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Abstract

As urban agglomerations reshape China’s urban-rural relations, existing evaluations still
focus mainly on development levels within administrative units, with limited attention
to spatial interactions between urban and rural territorial systems. Taking the Chengdu-
Chonggqing Economic Circle (CCEC) as a case, this study develops a spatial interaction-
based framework for measuring urban—rural integration. The framework integrates popula-
tion, land and economic factors to characterize urban—rural development status, orientation,
coordination and interaction intensity. The Geographical Detector is further employed
to identify the driving mechanisms. Compared with conventional within-unit assess-
ments, this framework captures the direction, intensity, and cross-regional dependence of
urban-rural linkages, thereby providing a more relational understanding of urban—rural
integration. The results show that the CCEC experienced a transition from factor differenti-
ation toward functional restructuring, characterized by continued urban concentration of
population and land factors and a relative balancing of economic factors between urban
and rural areas. Urban-rural integration exhibited clear directional and spatial dependence:
urban-to-rural interactions were mainly concentrated around the Chengdu—Chongqing
dual cores and major development corridors, whereas rural-to-urban interactions formed
a more dispersed support network. The driving mechanisms were not dominated by
individual factors but emerged from the interaction of economic foundations, spatial condi-
tions, policy environments and regional linkages, with different factors playing varying
roles across development stages. This study provides new insights into the evolution
mechanisms of urban-rural integration in emerging urban agglomerations characterized
by strong core—periphery disparities, highlighting the importance of spatial interactions,
policy guidance and regional development conditions.

Keywords: urban-rural integration; spatial interaction; urban agglomeration; driving
mechanism; Chengdu—-Chongqing Economic Circle

1. Introduction

Urban-rural integration is an important issue in regional geography. It refers to a
process of interaction, coupling and restructuring across the whole regional space, urban—
rural systems and multiple development factors. It is reflected not only in the bidirectional
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flow of urban and rural factors, but also in functional complementarity, spatial coordination
and institutional coordination [1,2].

Urban-rural integration has long been discussed in relation to changing urban-rural
relations. Early theories often treated cities and the countryside as separate systems. They
emphasized the transfer of surplus rural labour to the industrial sector and the spillover
effects of urban growth poles on rural areas. This logic is reflected in the dual-sector
model [3], growth pole theory [4] and core—periphery theory [5]. Later studies moved
beyond this dichotomy and focused more on urban-rural linkages and the urban-rural
continuum. In this view, cities and rural areas are connected through population mobility,
industrial linkages, land-use change and information flows. Urban expansion also reshapes
rural land-use structures. For example, long-term remote-sensing evidence shows that
urban sprawl can lead to substantial agricultural land loss and is closely associated with
socioeconomic transformation [6]. These connections form complex regional networks. The
Desakota model [7], regional network theory [8], and work on urban-rural linkages and
sustainable development [9] all challenge the traditional urban-rural divide and emphasize
functional complementarity and spatial interaction between the urban and rural systems.

In China, urban-rural integration has gained additional meanings related to regional
coordination and spatial governance. Liu et al. regard it as an advanced stage of urban—
rural transformation [10]. They emphasize integration across population, land, industry
and values. Fang et al. trace the policy evolution of China’s urban—rural relations, from du-
alistic separation to coordination, integration and, eventually, urban-rural integration [11].
Luo et al. further highlight the role of market-based factor allocation, multi-level spatial
coordination and adaptive governance from institutional, spatial and governance perspec-
tives [12]. Overall, urban-rural integration is not a one-way process of urbanization. Itis a
dynamic process in which urban and rural systems are jointly reorganized through factor
flows, functional complementarity and spatial restructuring.

Urban-rural integration is a key policy direction in China’s new urbanization, rural
revitalization and regional coordination agendas. As urban agglomerations have become
major spaces for population concentration, industrial organization and spatial governance,
urban-rural relations are no longer confined to development gaps within single admin-
istrative units. They are increasingly shaped by factor flows and spatial linkages among
different units within urban agglomerations, and between core cities and peripheral areas.
The Chengdu—-Chongging Economic Circle (CCEC) is a typical dual-core urban agglomera-
tion in western China. Its urban-rural integration is shaped by core-city spillovers, regional
coordination and mountainous spatial constraints. It therefore provides an important case
for examining the restructuring of urban—rural relations in western Chinese urban agglom-
erations and also offers a reference for other emerging urban agglomerations characterized
by strong core—periphery disparities, limited peripheral integration capacity and spatial
constraints. It measures the spatiotemporal evolution of urban-rural integration from
2007 to 2023 and further identifies its driving mechanisms, aiming to reveal the spatial
organization logic of urban—rural integration in a western dual-core urban agglomeration.

2. Literature Review
2.1. Measurement of Urban—Rural Integration

Measuring urban-rural integration provides an empirical basis for identifying the
evolution of urban-rural relations and their spatial heterogeneity. Existing studies have
approached this issue from several angles, including urban-rural linkages, urban—rural
classification and urban-rural development gradients. International studies have paid early
attention to population migration, flows of goods and services, environmental pressure and
commuting linkages between urban and rural areas. These studies generally found that
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urban and rural areas are increasingly connected through commuting, market exchange,
service provision and land-use transformation, but such linkages are spatially uneven and
often weaken with increasing distance from urban centres [13]. Peri-urban and metropoli-
tan fringe areas usually show stronger functional connections with cities, whereas more
remote rural areas tend to face weaker accessibility, limited service provision and stronger
development constraints [14]. Peri-urban studies further show that land strategies and
urbanization jointly shape rural land pressures, suggesting the need for more integrated
urban and rural planning [15].

Compared with international studies that emphasize functional linkages, commuting
zones and urban-rural gradients, Chinese studies have paid greater attention to comprehen-
sive evaluation, policy targets and the coordination of multiple subsystems. Scholars have
developed multidimensional evaluation systems covering population, economy, land, soci-
ety, ecology and public services [16,17]. Methods such as the global entropy method [18],
coupling coordination models, projection pursuit models, kernel density estimation and ex-
ploratory spatial analysis [19] have also been used to examine the spatiotemporal evolution
and spatial differentiation of urban-rural integration.

Research on urban-rural integration has shifted from single economic indicators to
multidimensional evaluations that include social, ecological and resource-related dimen-
sions. It has also developed multi-scale frameworks covering national, regional and county
levels [20,21]. Existing studies show that the overall level of urban-rural integration in
China has increased, and that urban-rural relations have gradually moved from dualistic
separation towards factor flows and functional complementarity. However, this process
has not been spatially even. Marked spatial heterogeneity remains across regions, scales
and types of areas [22-24].

Urban-rural integration within urban agglomerations is not only shaped by local
development conditions but also by linkages among different areas. Existing studies
have often treated each area as an independent evaluation unit [25,26]. They tend to
measure internal development levels or system coordination, while paying less attention
to spatial linkages among areas within urban agglomerations. In practice, urban-rural
integration depends not only on local population, land, economic and public service
conditions, but also on spillovers from core cities, connections with surrounding areas
and the structure of regional networks. Studies on new urban communities also indicate
that population redistribution and functional autonomy are closely related to balanced
regional development and core—periphery relationships [27]. It is therefore necessary to
examine urban-to-rural radiation, rural-to-urban support and their role in shaping urban—
rural integration from the perspective of spatial interaction among different areas within
urban agglomerations.

2.2. Spatial Interaction and Urban—Rural Linkages

Spatial interaction is essential for understanding urban-rural integration because
urban and rural systems are connected not only by their internal development levels, but
also by the flows, linkages and mutual support between them. It provides a relational
perspective that captures how factor scale, functional differences and spatial distance shape
the intensity and direction of connections between urban and rural territorial systems.
In quantitative studies, spatial interaction is often measured using gravity models and
distance-decay functions to capture population, land, economic and resource linkages
between regions [2]. Incorporating spatial interaction into urban-rural integration research
extends evaluation from internal state measurement to relational measurement between
urban and rural systems.
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Some studies have examined urban-rural relations through population migration,
resource flows and commuting linkages [28,29]. These studies show that urban and rural
areas are not separate systems, but interact through population, land, industry, capital
and technology. Within urban agglomerations, urban-rural integration often shows a
core—periphery pattern. Core cities generate spillover effects on surrounding rural areas,
while rural areas support urban systems through labour, agricultural products, ecological
space and land resources. Taking the Changsha-Zhuzhou—Xiangtan urban agglomeration
as an example, Cui et al. developed an urban-rural integration measurement model and
found that urban-to-rural and rural-to-urban interactions follow different spatial patterns,
with clear differences between intra-county and inter-county interactions [2]. This indicates
that urban—rural integration has both directionality and scale effects: urban systems radiate
towards rural systems, while rural systems provide feedback support to urban systems;
these interactions occur both within individual counties and through cross-county linkages
at the urban agglomeration scale.

2.3. Driving Mechanisms of Urban—Rural Integration

The driving mechanisms of urban-rural integration are highly complex. Existing stud-
ies have explained the evolution of urban—rural relations from the perspectives of economic
development, factor flows, institutional arrangements, socio-cultural conditions, digital
technologies and spatial governance. Economic development and industrial restructuring
affect employment, income distribution and resource allocation between urban and rural
areas. However, excessive urban—rural disparities may also lead to resource misallocation
and regional imbalance [30]. Socio-cultural factors, local social capital and rural identity
can influence rural resilience and urban—rural interactions, thereby shaping the process of
urban-rural integration [31,32].

Among these factors, factor mobility is widely seen as a central factor in urban-rural
integration. The movement of labour, land, capital and public services between urban and
rural areas is closely related to the transformation of the urban-rural dual structure. Existing
studies show that reducing labour mobility costs, reforming construction land institutions
and improving the equalization of public services can help narrow urban-rural gaps and
improve rural attraction. However, different factors do not operate in the same way. Eastern
China is more strongly affected by talent mobility, central China is more constrained by
capital, and western China is more sensitive to changes in land factors [33,34]. These
findings suggest that the driving mechanisms of urban-rural integration are regionally
specific. They need to be examined in different regional contexts rather than inferred from
a single national or regional pattern.

Institutional arrangements and governance capacity are also important conditions for
urban-rural integration. Land institutions, household registration systems and governance
structures shape the boundaries and modes of factor flows between urban and rural
areas [35,36]. In China, new urbanization, rural revitalization and the market-oriented
allocation of urban-rural factors also affect the level and spatial differentiation of urban—
rural integration [37,38]. In recent years, the digital economy and information infrastructure
have also been incorporated into this field of research. Digital technologies can improve the
allocation efficiency of labour, capital and land. They can also support market connections,
industrial integration and spatial spillovers between urban and rural areas. However, their
effects vary across regions [39,40].

Overall, existing studies suggest that the driving mechanisms of urban—rural integra-
tion are multidimensional and are associated with factor flows, institutional governance,
digital technologies and socio-cultural conditions. However, much of the existing work
still focuses on single-factor effects or broad mechanism interpretation. Less attention has
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been paid to interaction effects, nonlinear enhancement and spatial heterogeneity among
different driving factors.

2.4. Research Gaps and Analytical Framework
Research Gaps

In summary, existing studies have advanced the understanding of urban—rural inte-
gration in terms of theoretical interpretation, measurement, spatial patterns and driving
mechanisms. Recent studies have also introduced spatial interaction into urban—rural inte-
gration assessment, providing a useful way to move beyond static comparisons of urban
and rural development levels. However, the driving mechanisms of urban-rural integration
under complex geographical and institutional conditions remain insufficiently examined.
Existing studies have mainly explained urban—rural integration through socio-economic de-
velopment, population mobility, land use, industrial structure and infrastructure conditions,
while relatively less attention has been paid to the combined effects of topographic con-
straints and policy-related factors. In many cases, terrain is treated as a background condition
rather than an explicit explanatory factor, while policy-related influences are often discussed
qualitatively rather than incorporated into quantitative analyses of driving mechanisms.

This limitation is particularly relevant to the CCEC. Unlike more mature and relatively
flat urban agglomerations such as the Yangtze River Delta, the Chengdu—Chongqing
region is characterized by a dual-core structure, extensive mountainous and hilly areas,
strong core—periphery differentiation and cross-provincial coordination. These conditions
suggest that urban-rural integration in this region may be shaped not only by conventional
socio-economic factors but also by terrain-related spatial constraints and policy-related
coordination forces. Therefore, it remains necessary to examine how natural geographical
conditions and policy-related factors are associated with regional development foundations
and spatial interaction relationships in shaping urban—rural integration.

To address this gap, this study applies a spatial interaction-based measurement frame-
work to the CCEC and incorporates terrain and policy-related variables into the analysis of
driving mechanisms. By using the geographical detector, this study identifies not only the
explanatory power of individual factors but also their interaction effects, thereby providing
a more context-sensitive explanation of urban-rural integration in a dual-core mountainous
urban agglomeration.

3. Study Design
3.1. Research Questions
Based on the above research gaps, this study addresses the following questions:

1. How did urban-rural integration in the CCEC evolve from 2007 to 2023 from a spatial
interaction perspective?

2. How do urban-to-rural and rural-to-urban interactions differ in direction, intensity
and spatial organization within and across regions?

3. What factors, especially terrain-related and policy-related factors, explain the spatial
heterogeneity of urban—rural integration?

The years 2007, 2015 and 2023 were selected according to the evolution of regional
cooperation and national planning in the Chengdu-Chongqing region. The year 2007
represents the initial stage when Sichuan and Chongqing promoted regional cooperation
and jointly proposed the construction of the Chengdu-Chongqing Economic Zone [41].
The year 2015 represents the stage when the Chengdu-Chongging Economic Zone was
incorporated into national-level regional planning [42]. The year 2023 represents the
development stage after the construction of the CCEC had been elevated to a national
strategy and entered substantive implementation [43].

https://doi.org/10.3390/land 15081343


https://doi.org/10.3390/land15081343

Land 2026, 15, 1343

6 of 28

3.2. Analytical Framework

Based on the above research gaps, this study understands urban—rural integration
as a process shaped by both regional development foundations and urban-rural spatial
interactions. On the one hand, urban—rural integration requires a certain level of regional
development as its prerequisite. Population, land and economy correspond respectively
to the behavioral subject, spatial carrier and functional support of urban—rural territorial
systems, and constitute core elements affecting urban-rural functional differentiation and
regional development capacity. With the advancement of urbanization and industrializa-
tion, population agglomeration, land development and economic activities are increasingly
allocated differently between urban and rural spaces, leading to varying degrees of urbanity
and rurality within the same territorial unit.

On the other hand, urban-rural integration is not simply the sum of the separate
development levels of urban and rural areas. Rather, it emphasizes factor flows, functional
linkages and spatial restructuring between the two. Even if a region has a relatively high
level of development, the relational characteristics of urban-rural integration cannot be
fully reflected if effective connections between urban and rural areas are lacking. Therefore,
beyond regional development foundations, it is necessary to further examine whether
interactions occur between urban and rural areas, the direction and intensity of such
interactions, and whether they are formed within a region or extended outward through
cross-regional linkages.

For the Chengdu-Chongqing dual-core urban agglomeration, urban-rural integration
has clear contextual specificity. The region is structured around the dual cores of Chengdu
and Chonggqing, and exhibits a pronounced core—periphery differentiation. High-value
areas of urban-rural integration are mainly concentrated in the core areas of Chengdu
and Chongqing and their surrounding areas, while the central and peripheral areas show
relatively lower levels of integration. Compared with more mature urban agglomerations
such as the Yangtze River Delta, where internal disparities are relatively smaller, the
Chengdu—Chonggqing region shows more prominent development imbalance. Its urban—
rural integration pattern may therefore be more closely associated with dual-core traction,
transport corridors and spatial accessibility. Meanwhile, the region is characterized by
extensive mountains and hills, with considerable terrain variation, which increases the
cost of factor flows and spatial connections. In particular, some mountainous counties
and peripheral areas are constrained by transport conditions and insufficient connections
with central areas, which may partly explain their relatively slow improvement in urban—
rural integration.

Therefore, urban-rural integration in the Chengdu-Chonggqing region cannot be un-
derstood solely from the perspective of urban-rural development foundations within
individual administrative units. It is also necessary to consider cross-regional linkages
among the dual cores, development axes and peripheral areas. Accordingly, based on the
measurement of urbanity and rurality across the population, land and economic dimen-
sions, this study introduces bidirectional and cross-regional spatial interaction relationships
to reveal the characteristics and influencing mechanisms of urban—rural integration in the
Chengdu-Chonggqing dual-core urban agglomeration. The research workflow is shown in
Figure 1.
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Figure 1. Research process.

4. Study Area and Data Sources
4.1. Study Area

The CCECwas selected as the case study area, as shown in Figure 2. It is located
in inland western China and lies at the intersection of the Yangtze River Economic Belt
and the Belt and Road Initiative. The study area covers parts of Sichuan Province and
Chongging Municipality, including 44 city(district/county) administrative units. It has a
clear dual-core spatial structure. Chengdu and Chongqing were approved as national pilot
areas for coordinated urban-rural comprehensive reform, and some parts of the region
have been included in national urban-rural integration pilot zones. However, marked
core—periphery disparities remain. Peripheral areas are relatively weak in population
concentration, industrial foundation, public service provision and transport accessibility.
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Figure 2. The location of the Chengdu—Chongqing Economic Circle.

https://doi.org/10.3390/land 15081343


https://doi.org/10.3390/land15081343

Land 2026, 15, 1343

8 of 28

4.2. Data Resources

This study uses 44 city (district/county) units in the CCEC as the basic research
units. The study period spans 2007 to 2023, with 2007, 2015 and 2023 selected as the main
observation years at eight-year intervals. The data used in this study include socioeconomic
statistics and spatial data.

The socioeconomic data were mainly obtained from the China County Statistical
Yearbook, China Regional Statistical Yearbook, China Rural Statistical Yearbook, China
Urban—-Rural Construction Statistical Yearbook, relevant statistical yearbooks of Sichuan
Province and Chongging Municipality, and statistical bulletins of cities and counties. These
data were used to calculate urban-rural factor deviation, urban and rural attribute indices,
urban-rural integration levels and driving factors.

The spatial data include administrative boundaries, government locations, inter-
unit distances and intra-unit urban—rural distances. Administrative boundary data were
obtained from the National Catalogue Service for Geographic Information. Spatial distances
were calculated using GIS. To ensure comparability, administrative divisions and statistical
standards were harmonized across the study period. For a small number of missing values,
adjacent-year statistical records were used first.

5. Methods
5.1. Method for Measuring Urban—Rural Integration

Based on the existing spatial interaction-based measurement framework [2], this study
constructs a method for measuring urban—rural integration. The measurement of urban—
rural integration includes six steps: urban/rural factor deviation, urban/rural orientation,
regional urban/rural coordination deviation, urbanity/rurality index, urban-rural spatial
interaction and urban-rural integration.

The Urban/Rural Factor Deviation Index (UFDI/RFDI) measures the distributional
deviation of key factors, including population, land and economy, between urban and rural
areas. It reflects whether these factors tend to concentrate in the urban or rural system.

The Urban/Rural Orientation Index (UOI/ROI) identifies the development orientation
of a region. It indicates whether regional development tends more towards urban attributes
or rural attributes.

The Regional Urban/Rural Coordination Deviation Index (RUDI/RRDI) measures the
imbalance in the allocation of population, land and economic factors between urban and
rural areas. A higher value indicates a stronger deviation in the urban-rural factor structure.

The Urbanity/Rurality Index (UI/RI) describes the relative strength of urbanity and
rurality in each research unit. It reflects the development attributes of urban and rural areas
and their changes over time.

The Urban-to-Rural Interaction Index/Rural-to-Urban Interaction Index (U2RI/R2UI)
measures the intensity of spatial linkages between urban and rural territorial systems,
including urban-to-rural radiation and rural-to-urban support.

The Urban—Rural Integration Index (URI) provides an integrated measure of the
degree of integration between urban and rural areas in terms of factor flows, functional
linkages and spatial coordination.

ArcGIS 10.8, Python 3.7, SPSS 32.0 and Geodetector 1.0 were employed for spatial
analysis, statistical computation, and factor detection.

5.1.1. Urban/Rural Factor Deviation Index (UFDI/RFDI)

Following the principles of scientific validity, data availability and hierarchical struc-
ture, this study selects six indicators from the dimensions of population, land and economy
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to construct the evaluation indicator system for urban-rural integration [44], as shown in
Table 1.

Table 1. Multidimensional urban-rural indicators and formulas for factor deviation.

Dimension Prlfnary Secondary Indicator Index Formula
Indicator
Urban resident Urban population factor p. _ _up (1)
population (UP) deviation index (P;,) w " UP+RP
Population Population : :
Rural resident Rural population factor Po—1_p @)
population (RP) deviation index (P;,) we ’”
Urban built-up Urban land factor [ _ _ UuBA 3)
area (UBA) deviation index (L;,) T UBA+SCA
Land Land use Rural land factor
Crop sown area (CSA) deviation index (L;) Ly=1—-1L; 4)
Pe.r capita disposable Urban economic factor E;, =
income of urban deviation index (E;;,) s UPGD- ®)
residents (UPGD) u UPGD+RPGD
Economy
Per capita disposable Rural economic factor
income of rural E;,=1—E; (6)

residents (RPGD) deviation index (E;,)

5.1.2. Method for Urban/Rural Orientation Index and the Regional Urban/Rural
Coordination Deviation Index

Urban and rural orientation degrees and the regional coordination deviation index are
calculated from the dimensions of population, land and economy. The model measures
urban-rural development status by calculating the gaps between urban and rural systems
across the three dimensions of population, land and economy. It can directly reflect the
balance of multiple factors between urban and rural systems and is suitable for compara-
tive analysis among city/district/county units within an urban agglomeration [45]. The
formulas are given as Equations (7)—(9):

VP = L)? + (P — B + (Li — E.)?
. ,

diy = /P2, + L% +E?, (8)
dy = \/P+ 1+ ©)

i denotes the basic evaluation unit.

dip = 7)

where:

P;, L; and E; represent the urban () or rural (r) factor deviation of the core factors in
the dimensions of population, land and economy, respectively. They reflect the urban—rural
spatial allocation status of a unit at a given time.

dj1 denotes the regional coordination deviation index. It can be calculated using either
urban factor deviation or rural factor deviation. A larger d;; indicates a stronger imbalance
among the three dimensions and a greater constraint on urban—rural integration.

d;, and d;, denote the urban orientation degree and rural orientation degree of a unit,
respectively. They indicate the potential direction of urban-rural attraction.
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5.1.3. Method for Calculating the Urbanity/Rurality Index

Based on the evaluation indicator system for urban-rural integration, the Urban-
ity /Rurality Index (UI/RI) is calculated using the full permutation polygon synthetic index
method. This method does not require subjective weighting and can reduce bias caused by
weight assignment. It is suitable for the comprehensive evaluation of multidimensional
indicators [46]. The formulas are given as Equations (10)—(13):

(uiu - Liu) X (Xiu - Tiu)

S = , (10)
. (uiu + Liu - ZTiu) X Xz'u + (uiu + Liu) X Tiu - Zuiu X Liu

(Uiy — Liy) x (Xiy — Tyr)

S, — ) 11
"= Uy + Ly — 2Ty) * Xy + Uy + L) x Ty — 20y % Ly )
i (Siw+1) x (Sju+1)
. ij ( iu ju
Su= Y o1y (12)
i (Sir + 1) X (S]r + 1)
S =i o1 13)

where:

U; is the upper limit of indicator i, determined by its maximum value.

L; is the lower limit of indicator i, determined by its minimum value.

T; is the critical value of indicator i, determined by its mean value.

X; is the actual value of indicator i.

S;,and S ju are the standardized values of the ith and jth sub-indicators of the urban
territorial system in an evaluation unit.

Sir and S, are the standardized values of the ith and jth sub-indicators of the rural
territorial system in an evaluation unit.

n is the number of urban or rural indicators. In this study, n equals 3 for both systems.

Sy is the Urbanity Index, and S, is the Rurality Index. Both values range from 0 to 1.

5.1.4. Calculation of the Urban-to-Rural/Rural-to-Urban Interaction Index (U2RI/R2UI)
and Urban-Rural Integration Index (URI)

To quantify urban-rural spatial interaction within units and across city—district/county
units, this study uses an extended spatial interaction model with distance attenuation to
measure urban—rural integration. The model modifies interaction intensity by incorporating
economic distance and spatial distance, and can reflect the potential of urban—rural factor
flows and the strength of spatial interaction. The formulas are as follows:

R; = (Max{dy} —dyn) x \/Fydy,Fydyy x 10° (14)

F4 _ 1 F _ ]. i Kiusiusjr (15)
iu n_1 n—l;l £ D 5
]];z< iujr iujr)
Ky SiuSi
Fup = —oinir (16)
(EiurDiur)
= 1 o KiuSiuSjr KiuSiuSir
Fu =Pt Foa =gl 1 T e ey "
j#i (Eiueriujr) iur = iur
_ 1 1 A KiySi,S;
Fin=—=Fn=—=) — (18)
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K;,5;,S;
Fi = K, "
(EimDiru)
Fy=Fin+Fp=——3" RirSirdjn_, KirSirSia 20)
ir r i n—1 1= 1 (E* D} )2 (El?ﬁmDiﬁ’u)Z,

]' 7& i irjuirju
where:

R denotes the Urban-Rural Integration Index.

i denotes the ith city—district/county unit.

n is the total number of administrative units, n = 44.

dj1, diy, and d;, denote the regional coordination deviation, urban orientation degree
and rural orientation degree, respectively.

Max{d;} — dj reflects the level of regional coordination. It is used as the weight
coefficient of urban-rural integration.

Siy and S;, denote the Urbanity Index and Rurality Index, respectively.

K, is the urban influence coefficient, calculated as the ratio of the Urbanity Index
to the sum of the Urbanity Index and Rurality Index. K is the rural influence coeffi-
cient, calculated as the ratio of the Rurality Index to the sum of the Urbanity Index and

Rurality Index.
The urban and rural influence coefficients are calculated as follows, where:
S,
K,=-—"*_ 21
" Siu + Sir ( )
S,
K, =" 22
=SS, (22)

E denotes urban—rural economic distance, measured by the difference between the per
capita disposable income of urban and rural residents.

The dimensionless economic distance from urban areas in one unit to rural areas in
another unit is calculated as follows:

b 2|UPGD; — RPGD;|
“r~ UPGD;+ RPGD; ’

(23)

The dimensionless economic distance from rural areas in one unit to urban areas in
another unit is calculated as follows:
B _ 2|RPGD; — UPGD;|
" RPGD;+UPGD; ’

(24)

For intra-unit interactions, the same urban-rural income disparity is used in both

directions:

2|UPGD; — RPGD;|
EX —E* =1 ! !
ru + UPGD; + RPGD; ’

wr

(25)

D denotes urban-rural spatial distance. In this study, it is defined in two ways.

First, building on the von Thiinen circle assumption and the approach of Liu et al. [10],
the intra-unit urban-rural spatial distances (D;,,, D;y,,) are estimated using an improved
method, defined as the difference between the radius of the minimum enclosing circle of
the entire urban-rural territorial space and that of the urban development zone within each
research unit.

Second, the cross-unit urban-rural spatial distance is measured using the shortest road
distance between the government seats of different city—district/county units. The urban
and rural land-use data and road network data used for the calculation correspond to the
three study years: 2007, 2015, and 2023.
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To mitigate the instability in the calculation results caused by extremely large or small
values arising from differences between intra-unit and cross-unit spatial distances, the orig-
inal distance values are transformed before being incorporated into the interaction model:

D* =1+ In(1+ D) (26)

F;1 denotes the cross-unit urban-dominated interaction intensity. F;,; denotes
the intra-unit urban-dominated interaction intensity. F;; denotes the cross-unit rural-
dominated interaction intensity. F;» denotes the intra-unit rural-dominated interaction
intensity. F;, denotes the total urban-dominated urban—rural interaction intensity of a city—
district/county unit, while F;, denotes the total rural-dominated rural-urban interaction
intensity of a city—district/county unit.

5.2. Methods for Identifying the Driving Mechanisms of Urban—Rural Integration
5.2.1. Selection of Driving Factors

To identify the driving mechanisms of urban-rural integration in the CCEC, this study
draws on previous research by Yu et al. [47] and Cui et al. [2]. Based on data availability
and the regional development characteristics of the CCEC, 17 indicators were selected
from two dimensions: endogenous urban—rural spatial dynamics and urban-rural spatial
interaction dynamics, as presented in Table 2.

Table 2. Driving factors of urban-rural integration.

Driving Mechanism

Type of Dynamic Indicator

Endogenous urban—rural
spatial dynamics

X1: Urban resident population

X2: Secondary and tertiary sector value added
X3: Engel coefficient of rural residents

Rural endogenous dynamic X4: Total agricultural machinery power per unit
crop sown area

Urban endogenous dynamic

Urban-rural spatial
interaction dynamics

Urban-rural environmental X5: Green coverage rate of built-up areas
dynamic X6: Terrain ruggedness index (TRI)

X7: Shortest road distance to Chengdu or the

central urban area of Chongging

X8: Per capita total retail sales of consumer goods

X9: Per capita total import and export volume
Socioeconomic dynamic X10: Fixed internet broadband access users per

10,000 people

X11: Health institution beds per 10,000 people

X12: Classified highway density

X13: Number of schools per 10,000 people

X14: Per capita fixed asset investment

X15: Ratio of urban-rural minimum living
allowance standards

X16: Policy-planning strategic location level
X17: Provincial boundary adjacency variable

Administrative coordination
dynamic

Considering that the driving mechanism analysis focuses on changes in urban-rural
integration across different periods, all indicators, except terrain ruggedness (X6) and the
Sichuan-Chongging provincial boundary adjacency variable (X17), were calculated as the
rate of change from the initial year to the final year of each corresponding study period.

Terrain ruggedness (TRI) was calculated with reference to the Terrain Ruggedness
Index method proposed by Riley et al. [48], and was used to characterize terrain variation
and surface heterogeneity.
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The policy-based strategic location level (X16) was assigned according to regional
cooperation agreements and planning documents for each corresponding period, in order to
characterize the strategic position of each district or county within the spatial development
pattern of the Chengdu—Chongqing region [41-43]. The assignment rule was as follows:
districts or counties located in the dual-core area or core functional areas were assigned a
value of 3; key nodes or regional central cities were assigned a value of 2; and general areas
were assigned a value of 1.

The Sichuan—Chongging provincial boundary adjacency variable (X17) was repre-
sented as a binary variable. Districts or counties located along the Sichuan—-Chongqing
provincial boundary were assigned a value of 1, while all other areas were assigned a value
of 0.

5.2.2. Geographical Detector

This study uses the geographical detector model to examine the spatial explanatory
power of different factors for changes in urban-rural integration [49]. Considering the
limited number of county-level units, continuous variables were discretized into three
quantile-based strata before factor detection and interaction detection. This conservative
discretization scheme helps maintain relatively balanced strata and reduce the inflation
of interaction q values caused by overly fragmented overlay strata. Categorical variables
were directly included according to their assigned categories. The model is expressed as
Equation (27):

g=1- #E’;H NyoZ =1-— % (27)
where:

h denotes the stratification of the explanatory variable, namely its classification
or zoning.

Np and N denote the number of units in stratum h and in the whole study area,
respectively.

02}, and o2 denote the variance of Y in stratum h and in the whole study area, respectively.

SSW and SST denote the within-stratum sum of squares and the total sum of squares,
respectively.

q denotes the explanatory power of a factor, with a value range of [0,1]. A larger
q value indicates stronger explanatory power for the spatial differentiation of urban-
rural integration.

Based on factor detection, this study further used the interaction detection module
of the geographical detector. The three-class stratification results of any two explanatory
factors were spatially overlaid, and their interaction explanatory power, q(XiNXj), was
calculated. By comparing q(Xi), q(Xj), and q(XiNXj), the interaction type between two
factors was identified. Considering the limited number of county-level samples, high
interaction q values were interpreted as strengthened explanatory associations rather than
strict causal effects.

6. Results
6.1. Restructuring of Urban—Rural Factors and Changes in Development Status

Based on Formulas (1)—(20), this study calculates the Urban/Rural Factor Deviation
Index (UFDI/RFDI), Urban/Rural Orientation Index (UOI/ROI), Regional Urban/Rural
Coordination Deviation Index (RUDI/RRDI), and Urbanity/Rurality Index (UI/RI) for
the study area. These results are used to reveal the redistribution of key factors, including
population, land and economy, between urban and rural systems, as well as changes in
urban-rural development status.
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6.1.1. Results of Urban/Rural Factor Deviation

The UFDI/RFDI results show that population, land and economic factors in the
CCEC underwent differentiated restructuring from 2007 to 2023, as shown in Figures 3-5.
Population and land factors continued to concentrate in urban areas. The mean urban
population factor deviation increased from 0.453 to 0.662, and the mean urban land factor
deviation increased from 0.103 to 0.287. This indicates that urban population absorption
and the expansion of built-up land remained important processes in the evolution of
urban-rural relations.

N
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Figure 3. Spatiotemporal evolution of urban/rural population factor deviation.

In contrast, the mean urban economic factor deviation decreased from 0.737 to 0.673.
This suggests that the distribution of economic factors between urban and rural areas
became relatively more balanced. Spatially, high-value areas of urban population and
land factor deviation were initially concentrated around the dual cores of Chengdu and
Chonggqing, and then gradually expanded towards several prefecture-level cities. This
pattern reflects a shift from dual-core concentration to multi-centre diffusion. The multi-
centre tendency was more evident for population and economic factors, whereas land
factors still showed stronger core concentration.

6.1.2. Urban-Rural Development Status

In terms of development orientation and coordination, the CCEC showed a stronger
urban orientation and a weaker rural orientation over time. From 2007 to 2023, the UOI
increased by 14.26%, while the ROI decreased by 19.73% (Figure 6). In the dual-core areas,
the UOI increased by 16.13%, and the ROI decreased by 41.86%. These changes were
much greater than those in peripheral areas, indicating stronger urban concentration in the
core-city areas.
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Figure 4. Spatiotemporal evolution of urban/rural land factor deviation.
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Figure 5. Spatiotemporal evolution of urban/rural economic factor deviation.
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Figure 6. Results of urban/rural orientation index.

At the same time, the gap between the UOI and ROI narrowed from 1.115 to 1.030,
suggesting a convergence in development orientation. The RUDI/RRDI, which represents
the degree of urban—rural imbalance, also declined (Figure 7). Its mean value decreased
from 0.471 to 0.362, with a reduction of 23.14%. The value for central urban areas decreased
from 0.361 to 0.222, while that for non-central areas decreased from 0.502 to 0.403. These
results indicate that the spatial imbalance of key factors has been eased. Urban-rural devel-
opment has gradually shifted from a process dominated by urban concentration to a more
compound process involving both urban concentration and rural functional improvement.
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Figure 7. Regional urban/rural coordination deviation index.

6.1.3. Urbanity /Rurality Index

The UI/RI results show that the urban attributes of the study area continued to
strengthen (Figures 8 and 9). The number of units with a higher UI than RI increased
from 16 to 32, from 38.10% to 76.20%. This indicates that population, land and economic
structures dominated by urban attributes have gradually become the main feature of
regional development. At the same time, rural attributes did not continue to weaken. After
2015, the Rl increased by about 17%, suggesting that some rural areas improved their overall
performance in population carrying capacity, agricultural land use and rural income.

Spatially, Chengdu and the central urban area of Chongqing formed the high-value
cores of the Ul while peripheral areas retained stronger rural attributes. The expansion of
high-value RI areas was greater than that of high-value Ul areas, and this expansion was
more evident in the Sichuan part than in the Chongqing part.

Overall, the urban and rural attributes of the CCEC show a compound pattern of
dual-core concentration, peripheral differentiation and mixed urban-rural characteristics.
Urban-rural integration in the region is therefore not a one-way process of urban expansion.
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It is shaped by urban concentration, rural functional improvement and the reallocation of
urban-rural factors.
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Figure 8. Results of the urbanity/rurality index.
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Figure 9. Spatiotemporal evolution of the urbanity /rurality index.
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6.2. Spatiotemporal Evolution of Urban—-Rural Spatial Interaction and Integration
6.2.1. Urban—Rural Spatial Interaction

The spatiotemporal evolution of urban-rural spatial interaction is presented in

Figure 10.

a.Urban-rural spatial interaction (2007)

Mianyang

Kaizhou
De Ag Nanchong  Dazhou A
Chengd,—f ~Suining LiangpingWanzhou
. _ Guang'an Zhongxian
Meishan | ZiY: Hechuan |
\Yubei®. ... engdu
Ya'an Neijiang Dazu Fuling
i e qing Qinjiang
Leshan  Zigong
Yo fandiangjin Nanchuan
Qijiang

Yibin

Luzhou

b.Urban-rural spatial interaction (2015)

Kaizhou

Mianyang
A
10U Yunyang

Aangping Wanzhou
Zhongxian

{ Fengdu

Ya'an ~~Fuling

Qinjiang

Luzhou

Kaizhou
Yunyang

Zhongxian

Mei fei. Fengdu
Ya'an Fuling N
[owd®ing Qinjiang
Leshan 3
ngiiuml\lanchuau
ijian,
Yibin 5
Luzhou
Fiul

Weak Fairly weak Average Fairly strong Strong
Fiu2

Weak Fairly weak Average Fairly strong Strong

N
d.Rural-urban spatial interaction (2007) A

Mi
\Lyang Kaizhou
Bazhou  yunyang

fangpingWanzhou
Zhongxian

: Fengdu
Fuling
5qing Qinjiang
NTaiangjin Nanchuan

Qijiang

Luzhou

e.Rural-urban spatial interaction (2015)

Kaizhou
BZhou  Yunyang

. Fengdu
W Fuling

Ya'an =
[oweding Qinjiang
ngjiu. HNanchuau
Yibin 5 il
Luzhou
f.Rural-urban spatial interaction (2023)
Kaizhou

=3

Ol Yunyang
ngpingWanzhou
Zhongxian

Ya'an

pqIng Qinjiang
e angjin Nanchuan
Qijiang

Luzhou

Fir1

Study area
Weak Fairly weak Average Fairly strong Strong
Fir2
0 150 km

Weak Fairly weak Average Fairly strong Strong _

Figure 10. Spatiotemporal evolution of intra-unit and cross-unit urban-rural interaction indices.

1.  Urban-to-rural spatial interaction

Urban-to-rural spatial interaction generally shows the characteristics of an emerging
corridor effect and increasingly intensified cross-regional connections. From the perspec-
tive of intra-regional interaction, the urban-to-rural interaction intensity (Fiu2) presents a
stepped distribution pattern decreasing from the northwest to the southeast. From 2007 to
2023, the influence of urban systems on rural systems between the Chengdu—Chonggqing
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dual cores gradually increased, indicating that cities along the Chengdu-Chongqing devel-
opment axis played an increasingly stronger role in driving local rural territorial systems.

From the perspective of cross-regional interaction, the urban-to-rural interaction inten-
sity (Fiul) formed a connection network mainly supported by the Chengdu—Chongqing
dual cores and the Chengdu-Chongqing development axis. The network structure became
increasingly complex, and the number of connecting lines continued to increase. In 2007,
relatively strong connections were mainly concentrated between the Chengdu-Chongging
dual cores and their adjacent areas, and the overall network was relatively sparse. In 2015,
the connections further extended along the Chengdu—Chongqing axis, and interactions
along the Chengdu-Chongging corridor were strengthened. By 2023, the cross-regional
connection network had further intensified, with high-intensity connections still mainly
distributed along the Chengdu-Chonggqing corridor and its adjacent areas, showing clear
concentration around core nodes and axial areas.

Overall, high-intensity urban-to-rural connections were mainly concentrated in the
core areas and along the Chengdu—-Chongqing corridor, while peripheral areas generally
showed weaker interaction intensity. This indicates that the spatial diffusion of urban-to-
rural interaction remained relatively limited.

2. Rural-to-urban spatial interaction

Rural-to-urban spatial interaction generally shows the characteristics of stable intra-
regional connections and continuously intensified cross-regional networks. Compared
with urban-to-rural interaction, the intra-regional rural-to-urban interaction intensity (Fir2)
was generally more stable, with limited changes in its spatial pattern from 2007 to 2023.
High-value nodes persisted throughout the study period, indicating that rural territorial
systems maintained relatively stable connections with local urban territorial systems and
continued to support urban systems.

From the perspective of cross-regional interaction, the rural-to-urban interaction in-
tensity (Firl) showed a more evident trend of network expansion. In 2007, cross-regional
connections were mainly concentrated in the Chengdu—Chonggqing dual cores and their
adjacent areas. After 2015, cross-regional rural-to-urban connections increased significantly,
and the participation of nodes along the Chengdu—-Chongging axis and on the Sichuan side
further improved. By 2023, the cross-regional connection lines became more intensive, and
Sichuan-side nodes such as Chengdu, Deyang, Suining, Nanchong and Neijiang played
a more prominent role in the network. In contrast, except for Chongqing’s central urban
area and a few nodes along the corridor, some peripheral nodes on the Chongqing side
remained at the edge of the network.

Overall, rural-to-urban interaction gradually formed a networked pattern mainly
supported by the Chengdu—Chongging dual cores, the Chengdu—-Chongqing development
axis and corridor nodes on the Sichuan part.

6.2.2. Urban-Rural Integration

As shown in Figure 11, the urban—rural integration level in the CCEC generally in-
creased from 2007 to 2023, although spatial differentiation remained evident. Because the
maps for the three years use a unified classification scheme, the contraction of low-value
areas and the expansion of moderate- and high-value areas provide a direct indication of
the phased improvement in urban-rural integration. However, this spatial evolution did
not take the form of continuous diffusion along the Chengdu-Chongging axis. Instead,
it was characterized by stable core areas, selective node upgrading and local differenti-
ation. High URI values were consistently concentrated in Chengdu, the central urban
area of Chongging, and nearby core nodes such as Deyang and Mianyang, indicating that
high-level urban—rural integration mainly relied on regional core cities and their surround-
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ing hinterlands. Meanwhile, some areas in southern and northeastern Sichuan showed
higher URI levels, suggesting that urban-rural integration improved in certain peripheral
nodes and that regional urban-rural factor linkages and functional coordination were
strengthened to some extent.

N

(b) 2015

Legend

URI
~10.00-1.68
I 1.69-4.73
B 4.74 - 7.94
B 7.95-24.92
Bl 24.93 - 97.55

0 75 150 300
Km

(c) 2023

Figure 11. Spatiotemporal evolution of the urban-rural integration index.

It is worth noting that the Chengdu-Chonggqing corridor did not form a continuous
high-value belt. During 2015-2023, some corridor nodes experienced stagnation or de-
cline in URI, indicating that corridor strengthening does not necessarily lead to a linear
improvement in local urban—-rural integration. URI is jointly determined by urban—rural
coordination deviation, urbanity and rurality, and bidirectional spatial interaction. Al-
though corridor areas may receive stronger regional linkages and factor flows, these flows
may primarily serve the expansion of the urban system if rural development capacity and
urban-rural factor coordination do not improve simultaneously. This suggests that stronger
corridor linkages alone were insufficient to produce a continuous increase in urban—rural
integration along the Chengdu—Chonggqing axis.

6.3. Driving Mechanisms of Urban—Rural Integration of CCEC
6.3.1. Variable Processing and Multicollinearity Diagnosis

To match the temporal design of this study, the geographical detector analysis was
conducted separately for 20072015, 2015-2023, and 2007-2023, with 44 county-level units
in each period, as in Table 3. The dependent variable was defined as the rate of change in
the urban-rural integration index for each period. VIF diagnostics were conducted with
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10 as the reference threshold, and X9, X10, X11, X14, and X15 were excluded before the
geographical detector analysis.

Table 3. Variance inflation factor results for the retained explanatory variables.

Indicator 2007-2015 VIF 2015-2023 VIF 2007-2023 VIF

X1: Urban resident population 4.57 1.52 3.62

X2: Secondary and tertiary sector value added 1.84 1.12 1.26

X3: Engel coefficient of rural residents 1.34 1.35 1.45

X4: Total agricultural machinery power per unit 133 705 436

crop sown area

X5: Green coverage rate of built-up areas 1.49 1.27 1.27

X6: Terrain ruggedness index 1.92 1.78 1.85

X7: Shortest road distance to Chengdu or the 215 588 250
central urban area of Chongqing

X8: Total retail sales of consumer goods per capita 5.79 6.48 4.40

X12: Classified highway density 1.72 1.55 1.30

X13: Number of schools per 10,000 people 1.96 1.50 2.40

X16: Policy-planning strategic location level 1.72 1.58 2.37

X17: Provincial boundary adjacency variable 1.80 1.62 1.92

6.3.2. Factor Detection Results

As in Table 4, the factor detection results show that the explanatory power of indi-
vidual factors was generally limited under the three-class quantile discretization scheme.
This indicates that changes in urban-rural integration were not dominated by any single
explanatory factor. Nevertheless, some stage-specific differences can still be observed.

Table 4. Factor detection results based on the geographical detector.

Indicator Indicator Name 2007-2015 2015-2023 2007-2023
X1 Urban resident population 0.068 0.058 0.057 *
X2 Secondary and tertiary sector value added 0.094 * 0.037 0.036
X3 Engel coefficient of rural residents 0.058 0.021 0.047
X4 Total agricultural machinery power per unit 0.052 0133 ** 0.042

Crop sown area
X5 Green coverage rate of built-up areas 0.011 0.054 0.048
X6 Terrain ruggedness index (TRI) 0.049 0.037 0.042
X7 Shortest road distance to Chengdg or the 0.048 0.004 0.041
central urban area of Chongqing
X8 Total retail sales of consumer goods per capita 0.098 * 0.019 0.052
X12 Classified highway density 0.003 0.023 0.050
X13 Number of schools per 10,000 people 0.040 0.100 * 0.057 *
X16 Policy-planning strategic location level 0.019 0.019 0.008
X17 Provincial boundary adjacency variable 0.004 0.020 0.013

Note: Values are g-statistics. * and **, indicate p < 0.10 and p < 0.05, respectively.

During 2007-2015, economic factors showed relatively higher explanatory power.
The q values of total retail sales of consumer goods per capita (X8) and secondary and
tertiary sector value added (X2) were 0.098 and 0.094, respectively, ranking highest among
all factors in this period. This suggests that, in the early stage, changes in urban-rural
integration were more closely associated with local economic vitality and non-agricultural
economic development.

During 2015-2023, agricultural production conditions and public service provision
became more prominent. Total agricultural machinery power per unit crop sown area (X4)
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had the highest q value of 0.133, followed by the number of schools per 10,000 people (X13),
with a q value of 0.100. This implies that improvements in agricultural modernization
and educational service capacity were more closely related to the spatial differentiation of
urban-rural integration changes in this period.

Over the whole period from 2007 to 2023, the q values of individual factors remained
relatively low. Urban resident population (X1) and the number of schools per 10,000 people
(X13) showed relatively higher explanatory power, with q values of 0.057. This suggests
that population urbanization and educational resource allocation maintained a certain
association with long-term changes in urban—rural integration, although their individual
explanatory power was still limited.

Overall, the factor detection results indicate that no single factor can sufficiently
explain the spatial differentiation of urban-rural integration changes. The relatively low
q values of individual factors further suggest that urban-rural integration is a complex
process shaped by multiple dimensions. Therefore, interaction detection is needed to
further examine the compound explanatory effects among different factors.

6.3.3. Interaction Detection Results

The interaction detection results further show that the joint explanatory power of factor
pairs was substantially higher than that of individual factors. All reported interactions
exhibited nonlinear enhancement, indicating that changes in urban-rural integration were
more closely associated with compound factor combinations than with isolated explanatory
factors, shown in Table 5.

Table 5. Interaction detection results based on the geographical detector.

Period Interaction q_i q_j q(XinXj) Interaction Type Overlay Strata Minn

X6 x X16 0.049 0.019 0.501 *** Nonlinear enhancement 5 2

X7 x X16 0.048 0.019 0.483 *** Nonlinear enhancement 5 2

2007-2015 X4 x X13 0.052 0.040 0.341 ** Nonlinear enhancement 9 3
X1 x X4 0.068 0.052 0.306 ** Nonlinear enhancement 9 4

X13 x X16 0.040 0.019 0.269 * Nonlinear enhancement 6 2

X4 x X13 0.133 0.100 0.344 * Nonlinear enhancement 9 2

X4 x X7 0.133 0.004 0.331 * Nonlinear enhancement 9 2

2015-2023 X4 x X5 0.133 0.054 0.329 * Nonlinear enhancement 9 2
X5 x X13 0.054 0.100 0.324 * Nonlinear enhancement 9 4

X4 x X6 0.133 0.037 0.299 * Nonlinear enhancement 9 3

X7 x X8 0.041 0.052 0.477 ** Nonlinear enhancement 9 2

X1 x X5 0.057 0.048 0.331 *** Nonlinear enhancement 9 3

2007-2023 X6 x X8 0.042 0.052 0.307 Nonlinear enhancement 9 3
X2 x X8 0.036 0.052 0.307 Nonlinear enhancement 8 3

X8 x X12 0.052 0.050 0.256 * Nonlinear enhancement 9 3

Note: The p-values for q(XinXj) were obtained using 9999 permutation tests. *, **, and *** indicate p < 0.10, p < 0.05,
and p < 0.01, respectively.

During 2007-2015, the strongest interactions were mainly related to natural conditions,
location accessibility, and policy-planning location. The interaction between terrain rugged-
ness index (X6) and policy-planning strategic location level (X16) showed the highest joint
explanatory power, with a q value of 0.501, followed by the interaction between shortest
road distance to Chengdu or the central urban area of Chongqing (X7) and X16, with a
q value of 0.483. These results suggest that, in the early stage, the spatial differentiation
of urban-rural integration changes was closely associated with the combined effects of
terrain constraints, core-city accessibility, and policy-planning location. The combinations
of X4 x X13 and X1 x X4 also showed relatively high explanatory power, indicating a
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joint explanatory relationship between agricultural mechanization, educational resource
allocation, and changes in the urban resident population. However, compared with the
combinations involving terrain, distance, and policy-planning strategic location, the ex-
planatory power of these county-level internal development factors remained relatively
weaker. This suggests that their roles had already emerged in the early stage, but they had
not yet become key explanatory factors.

During 2015-2023, the interaction structure clearly shifted toward county-level internal
development factors centered on agricultural production conditions. The interaction be-
tween X4 and X13 showed the highest explanatory power, indicating that agricultural mech-
anization and educational public service provision were jointly associated with changes
in urban-rural integration. The combinations of X4 x X7, X4 x X5, and X4 x X6 also
ranked among the leading interactions, suggesting that the role of agricultural production
conditions should be examined together with location accessibility, built-up environmental
quality, and terrain conditions. An increase in agricultural mechanization reflects improve-
ments in agricultural production efficiency, while the number of schools and the green
coverage rate of built-up areas respectively represent public service provision and urban
environmental quality. Meanwhile, the presence of X7 and X6 indicates that accessibility
to core cities and terrain conditions still constituted important spatial contexts. Overall,
after 2015, the explanatory focus of urban-rural integration changes gradually shifted from
policy location and external spatial conditions in the earlier stage to the combined effects of
agricultural production efficiency, public service provision, urban carrying capacity, and
spatial accessibility.

Over the whole study period from 2007 to 2023, X8 appeared repeatedly in several
major interaction combinations, indicating that consumer-market vitality was an important
factor associated with long-term changes in urban—rural integration. Among these com-
binations, X7 x X8 showed the highest explanatory power, suggesting that county-level
consumer-market vitality was closely related to road accessibility to the core urban areas
of Chengdu and Chongqing, as well as to the broader regional market. In other words,
the explanatory role of market vitality in urban-rural integration changes needs to be
understood in the context of location accessibility and the strength of regional connections.

Meanwhile, X8 also formed high-explanatory-power combinations with X6, X2, and
X12, indicating that long-term changes in urban-rural integration were not merely as-
sociated with differences in consumption levels, but were also jointly related to terrain
conditions, industrial-economic foundations, and transport infrastructure. Counties with
more active consumer markets, stronger industrial support, and better transport connec-
tions were more likely to develop flows of people, goods, and services between urban and
rural areas. In contrast, in areas with rugged terrain or insufficient transport connectivity,
market linkages and urban-rural functional integration may have been constrained to
some extent.

In addition, the enhanced interaction between X1 and X5 indicates that long-term
changes in urban-rural integration were not only related to urban population agglomera-
tion but also depended on whether urban environmental quality could support population
carrying capacity and improvements in living quality.

Overall, changes in urban-rural integration during 2007-2023 reflected a long-term
cumulative process shaped by the joint effects of market vitality, transport connections,
industrial foundations, population carrying capacity, and urban environmental quality.
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7. Discussion
7.1. Urban—Rural Restructuring and Spatial Interaction

Existing studies generally suggest that urban—rural integration is not merely reflected
in the reduction of urban-rural development disparities but represents the restructuring of
territorial relationships through factor flows, functional complementarity and spatial reorga-
nization. This study further demonstrates that urban—rural integration in the CCEC exhibits
significant stage dependence and spatial dependence, resulting from the combined effects
of urbanization, urban—rural functional restructuring and regional network transformation.

From the perspective of urban—rural factor restructuring, the CCEC shows a pattern of
continuous urban concentration of population and land factors, accompanied by a relatively
balanced distribution of economic factors between urban and rural areas. This indicates
that urban-rural integration does not imply the equalization of all factors between urban
and rural systems, nor does it represent a simple convergence of rural areas toward urban
development patterns. Instead, it reflects a dynamic process of reallocating population,
land and economic functions during urbanization. The continued concentration of popula-
tion and land highlights the agglomeration role of urban areas as regional development
centers, while the relative balance of economic factors reflects the deepening of urban—rural
industrial linkages and regional division of functions. Therefore, urban-rural integration
should be understood as a process of restructuring territorial functions rather than merely
an improvement in development levels.

From the perspective of spatial interaction, this study further reveals the spatial
organization mechanism of urban-rural integration in a dual-core mountainous urban
agglomeration. Unlike the relatively compact and multi-node interactive spatial structure
of the Changsha—Zhuzhou—Xiangtan urban agglomeration, the CCEC still exhibits a strong
core-dependent pattern. Urban-to-rural interactions are mainly concentrated around the
Chengdu-Chonggqing dual cores and major development corridors, whereas rural-to-urban
interactions show a more dispersed network structure. This suggests that dual-core de-
velopment can enhance regional diffusion capacity but does not automatically generate
balanced urban-rural integration. For the CCEC, the transition from dual-core-driven
development to multi-node coordination requires not only strengthening the spillover
capacity of core cities but also improving the ability of intermediate nodes and peripheral
areas to absorb resources and participate in regional networks.

From the perspective of driving mechanisms, this study confirms previous findings
that urban—rural integration is jointly influenced by economic development, public services,
infrastructure and regional linkages [50]. More importantly, the results show that these
factors do not operate independently but generate stage-specific effects through interaction.
This finding provides the basis for constructing the mechanism framework discussed below.

7.2. Mechanism Framework

Based on the above analysis, this study further proposes a mechanism framework for
urban-rural integration in dual-core mountainous urban agglomerations.

Urban-rural integration is first influenced by county-level endogenous development
capacity. Population concentration, industrial development and agricultural production
capacity provide the foundation for factor integration and functional transformation be-
tween urban and rural areas. Second, spatial conditions affect the formation of urban-rural
linkages. Terrain constraints, accessibility and locational advantages determine the ability
of different areas to participate in regional networks and receive spillover effects from
core cities. Third, the policy environment supports urban-rural factor flows by improving
development conditions through spatial planning, infrastructure construction and public
resource allocation. Meanwhile, regional network connections strengthen the flows of pop-
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ulation, industries, capital and information, promoting closer functional linkages between
urban and rural areas.

Overall, urban-rural integration is not driven by a single factor, but results from the
combined effects of multiple conditions. For western urban agglomerations with dual-core
structures and complex terrain, the key to urban—rural integration is not simply expanding
urban scale, but improving the connectivity among core cities, regional nodes and rural
areas to promote a more coordinated regional network.

7.3. Policy Implications

First, the construction of development corridors should not be simply equated with
improvements in urban—rural integration. Transportation and spatial connections can
facilitate factor flows, but only when the development capacity and resource absorption
ability of corridor areas are strengthened can these external linkages be transformed into
local integration outcomes.

Second, the capacity of peripheral areas to participate in regional networks should be
enhanced. For mountainous and marginal areas with weak urban—rural interactions, efforts
should focus on improving transportation conditions, optimizing public service allocation
and strengthening market connections, thereby enhancing their ability to receive spillover
effects from core cities.

Third, integrated policies involving multiple factors should be promoted. The driving
mechanism results indicate significant interactions among agricultural modernization,
public services, consumer markets and transport infrastructure. Therefore, urban-rural
integration requires coordinated efforts to improve agricultural production capacity, en-
hance public service provision and strengthen urban-rural market connections, rather than
relying on a single policy instrument or isolated investment.

8. Conclusions

This study developed a spatial interaction-based framework for measuring urban—
rural integration and revealed its evolutionary characteristics and driving mechanisms in
the CCEC from 2007 to 2023. The results show that urban—rural relations in the CCEC have
gradually shifted from factor differentiation toward functional restructuring. Population
and land factors continued to concentrate in urban areas, while economic factors became
relatively more balanced between urban and rural systems. Spatial interactions exhibited
clear directional and scale effects: urban-to-rural interactions were mainly dependent on
the dual cores and development corridors, whereas rural-to-urban interactions formed a
more dispersed network structure. However, core—periphery disparities remained evident.
The driving mechanism analysis indicates that urban—rural integration is not determined
by a single factor but represents a stage-dependent process shaped by the combined effects
of economic foundations, spatial conditions, policy environments and regional linkages.

The main contribution of this study is to clarify the explanatory pathways associated
with urban-rural integration in dual-core regions that are still in the development stage
of urban agglomeration. The results demonstrate that policy-planning location does not
directly promote the formation of multi-node networks; instead, it influences the ability of
peripheral areas to participate in regional factor flows through interactions with terrain
conditions, accessibility to core cities and county-level development capacity. This provides
a new perspective for understanding the evolution pathways of urban—rural integration in
mountainous urban agglomerations.

In addition, some conventional explanatory variables, such as urbanization rate and
industrial structure, were not directly included in the driving mechanism analysis, which
may partly explain the relatively limited explanatory power of individual factors. This
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is because population, land and economic factors are already core components of the
URI measurement system, and including them again as explanatory variables may cause
endogenous overlap between measurement outcomes and driving factors. Therefore, this
study treats these factors as manifestations of urban-rural integration and focuses on
identifying the effects of policy environments, spatial conditions and regional linkages.
This approach helps separate the influence of basic development conditions and further
reveals the pathways through which policy guidance shapes urban—rural integration.

This study also has several limitations. The URI is calculated by integrating multiple
sub-indices. Although this framework can comprehensively capture the restructuring of
urban-rural relations, the complexity of the calculation process may introduce uncertainty
into the results. Future studies should further examine the robustness of URI under
different index specifications. For example, using total values to measure cross-regional
spatial interactions may be affected by differences in regional size, thereby exaggerating
cross-regional linkages and weakening the identification of intra-regional interactions.
Due to limitations in the availability of fine-scale mobility and flow data, urban—rural
interaction relationships identified in this study are model-based estimates rather than
direct observations of actual factor flows.

Author Contributions: Conceptualization, J.G.; methodology, J].G. and S.Z.; software, ]J.G. and
K.C,; validation, J.G., S.Z. and Z.Z.; formal analysis, S.Z.; resources, ].G.; data curation, J.G. and
Z.Z.; writing—original draft preparation, J.G.; writing—review and editing, J.G., S.Z., K.C. and
Z.Z.; visualization, ]J.G. and Z.Z.; supervision, J.G. and S.Z.; project administration, J.G.; funding
acquisition, J.G. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by Chongqing Academy of Educational Sciences (grant num-
ber K23YG2080235); Chongqing Technology and Business University (grant numbers 1952045 and
1956020); and Chongqing Municipal Education Commission (grant number KJQN201900849). The
APC was funded by the authors.

Data Availability Statement: The data used in this study were mainly obtained from publicly
available statistical yearbooks, statistical bulletins and geographic information platforms, as described
in the Data Sources section. The processed data and derived results generated during the study are
available from the corresponding author upon reasonable request.

Acknowledgments: During the preparation of this manuscript, the authors used ChatGPT by OpenAl
5.5 for English language polishing and expression refinement. The authors have reviewed and edited
the output and take full responsibility for the content of this publication.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Liu, Y; Long, H,; Li, Y. Human Geography Research Based on the New Thinking of Global Rural-Urban Relationship. Acta Geogr.
Sin. 2021, 76, 2869-2884. [CrossRef]

2. Cui, S.; Zhou, G.; Wu, G.; Bi, F. The evaluation of urban-rural integration degree and its driving mechanism in Changsha-
Zhuzhou-Xiangtan urban agglomeration from the perspective of spatial interaction. Geogr. Res. 2023, 42, 1029-1049. [CrossRef]

3. Lewis, W.A. Economic Development with Unlimited Supplies of Labour. Manch. Sch. 1954, 22, 139-191. [CrossRef]

4. Perroux, F. Note sur la notion de “péle de croissance”. Economie Appliquée 1955, 8, 307-320. [CrossRef]

5. Friedmann, J. Regional Development Policy: A Case Study of Venezuela; M.LT. Press: Cambridge, MA, USA, 1966.

6.  Eren, E.; Ozelkan, E. Assessing Urban Sprawl and Agricultural Land Loss: A 40-Year Remote Sensing Study in Canakkale.
J. Contemp. Urban Aff. 2025, 9, 402-425. [CrossRef]

7. McGee, T.G. The Emergence of Desakota Regions in Asia: Expanding a Hypothesis. In The Extended Metropolis: Settlement
Transition in Asia; Ginsburg, N., Koppel, B., McGee, T.G., Eds.; University of Hawai’i Press: Honolulu, HI, USA, 1991; pp. 3-26.

8.  Douglass, M. A Regional Network Strategy for Reciprocal Rural-Urban Linkages: An Agenda for Policy Research with Reference
to Indonesia. Third World Plan. Rev. 1998, 20, 1-34. [CrossRef]

9. Tacoli, C. Rural-Urban Interactions: A Guide to the Literature. Environ. Urban. 1998, 10, 147-166. [CrossRef]

https://doi.org/10.3390/land 15081343


https://doi.org/10.11821/dlxb202112001
https://doi.org/10.11821/dlyj020221213
https://doi.org/10.1111/j.1467-9957.1954.tb00021.x
https://doi.org/10.3406/ecoap.1955.2522
https://doi.org/10.25034/ijcua.2025.v9n2-5
https://doi.org/10.3828/twpr.20.1.f2827602h503k5j6
https://doi.org/10.1177/095624789801000105
https://doi.org/10.3390/land15081343

Land 2026, 15, 1343 27 of 28

10.
11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

Liu, S.; Long, T. The theory of urban-rural integration: Stages, characteristics and enlightenment. Econ. Perspect. 2022, 3, 21-34.
Fang, C.; Zhao, W. Facilitating Chinese Path to Modernization Through New-type Urbanization and Integrated Urban-rural
Development. Econ. Geogr. 2023, 43, 10-16. [CrossRef]

Luo, B.; Geng, P. Understand the Integrated Development of Urban and Rural Areas within the County. J. Nanjing Agric. Univ.
(Soc. Sci. Ed.) 2023, 23, 16-28. [CrossRef]

Lynch, K. Rural-Urban Interaction in the Developing World; Routledge: London, UK, 2004.

Veneri, P.; Burgalassi, D. Questioning Polycentric Development and Its Effects: Issues of Definition and Measurement for the
Italian NUTS-2 Regions. Eur. Plan. Stud. 2012, 20, 1017-1037. [CrossRef]

Nemouchi, H. Peri-Urban Pressures: The Interplay of Land Strategies and Urbanization in Algeria’s Oran Metropolis. J. Contemnp.
Urban Aff. 2023, 7, 1-19. [CrossRef]

Long, H.; Xu, Y.; Zheng, Y.; Chen, K. Urban-rural Integrated Development at County Level under Chinese Path to Modernization.
Econ. Geogr. 2023, 43, 12-19. [CrossRef]

Yao, Y.; Zhang, J.; Zhao, S. Digital Economy Energize Urban and Rural Integration Development Status, Problems and Counter-
measures. Econ. Rev. J. 2022, 12, 50-58. [CrossRef]

Xu, X.; Wang, Y. A Study on the Statistical Measure of Urban-Rural Integration Development and the Mechanism of Regional
Difference from the Perspective of Two-Round Coordination. J. Appl. Stat. Manag. 2025, 44, 704-722. [CrossRef]

Shi, J.; Duan, K.; Wu, G. The Measurement of the Urban-Rural Integration Development Level in the Yangtze River Delta Region
and the Analysis of Its Spatio-Temporal Characteristics. J. Tongji Univ. (Soc. Sci. Ed.) 2022, 33, 78-89. [CrossRef]

Yang, Y.; Bao, W.; Wang, Y.; Liu, Y. Measurement of Urban-Rural Integration Level and Its Spatial Differentiation in China in the
New Century. Habitat Int. 2021, 117, 102420. [CrossRef]

Pan, W.; Wang, J.; Li, Y.; Chen, S.; Lu, Z. Spatial Pattern of Urban-Rural Integration in China and the Impact of Geography. Geogr.
Sustain. 2023, 4, 404-413. [CrossRef]

Ma, Z.; Song, W.; Wang, ].; Chen, Y.; Xiong, Y. The development level, evolution and influencing factor of urban-rural integration
in the Yangtze River Delta. ]. Nat. Resour. 2022, 37, 1467-1480. [CrossRef]

Shi, Y.; Zhang, Z.; Fan, X.; Chen, Q. Spatiotemporal coupling and obstacle factors of agricultural modernization and urban-rural
integration: A case study of Henan Province. Res. Agric. Mod. 2025, 46, 527-539. [CrossRef]

Luo, W.; Wang, W.; Lin, Z.; Zhou, W. Spatiotemporal evolution and driving factors of urban-rural integration in China. Prog.
Geogr. 2023, 42, 629-643. [CrossRef]

Wang, M.; Yang, Y.; Guo, T. Measurement of Urban—-Rural Integration Level in Suburbs and Exurbs of Big Cities Based on
Land-Use Change in Inland China: Chengdu. Land 2021, 10, 474. [CrossRef]

Yang, G.; Wang, L.; Huang, H. Characteristics of Urban—Rural Integration at the County-Scale Interface: The Case of Linqu
County, China. Land 2024, 13, 1999. [CrossRef]

Kadry, M.; Husain, H.R. What Do Egypt’s New Urban Communities Need to Outperform? A Strategic Framework for Equitable
Population Redistribution. J. Contemp. Urban Aff. 2025, 9, 187-209. [CrossRef]

Perz, S.G. The Rural Exodus in the Context of Economic Crisis, Globalization and Reform in Brazil. Int. Migr. Rev. 2000, 34,
842-881. [CrossRef]

Zhu, X.; Yu, F. Evolution characteristics, regional differences and influencing factors of urban-rural integrated development at the
county scale: Take 64 counties in Wuling Mountain Area as examples. J. Nat. Resour. 2025, 40, 1386—1411. [CrossRef]
Henderson, J.V. The Urbanization Process and Economic Growth: The So-What Question. J. Econ. Growth 2003, 8, 47-71.
[CrossRef]

Halfacree, K. Rural Space: Constructing a Three-Fold Architecture. In Handbook of Rural Studies; Cloke, P., Marsden, T., Mooney,
PH., Eds.; SAGE Publications: London, UK, 2006; pp. 44-62.

Woods, M. Rural; Routledge: London, UK, 2011.

Guo, D.; Chen, B.; Wu, N. Research on the Income and Welfare Effects of Urban-Rural Integration: From the Perspective of Factor
Allocation. Manag. World 2023, 39, 22—46. [CrossRef]

Yang, Y.; Wang, J.; Wu, Q. Mechanism of Influence of Element Flow on Urban-Rural Integrated Development in China. Prog.
Geogr. 2022, 41, 2191-2202. [CrossRef]

Ho, S.PS.; Lin, G.C.S. Converting Land to Nonagricultural Use in China’s Coastal Provinces: Evidence from Jiangsu. Mod. China
2004, 30, 81-112. [CrossRef]

Ostrom, E. A General Framework for Analyzing Sustainability of Social-Ecological Systems. Science 2009, 325, 419-422. [CrossRef]
[PubMed]

Luo, B. On Urban-rural Integrated Development with Chinese Characteristics at the County Level: An Analytical Paradigm of
“Institution-space-governance”. J. Nanjing Agric. Univ. (Soc. Sci. Ed.) 2025, 25, 14-31. [CrossRef]

Chen, J.; Zhang, D. Coupling and Coordination in Urban-Rural Integration: New-Type Urbanization and Rural Revitalization.
Chin. |. Agric. Resour. Reg. Plan. 2022, 43, 209-219. [CrossRef]

https://doi.org/10.3390/1and 15081343


https://doi.org/10.15957/j.cnki.jjdl.2023.01.002
https://doi.org/10.19714/j.cnki.1671-7465.2023.0002
https://doi.org/10.1080/09654313.2012.673566
https://doi.org/10.25034/ijcua.2023.v7n2-1
https://doi.org/10.15957/j.cnki.jjdl.2023.07.002
https://doi.org/10.16528/j.cnki.22-1054/f.202212050
https://doi.org/10.13860/j.cnki.sltj.20250331-002
https://doi.org/10.3969/j.issn.1009-3060.2022.01.009
https://doi.org/10.1016/j.habitatint.2021.102420
https://doi.org/10.1016/j.geosus.2023.08.001
https://doi.org/10.31497/zrzyxb.20220607
https://doi.org/10.13872/j.1000-0275.2024.1839
https://doi.org/10.18306/dlkxjz.2023.04.002
https://doi.org/10.3390/land10050474
https://doi.org/10.3390/land13121999
https://doi.org/10.25034/ijcua.2025.v9n1-10
https://doi.org/10.1177/019791830003400308
https://doi.org/10.31497/zrzyxb.20250515
https://doi.org/10.1023/A:1022860800744
https://doi.org/10.19744/j.cnki.11-1235/f.2023.0137
https://doi.org/10.18306/dlkxjz.2022.12.001
https://doi.org/10.1177/0097700403259131
https://doi.org/10.1126/science.1172133
https://www.ncbi.nlm.nih.gov/pubmed/19628857
https://doi.org/10.19714/j.cnki.1671-7465.20250415.001
https://doi.org/10.7621/cjarrp.1005-9121.20221020
https://doi.org/10.3390/land15081343

Land 2026, 15, 1343 28 of 28

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Huang, Y;; Gong, S.; Zou, C,; Jia, L.; Xu, Z. Digital economy, factor allocation efficiency, and integrated urban-rural development.
China Popul. Resour. Environ. 2022, 32, 77-87. [CrossRef]

Tian, Y.; Ye, Y.; Huang, J.; Liu, Q. The Internal Mechanism and Empirical Test of Rural Industrial Revitalization Driven by Digital
Economy: Based on the Mediating Effect of Urban and Rural Integration Development. Issues Agric. Econ. 2022, 10, 84-96.
[CrossRef]

Sichuan Provincial Government; Chongqing Municipal Government. Agreement on Promoting Sichuan—Chongqing Cooperation in
Jointly Building the Chengdu—Chongqing Economic Zone; Sichuan Provincial Government: Chengdu, China; Chongqing Municipal
Government: Chongqing, China, 2007.

National Development and Reform Commission. Regional Plan for the Chengdu—Chongqing Economic Zone; National Development
and Reform Commission of China: Beijing, China, 2015.

National Development and Reform Commission. Outline of the Plan for the Construction of the Chengdu—Chongqing Economic Circle;
National Development and Reform Commission of China: Beijing, China, 2021.

Zhao, W.; Pan, W,; Li, Y. Urban-Rural Integration within the County Territory: Theoretical Connotation and Research Progress.
Geogr. Res. 2023, 42, 1445-1464. [CrossRef]

He, J; Jin, X,; Liang, X.; Zhao, Q.; Han, B.; Xiao, Y.; Wu, X,; Hu, J.; Zhou, Y. Research of Rural System Development Potential in
Huaihai Economic Zone: A Case Study of Northern Jiangsu Province under the Background of Urban-Rural Integration. J. Nat.
Resour. 2020, 35, 1940-1957. [CrossRef]

Shi, X.; Yu, Z. The Measurement of New Quality Productive Forces, Regional Difference and the Analysis of Synergy Degree of
Complex System. Sci. Technol. Prog. Policy 2025, 42, 9-20. [CrossRef]

Yu, X,; Zhou, G.; Wu, G.; Wang, H.; Liu, H.; Liu, Y.; Hu, T. Spatiotemporal Characteristics and Driving Mechanisms of Urban-Rural
Integrated Development in Rural Areas of Central China. Geogr. Res. 2025, 44, 400-418. [CrossRef]

Riley, S.J.; DeGloria, S.D.; Elliot, R.A. A Terrain Ruggedness Index That Quantifies Topographic Heterogeneity. Intermt. . Sci.
1999, 5, 23-27.

Wang, J.-F,; Li, X.-H.; Christakos, G.; Liao, Y.-L.; Zhang, T.; Gu, X.; Zheng, X.-Y. Geographical Detectors-Based Health Risk
Assessment and Its Application in the Neural Tube Defects Study of the Heshun Region, China. Int. J. Geogr. Inf. Sci. 2010, 24,
107-127. [CrossRef]

Liu, H,; Lu, G.; Luo, K.; Zong, H. Measurement and Spatio-Temporal Pattern Evolution of Urban—Rural Integration Development
in the Chengdu-Chongging Economic Circle. Land 2024, 13, 942. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/1and 15081343


https://doi.org/10.12062/cpre.20220435
https://doi.org/10.13246/j.cnki.iae.2022.10.003
https://doi.org/10.11821/dlyj020230137
https://doi.org/10.31497/zrzyxb.20200814
https://doi.org/10.6049/kjjbydc.L2024XZ198
https://doi.org/10.11821/dlyj020240420
https://doi.org/10.1080/13658810802443457
https://doi.org/10.3390/land13070942
https://doi.org/10.3390/land15081343

	Introduction 
	Literature Review 
	Measurement of Urban–Rural Integration 
	Spatial Interaction and Urban–Rural Linkages 
	Driving Mechanisms of Urban–Rural Integration 
	Research Gaps and Analytical Framework 

	Study Design 
	Research Questions 
	Analytical Framework 

	Study Area and Data Sources 
	Study Area 
	Data Resources 

	Methods 
	Method for Measuring Urban–Rural Integration 
	Urban/Rural Factor Deviation Index (UFDI/RFDI) 
	Method for Urban/Rural Orientation Index and the Regional Urban/Rural Coordination Deviation Index 
	Method for Calculating the Urbanity/Rurality Index 
	Calculation of the Urban-to-Rural/Rural-to-Urban Interaction Index (U2RI/R2UI) and Urban–Rural Integration Index (URI) 

	Methods for Identifying the Driving Mechanisms of Urban–Rural Integration 
	Selection of Driving Factors 
	Geographical Detector 


	Results 
	Restructuring of Urban–Rural Factors and Changes in Development Status 
	Results of Urban/Rural Factor Deviation 
	Urban–Rural Development Status 
	Urbanity/Rurality Index 

	Spatiotemporal Evolution of Urban–Rural Spatial Interaction and Integration 
	Urban–Rural Spatial Interaction 
	Urban–Rural Integration 

	Driving Mechanisms of Urban–Rural Integration of CCEC 
	Variable Processing and Multicollinearity Diagnosis 
	Factor Detection Results 
	Interaction Detection Results 


	Discussion 
	Urban–Rural Restructuring and Spatial Interaction 
	Mechanism Framework 
	Policy Implications 

	Conclusions 
	References

