al., 
2022; Pan et al., 2023). These findings collectively underscore that 
land-use transitions driven by urbanization are both a catalyst and a 
consequence of evolving urban–rural interactions—often 
accompanied by challenges related to sustainability, ecological 
resilience, and socioeconomic equity. Furthermore, rational land 
allocation and agricultural modernization have revitalized rural 
economies. The optimization and upgrading of industrial structures 
have further reinforced the integration of urban and rural economies, 
ultimately enhancing the overall economic strength of 
urban agglomerations.

Although URIDL across the three major urban agglomerations 
has generally been increasing, it has shown distinct characteristics at 
different time periods. From 2010 to 2014, URIDL in the three major 
urban agglomerations rose quickly, largely fueled by China’s swift 
economic recovery post-global financial crisis, which positively 
impacted the social and economic levels of both urban and rural areas. 
In contrast, from 2014 to 2019, the growth rate of URIDL in these 

FIGURE 2

Temporal evolution of urban–rural integration development level (URIDL) in the three major urban agglomerations (2010–2019). CYUA, Chengdu-
Chongqing urban agglomeration; MRYRUA, Middle Reaches of the Yangtze River urban agglomeration; YRDUA, Yangtze River Delta urban 
agglomeration. TMUA, Three Major Urban; Values represent the annual mean URIDL scores for each region.
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agglomerations slowed, entering a phase of steady growth. This 
slowdown aligns with the Chinese economy transitioning to a “new 
normal” phase, where URID emphasis shifted from quantity to quality, 
prioritizing sustainability and coordination. Moreover, an in-depth 
analysis of the driving factors’ tendency revealed that while most of 
the driving factors remained stable trend from 2010 to 2019, the 
industrial structure (X6) varied significantly, marking a turning point 
in 2014. This indicates that, guided by policy, China’s economy and 
industrial structure have transitioned to a “new normal,” focusing on 
adjustment and optimization. This transformation has not only 
bolstered economic stability but also revitalized URID, steering it 
toward high-quality and sustainable development (Table 4), a shift that 
is further evidenced by recent studies documenting a notable 
deceleration in both economic and carbon emissions growth between 
2012 and 2017, driven by slower GDP growth, improvements in 
energy efficiency, and a transition from investment-led to 

consumption-oriented development. These macroeconomic 
transformations fundamentally reshaped the structural conditions for 
regional development, thereby offering a theoretical explanation for 
the moderated pace of urban–rural integration observed during this 
period (Zheng et al., 2019).

There are notable differences in the URIDL among the three 
major urban agglomerations. During the period from 2010 to 2019, 
the URIDL in the CYUA was approximately equivalent to that of the 
MRYRUA in 2010, while the MRYRUA exhibited a development level 
comparable to that of the YRDUA in 2010 (Figure 2). Detailed analysis 
shows that the YRDUA has utilized its geographical advantages and 
robust economic foundation to become a center for foreign trade, 
finance, and advanced manufacturing. The rapid growth of these high-
value industries has driven GDP growth and strengthened economic 
ties between cities, thereby enhancing URID quality. Factor analysis 
indicates that the interaction between slope (X8) and per capita arable 

FIGURE 3

Trend surface analysis of URIDL in the three major urban agglomerations within the YREB (2010–2019). Subfigures correspond to: (a) 2010, (b) 2013, 
(c) 2016, (d) 2019. Z, urban–rural integration development level (URIDL); X = east–west axis; Y = north–south axis; ● dots represent cities.

TABLE 3 Global Moran’s I index of urban–rural integration development level (URIDL) for the three major urban agglomerations (2010–2019).

Statistical
indicator

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Moran’s I index 0.3994 0.3972 0.3884 0.3785 0.3807 0.4120 0.4133 0.4199 0.4310 0.4114

Z-score 5.0401 5.3564 5.2374 5.1353 5.1619 5.5755 5.5895 5.6685 5.8229 5.5664

The p-value for all years is 0.0000.
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FIGURE 4

Spatiotemporal evolution of local spatial clusters of URIDL in the three major urban agglomerations (2010–2019). Subfigures (a-j) show annual 
progression from 2010 (a) to 2019 (j). HH, high–high cluster (a high value surrounded by high values); LL, low–low cluster (a low value surrounded by 
low values); HL, high–low outlier (a high value surrounded by low values); LH, low–high outlier (a low value surrounded by high values).
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land (X3) significantly surpasses the impact of individual factors, 
demonstrating that the YRDUA’s flat topography supports efficient 
and refined agriculture, which accelerates modernization, increases 
farmers’ incomes, and narrows the urban–rural economic gap. The 
MRYRUA relies on traditional industries such as agriculture, energy, 
and automotive manufacturing. Factor analysis reveals that the 
interaction between per capita arable land (X3) and the proportion of 
non-agricultural population (X1) is significant, highlighting the close 
connection between agricultural development and urbanization. As 
urbanization progresses, agricultural land is increasingly converted to 
urban land, providing more space and resources for urban 
development. As previously discussed, this conversion facilitates 
urban expansion while simultaneously influencing agricultural 
modernization and rural economic restructuring. Similarly, urban 
development expands markets and opportunities for agriculture, 
spurring its modernization and upgrading. However, this interaction 
reveals issues like the singular industrial structure and limited 
innovation capacity within the Yangtze River Midstream urban 
agglomeration, somewhat restricting the pace and scope of its URID 
development. Despite significant advances in electronics and 
biomedicine, the CYUA still lags in URIDL. Factor analysis reveals 
that the interaction between slope (X8) and the proportion of 
non-agricultural population (X1) significantly affects population 
distribution and industrial development, underscoring the impact of 
topographical features. The complex topography of the CYUA, 
characterized by steep slopes and sparsely distributed population, 
which limits its industrial development to a certain extent. As the 
non-agricultural population grows, the tension between urbanization 
and topographical constraints becomes more apparent, significantly 
challenging URID (Figure 5B).

4.1.2 Mechanisms of spatial evolution of URIDL
From 2010 to 2019, URIDL across the three major urban 

agglomerations in the Yang-tze River Economic Belt showed a notable 
decline from east to west and a steady increase from south to north. 
Notably, in 2019, URIDL in the western CYUA improved significantly 
relative to the central region, creating a “U”-shaped spatial differentiation 
among the three urban agglomerations (Figure 3). This improvement is 
largely due to the CYUA’s proactive adoption of the national URID 
strategy and the effective implementation of the “Development Plan for 
CYUA” approved by the State Council in 2016. The flow and integration 
of urban and rural populations have been effectively enhanced through 
measures such as promoting industrial transformation, optimizing 
industrial layouts, relaxing household registration policies as well as 
integrating urban and rural registration systems.

The intra-urban agglomeration analysis reveals pronounced local 
spatial clustering patterns of URIDL, predominantly characterized by 
high-high (HH) and low-low (LL) types (Figure 4). In the YRDUA, 
the spatial pattern is dominated by HH clusters, reflecting a “core-
periphery diffusion” model. Core cities such as Shanghai, Suzhou, and 
Wuxi, supported by their strong economic foundations, well-
developed public services, and advanced industrial structures, have 
generated significant factor agglomeration and institutional spillover 
effects. These have effectively promoted urban–rural integration in 
neighboring cities, facilitating a progressive improvement from low to 
higher integration levels. This spatial distribution aligns with existing 
studies that highlight a strong spatial autocorrelation and “east-high, 
west-low” pattern in the region, underscoring the growing spatial 
spillover effect of highly integrated cities over time (Shi et al., 2022; 
Zhao and Jiang, 2022; Bingqing et al., 2017; Lisheng, 2016). In 
contrast, the MRYRUA and CYUA are dominated by LL clustering, 

FIGURE 5

Detection results of driving factors influencing URIDL in the three major urban agglomerations: (a) single-factor explanatory power (Q values), and (b) 
interaction effects among factors. Panel (a) presents the Geodetector-based Q values for individual factors across CYUA, MRYRUA, YRDUA, and TMUA, 
indicating their relative explanatory strength. Panel (b) visualizes the interaction effects between paired factors, where color and size represent the 
magnitude and type of interaction (e.g., nonlinear or bivariate enhancement). CYUA, Chengdu-Chongqing urban agglomeration; MRYRUA, Middle 
Reaches of the Yangtze River urban agglomeration; YRDUA, Yangtze River Delta urban agglomeration; TMUA, Three Major Urban Agglomerations.
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exhibiting a typical “core-periphery” spatial structure. Although core 
cities such as Nanchang, Chengdu, and Chongqing show higher 
integration levels, their radiative influence remains limited due to 
constraints in transportation accessibility, industrial linkages, and 
policy coordination. This has resulted in insufficient spatial 
connectivity across the urban agglomeration. The lag in spatial 
diffusion is consistent with findings on the lack of endogenous drivers 
for integration in central and western regions, revealing a structural 
bottleneck that hampers internal spatial synergy (Muga et al., 2023; 
Liu et al., 2024; Heping et al., 2024). Moving forward, enhancing the 
leadership role of core cities and improving inter-city coordination 
mechanisms will be essential to strengthen spatial linkages and boost 
systemic integration capacity within these urban agglomerations.

4.2 Policy implications

Based on the above previous analysis, this paper offers several 
recommendations for government departments. Firstly, a systematic 
and comprehensive URID strategy should be developed, emphasizing 
its role in promoting high-quality development in the Yangtze River 
Economic Belt and defining its goals, pathways, and tasks. This 
strategy should aim to improve the balance and coordination of URID 
and to ensure that both urban and rural residents benefit 
from development.

Secondly, policies should be tailored to the specific circumstances 
of each urban agglomeration. For the YRDUA, policies should leverage 
its locational and industrial strengths to deeply integrate advanced 
manufacturing, finance, and foreign trade. Meanwhile, efforts should 
focus on protecting and efficiently using arable land, promoting 
agricultural modernization, and fostering agricultural innovation 
through science and technology, so that it can serve as a key driver of 
development in the Yangtze River Economic Belt. For the urban 
agglomeration in the middle reaches of the Yangtze River, the focus 
should be on enhancing agricultural infrastructure, boosting overall 
agricultural production, ensuring food security, fostering infrastructure 
connectivity and the sharing of public services to foster regional 
integration. Policy guidance and market mechanisms should facilitate 

the transformation and upgrading of traditional industries, cultivate 
emerging sectors, and enhance innovation within urban agglomerations, 
thereby invigorating the economic and social development of the middle 
reaches of the Yangtze River. The CYUA should enhance urban planning 
and infrastructure, optimize population and industry distribution, 
leverage favorable conditions to develop unique and emerging 
industries, and increase economic strength and competitiveness. Policies 
should support balanced development across the Chengdu-Chongqing 
region, reduce urban–rural disparities, and foster common prosperity. 
In parallel, strengthened cooperation and exchanges with neighboring 
regions are essential to collectively enhance the economic and social 
development of the upstream Yangtze River area.

Lastly, each urban agglomeration should implement a URID 
monitoring and evaluation mechanism to regularly assess and adjust 
policies based on their effectiveness and development status. 
Additionally, government cooperation and coordination should 
be enhanced to reduce administrative barriers and promote policy 
convergence and synergy. Moreover, participation in URID should 
be  encouraged across all societal sectors, so as to foster a diverse 
governance model with governmental guidance, market leadership, 
and societal involvement to comprehensively advance URID in the 
Yangtze River Economic Belt.

4.3 Research limitations

Although this study offers valuable insights into the spatiotemporal 
evolution and driving mechanisms of URID across the three major 
urban agglomerations in the Yangtze River Economic Belt, several 
limitations remain. First, the indicator system, though comprehensive, 
still lacks the inclusion of certain soft dimensions such as institutional 
environment, governance efficiency, and subjective wellbeing of 
residents, which are difficult to quantify yet crucial for evaluating 
URID. Second, the analysis is based on prefecture-level panel data, which 
may mask finer-scale heterogeneity within counties and towns, 
particularly in regions where urban–rural boundaries are less defined. 
Third, while this study examined both individual and interactive effects 
of multiple drivers, it does not incorporate dynamic feedback loops or 

TABLE 4 Annual Q-values and significance of individual driving factors influencing URIDL in the three major urban agglomerations (2010–2019).

Year X1 X2 X3 X4 X5 X6 X7 X8

2010 0.426*** 0.333*** 0.555*** 0.404*** 0.438*** 0.308*** 0.383*** 0.259***

2011 0.420*** 0.332*** 0.554*** 0.383*** 0.482*** 0.384*** 0.341*** 0.264***

2012 0.380*** 0.343*** 0.556*** 0.342*** 0.432*** 0.422*** 0.321*** 0.271***

2013 0.335*** 0.316*** 0.578*** 0.304*** 0.409** 0.482** 0.269** 0.277***

2014 0.287*** 0.322*** 0.553*** 0.368*** 0.400** 0.568*** 0.247** 0.274**

2015 0.258** 0.319*** 0.540*** 0.370*** 0.382** 0.498 0.200** 0.308***

2016 0.254** 0.343*** 0.533*** 0.362*** 0.386*** 0.491 0.259 0.312***

2017 0.224* 0.251** 0.551*** 0.402*** 0.347* 0.283 0.238*** 0.312***

2018 0.246** 0.258** 0.535*** 0.364*** 0.447*** 0.285* 0.215* 0.314***

2019 0.264** 0.222 0.529*** 0.325*** 0.405** 0.270 0.176* 0.307***

This table presents the Q-values representing the explanatory power of individual driving factors on the URIDL across the three major urban agglomerations in the Yangtze River Economic 
Belt from 2010 to 2019. Asterisks indicate levels of statistical significance (*p < 0.1, **p < 0.05, ***p < 0.01). Variable codes are as follows: X1 = Proportion of non-agricultural population to 
total population, X2 = Per capita construction land area, X3 = Per capita arable land area, X4 = Fiscal decentralization, X5 = Financial development, X6 = Industrial structure, X7 = Degree of 
opening-up, X8 = Slope.
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long-term path dependencies in the urban–rural system. In light of these 
limitations, future research could be improved in several ways. Future 
studies could incorporate richer data sources such as household surveys, 
high-resolution spatial data, and multi-source remote sensing 
information to capture more nuanced dynamics of URID. Additionally, 
expanding the spatial scale to include county-level or township-level data 
would allow for more granular analysis of regional disparities and better 
identification of policy entry points. Finally, integrating systems thinking 
approaches such as system dynamics models, spatial simulations, or 
agent-based models could enrich the understanding of the complex, 
nonlinear, and adaptive nature of urban–rural integration processes. By 
addressing these limitations, future research can better support evidence-
based policy design and advance theoretical innovation in the study of 
urban–rural integration.

5 Conclusion

Drawing on an in-depth exploration of urban–rural integration, this 
study developed a comprehensive index system for URIDL across the 
three major urban agglomerations of the Yangtze River Economic Belt, 
encompassing social, economic, cultural, spatial, and ecological 
dimensions. Using methodologies like longitudinal and transverse 
contrast, Moran’s I, and trend surface analysis, the study systematically 
analyzed the temporal and spatial evolution of URIDL in the three major 
urban agglomerations from 2010 to 2019. Additionally, geographic 
detection methods were used to further explore the influencing 
mechanisms. The main conclusions are:

 (1) URIDL across the three urban agglomerations exhibited a 
sustained upward trend from 2010 to 2019. The growth was rapid 
during 2010–2014 and more stable during 2014–2019, reflecting 
a shift from speed-focused development to quality-oriented 
integration as China entered the “new normal” phase of 
economic development.

 (2) The three urban agglomerations displayed significant 
heterogeneity in both development level and growth dynamics. 
Overall, the URIDL followed the pattern of YRDUA > MRYRUA 
> CYUA, with CYUA showing the most notable growth 
momentum, largely benefiting from the steady advancement of 
regional coordinated development strategies.

 (3) Spatially, URIDL exhibited a clear gradient of “east high–west 
low” and “north high–south low.” The prevalence of high-high 
(HH) and low-low (LL) clusters indicates a bifurcated spatial 
structure, where the diffusion effect of highly integrated areas 
coexists with the developmental inertia of lower-
performing regions.

 (4) Interaction effects between key factor pairs had a greater impact 
on URIDL than single-factor influences. Notably, the interactions 
between slope (X8) and per capita arable land (X3), between X3 
and the proportion of non-agricultural population (X1), and 
between X8 and X1 played crucial roles. In addition, fluctuations 
in the industrial structure (X6) significantly influenced the 
evolution of integration levels across urban agglomerations.

In summary, this study systematically examined the 
spatiotemporal evolution, spatial dependencies, and driving 
mechanisms of urban–rural integration within the three major urban 

agglomerations of the YREB. By employing cross-regional 
comparative perspectives, continuous annual panel data analysis, and 
spatial econometric approaches, the research attempted to address 
existing gaps, notably the limited cross-regional comparisons and 
insufficient explo-ration of driving mechanisms. The findings 
highlighted regional heterogeneity in the urban–rural integration 
process and revealed complex multi-factor interactions underpinning 
these variations. The results provide essential empirical evidence and 
policy implications for promoting regional coordination and urban–
rural integration in the YREB.

Data availability statement

Publicly available datasets were analyzed in this study. This 
data can be found at: publicly available datasets were analyzed in 
this study. This data can be  found at: The data underlying the 
results presented in the study are available from the official 
websites of various provincial bureaus of statistics. The specific 
URLs where the data can be accessed are: https://tjj.sc.gov.cn/ for 
Sichuan, https://tjj.cq.gov.cn/ for Chongqing, https://tjj.hubei.gov.
cn/ for Hubei, https://tjj.hunan.gov.cn/ for Hunan, http://tjj.
jiangxi.gov.cn/ for Jiangxi, https://tjj.ah.gov.cn/ for Anhui, https://
tj.jiangsu.gov.cn/ for Jiangsu, https://tjj.zj.gov.cn/ for Zhejiang, 
and https://tjj.sh.gov.cn/ for Shanghai.
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