7 land

Article

A Comparative Study on the Identification Methods of
Urban—-Rural Integration Zones from the Perspective of
Symbiosis Theory and Urban Expansion Theory

Jiaxiang Wang, Fanqi Meng *, Li Dong *, Shiwei Yu and Yu Zhang

check for
updates

Citation: Wang, J.; Meng, F.; Dong, L.;
Yu, S.; Zhang, Y. A Comparative
Study on the Identification Methods
of Urban-Rural Integration Zones
from the Perspective of Symbiosis
Theory and Urban Expansion Theory.
Land 2023, 12,1272. https://doi.org/
10.3390/1and12071272

Academic Editor: Dagmar Haase

Received: 20 May 2023
Revised: 15 June 2023
Accepted: 15 June 2023
Published: 21 June 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

School of Architecture & Fine Art, Dalian University of Technology, Dalian 116081, China;
wangjiaxiang@mail.dlut.edu.cn (J.W.); yuzhang@dlut.edu.cn (Y.Z.)
* Correspondence: mengfq573@163.com (F.M.); donglila@dlut.edu.cn (L.D.); Tel.: +86-137-0349-8658 (L.D.)

Abstract: Urban-rural integration zones are areas with the most prominent and complex contra-
dictions in economic and social, humanistic and geographical, and urban—rural contexts. Properly
identifying such zones is essential for promoting urban—rural integrated development and rural
revitalization efforts. In this study, symbiosis theory and urban expansion theory are employed to
analyze and identify the spatial characteristics of urban—rural integration zones in the main urban area
of Dalian City. Two distinct methods, namely the G-statistic (G-S) method and the urban—-urban-rural
integration zone-rural gradient model (U-URIZ-R GM) method, are used to delimit these zones.
Furthermore, the results of these methods are compared and analyzed to explore their respective
practical applications. The results indicate that both methods produce satisfactory identification
outcomes for delimiting urban-rural integration zones in the main urban area of Dalian. Specifically,
the identified urban—rural integration zones are predominantly situated in the northwest and south
regions, aligning with the coastline and major transportation routes. However, hilly terrain is a crucial
factor that influences the delimitation of urban—rural integration zones, and it is worth considering
whether forested areas located in the urban fringe should be included based on the development
needs of different cities. Notably, within the core area of Dalian’s main city, an extensive expanse of
mountainous woodland exists, leading to limitations in the applicability of certain indicators within
the index system, such as surface temperature and vegetation cover, for determining urban—rural
integration zones. Symbiosis and urban expansion theories play a vital role in guiding the identifica-
tion of urban-rural integration zones. Although both methods can be used to demarcate these zones,
the G-statistics method is probably more useful in cities with significant topographical features, while
the urban-urban-rural integration zone—rural gradient model is more appropriate for cities with less
impact from topography on urban expansion.

Keywords: urban-rural integration zone; symbiosis theory; urban expansion theory; spatial distribution
characteristics; variability

1. Introduction

With the rapid process of high-speed urbanization and urban expansion, the inter-
weaving of urban and rural hinterlands has created various forms of integration between
these areas [1]. This has given rise to the formation of an intermediary region that lies
between urban and rural areas. This transitional zone is marked by a specific level of
population density and urban service functionalities as well as a blending and overlapping
of urban and rural land utilization. Moreover, this area experiences swift socio-economic
structural transformations. This region is commonly referred to as the urban-rural inte-
gration zone [2]. The urban-rural integration zone is a complex spatial mix of diverse
elements that give rise to conflicting urban and rural interests, making it a site of acute
land use conflicts and social management challenges, thereby becoming a crucial research
area [3]. The elements within the urban-rural integration zone, such as land, landscape,
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industry, and population, exhibit significant spatial distribution heterogeneity, transition,
and dynamics [4,5]. Due to its frontier role in urban expansion and central position in
urbanization, the urban-rural integration zone has become an independent territorial unit
that cannot be neglected. Accurately establishing the spatial boundary of the urban-rural
integration zone is beneficial for constructing an orderly and coordinated spatial control
pattern for the “urban area-urban—rural integration space-rural area” [6].

There are various methods available for identifying the spatial extent of the urban—
rural integration zone. The classification standards used by the US Census Bureau consider
population density and geographical location, while standards proposed by foreign schol-
ars incorporate multiple indicators, such as land use, economic development, and social
psychology [7]. Pagliacci used fuzzy logic to construct a multi-dimensional and continuous
rural index for the identification and division of urban-rural integration zones [1]. Many
scholars use GIS to delineate the spatial extent of urban—rural integration areas in geospatial
terms. Li and Bai established an index system for regional characteristic attributes based on
population, land use, economy, and society. They developed a model for defining regional
characteristic attributes using a fuzzy comprehensive evaluation method [8]. However, the
lack of precise delimitation of urban and rural areas, as well as implementable methods,
remains a challenge. Zhou et al. used the comprehensive dynamic degree of land use to
define the boundary of the urban-rural interface [5]. Zhang et al. constructed a model of
combined features of brightness and fluctuation in brightness using DMSP/OLS nighttime
light data to spatially identify the urban—rural integration zone of the main urban area
of Chongqing [9]. Huang et al. developed an attribute system of urban-rural features,
including land use status, ownership, industry, and land planning. They used the landscape
complexity index and the G-statistic to establish the spatial boundaries of the urban-rural
integration zone in Wuhan City [10]. These studies have greatly enriched the knowledge of
the urban-rural integration space and have given later scholars many lessons and refer-
ences in the indicator system and identification methods. Liu et al. proposed a method of
identifying urban fringe areas based on multi-source data and deep learning techniques,
employing remote sensing imagery, population data, and POI big data [11]. Liang and Zeng
proposed a spatial identification method that integrates a three-dimensional feature index
of the urban-rural integration zone with spatial autocorrelation analysis [12]. Scholars
have approached the spatial identification of urban—rural integration areas from various
perspectives, leveraging the distinctions in spatial characteristics among cities, urban-rural
integration areas, and villages. To achieve this, they have employed diverse methods includ-
ing mutation detection methods [5], remote sensing satellite identification [4], and hotspot
analysis [10]. These approaches enable researchers to investigate and analyze the spatial
dynamics of urban-rural integration areas. However, there is a relative scarcity of com-
parative research among these methods, and the differences in strengths, weaknesses, and
applicability between them remain unclear. Urban—rural integration is a multidimensional
concept that encompasses social, economic, environmental, and spatial aspects. Comparing
these methods can contribute to a comprehensive evaluation of the diverse aspects of spatial
integration in urban and rural areas. Some methods may prioritize spatial patterns, while
others may emphasize social-economic indicators or environmental factors. Through such
comparisons, new methodologies and frameworks can be developed, expanding the toolkit
for identifying and understanding urban-rural integration. Influenced by data sources
and indicator selection, two common categories of methods are frequently observed in
the practice of identifying spatial integration in urban and rural areas, as outlined below.
(1) The first approach involves performing cluster analysis on high-value land areas with
three significant dynamics, transitional and diverse features of the urban-rural integration
zone compared to urban or rural areas, using the G-statistics method. The spatial division
of urban, urban-rural integration zone, and rural areas is then based on the spatial range
of the central urban area. (2) The second approach involves a quantitative assessment of
the total scores of various spatial influencing factors based on the spatial gradient effect of
urban-rural integration areas. The urban, urban—rural integration areas, and rural areas are
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divided using the differences in attribute scores of different spatial factors and a threshold
as a breakpoint.

In addition, scholars need to enhance the richness of spatial conflict diversity, land-
scape attributes, and social indicators within the construction process of the identification
system. The urban—rural integration belt encompasses a wide array of geographical loca-
tions characterized by diverse natural, social, and landscape features. Notably, landscape
attributes play a pivotal role in shaping the urban-rural integration space. Moreover, the
diversity of spatial conflicts and socio-economic attributes within the urban-rural integra-
tion zone are closely interconnected. Neglecting these factors may impede the effectiveness
of the urban—rural integration belt identification system in achieving sustainable develop-
ment goals. Hence, it is imperative to acknowledge and incorporate social and landscape
spatial pattern attributes in order to accurately identify the spatial extent of the urban—rural
integration zone.

Symbiosis is a widely observed phenomenon that entails mutually beneficial interac-
tions occurring across various levels of life systems. In the context of integrated urban—rural
spaces, symbiotic development occurs within economic, social, and ecological systems as
rural and urban communities collaborate and leverage each other’s resources and services.
The concept of “symbiosis” was initially introduced by De Bary, a German biologist, in
1897, and it encompasses the notions of symbiotic units, symbiotic patterns, and symbiotic
environments [13]. Scholars from diverse disciplines have expanded the exploration of
symbiotic theory, investigating symbiotic relationships between different elements [14],
the transformation of rural residential areas [15], the identification of urban—rural regional
systems [16], urban—rural coordination [17], and social development [18]. Mutually bene-
ficial symbiotic patterns can be categorized into three main types: mutualistic symbiosis,
symbiotic communism, and parasitic symbiosis [14]. The symbiotic relationship within
the context of urban-rural integration spaces is characterized by its complexity. Schol-
ars employing symbiotic theory to analyze relationships among spatial elements often
introduce indicators such as symbiotic degree or symbiotic nature to examine the extent
and nature of symbiotic relationships among different elements [14,17]. Symbiosis serves
as a fundamental principle for achieving sustainability and prosperity in human society,
urban-rural development, and other life systems. In the context of urban—rural integration
spaces, cities provide rural areas with robust infrastructure and public services, while rural
areas offer cities high-quality natural environments and ecological resources. By applying
symbiotic theory to analyze the symbiotic relationship within urban—rural integration re-
gions, researchers can select indicators that reflect the interdependent relationship between
urban and rural spaces to effectively identify urban—rural integration areas.

The emergence of urban—rural integration zones is a result of urban areas expanding
their boundaries to incorporate rural regions into the urban structure. Urban expansion is
a global phenomenon widely recognized by economists as the enlargement of land use and
spatial scope of urban entities driven by factors such as population growth and economic
development [19]. While scholars have conducted numerous studies on the structural
evolution [20] and drivers of urban sprawl [21], there has been a relative dearth of scientific
investigation into the unique spatial attributes of urban-rural integration zones resulting
from urban expansion. Urban expansion in China exhibits distinctive features that set it
apart from other countries, leading to significant differences in the costs associated with
regional land consolidation due to the interplay between dynamic economic development
and fixed administrative boundaries.

The delimitation of integrated zones between urban and rural areas aims to provide
guidance for decision-making related to land use planning, infrastructure development,
resource management, and the provision of services in urban—rural integrated regions.
Therefore, it is necessary to deepen our understanding of the integrated zones through theo-
retical exploration. The symbiotic relationship in the spatial integration between urban and
rural areas demonstrates a high degree of complexity and dynamism, aiding researchers in
recognizing the mutual interdependence and interactions between urban and rural areas
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within a specific region. Urban expansion theory focuses on the actual growth and spatial
patterns of urban areas. It investigates the processes and factors driving urbanization, in-
cluding population growth, economic development, and infrastructure expansion, helping
to identify the encroachment of urban development on rural areas and the resulting urban—
rural integration. The identification method of urban-rural integration zones, employing
the G-statistic, exemplifies the principles of symbiosis theory by discerning the mutual
benefits, interdependence, and distinct spatial relationships between urban and rural areas.
Furthermore, it aligns with the principles of urban expansion theory by identifying spatial
patterns, peri-urban areas, and potential land use changes arising from the expansion of
urban areas towards rural regions. Consequently, evaluation indicators, including land
use dynamics, vegetation cover dynamics, and fluctuations in nighttime light, have been
established. Similarly, the identification method of urban-rural integration zones based
on the urban-rural gradient model delimits regions where urban and rural characteristics
intricately coexist, signifying potential symbiotic relationships. This approach not only
captures the pattern of urban spatial expansion but also identifies areas where urban areas
extend into rural domains, thus reflecting the tenets of urban expansion theory. In this
context, evaluation indicators encompassing location, economy, transportation, and land
use were employed.

In conclusion, this paper introduces the concepts of symbiosis theory and urban
expansion theory to explore the spatial attributes of urban-rural integration zones. The
G-statistic method and the urban-rural integration zone-rural spatial gradient model
are utilized to delimit the extent of the urban-rural integration zone in Dalian City. A
comparative analysis of the two identification methods is conducted based on the obtained
results. This study offers several potential contributions: (1) It introduces symbiosis theory
and urban expansion theory as frameworks for identifying the spatial characteristics of
urban-rural integration zones and guiding their identification. (2) The index system for
identifying urban-rural integration zones is enriched by incorporating social attributes and
landscape spatial pattern indicators. (3) By employing two distinct methods to identify
the spatial attributes of urban-rural integration zones in the same case study, this paper
compares the differences and potential applicability of the two approaches.

These innovative points highlight the significance of integrating theoretical frame-
works, expanding the index system, and conducting comparative analyses to enhance the
understanding and practical application of identifying urban-rural integration zones.

The subsequent sections of this paper are structured as follows. Section 2 elaborates
on the research concepts and methodologies employed in this study. Section 3 provides an
overview of the study area and delimits the sources of research data. In Section 4, empirical
research is conducted in Dalian City, whereby the spatial characteristics of Dalian’s urban—
rural integration zone are summarized, and a comparative analysis of the two spatial
recognition methods is discussed. Section 5 presents a comprehensive discussion of the
findings, while Section 6 offers the concluding remarks.

2. Research Methods
2.1. Research Framework

This paper initiates an analysis of the spatial attributes of urban-rural integration
zones by incorporating the theories of symbiosis and urban expansion, thereby comparing
the spatial foundations of these two theories. Based on this theoretical framework (Figure 1),
two distinct methods are employed to identify urban—rural integration zones in the city of
Dalian. Firstly, guided by the theoretical analysis, the spatial characteristics of urban-rural
integration zones are found to encompass four fundamental features: hybridity, dynamics,
diversity, and transition. Using the G-statistic method to examine land exhibiting these
characteristics, the spatial agglomeration area within Dalian is identified as the urban-rural
integration zone. Secondly, considering the urban-rural dualistic structure of the city,
a spatial gradient model of urban—urban-rural integration is developed. By assigning
weights to the spatial properties of land-use units in the study area and subsequently
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summing them, a total score is obtained for each unit. Utilizing the threshold determined
by the inflection point within the urban—urban-rural gradient model, the urban-rural
integration zone is identified.
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Figure 1. Research Framework.

To delve deeper into the subject, the main urban area of Dalian is selected as a research
case, facilitating the examination and comparison of the identification results yielded
by the two methods for urban-rural integration zone identification. Through empirical
analysis, we explore the disparities and potential applicability conditions between these
two methods.

2.2. Theoretical Analysis

The theory of symbiosis is rooted in the notion of mutual benefit and interaction
among diverse entities. In the realm of urban-rural development, this theory posits that
urban and rural areas can foster a symbiotic relationship, characterized by the mutually
advantageous utilization of each other’s strengths and resources, rather than engaging in
conflicts or competition [20]. When applied to the examination of urban-rural integration
zones, the theory of symbiosis offers valuable insights into the collaborative dynamics
and synergistic potentials between urban and rural domains, ultimately contributing
to the pursuit of sustainable development. When identifying urban-rural integration
zones, it is necessary to consider the social structure and connections between urban
and rural populations, including access to education, healthcare, social services, and
recreational facilities. Furthermore, the analysis should encompass social networks, cultural
exchanges, and community cooperation that extend beyond the boundaries of urban and
rural areas. The symbiotic relationship between urban and rural areas is not only manifested
at the spatial level but also emphasizes the diverse livelihood patterns and economic
structures between urban and rural areas at the social level. By incorporating the concept of
symbiosis within the context of urban-rural integration spaces, the symbiotic unit emerges
as the fundamental building block of such spaces, encompassing elements such as land
use, industry, landscape, population, and spatial utilization (economic—ecological) factors.
These elements, functioning through diverse symbiotic modes, collectively shape the
symbiotic environment within urban—rural integration zones. From a vertical perspective,
the spatial configuration of urban—rural integration zones constantly evolves and develops
through the dynamic interactions of constituent units, imbuing the space with resolute
dynamism, vitality, and complexity. Consequently, the urban—rural integration zone can be
envisioned as a dynamic, intricate system comprised of ever-changing relationships. The
inherent dynamism, diversity, and transitional nature of the spatial arrangement embody
the fundamental properties of symbiotic units within the urban—rural space.

Urban expansion is a mode of urban development characterized by dispersed, low-
density settlements and automobile-dependent land use. This development pattern, guided
by economic, demographic, and social factors, is encapsulated by urban expansion theory.
The concept of the urban—city—rural gradient delimits the gradual transition of land use
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and residential patterns from urban to rural areas. This transition exhibits a continuum of
land use types, beginning with densely populated urban regions featuring intensive land
utilization, progressing to peri-urban areas characterized by a blend of urban and rural land
uses, and culminating in rural areas predominantly devoted to agricultural and natural
resource activities. Within this framework, the urban—rural integration zone emerges as
an area where urban and suburban land uses intersect and amalgamate. It encompasses
mixed land utilization practices spanning the urban-rural spectrum, effectively serving as
a transitional zone bridging the urban core and the rural periphery. This gradient becomes
discernible through shifts in population density, land use intensity, and land use composi-
tion. Typical features of this gradient often entail declining population density, augmented
agricultural and natural resource utilization, and a transition towards more dispersed
settlement patterns. The inherent disparity between urban and rural areas is objectively
present and conforms to a distance decay law [22]. Consequently, economic, social, and
functional elements exhibit a gradient effect in their spatial distribution [23]. Grounded
in the urban expansion model, which emanates from the central city and progressively
extends outward, a distinct gradient effect materializes within the urban-suburban-rural
integration zone, encompassing urban, suburban, and rural spaces. Various production
factors and populations converge towards the city, gradually establishing a spatial distribu-
tion characterized by a discernible gradient. This gradient effect facilitates the demarcation
of regional structural divisions within the urban-rural integration zone and rural areas [24].

As a transitional area, the urban-rural integration zone exhibits a high level of com-
plexity and dynamism in its spatial symbiotic relationships. The theory of symbiosis guides
the delimitation of the integration zone by understanding the inter-relationships between
urban and rural ecosystems and selecting indicators that can reflect the spatial symbio-
sis between them. These indicators include a comprehensive land use index, Shannon’s
diversity index, patch density, and maximum patch index. The identification of the urban—
rural integration zone using such indicators reveals the intricate symbiotic relationships
within its land patches and spatial landscape patterns, indicating a heightened ecological
sensitivity. Based on this understanding, protective strategies can be devised to safeguard
agricultural land, preserve natural habitats, and establish green infrastructure networks
that connect urban and rural areas. The theory of urban expansion directs the delimitation
of the urban-rural integration zone by analyzing the spatial expansion patterns relevant
to urban-rural integration through the construction of urban gradient models. Indicators
reflecting urban expansion, such as distance from the city center, density of points of interest
(POIs), distance to train stations, and distance to subway stations, can be selected. The
identification of the integration zone through these indicators demonstrates land usage
that aligns with the urban development pattern and direction, boasting relatively good
public services, infrastructure, and potential for future development.

2.3. Identification Method of Urban—Rural Fusion Zone Based on G-Statistics

The G-statistic serves as a spatial autocorrelation measure designed to assess the
clustering or dispersion tendencies of a particular variable across a geographic region [25].
Within the context of urban—rural integration zone identification, the G-statistic is employed
to analyze variables that capture the extent of urban-rural integration characteristics. Signif-
icantly high G-statistic values delimit regions that embody urban-rural integration zones.
In these areas, urban and rural domains are witnessing an increasing level of integration,
accompanied by the convergence of economic, social, and environmental factors.

Drawing upon the theories of symbiosis and urban expansion, the urban-rural integra-
tion zone, recognized as an open and intricate dynamic system [26], emerges as the most
dynamic arena for land use transformations, vegetation cover degradation, and economic
activity fluctuations during the process of urban expansion. Consequently, the spatial char-
acteristics of the urban-rural integration zone are distinguished by the dynamic variations
in land use, vegetation cover, and nighttime illumination across different periods, empha-
sizing spatial heterogeneity and dynamism. Land use within the urban-rural integration
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zone exhibits complex and diverse attributes [11,27], featuring distinct landscape patterns
that differentiate it from both urban and rural areas. Hence, in terms of spatial diversity
indicators, the Shannon diversity index, edge density, sprawl index, patch density, and
maximum patch index have been selected to portray the degree of spatial diversity. As prox-
imity to the city increases, human interventions in the natural and economic environment
intensify, amplifying the influence of various economic activities radiating from the city.
The neighboring urban regions of the urban-rural integration zone occupy a prominent
position within the economic development gradient. Therefore, the urban spatial influence
index was chosen to characterize the transitional qualities of the urban-rural integration
zone [13]. In summary, nine indicator factors that effectively capture the spatial attributes
of the urban—suburban integration zone within the study area were identified (refer to
Table 1).

Table 1. Index system of urban—rural integration zone based on the G-statistics method.

Primary Indicators

Secondary Indicators

Weight (Expert Weight (Entropy

Computational Method Indicator Nature

Rating Method) Weight)
With the sampling grid as
the unit, the comprehensive
. land use dynamic attitude
The comprehensive formula [5] i dt
Spatial mixing (A1) dynamic attitude of land orma 8 usec o 0.22 0.238 +
(B1) calculate the land-use
use evolution rate of the
research period compared
to the previous time section
The annual mean change
magnitude of NDVI
Vegetation cover relative to the anterior time
dynamic attitude (B2) section in each period was 0-121 0.131 *
calculated using Raster
Space dynamics (A2) Calculator in ArcGIS10.6
With the sampling grid as
the unit, formula [2] is used
Light fluctuation at night  to calculate the night light 0.139 0.093
(B3) fluctuation of each period ’ ’
relative to the previous
time section
Ijll.‘agra.nce. agd thézk Through Fragstats4.2 land 0.14 0.135
iversity index (B4) use data of each period
Marginal density (B5) based on the sampling grid, 0.06 0.134
the spatial distribution grid
Space diversity (A3)  Spread degree index (B6) B o of ot 81 0.084 0.107
Plaque density (B7) is obtained 0.06 0.019
Maximum plaque index
(B8) 0.076 0.131
With the sampling grid as
the unit and the
comprehensive index
model of land use degree
Space transition (A4) The town influence [28], the urban land 0.10 0.011

gradient (B9)

category is excluded from
the spatial pattern of land
development intensity
outside the town in
each period

Note: the spatial mixing and dynamics indicators use data from the study area from 2010 to 2020, while the spatial
diversity and spatial transition indicators use data from the study area in 2020 in their calculations.

Let V denote the value of a land unit, and consider the following formula:

n
Viand use unit = Z aipi 1)
i=0
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Here, V represents the comprehensive index of a land unit, a denotes the normalized
value of the ith index factor (such as location conditions, transportation conditions, and land
use conditions), and negative attribute index values are reverse normalized. p represents
the corresponding weight (n = 9). The land unit index V is a dimensionless continuous
variable in a custom ratio scale, reflecting the cumulative numerical value of the indices
within the land unit.

Tobler’s first law of geography states that there is a stronger correlation between
objects as spatial distance decreases [29]. The spatial characteristics of the urban—-rural
integration zone align with this law. By utilizing the optimized hotspot analysis tool in
ArcGIS 10.6.1, the analysis and computation for each period were conducted using first-
order Queen adjacency spatial weight [10]. This approach enables the determination of the
Z-score multiple of the standard deviation and its corresponding p-value within the 90%,
95%, and 99% confidence intervals for each sampling grid. Hypothesis testing is applied,
and a positive Z-score indicates that the feature index of the urban—rural integration zone
in the sampling grid is relatively higher compared to the surrounding grids, signifying a
hotspot. The magnitude of the Z-score determines the degree of clustering. Conversely, a
negative Z-score represents a cold spot, while a failure to pass the hypothesis test suggests
that the numerical agglomeration is not significant [12].

Referring to Zhang’s method [30] for delimiting the boundary of the urban—rural
integration zone, 36 radial profile lines were generated by originating from the center of
Dalian’s urban core area, forming 1 line every 10 degrees. Based on the V unit values of the
corresponding grids intersected by the profile lines, 36 data sequences were constructed.
For a given profile line, the comprehensive score value of the V raster unit is plotted on the
ordinate, while the distance from the center of the grid cell to the city center is plotted on
the abscissa. The inflection points representing the transitions from low to high and from
high to low values of the V raster units are identified. Subsequently, all the turning points
are marked on the remote sensing image according to their geographic coordinates, and
the inner and outer turning points are distinguished based on their relative positions with
respect to the initial point. Connecting the inner and outer turning points establishes the
inner and outer boundaries of the urban—rural integration zone, where the inner boundary
demarcates the boundary between the city and the urban—rural integration zone, while the
outer boundary represents the boundary between the urban-rural integration zone and the
rural area.

2.4. Identification Method of Urban—Rural Integration Zone Based on Urban—Urban—Rural
Integration Zone—Rural Gradient Model

In light of the gradient effect of urbanization, the spatial integration characteristics
of urban-rural areas can be identified. The study area is categorized into urban, urban—
rural integration zone, and rural areas, wherein the urban area represents the highest
spatial gradient value, the rural area represents the lowest spatial gradient value, and
the intermediate value defines the urban-rural integration zone. The development of
the urban—urban-rural integration zone—rural gradient model entails two main aspects:
establishing the evaluation index system and determining the index weights. The urban—
rural integration area not only fulfills its own basic requirements but also relies heavily on
the core resources of the urban core area. It is influenced by the radiation effect of the urban
core area, and its location, transportation, and land use exhibit close associations with the
distance from the core city area. Moreover, drawing on urban economics theory and urban
land price principles, the proximity of land use within the urban-rural integration zone to
essential public service facilities, urban residential areas, transportation hubs, and transit
stations follows a gradient spatial model. In terms of land use conditions per se, indicators
such as land use intensity and vegetation coverage decline with increasing distance from
the city, while social attributes including population, economy, and density of points of
interest (POIls) also adhere to the gradient spatial effect. Based on the aforementioned
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analysis, five primary indicators were selected, namely location factors, transportation
factors, land use factors, economic factors, and social factors.

Regarding the location factor, secondary indicators such as distance to the city core
area, distance to important public service facilities, and distance to residential areas were
selected. In terms of the transportation factor, taking into account urban expansion patterns
where new airports and high-speed railway stations often emerge at a certain distance
from the city center, secondary indicators such as distance to railway stations and subway
stations were chosen. The land use factor encompasses the comprehensive indices of land
use intensity, land use density, and road density, which collectively reflect the extent of
human development and land utilization within the region, serving as crucial indicators
to assess the scope and depth of regional land use. The secondary indicators for social
attributes include population density and heat map data, which effectively capture the
inter-relationship between population distribution and spatial patterns. As for economic
factors, the secondary indicators encompass nighttime lighting, GDP, and density of points
of interest (POls), providing essential measures for evaluating regional urban economic
development. Based on these considerations, a gradient evaluation index system for
land units was constructed, followed by correlation testing for each indicator. Through
the elimination of indicators with significant mutual influence and consideration of the
representative characteristics of actual indicators in the study area, superior indicator
factors capable of characterizing the spatial attributes of the urban—-suburban integration
zone in the study area were selected (refer to Table 2).

Table 2. Index system of urban-rural integration zone based on the rural gradient model method of

urban urban-rural integration zone.

Primary Indicators Secondary Indicators Computational Method I?a] :E;tl\fllie):ll:zg) (Entrr:)e;g\/}\llzight) Ir;}:l;tc;;:r
. Calculate the distance from Zhongshan
Distance from the urban core . . )
Square in the main urban area of Dalian 0.12 0.12 +
area (B1) City
. Distance from important Calculate the distance from the nearest 0.06 011 +
Locational factor (A1) public service facilities (B2) Dalian general hospital ’ '
Calculate the distance from the nearest
Distance from urban state-owned existing residential land, 0.045 0.075 +
settlements (B3) excluding villagers” houses in collectively ! ’
owned land
Distance from the railwa Distance calculation from the nearest
. y railway station (excluding high-speed 0.07 0.07 +
station (B4) i tati
Traffic factor (A2) railway stations)
Distance from the subway Distance from the nearest subway station 0.035 0.065 +
station (B5) (including light rail station) : ’
Composite index calculation Taking the sampl'mg grid as the unit, thg
land use composite index formula [31] is 0.06 0.07 +
of land use degree (B6)
computed
Land use factors (A3) ) Strength of le}nd use deyel_opment within
Land floor area ratio (B7) the study unit, Total building area/total 0.112 0.062 +
land area
Road network density (B8) Density value of road network 0.103 0.063 +
. . Population distribution density raster was
31;96; density of population interpolated to fit the study area scale 0.07 0.07 +
using Kerkin interpolation
Social factors (A4)
Extraction heat map, different color
Thermodynamic chart (B10) classifications as the popular page areaand 0.1 0.05 +
the geographical area of the visitor [32]
Light density at night (B11) Night light and GDP grid data were 0.07 0.07 +
processed to the appropriate study area
Economic factors (A5) GDP data (B12) scale using Kriging interpolation 0.085 0.105 +
POI density (B13) EOI ('ien51ty va.lues, using the nuclear 0.07 0.07 +
ensity analysis tools
After the correlation Vegetation coverage glefe;rst ti)lthed ratio of the vegetation area to
test, .the index is not € total ‘and area Not applicable
applicable to the The temperature of the ground varies with in Dalian

study area

Surface temperature

the local environment
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To establish the precise boundaries of the urban-rural integration zone using the
urban-suburban-rural gradient model, it is crucial to determine two thresholds. The
threshold value denoted as S” corresponds to the spatial unit value of the urban—rural
integration zone, while S’ represents the value of the rural spatial unit, and S’ represents
the value of the urban spatial unit (as illustrated below).

n
SLand use unit — Z biPi )
i=0
5" < S
S <S§ < s 3)
S<§

In the formula, S represents the summation of indicator data for a land unit, b repre-
sents the normalized value of the ith indicator factor (such as location conditions, trans-
portation conditions, land use conditions, etc.), and p represents the corresponding weight,
where (n = 14). The land unit index S is dimensionless and reflects the numerical value
obtained by summing the indicators within the land unit. S’ represents the threshold value
of S for urban land units, while S” represents the threshold value of S for rural land units.

An optimal approach for determining the thresholds involves identifying natural
breakpoints in the distribution of S values, which correspond to distinct “valleys” in the
S distribution plot. This method ensures a significant differentiation between properties
inside and outside the thresholds, contributing to a scientifically meaningful demarcation
between the urban-rural gradient and rural areas [33]. Given the scale of urban construction
land and the development goals of Dalian City, it is crucial to establish different thresholds
based on diverse development scenarios. Based on the aforementioned analysis, it is
evident that the calculation of S values can be combined with the urban population as a
reference for determining the thresholds. The total land area of the four main urban districts
in Dalian is 550.27 square kilometers, with a permanent population of 3.2058 million in 2022
and an urbanization rate of 82.1%. Following the “Urban Land Classification and Planning
Construction Land Standards (GB50137-2011)” and considering the current situation in
Dalian, the per capita construction land for special large cities should range from 70 to
110 square meters per person [34]. The upper limit serves as the boundary between the
urban-rural integration zone and the urban area, while the lower limit serves as the
boundary between the urban-rural integration zone and the rural area.

2.5. Research Unit

Urban-rural integration zones in China currently encompass two intertwined spatial
forms: residential communities (such as newly-built residential areas) and living clusters
(such as urban villages) [35]. In Dalian, small communities typically have a population
of approximately 1000 to 5000 people and cover a land area of 20,000 to 90,000 square
meters, accommodating around 500 households. In line with the spatial scales defined in
urban and rural planning guidelines [36], this study considers residential communities
(natural villages) as the micro-scale spaces within urban—rural integration areas, spanning
approximately 100 to 300 m. The living areas (administrative villages and community levels)
with well-established infrastructure, characterized by main road spacing of approximately
300 to 1000 m, are considered as the macro-scale spaces. Previous studies on urban-rural
integration zones have predominantly adopted macro- and meso-perspectives, with most
research conducted at scales above 500 m. Thus, for this study, we selected an upper limit
of 250 m for the spatial data scale, corresponding to the spatial management range of
suburban neighborhoods or urban communities, based on residents’ daily travel radius
and the maximum service radius of shops. By employing the first level of land use and
land cover (LULC) classification, the study area was divided into grid cells, and a sampling
analysis was conducted, considering the resolution of the research data and drawing
insights from relevant studies [10,37]. The results of comparing sampling grids with side
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lengths of 100 m, 200 m, 250 m, 300 m, and 500 m reveal that a grid size of 250 m is the
most suitable. Consequently, a total of 10,591 sampling areas were established, each with a
basic analysis unit of 250 m x 250 m. To standardize each indicator and eliminate units of
measurement bias, the following formula was employed [38].

o - (x — min) )

(max — min)

2.6. Weight Establishment

The determination of indicator weights aims to reflect the importance, scientific rigor,
and practical relevance of each element. To achieve this, two methods were employed in
this study: the entropy method and the expert scoring method. A detailed description of
the results and comparisons can be found in the provided reference [33].

The expert scoring method was implemented as follows: A concise questionnaire
was developed based on the indicator system employed in this study, and consultative
surveys were conducted with 12 experts and senior practitioners specializing in urban
planning, geography, and landscape architecture within the local case city. The respondents
were requested to rank the degree of influence of various factors on the identification
of the urban-rural integration zone. Based on the questionnaire responses, the weights
were proportionally calculated according to the cumulative rankings of the factors. Higher-
ranked factors received larger weights, while lower-ranked factors received smaller weights.
The resulting weightings were appropriately adjusted based on expert opinions.

To provide further validation regarding the influence of the two weight assignment
methods on the research outcomes, a random sampling approach was employed to assess
the spatial identification results of the urban-rural integration zone generated by the
two distinct weight methods. A total of fifty sampling grids were randomly selected as
samples, and field investigations were conducted in areas not covered by the real scene
impact map. Among the selected samples, forty-four out of fifty samples obtained through
the entropy method satisfied the division criteria, whereas only thirty-seven out of fifty
samples obtained through the weight method met the division criteria. Hence, it can be
concluded that the entropy method is deemed appropriate for weight assignment in the
present study.

3. Study Area and Data Sources
3.1. Study Area

Dalian City is situated at the southern extremity of the Liaodong Peninsula in Liaoning
Province (Figure 2). It serves as a prefecture-level and sub-provincial city under the adminis-
tration of Liaoning Province. As of 2020, Dalian comprised seven districts, two county-level
cities, and one county, encompassing a total area of 12,574 square kilometers and exhibiting
an urbanization rate of 82.0% [39]. The primary focus of this study centers on the main
urban area, specifically the Xigang, Zhongshan, Shahekou, and Ganjingzi districts, cover-
ing a combined area of 550.27 square kilometers and housing a permanent population of
3.2058 million. Throughout the rapid process of urbanization, the development trajectory
of Dalian has been closely linked to its coastal regions and major railway lines, exerting a
relatively modest influence on the original urban—rural pattern within the primary urban
area of Dalian. Presently, a mixed urban-rural transitional spatial pattern characterizes
most regions. Various land use types, including urban residential areas, industrial parks,
old towns, traditional villages, former factories, and agricultural land, coexist in an amal-
gamated distribution. This spatial arrangement is associated with low land use efficiency,
heightened risks to resources and the environment, and inadequate landscape quality.
Dalian faces a pressing need for rational and orderly urban development, accompanied
by improved land conservation and intensified utilization, as well as resource and ecologi-
cal environment preservation. The designation of urban-rural integration zones offers a
potential solution to address these challenges.
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Figure 2. Location of the study area.

3.2. Data Sources

(1) The land use data utilized in this study for Dalian in 2020 were obtained from the
Resource and Environmental Science Data Center of the Chinese Academy of Sciences.
These data, acquired at a resolution of 30 m, encompass six primary land-use categories,
including cultivated land, forest land, grassland, water area, construction land, and unused
land. Additionally, the dataset comprises 25 secondary land-use categories [40] (https:
//www.resdc.cn/ (accessed on 24 March 2023)). (2) The DMSP/OLS nighttime light data
employed in this study represent the average nighttime light intensity for the year 2020,
sourced from the National Geophysical Data Center of the United States. These data
feature a light brightness scale ranging from 0 to 63, with a pixel size of 0.008333°. Prior to
analysis, the data were converted from geographic coordinates to Gauss-Kruger projection
coordinates using ArcGIS10.6.1 software. Subsequently, the dataset was clipped based on
the vector data delimiting the main urban area. Population density data, GDP density
data of the road network, and NDVI data pertaining to vegetation coverage were obtained
from the Resource and Environmental Science Data Center of the Chinese Academy of
Sciences. The NDVI data were derived from Landsat remote sensing images captured
between June and September 2020, computed from the red and near-infrared bands at
a resolution of 30 m, and obtained from the United States Geological Survey. (3) The
administrative boundary data for Dalian City, as utilized in this study, were sourced from
the National Geomatics Center of China and pertained to the year 2020. (4) To account
for data currency, the vector files representing essential public service facilities and core
areas in Dalian City were sourced from the OSM map vector data recorded in October
2020. (5) This paper selected Baidu Heat Map data, specifically the average values for
working days on Mondays in March, June, and September 2020, for the main urban area of
Dalian. The research data were subjected to projection and geo-referencing using ArcGIS
10.6.1 tools. The varying heat values were classified into nine levels (1-9) based on RGB
attribute classification. (6) The economic and social indicators mentioned in this study
are derived from the respective “Dalian Statistical Yearbooks” and statistical bulletins for
the corresponding years. Policy documents and significant infrastructure information
discussed in the text are sourced from official announcements on the government’s website.
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4. Result
4.1. Identification of the Urban—Rural Integration Zones Based on the G-Statistic

Figure 3 illustrates the land use composition factors of the symbiotic units within the
urban-rural integration zone. In Figure 3a—c, the values assigned to each land unit represent
the dynamic characteristics of land use, vegetation coverage, and night light fluctuations
in Dalian’s main urban area in 2020, respectively. Notably, the land use within Dalian’s
main urban area exhibits limited changes, signifying the completion of urban construction.
Conversely, the vegetation dynamic demonstrates considerable variation, while night light
fluctuations are more prominent in the peripheral regions of Dalian. These findings align
with the distinctive features of Dalian’s urban—rural integration zone. Figure 3d-h portrays
the values assigned to each land unit derived from Fragstats 4.2 calculations and sampling
grid cells, which were based on the spatial distribution of each indicator utilizing the land
use data from different periods. The results reveal minimal alterations in land use within
Dalian’s primary urban construction areas, while greater fluctuations are observed along
the city’s periphery. Figure 3i showcases the spatial pattern of land development intensity
outside urban areas, excluding the urban land use category from the calculations. The
spatial distribution of corresponding factors is clearly demonstrated through the presented
patterns in each figure.
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Figure 3. Results of the index factor calculation of the suburban fusion zone based on the G-statistics method.
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4.2. Identification Results of Suburban Integration Zone Based on Urban—-Urban—Rural Integration
Zone—Rural Spatial Gradient Model

Figure 4 displays the land use composition factors within the urban—rural integration
gradient model. Specifically, the values assigned to each land unit in Figure 4a—e are
determined based on their proximity to the urban core area, important public service
facilities, urban residential areas, transportation hubs, and significant transportation nodes
in Dalian City. The site unit values are higher when closer to these elements and lower
when further away. Figure 4f,g present the comprehensive index of land use intensity and
vegetation coverage in Dalian City. Figure 4p presents surface temperature in Dalian City.
Due to the hilly terrain of Dalian, vegetation coverage and surface temperature do not
strictly adhere to the urban spatial gradient model. Consequently, these indicators were
excluded from the final calculations. Figure 4h—n illustrate the land use intensity, road
network density, population density, night light data, GDP data, POI density data, and heat
map data pertaining to the main urban area of Dalian City. Notably, these social attribute
indicators diminish as the distance from the city core increases, aligning with the urban
spatial gradient model. Thus, the spatial distribution of the corresponding elements is
effectively depicted in each figure.
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Figure 4. Index calculation results of urban and rural integration zone based on urban—urban-rural
integration zone—rural gradient model method.
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5. Identification Results and Method Comparison
5.1. Comparison of the Identification Results

Identification Result for Method 1: The light-gray gridded area depicted in Figure 5a
illustrates the spatial boundary of the urban—rural integration zone in Dalian as identi-
fied by Method 1 in this study. Overall, the urban-rural integration zone in Dalian is
situated at the periphery of the city center, exhibiting an irregular distribution. The calcu-
lated spatial boundary encompasses Yingchengzi Sub-district, Hongqi Sub-district, Gan-
jingzi Sub-district, Laohutan Sub-district, Gezhenpu Sub-district, Xinzhenzi Sub-district,
and Dalianwan Sub-district. The identified urban-rural integration zone has an area of

172.362 km?, with an urban area of 277.865 km? and a rural area of 100.043 km?.
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Figure 5. Identification results of urban and rural integration zone in Dalian City.

Identification Result for Method 2: Figure 5b presents a light-gray gridded area
representing the spatial boundary of the urban—rural integration zone in Dalian as identified
by Method 2 in this study. Similar to Method 1, the urban-rural integration zone in Dalian
is located at the outskirts of the city center and exhibits an irregular distribution. The
calculated spatial boundary encompasses Yingchengzi Sub-district, Hongqi Sub-district,
Ganjingzi Sub-district, Gezhenpu Sub-district, Xinzhenzi Sub-district, and Dalianwan Sub-
district. The identified urban-rural integration zone has an area of 196.782 km?, with an

urban area of 296.125 km? and a rural area of 57.363 km?.

To visually compare the identification results of the two methods, ten sampling points
were randomly selected in this study, as displayed in Figure 6. These sampling points
include five areas identified by Method 1 but not by Method 2 (letter a—e in Figure 6) and
five areas identified by Method 2 but not by Method 1 (letter f-j in Figure 6). The field survey
results are presented in Figure 6 to provide an empirical verification of the comparison.
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Figure 6. Comparison of urban-rural integration areas identified by different methods in Dalian.

Two distinct methods were employed in this study to delimit the urban-rural in-
tegration zone. Method 1 identified regions situated at a greater distance from the city
center, comprising industrial parks, emerging urban functional cores, urban villages char-
acterized by topographical influences, and areas reliant on mountain resources for leisure
and recreational development. These regions exhibited a high level of spatial complexity
and experienced notable land dynamic changes. Method 2 identified the urban-rural
integration zone as encompassing the mountainous and forested areas surrounding the city,
as well as the urban—rural fringe (Figure 7). However, due to spatial gradient variations,
certain city-edge areas separated by hilly terrains and roads were erroneously identified
as urban areas instead of urban-rural integration zones. This misclassification resulted
in an inaccurate understanding of the development characteristics of these areas, ham-
pering the implementation of precise policies. Nonetheless, comparing the outcomes of
the two methods and two indicators used to demarcate the urban—rural integration zone
in Dalian’s main urban area reveals striking similarities in the identified features. The
urban-rural integration zone envelops the primary urban area of Dalian and is significantly
impacted by numerous ecological land incisions. Notably, certain rural lands are preserved
as “ecological blank spaces” amidst contiguous built-up areas, with the key distinction
being the inclusion of certain towns in the northern region of Dalian within the urban—rural
integration zone.
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Figure 7. Field survey results of suburban zones in the main urban area of Dalian. Note: (a) Haizhiyun
Park is situated in the southeastern part of Zhongshan District, Dalian. The park features rugged
terrain and abundant forestry resources. It is currently designated as a recreation park and is in
proximity to upscale residential areas and leisure clubs. (b) Both Xiuyue Street Mingxiu Manor
and Haizhiyun Park are encompassed within the expansive Dalian South Forest Park. These areas
predominantly consist of high-end residential communities. (c) Dalian National Forest Park serves
as a notable natural attraction. (d) Dalian Yicheng Xinju Community is located in a remote section
of the primary urban area, surrounded by industrial parks. It has evolved into a residential area
with a distinct urban character. (e) Dalian Yingchengzi Industrial Park is situated at a considerable
distance from the city center. (f) The Xiaoping Island Central Square area, situated near the seaside,
has experienced a relatively slower pace of development. It is characterized by a limited number of
residential areas. In recent years, it has managed to retain its urban-rural fringe ambiance. (g) Due
to geographical divisions, the urban villages in Ganjingzi District are distanced from significant
urban roads, contributing to the preservation of their rural characteristics. (h) In the vicinity of the
Xishanhu Scenic Area, a leisure and entertainment zone has emerged, benefiting from its proximity to
Dalian Forest Park. (i) The construction of the Poly Rosedale Residential Community commenced in
2008, located far from the city center. It has become a burgeoning urban core, attracting surrounding
urban development. (j) Cha’an Village is situated within the Dalian National Forest Park, in the
western region of Dalian. Influenced by urban growth, it resides in the urban fringe zone. Presently,
a portion of the village retains its original rural charm, while the remaining area has progressively
undergone urbanization.
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5.2. Comparison of Identification Methods
5.2.1. Comparison of Index Selection

There are differences between the two indicator systems in terms of the variables or
types of indicators they include. Additionally, they vary in terms of their focus, applicability,
temporal and spatial scales, and policy implications for evaluating urban—rural integration.

Focus: The first set of indicators primarily examines the dynamic changes in land
use, vegetation coverage, and landscape patterns, providing insights into the ecological
and landscape aspects of urban-rural integration. These indicators shed light on various
aspects such as alterations in land use patterns, ecological fragmentation, and landscape
connectivity. In contrast, the second set of indicators places greater emphasis on spatial
proximity to the city center, accessibility of public services and transportation, land use
intensity, infrastructure, population, and economic factors pertaining to urban-rural inte-
gration. This second set of indicators adopts a broader social and economic perspective,
focusing on indicators related to the city center, public services, transportation, land use, in-
frastructure, population, and economic aspects. Consequently, this indicator system proves
more suitable for assessing the social and economic impact and significance of urban—rural
integration, encompassing factors like accessibility, economic development, social services,
and population dynamics. Conversely, the first set of indicators adopts a broader ecologi-
cal and landscape perspective and may be better suited for assessing the environmental
impact and sustainability of urban—rural integration, encompassing dimensions such as
biodiversity conservation, green infrastructure, and landscape aesthetics.

Applicability: The two types of indicator systems exhibit differences in terms of ap-
plicability. The first type, which emphasizes ecological and landscape indicators, is better
suited for areas characterized by abundant natural resources, ecological sensitivity, or pri-
oritization of environmental protection. Such areas may include regions with a substantial
proportion of rural land or those with a strong focus on environmental sustainability. Con-
versely, the second type of indicator system, centering on social and economic indicators, is
more applicable to regions with high levels of urbanization, economic development, and
well-established infrastructure. It proves more suitable for areas characterized by a larger
proportion of urban land or where urban-rural integration is primarily driven by social
and economic factors.

Spatial scale: The two types of indicator systems diverge in terms of spatial scale
considerations. The first type, emphasizing ecological and landscape indicators, tends
to operate on larger spatial scales, such as the regional or landscape level. This enables
the capturing of broad-scale ecological processes and landscape patterns. In contrast, the
second type of indicator system, focusing on social and economic indicators, operates on
smaller spatial scales.

Policy implications: The two types of index systems yield distinct policy implications.
The first type, centered around ecological and landscape indicators, underscores the signifi-
cance of safeguarding and enhancing ecological processes, conserving biodiversity, and
fostering sustainable land use practices within urban—rural fringe areas. These findings
hold relevance for landscape planning, ecosystem management, and conservation policies
aimed at preserving the ecological integrity and resilience of such regions.

On the other hand, the second type of index system, focusing on socio-economic
indicators, offers valuable insights for policy domains such as urbanization, infrastructure
development, social services, and economic growth within urban-rural fringe areas. The
research outcomes can contribute to urban planning, transportation planning, as well as
the formulation of social and economic policies and regional development strategies. These
endeavors aim to foster balanced urban-rural development and enhance the well-being of
both urban and rural communities.

5.2.2. Method Comparison

The spatial identification methods employing the G-statistic and the urban—-rural spa-
tial gradient model demonstrated favorable efficacy in delimiting urban-rural integration
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zones. Throughout the empirical analysis, both approaches exhibited their respective
strengths and limitations, which are contingent upon research objectives, data accessibility,
analysis scale, and expectations pertaining to the urban-rural integration area. Conse-
quently, researchers should exercise careful consideration of these factors when opting
for methods to identify and interpret the spatial patterns and dynamics of urban-rural
integration zones.

Data availability and applicability: The G-statistics method relies on the availability of
spatial data pertaining to the geographical locations of urban and rural areas, which can
often be obtained relatively easily in certain instances. Conversely, the urban-rural spatial
gradient model necessitates continuous data on urbanization intensity along the spatial
gradient, which may present challenges in terms of data acquisition and interpolation,
depending on the availability and quality of the data. Furthermore, the applicability of each
method can vary depending on the research domain, research context, and data availability.
The G-statistics method primarily relies on statistical indicators, such as G-statistics and
p-values, to identify spatial patterns of urban-rural agglomeration or dispersion. The
interpretation of these spatial patterns using the G-statistics method typically revolves
around statistical significance. In contrast, the urban—rural spatial gradient model offers
more nuanced explanations of spatial patterns along the gradient, capturing the gradual
changes in urbanization intensity and providing insights into the fundamental spatial
processes and mechanisms driving urban-rural integration. The G-statistics method neces-
sitates spatial distribution data of the study area, usually in the form of point or polygon
data, with a focus on identifying spatial clustering or correlation patterns between urban
and rural areas. This approach aids in identifying areas exhibiting pronounced spatial
dependence or heterogeneity, thereby indicating potential urban—rural integration zones.
The G-statistics method offers statistical measures, such as G-statistics values, which can
be interpreted as indicators of the degree of spatial dependence or aggregation between
urban and rural areas. This method is particularly applicable when data availability is high
and can effectively identify areas with evident spatial dependence or heterogeneity, unveil-
ing potential urban—rural integration zones. Conversely, the urban-rural spatial gradient
model takes into account the spatial gradient or transition between urban and rural areas,
identifying urban—rural integration zones by examining changes in urbanization intensity
along this gradient.

The G-statistics method focuses on identifying areas that exhibit significant spatial de-
pendence or clusters of urban—rural integration, which may signify concentrated instances
of integration or segregation between urban and rural areas. In contrast, the urban—rural
spatial gradient model focuses on analyzing the variations in urbanization intensity along
spatial gradients, offering insights into the gradual transition or gradient of urban-rural
integration. These two methods provide different interpretations of urban-rural integration:
the G-statistics method offers a more discrete or localized perspective, whereas the urban—
rural spatial gradient model provides a more continuous or gradual perspective. The choice
between the G-statistics method and the urban-rural spatial gradient model depends on
the specific research objectives at hand. The G-statistics method proves more suitable for
identifying local clusters or hotspots of urban—rural integration and comprehending the
spatial correlations between urban and rural areas. Conversely, the urban—rural spatial gra-
dient model proves more fitting for analyzing the changes in urbanization intensity along
spatial gradients and capturing the overall trend of urban—rural integration. Nonetheless,
both the G-statistics method and the urban-rural spatial gradient model possess inherent
limitations. The G-statistics method concentrates on identifying discrete spatial clusters or
correlations, thus being influenced by the scale or resolution of the data employed, as well
as the definition of the neighborhood or spatial weight. On the other hand, the urban-rural
spatial gradient model relies on the availability of continuous data on urbanization intensity
along spatial gradients, and the accuracy of the model is contingent upon the quality and
representativeness of the data used for defining these spatial gradients. The practical appli-
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cation of these two methods may vary depending on the specific environmental context
and research objectives guiding the study.

The G-statistics-based spatial recognition method for urban—rural integration zones
not only serves to identify these zones, but also exhibits strong recognition capabilities for
areas characterized by significant spatial or regional development and evolution during
urban growth. Identifying such areas can assist urban planners in making more precise
decisions, as they often possess high potential to evolve into new urban centers. In addition
to identifying hotspots within the city, this method also identifies coldspots that gradually
become “urban shadow areas” during the urban expansion process due to substantial
constraints. Implementing policy adjustments and targeted improvements for these areas
can help transform unfavorable factors into distinctive developmental characteristics. On
the other hand, the spatial recognition method for urban—rural integration zones based
on the urban-rural integration zone-rural space gradient model offers a comprehensive
explanation of city development patterns. Different cities exhibit diverse developmental
trajectories during the expansion process. Cities with minimal topographical influence
tend to adopt a single-center, ring-shaped structure that expands outward. In contrast,
cities heavily impacted by topography often exhibit a multi-center development pattern,
crossing challenging terrain to establish multiple urban centers. Moreover, this model
effectively utilizes the favorable attributes of location, transportation, public services,
and infrastructure within a city to assess the suitability of three distinct living spaces and
functions. It accentuates the dominant land use function and takes into account the potential
spatial and temporal trends in land use distribution and functional characteristics. As a
result, it offers valuable theoretical support for establishing a high-quality development
pattern within the national territorial space.

6. Discussion

This study adopts symbiosis theory and urban expansion theory as guiding frame-
works for recognizing the urban-rural integration space. Two methods, namely the G-
statistics method and the urban-rural integration space-rural space gradient model, are
employed to identify the spatial extent of the urban—rural integration belt in Dalian. Given
the inherent ambiguity surrounding the boundary of the urban-rural integration space,
existing research lacks a standardized criterion for selecting factors to define its spatial
boundary. It is evident that the urban—rural integration space encompasses multiple factors.
Hence, this study incorporates landscape pattern attributes and social attribute indicators
into the identification system, thereby enhancing the index system used to identify the
spatial scope of the urban-rural integration belt. Both the G-statistics method and the
urban-rural integration belt-rural space gradient model prove valuable in identifying the
urban-rural integration belt. Different regions and backgrounds possess unique character-
istics and dynamics that influence the integration of urban and rural areas. By comparing
various approaches, adjustments and customization of methods can be made to adapt to
specific regional contexts. Researchers and policymakers can select or develop methods
that are most suitable for capturing the subtle differences and complexities of urban-rural
integration in specific areas by considering a range of approaches. Such assessments can
provide information for evidence-based decision-making and help refine and strengthen
strategies for urban-rural integration. The choice of methods for identifying urban—rural
transition zones carries policy significance and impacts the decision-making process. Differ-
ent approaches may emphasize different areas or aspects of integration, which can affect the
prioritization of resources, target interventions, and policy formulation. Through empirical
analysis, it becomes evident that each method possesses its own strengths and limitations,
and their suitability depends on the research objectives, data availability, analysis scale, and
expected outcomes of the urban-rural integration area. Consequently, when researchers
select methods to identify the urban—rural integration belt and interpret its spatial patterns
and dynamics, careful consideration of these factors is crucial.
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The urban-rural integration zone in Dalian exhibits notable spatial characteristics,
encompassing spatial proximity, economic integration, and social integration. Positioned
between urban and rural areas, the integration zone is marked by close physical proximity,
combined with a blend of residential, commercial, and industrial land uses. The rural and
urban economies exhibit interdependence, facilitating the movement of goods, services,
and individuals between the two regions. Owing to the high cost of living in the central
urban area, individuals have relocated from rural areas to both urban areas and the urban—
rural integration zone. As a result, the population within the urban-rural integration
zone continues to grow, accompanied by an increase in population density. Serving as
a significant economic region, the urban-rural integration zone focuses on agriculture,
manufacturing, and service industries. This concentration has fostered the development
of agriculture, industry, logistics, and tourism within the zone. Moreover, the urban—
rural integration zone benefits from a well-established infrastructure, encompassing roads,
bridges, and public transportation systems, which facilitate the seamless flow of people
and goods between urban and rural areas. Consequently, the urban-rural integration
zone has emerged as a pivotal economic region characterized by diversified land uses and
robust infrastructure, while simultaneously prioritizing environmental preservation and
sustainable development.

Limitations: Despite the advancements made in researching symbiotic theory and
urban expansion, there remains a need for further theoretical exploration to strengthen its
practical application in studying urban—rural integration zones. Additionally, insufficient
attention has been paid to investigating the sentiments of residents living within the
urban-rural integration zone. The inclusion of bottom-up decision-making processes is
vital for accurately identifying such zones. Furthermore, the selection of indicators for
identifying urban—rural integration areas, based on G-statistics and urban-rural spatial
gradient models, is constrained by the availability of data sources. The consideration
of more granular data, such as urban-rural household registration, social security, and
housing information, has not been adequately incorporated. Additionally, there is a need
to adopt a dynamic approach in identifying urban-rural integration zones, incorporating
indicators that better capture the flow characteristics between urban and rural areas, such as
factor flow and urban land ownership. To address these limitations, further comprehensive
research efforts are warranted in these areas.

7. Conclusions

The identification of urban-rural integration spaces in various cities is characterized by
heterogeneity, which requires the consideration of diverse methods and indicator systems.
In the case of Dalian, two methods employed to identify the spatial distribution charac-
teristics of its urban—rural integration zone exhibit fundamental agreement. However, the
primary discrepancy lies in the selection of land units situated within the “intermediate
zone.” These areas, encircling the city, possess advantageous geographical positions and
strong ecological foundations, having developed into ecological parks throughout the ur-
banization process. Consequently, a tension arises between economic value and ecological
benefits. This study yielded several key findings, which are summarized as follows:

(1) The spatial distribution of the urban-rural integration zone in Dalian primarily
manifests in the northwestern and southern regions of the main urban area, spanning along
the coastline and transportation routes, and is strongly influenced by the hilly topography.
The presence of hilly terrain and coastal urban development contributes to the irregular
and patchy spatial configuration of the urban-rural integration zone.

(2) The core area of Dalian’s main urban region encompasses expansive mountainous
forests, which significantly impact the delimitation of urban—rural integration zones. The
inclusion of mountainous forest areas on the urban fringe within the urban-rural space
warrants careful consideration, contingent upon the specific developmental requirements
of different cities. The hilly terrain affects certain indicators in the system, rendering some
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factors that are applicable to the division of urban—rural integration zones in other cities
unsuitable for use, such as surface temperature and vegetation coverage.

(3) The integration of symbiosis theory and urban expansion theory holds substantial
value in guiding the identification of urban—rural integration zones. The applicability of
the G-statistic method may be more suitable for delimiting such zones in cities significantly
influenced by terrain, where topographic factors play a pronounced role. Conversely,
the urban-rural gradient model method may prove more appropriate for demarcating
urban-rural integration zones in cities where the impact of terrain on urban expansion is
minimal and the terrain exhibits relatively flat characteristics.
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