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Abstract: Against the backdrop of coordinated development and regional integration in the
Guangdong–Hong Kong–Macao Greater Bay Area, China, the integration of Shenzhen and Dongguan
has received increasing attention from both academia and the government. The cross-boundary area
of the two cities has also shifted from being categorized as the development edge to becoming a
key area, presenting more complex spatial and functional characteristics. This paper applies multi-
source data to analyze the spatial characteristics and factors of influence in the Shenzhen–Dongguan
cross-boundary region from the perspective of urban land use pattern evolution. The results showed
that from 2008 to 2022, (1) the spatial structure presented a development trend from multi-core to
axial, then to network, gradually breaking down the development barriers in the central region;
(2) the function of regional land was transformed from a single type to a composite and mixed
type, and the layout of commercial, public, green, and transportation land became more dispersed
and balanced; (3) the cross-administrative boundaries of commercial land were exaggerated, and
industrial land was widely transformed into composite industrial and commercial land, forming
an integrated industrial belt; and (4) the overall increase in the mixing degree of land use functions
indicated that the two regions were interconnected and integrated with each other, and the functional
structure of the cross-boundary region was relatively more complete.

Keywords: multi-source data; cross-boundary region; function zoning; urban land use; Shenzhen;
Dongguan

1. Introduction

With the advancement of urbanization, the functions of the core cities in the Guangdong–
Hong Kong–Macao Greater Bay Area, China, continue to strengthen, and the transition
of urban construction from the core of the cities to the peripheral areas has led to closer
functional links between cities. Among them, Shenzhen and Dongguan play an important
role within the Guangdong–Hong Kong–Macao Greater Bay Area, as well as being one of
the most representative integrated regions. The two cities, with their naturally connected
landscape, complementary industrial structures, connected transportation roads, and in-
terconnected human civilization, have traditionally been closely linked and have a strong
foundation for further integration, mutual benefits, and win-win situations. With the con-
tinuous promotion of both market-oriented forces and policies related to the coordinated
development of Shenzhen and Dongguan, the integration of the two regions has made
significant progress, and regional development has been rapid. The Shenzhen metropolitan
area has become the basic unit for the Pearl River Delta region to connect with globalization.
“Opinions on Further Improving the Regional Coordinated Development Pattern and Pro-
moting the Accelerated High-Quality Development of Southern Towns” [1] sets out clear
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proposals that the nine towns facing the northern part of Shenzhen—Humen, Chang’an,
Dalingshan, Dalang, Huangjiang, Zhangmutou, Fenggang, Tangxia, and Qingxi—will
be connected and integrated into Shenzhen at a high level and will jointly explore the
construction of the “Shenzhen Dongguan Deep Integration Development Demonstration
Zone” with Shenzhen.

In the context of coordinated and high-quality regional development in China, urban
functional zones have expanded beyond their original administrative boundaries, and the
cross-boundary region has become a new spatial pattern. Under the influence of market
factors, there are economic, transportation, social, cultural, policy, and other connections
between the different administrative entities. Cross-boundary regions have more complex
spatial characteristics, and the evolution of their spatial patterns is a comprehensive reflec-
tion of the flow of elements between different administrative entities and the evolution of a
system structure, which is a concrete manifestation of the complex interactive process of
the human–land system [2]. The identification of factors that influence the evolution and
dynamics of regional spatial structure has become an effective means of understanding
the laws of regional development. Studies have been conducted to measure the spatial
structure of the region through commuting flows, employment density, population density,
and land use function [3]. In particular, classifications of the urban land use function are
of great importance for the spatial structure [4]. The patterns formed by the proportion of
land use function types in terms of quantity and their mutual positional relationship in
space are an important manifestation of spatial structure. The existing literature focuses
mainly on cross-border space on national and subnational scales, with little attention paid
to land use and spatial change on regional and subregional scales. Most of the studies are
centered on changes in built-up and non-built-up land, focusing more on the ecological
functions of the land and less on the changes in the functions of urban built-up land. In
addition, the existing research on functional zoning recognition is limited to a single time
node and lacks analysis of the influencing factors. Based on this, it is necessary to overcome
the statistical barriers to investigate cross-boundary areas’ spatial and temporal features on
subregional scales and explore the influencing factors through practical situations such as
marketization background, relevant policies, and planning texts.

Based on land use data, POI data, and road network data, this paper aims to explore the
evolution and causes of urban land use in the cross-boundary region of
Shenzhen–Dongguan and to provide certain theoretical support and practical sugges-
tions for further development of the cross-boundary region of Shenzhen–Dongguan. The
contributions of this study are reflected in the following: (1) The integration of traditional
data with big data. POI data can better reflect the types of urban land use, but for areas
with a larger scope, especially in urban fringe areas, non-construction land accounts for
a large proportion, so it is necessary to screen out areas with urban land use. (2) The
evolutionary characteristics and influencing factors of the long-term spatial pattern of land
use. A standardized and systematic analysis provides a reference for global comparison
of land use patterns, which can also bridge the gap between the development of land
use and urban planning, allowing for the implementation of new-type urbanization and
high-quality development strategies.

2. Literature Review

Cross-border regions (CBRs) are new spaces created through close cross-border linkage
between nations that further strengthen commonalities in economic, social, and cultural
aspects. As cooperation between cross-border regions continues to extend from the supra-
national to the sub-national and regional levels, the discussion is not limited to regions that
transcend national borders but also focuses on cross-boundary regions between different
administrative regions within a country. In the context of coordinated regional devel-
opment, the cross-boundary region has gradually become a paradigm for metropolitan
spatial reconfiguration, transcending its inherent categorization as “edge” in the traditional
“core-edge” structure [5].
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In 1950, Francois Perroux proposed the theory of growth poles, indicating the ge-
ographical polarization of economic space [6]. In 1966, John Friedman put forward the
theory of “core-periphery” [7], arguing that in the process of regional economic growth,
there exists an unequal development relationship between the central and peripheral areas.
From an economic and social point of view, most border areas have long been considered
marginal, and according to the classical theories of localization, they are marginalized. At
the same time, the obstruction of administrative borders leads to “border effects” [8] and
“border friction” [9], restricting the free flow of capital, talent, information, technology, and
other factors, increasing the spatial and temporal distance of interaction between the two
systems, and resulting in practical problems such as administrative self-defense, economic
and trade barriers, market segregation, poor circulation, information blockages, and cul-
tural segmentation, which in turn affect the spatial connection and interaction between
two sides of the border and impose rigid constraints on the development of the entire
region [10].

The core-periphery theory demonstrates the evolution of regional development from
isolation to close contact and from disequilibrium to equilibrium. Finally, the whole region
becomes a complete organism. With the widespread penetration of urbanization, urban
functions are overflowing from the core to the periphery. Scholars in China and around
the world have begun to pay attention to the edges of cities, proposing that the rise of
“edge cities” [11] has marked a new era in urban settlement, with economic activity dis-
persed on the fringes of metropolitan areas. Regional competition and cooperation are
intertwined, and the flow of cross-border elements is accelerating, laying the foundation
for the formation of cross-border regions. The integration processes and the subsequent
relative opening up of borders have had a profound impact on border regions, resulting
in new patterns of urban development [12]. Spatially adjacent cities have assimilated
each other in terms of their economies, societies, space, and governance, gradually re-
alizing the unified allocation of production factors, living factors, resource factors, and
management factors within the area. As a result, the segmentation function of traditional
administrative boundaries has been weakening, and identity barriers have gradually dis-
appeared [13]. Cross-border regions are “crossroads” between heterogeneous spaces and
societies where various socio-economic characteristics interact and influence each other [14].
The related research mainly focuses on topics such as urban landscapes of cross-border
regions [15], cross-border cooperation [16], economic interaction [17], cultural integra-
tion [18], functional complementarity [19], and cross-border spatial planning [20]. Most
of the studies have mainly focused on cross-border regions in supranational paradigms,
such as the European Union (EU) [21] and the US–Mexico border region [22]. In the later
stages of China’s urbanization, the barriers imposed by administrative boundaries have
weakened, so scholars have embarked on studies of cross-boundary regions at the re-
gional scale. In recent years, the cross-boundary area has become a research hotspot in the
Guangdong–Hong Kong–Macao Greater Bay Area, China [23,24], after the handover of
Hong Kong in 1997. Since then, the focus of research has shifted from the cross-boundary re-
gion between Hong Kong, Macao, and the mainland to the interior of the Pearl River Delta.

Regional cities are complex entities composed of various functional elements such
as industrial, residential, services, and transportation. The evolution of a city’s spatial
pattern of urban land use is the result of the combined effects of market factor flow,
social integration, natural obstacles, and administrative regulation, making their spatial
characteristics more complex. The spatial distribution, proportion, and mutual influence
and interaction of various functions at different scales constitute the characteristics of
urban spatial structure, which affect the final form and operational efficiency of the spatial
structure. Accordingly, the accurate delineation of urban land use is an important tool
for understanding urban spatial structure and deciphering planning problems. With
the emergence of mega-city regions, the urban functional elements have flourished and
spread beyond their original administrative boundaries [25]. In cross-boundary areas, the
distribution and proportion of urban residential land, public green spaces, commercial
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land, industrial land, and other land uses show different characteristics from the urban
center, reflecting the separation, transition, and intersection of social, economic, cultural,
and governance elements on both sides of the administrative boundary.

For the exploration of land use functions, scholars in China and abroad have con-
tributed a number of fruitful investigations based on different theoretical perspectives such
as Western political economy, urban economics, and sociology, including the recognition of
production–living–ecological functions at different spatial scales [26], the spatiotemporal
pattern evolution of urban land use structure [27], spatial differentiation in the efficiency of
urban land use structures [28], the trends in and regulation of urban construction land [29],
and how human-related drivers such as policy and planning contribute to land use evo-
lution in cross-boundary areas [30]. Traditional methods mostly rely on remote sensing
images, land use data, and expert surveys or evaluations [31]. However, due to the char-
acteristics of mixed and overlapping functional areas, diverse attributes, and dynamic
changes in urban land use, such classification methods have the following shortcomings:
1⃝ The methods mainly focus on the natural attributes of land features and cannot fully

connect with urban land use types with obvious socio-economic attributes; 2⃝ the division
scale is relatively imprecise and cannot be refined to accurately identify the function of
lands; 3⃝ the acquisition of land use planning data are difficult and ineffective, so it cannot
accurately reflect real-time land use functions.

With the rapid development of the Internet, a large quantity of location-based big data
have provided rich data sources for urban land use classification and urban spatial structure
analysis research. At present, domestic and foreign scholars mainly use human mobility
data [32], latent activity trajectory data [33], social media data [34], and POI data [35] to
study the structure of urban functional zones. POIs can describe various commercial and
social service facilities in the geographic space, containing rich cultural and economic
characteristics. Through methods such as the quantitative density and spatial heterogeneity
of POIs [36], spatial semantic analysis [37], and clustering [38], it is possible to identify
the functional zoning of urban land use on a more detailed scale. Analyses of functional
zoning results at different scales may yield different results due to zoning effects. Existing
studies are mostly based on grid or administrative boundaries [39]. The former scale is
acceptable, but the city is typically divided into homogeneous spaces, which do not provide
strong guidance for urban planning and governance, while the latter takes into account
the existing criteria for spatial partitioning, but the scale is relatively unrefined and the
significance of functional division is weak.

However, partitioning cities based on road networks or base stations can avoid, as
much as possible, the problems set out above. In terms of zoning standards, existing
research mostly considers single-functional zones and mixed zones, which makes it difficult
to reflect the current trend of land-use functional composites [40]. Therefore, this paper
considers multi-functional composite types on the basis of single-functional zones, which
helps to analyze the transformation of land use type requirements. Although some progress
has been made in POI-based functional identification research, many scholars have only
focused on land use functional zoning at a single time node, and there are few studies
using this method to explore the long-term evolution pattern. Most studies focus on urban
built-up areas or central urban areas, with less consideration given to special areas such as
urban edges and the boundaries between two cities.

On the basis of urban land use, the degree of functional mixing has also received
increasing attention. The Charter of Machu Picchu states that in order to adapt to the
rapid development of cities, efforts should be made to create a comprehensive and mul-
tifunctional living environment rather than mechanically separating various functional
areas [41]. At present, researchers and planners are increasingly focusing on the compre-
hensiveness of regional functions, proposing the concept of “land use multifunction” [42].
The higher the degree of mixing in urban functional areas, the more conducive it is to urban
development [43]. The excessive concentration of single-functional areas will significantly
increase time costs, reduce regional vitality, and affect urban development. Scholars have
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summarized the entropy law of urban structure based on empirical research [44]. The
urban land use system is an ordered, dissipative structural system characterized by entropy
to indicate the degree of disorder, if any. The higher the entropy value, the lower the
orderliness of the system, and vice versa.

At present, domestic and foreign scholars have a wide range of research ideas and
methods relating to regional land use functions. Based on the gaps in the existing research,
the following prospects are proposed: Firstly, focus on areas with special characteristics, for
example, exploring spatial units of different scales and characteristics such as urban fringe
areas, cross-boundary areas, and satellite cities. Secondly, on the basis of the recognition of
land use function, further explore the characteristics and driving factors of long-term spatial
evolution. With the continuous optimization of and adjustments to regional economic
structure and the deepening of regional integration, cross-boundary regions are influenced
by multiple factors such as nature, markets, transportation, society, and administration,
and their evolutionary influencing factors are complex and intricate. The existing research
on functional zoning is often limited to a specific time, lacking analysis of the long-term
evolutionary process, and there is little further exploration of the influencing factors.
Thirdly, approach the functional characteristics of border areas from multiple macro- and
micro-perspectives. The existing research focuses more on the spatial characteristics of
large-scale boundary areas, neglecting small-scale spatial issues that would be guided
by a people-oriented approach. There is a lack of in-depth analysis of the profound
reasons behind surface problems at the microscale. Therefore, future related research
can be approached from a micro perspective, combined with a specific background and
practical analysis of the actual needs and development patterns of border areas, to provide
more practical suggestions for the research area and enhance the practical significance of
this research.

3. Study Area, Data, and Methods
3.1. Study Area

In the context of the regional integration and coordinated development of the
Guangdong–Hong Kong–Macao Greater Bay Area, China, cross-boundary regions such
as Guangzhou–Foshan and Shenzhen–Dongguan have rapidly developed, with relatively
little attention having been paid to the latter region. Shenzhen is located at 114.07◦ E,
22.62◦ N, and Dongguan is located at 113.75◦ E and 23.04◦ N. The total area of Shenzhen
is 1997.47 square kilometers, with a permanent population of 177,761,800 in 2022, while
the total area is 2542.67 square kilometers in Dongguan. By the end of 2022, Dongguan
had a permanent population of 10.437 million. Shenzhen and Dongguan have strong
complementarity and obvious integration characteristics, and they are representative of
integrated regions. With the acceleration in the construction of the Shenzhen metropolitan
area, Dongguan and Shenzhen will usher in a new era of deep integration, and the two
cities will realize all-round integration and development; they will join together to build
a pole in the global Bay Area economy, which will also become the focus of academic
attention. Therefore, this study delineates the research scope based on townships near the
administrative boundary of Shenzhen and Dongguan, including 25 towns with an area of
approximately 1547.56 square kilometers. Shenzhen includes 17 subdistricts with an area
of 577.56 square kilometers, accounting for 37.32%; Dongguan includes 8 towns with an
area of 969.99 square kilometers, accounting for 62.68% (see Figure 1).

3.2. Analytical Framework and Research Data

This study can be divided into four steps (see Figure 2): (1) identification of the
overall structural evolution of a region through night-time light data; (2) kernel density
analysis based on OSM road network and multi-year POI data (2008, 2014, 2022) to identify
the distribution and quantity changes in land use function types at different time nodes
through weighting and proportion analysis, and to explore the evolution of urban land use
function structure; (3) analysis of the distribution patterns and long-term changes of land
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use type mixing degree through functional mixing degree analysis; (4) finally, through a
combination of relevant policies and market development, analysis of the driving factors of
the evolution of spatial characteristics in cross-boundary areas. This research data include
land use data, POI data, OSM road network data, etc. (see Table 1).
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Table 1. Introduction of data.

Data Source Introduction Pretreatment

Land use data National Earth System
Science Data Center [45]

The data type is a 30 m × 30 m grid divided
into nine categories: farmland, forests, shrubs,
grasslands, water bodies, ice and snow, bare
land, impermeable surfaces, and wetlands.

Among them, impermeable surfaces refer to
surfaces covered by impermeable materials,

including surfaces with low permeability such
as building roofs, parking lots, and roads,

which can represent the level of urbanization.

Extract impermeable water bands, re
project, and crop

Night light data

National Environmental
Information Center (NCEI)
Earth Observation Group

(https://eogdata.mines.edu/
products/vnl/, (accessed on

17 March 2023))

Representing the level of regional
socio-economic development, it can reflect

social and economic factors such as population
concentration, urbanization, and

economic activity.

Based on the consistency of time
resolution, perform data correction

between DMSP-OLS data and
SNPP-VIIRS data

POIs

Gaode Map API
(https://console.amap.com/

dev/index, (accessed on
3 April 2023))

Data are real-time, dynamic, easily obtainable,
high in accuracy, and have strong practical

significance. Density analysis of various POIs
can be used to describe the distribution of
various types of land or facilities in urban

space. Commonly used POIs include multiple
categories such as residential, commercial,

public facilities, and transportation.

There is cross-duplication between the
original POI data types, resulting in

data redundancy. Therefore, the
operations of reclassifying, filtering,
and removing outliers are necessary

Road network
data

OpenStreetMap (https:
//www.openstreetmap.org,
(accessed on 3 April 2023))

As the “natural boundary” of a city, the
irregular grid units formed by the road

network are the basic units for formulating
urban planning, dividing urban

socio-economic functions, and undertaking
urban service management.

Buffer zone analysis, dual line to
single line conversion, pruning of

suspended roads, road extension, and
a series of topology corrections;

partition density calculation

This paper divides the original POI data into six categories based on the “Code for
classification of urban land use and planning standards of development land” [46], involv-
ing residential land, public service and management land, commercial and financial land,
industrial and mining storage land, transportation land, and green square land (see Table 2).

Table 2. The classification of POI.

Primary Classification Secondary Classification Three Level Classification

Residence Business residential (residential areas,
commercial-residential related)

Residential communities, villas, apartments,
dormitories, etc.

Public Service

Public facilities, science and education, cultural
services, healthcare services, government agencies

and social organizations, living services, sports,
and leisure services

Government agencies, clinics, hospitals, schools,
libraries, museums, community reading centers,

exhibition centers, nursing homes, elderly activity
centers, etc.

Commerce

Life services, commercial residential buildings,
catering, shopping, financial and insurance

services, sports and leisure services,
accommodation services, companies,

and enterprises

Supermarkets, shopping centers, restaurants,
hotels, banks, commercial office buildings,

insurance companies, consulting companies,
commercial companies, etc.

Industry Corporate enterprises, commercial-residential
(industrial parks)

Companies, enterprises, factories, science and
technology parks, industrial parks, logistics

parks, etc.

Transportation Transportation facility services Parking lots, bus stops, bus stops, service areas, etc.

Green Space Scenic spot Parks, squares, tourist attractions, etc.

Source: Classification and Planning of Urban and Rural Land Use Standard GB50137 [46] (Revised).

Topological processing was performed on the OSM road network data, isolating and
identifying each road to mark it as closed and ultimately generating 5636 road network units
for functional zoning. As the “natural boundary” of a city, the irregular grid units formed

https://eogdata.mines.edu/products/vnl/
https://eogdata.mines.edu/products/vnl/
https://console.amap.com/dev/index
https://console.amap.com/dev/index
https://www.openstreetmap.org
https://www.openstreetmap.org
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by closed road networks are the basic units for dividing urban socio-economic functional
zones, formulating urban planning, and undertaking urban operations and management.
Therefore, using the road network to divide research units has practical significance.

3.3. Research Methods
3.3.1. Identification and Conversion of Land Use Functions

(1) Kernel

The traditional partition, based on statistics of quantity proportion, is only determined
by its internal POI distribution, ignoring the influence of surrounding POIs on its recog-
nition. To reflect the diffusion effect of POIs, it is necessary to conduct nuclear density
analysis on various types of POIs and obtain their radiation results. Kernel analysis is a non-
parametric estimation and spatial analysis method for calculating the density of features in
their surrounding neighborhoods, commonly used in the study of the spatial distribution
patterns of geographic data. This method is based on the first law of geography—the closer
the relationship between items; the greater the density expansion value obtained from the
closer positions to the core elements [47]; reflecting the differences in spatial positions and
the attenuation in center strength with distance. It is suitable for the density estimation
of continuous geographical phenomena such as urban facility service impacts. Therefore,
this study utilizes kernel density analysis to achieve the spatial extension of POI category
attribute information from point to surface and to achieve the diffusion of POI facility
service impact. It uses the distance from a point within the search radius to the center point
to characterize the attenuation of the density value of that point with distance, effectively
describing the distribution density of POI data and the degree of impact of different urban
land use functions on surrounding areas. The calculation formula is as follows:

f(x) =
n

∑
i=1

1
nh

K
(

x − xi

h

)
(1)

In the formula, f(x) is the kernel density calculation function; h is the search radius
(bandwidth); x − xi is the relative distance between POI point elements x and xi; n is the
number of feature points contained within the search radius for point x; K is a kernel
function. The POI reclassification results in Table 2 are analyzed to obtain the kernel density
values for six types of POIs.

(2) Chordal graph

A chordal graph is a special type of undirected graph that can be used to display
the transitional relationships between multiple objects. Among them, the line segment
connecting any two points on a circle is called a chord, representing the mutual correlation
between the two. Chordal diagrams can reflect the quantity and flow relationship of
conversions between different types of land during the evolution of land use functions
and visually express them. The width of the chord can reflect the quantity and degree
of conversions between different land use types, and the wider the chord, the higher the
degree of conversion. This paper visualizes the evolution process of urban land use spatial
patterns in different periods using chordal diagrams. In order to eliminate the impact of
differences in a road network zoning area on the number of land uses, this paper divides
the functional areas based on a 1 km fishing net and uses it for the statistics of various
functional land use quantities.

(3) Analytic Hierarchy Process (AHP)

Due to significant differences in the number of various POIs, varying land use areas,
and the importance of buildings, it is necessary to empower them. Therefore, this paper
adopts a subjective weighting method and an analytic hierarchy process. In terms of the
number of POIs, commercial and industrial land account for a relatively large proportion,
while residential land, industrial and mining storage land, transportation land, and green
square land account for a relatively small proportion. It is assumed that POIs represent
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a larger area of residential land and green squares, while commercial land is smaller and
has a vertical distribution. In addition, from the perspective of the importance of urban
structures, residential land and public service land are relatively large areas.

Taking into account the above factors and referring to the public awareness ranking
of W. F. Zhao, various types of POIs are divided and assigned different weights based
on quantity and land area [48]. POIs with lower quantities, sparse distributions, larger
land areas, and larger service radii have relatively higher weights, while POIs with greater
quantities, dense distributions, and smaller land areas have lower weights. After multiple
revisions and debugging, various POIs were finally assigned corresponding weights:
20 for commercial and financial land, 120 for residential land, 50 for public services and
management land, 20 for industrial and mining warehousing land, 200 for green squares,
and 100 for transportation land. Finally, weighted POI data were generated. When the
category with the highest POI frequency density within a functional area unit is greater
than or equal to 40%, it is determined that the unit is a single functional area; when
the two types of POI with the highest frequency density are between 20% and −40%,
it is determined that the unit is a composite functional area; the remaining units are
comprehensive functional areas.

3.3.2. The Mixing Degree of Land Use Functions

f(X) = −
n

∑
i=1

PilogPi × B (2)

Due to the fact that land classification can only classify single land types, composite
land types, and mixed land types, it is not possible to visually determine the degree of land
mixing for various functional land types. Therefore, this paper uses the information entropy
index to represent the degree of functional mixing, where f(X) represents the entropy of the
random variable X and Pi is the probability of X taking Xi. B represents the proportion of
construction land area within the plot to the total area, used to eliminate errors caused by a
small number of POIs in some areas where ecological land is mainly used. The greater the
entropy value, the greater the uncertainty. The higher the information entropy of urban
land use structure, the higher the degree of mixing between different land types.

4. Results
4.1. Patterns of Spatial Growth in the Cross-Boundary Area

Based on night-time light data to identify the spatial growth patterns of the re-
gion, the Shenzhen–Dongguan cross-boundary area has undergone a trend of multi-core,
strip-like, and networked spatial structure evolution. Based on the point-axis theory,
transportation routes play a role in this change in spatial organization. This area is af-
fected by natural factors like obstruction by mountains, resulting in the slow process of
cross-boundary development.

(1) Dual-core-driven and peripheral synergy

In 2008, the core areas of Chang’an–Songgang–Shajing in the western part of the
region between Shenzhen and Dongguan, as well as Fenggang–Pinghu in the eastern part,
drove the development of the surrounding areas and formed a secondary core. The overall
performance is “dual core drive and peripheral coordination”.

(2) Integration of two belts, spreading towards the center

In 2012, the western and eastern regions of the region formed a cross-boundary axis
development model, driven by the “two cores” and transformed into the “two belts”
integration. The western part of Dongguan showed a diffusion-style development from
the center to the periphery, which can be summarized as “the integration of the two
belts, spreading towards the center” as a whole. Driven by policy forces, Shenzhen and
Dongguan ushered in the “double zone” era. The sense of boundary fragmentation has
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weakened, gradually forming a north-south cross-boundary expansion axis in Shenzhen
and Dongguan.

(3) Songshan Lake leads the rise in the central area

In 2016, the Shenzhen side showed a trend of horizontal expansion, while the east
and west sides drove the development of the central region, forming a balanced growth
trend. At the same time, Dalang Town on the Dongguan side formed a secondary focus for
development under the impetus of the Songshan Lake Science and Technology Industrial
Park, and the economic activities in the surrounding areas further increased, which can
be summarized as “Songshan Lake Leading, Central China Rises”. The Songshan Lake
Science and Technology Industrial Park was completed in 2001 and is located at the junction
of Dalang Town and Dalingshan in Dongguan City. It is a new engine for Dongguan’s
industrial transformation and upgrading. In order to promote the high-quality develop-
ment of the Songshan Lake industries, relevant departments have subsequently introduced
a series of industrial support policies, which have played a crucial role in the balanced
expansion and expansion of Dongguan’s economic activities and are also the main reason
for the formation of the third core economic development in the region. To the present time,
Songshan Lake has gathered numerous leading enterprises. As Songshan Lake extends
southward, the channel between Songshan Lake Science City and Shenzhen Guangming
Science City has opened, and a new round of integrated cross-boundary development
is underway in the central region, becoming a new industrial platform carrier for the
integrated development of Dongguan and Shenzhen.

(4) Network structure and region-wide balance

By 2020, Shenzhen had formed a balanced and high-speed development, while Humen
Chang’an, Dalang Dalingshan, and Tangxia Fenggang on Dongguan had become three
development clusters in the east, middle, and west, further achieving balanced growth,
which is in line with the balanced evolutionary characteristics of the regional spatial
structure of “point-axis-network” (see Figure 3) [49].
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4.2. Spatial and Temporal Dimensions of Land Use Change in the Cross-Boundary Area
4.2.1. The Proportion and Transfer of Various Types of Land Use Functions

From the overall evolution of the proportion of types of land use function, the follow-
ing significant characteristics exist (see Table 3 and Figure 4):

(1) There is a trend toward diversification and mixing of land use functions. The
quantity of mixed functional land is constantly increasing, and multiple types of single
functional land are transitioning to composite functional land and mixed functional land.
The urban functional structure is becoming increasingly complex.

(2) The trend of industrial integration is led by the service industry. The proportion
of industrial land has significant changing characteristics, specifically manifested as a
significant increase in commercial land and a trend towards stability; industrial land has
been significantly reduced, with a significant shift towards industrial and commercial
compound land, showing a trend of industrial integration. At the same time, it reflects
the transformation of the industrial form from the industrialization stage dominated by
manufacturing to the post-industrialization stage dominated by service industries.



Land 2024, 13, 161 11 of 24

(3) The trend of decentralization and the balance of service facilities. The quantity of
public service land has significantly decreased in both stages, and some has transformed
into composite land for public services and other functions. In the second stage (2014–2022),
a portion of commercial land was also transformed into composite and mixed land for
commercial and other functions, such as the TOD business model formed by commercial
transportation integration. The gradual mixing and diversification of urban land use
functions has a broad and universal demand for commercial and public service facilities,
making the layout of service facilities more dispersed and balanced.

Table 3. The statistics of land use in 2008–2022.

Land Use Type
2008 2014 2022

Quantity Percentage Quantity Percentage Quantity Percentage

Mixed land 45 0.80 269 4.78 665 11.82
Green space 29 0.52 34 0.60 44 0.78

Public Service 295 5.24 25 0.44 0 0.00
Industry 1430 25.42 12 0.21 55 0.98

Transportation 1 0.02 14 0.25 5 0.09
Residence 4 0.07 4 0.07 4 0.07
Commerce 630 11.20 2860 50.84 2710 48.18

Green-Public 16 0.28 6 0.11 0 0.00
Green-Industry 11 0.20 13 0.23 5 0.09

Green-Transportation 3 0.05 12 0.21 37 0.66
Green-Residence 11 0.20 15 0.27 2 0.04
Green-Commerce 0 0.00 0 0.00 2 0.04
Public-Industry 1254 22.29 135 2.40 3 0.05

Public-Transportation 3 0.05 122 2.17 152 2.70
Public-Residence 45 0.80 90 1.60 6 0.11
Public-Commerce 962 17.10 1076 19.13 215 3.82

Industry-Transportation 0 0.00 13 0.23 89 1.58
Industry-Residence 4 0.07 0 0.00 12 0.21
Industry-Commerce 882 15.68 482 8.57 1153 20.50

Transportation-Residence 0 0.00 123 2.19 44 0.78
Transportation-Commerce 0 0.00 320 5.69 422 7.50

Quantity refers to the number of grids of a specified type, and percentage refers to the proportion of a specified
type of grids in the total number of grids.

4.2.2. Evolution of Spatial Distribution Patterns of Various Types of Land Use Functions

(1) Evolution of the overall distribution pattern

(1) The distribution of different land use types is characterized by small agglomerations
and wide dispersion. That is to say, specific types of land will cluster into specific functional
areas within a small area, but for the overall space, the distribution of various functional
types is relatively scattered. The dispersion of layout tends to strengthen over time. (2) The
area of space used for mixed functions has significantly increased, and the layout tends
to be balanced. (3) In terms of daily life, there are fewer zoning units with residential
functions as the sole function, and the residential functions are often integrated with other
functional layouts. (4) From 2008 to 2022, the number of green spaces has been continuously
increasing, and the number of green POIs in non-construction areas has increased (see
Figure 5).

(2) Evolution of industrial distribution patterns

Due to the importance of industrial land use in the interaction and integration of land
use functions in Shenzhen and Dongguan, the spatial pattern of industrial land use will be
analyzed separately, as follows:

(1) Commercial land is laid out in areas with dense road networks, showing a trend
from small-scale clustering to continuous spreading across boundaries. In 2008, commercial
land was concentrated in towns or subdistricts within the cities of Shenzhen and Dong-
guan, with a scattered overall pattern. The year 2014 saw an outward expansion of the
centralized layout, and a trend of cross-administrative distribution within the city limits
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began to emerge, such as in Shajing, Xinqiao, and Fuhai in Shenzhen. By 2022, the conti-
nuity of commercial functions had increased, and commercial land had expanded across
administrative boundaries within the municipal area. Additionally, there is an increase in
commercial land at the boundary between the two cities, which indicates, to some extent,
the integration of the two cities. In the west, there is no significant change in commercial
land, showing a localized expansion or contraction, while the expansion in the eastern
region is more significant.

(2) The contraction of industrial land shows a trend from contiguous layout to sporadic
distribution. In 2008, a large area was concentrated at the junction of two cities and Qingxi
Town. In 2014, it was sporadically laid out, and then, in 2022, it was concentrated on a
small scale. There is basically no single type of industrial land.
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(3) Correspondingly, there is the layout of industrial and commercial composite land.
In 2014, industrial and commercial composite land was widely distributed at the junction
of Shenzhen and Dongguan, including Dalingshan, Yanluo, Dalang, Xinhu, Huangjiang,
etc. By 2022, the industrial and commercial composite land will be further expanded,
mainly along the Dalingshan–Yanluo–Dalang–Xinhu–Huangjiang area, and the layout at
the boundaries will be more intensive and continuous, forming an industrial integration
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belt. From the perspective of the development of industrial land on the boundary, under
the influence of market-oriented factors and government guidance, the two cities have
gradually broken the mindset of existing administrative region development, become
more open, inclusive, and mutually beneficial, strengthened the flow of regional resource
elements and industrial transfer, reshuffled, and promoted the development of cross-
boundary regions. The Shajing and Songgang Subdistricts in Bao’an District, the Guanlan,
Guanhu, and Pinghu Subdistricts in Longhua District on the Shenzhen side, as well as
Chang’an Town, Tangxia Town, and Fenggang Town on the Dongguan side, have formed a
continuous cross-boundary enterprise cluster. The Songshan Lake area in Dongguan has
formed an enterprise cluster located on one side of the boundary (see Figure 6).
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To summarize, around 2008, due to the influence of land rent levels, commercial
land in the cross-boundary area was distributed in dots and clustered in the center of
subdistrict units, while industrial land was clustered in patches. With the expansion in
population activities from the city center to the periphery, the saturation of land use, and
the increase in land prices, commercial land began to appear in a new pattern of linear
and patchy distribution, and it began to cross the administrative boundaries among cities.
The industrial land was transformed into scattered industrial-commercial composite land.
By 2022, a relatively balanced distribution pattern had formed, and the boundary effect
tended to be less obvious. Regardless of topographical factors in the central region, both
commercial and mixed-use land show linear or contiguous spatial patterns (see Figure 7).
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4.2.3. Mixing Degrees of Land Use Functions

The mixing of land use functions is an important way of promoting the intensive and
efficient use of land resources, strengthening spatial sharing and vitality, and optimizing
spatial functional structure. The mixed functional use of land in cross-boundary areas
indicates the interconnection and integration of spatial and functional structures between
the two regions. Through the analysis of the mixing degree of land use functions, it was
found that the mixing degree is relatively high at the boundary of the Chang’an–Shajing–
Songgang area, and the functional structure is relatively complete, which is conducive
to attracting an employable population; the mixed land use in the Tangxia–Fenggang–
Guanlan–Pinghu area is relatively low, indicating an almost singular type of function.
From the long-term evolution, it can be seen that the overall land use mixing degree
has significantly improved from 2008 to 2014; meanwhile, from 2014 to 2022, the mixing
degree on the Shenzhen side has mainly increased, and there has been a certain degree of
weakening on the Dongguan side (see Figure 8).

The degree of functional mix of land use is closely related to the density of population
and economic activities, the connectivity of transportation networks, as well as forming
the basis of regional development and policy guidance. To a certain extent, the higher the
mixing degree of land use types, the stronger the concentration of population and economic
factors, and the closer the interaction between the two cities.

4.3. An Analysis of Factors Influencing the Functional Pattern of Land Use

The characteristics of urban land use in cross-boundary regions are complex and in a
state of dynamic change. This complexity and dynamism are the result of the interaction
and joint influence of various human and land factors. This paper analyzes the factors
influencing the formation and evolution of land use patterns through relevant policies,
economic and industrial factors, transport and population factors, and ecological factors.

4.3.1. Policy Guidance

(1) Multi-functional mixing of various types of land use

Under the requirements of relevant policies, the functions of regional land use are
showing a diversified trend (see Table 4). Under the background of the Guangdong–Hong
Kong–Macao Greater Bay Area actively exploring the integration of production, urbaniza-
tion, and industries, the mixed model of land function is gradually replacing the single
model. In addition to the requirement of mixed land use types, the Guangdong–Hong
Kong–Macao Greater Bay Area and municipalities have actively explored the construc-
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tion of livable, business-friendly, and tourism-friendly living circles in recent years. The
practice of concepts such as N-minute living circles and community quality living circles
has deepened the degree of mixing of land use types, and the mixed layout of residential
land, commercial service land, public service land, etc. has provided residents with more
balanced and convenient services. Therefore, the proportions and areas of comprehensive
functional types of land in the region are increasing year by year, and the layout of commer-
cial services, public services, green squares, transportation facilities, and other land is more
dispersed and balanced, in line with the urban development policy requirements of land
use composite utilization, industrial city integration, and the construction requirements of
community living circles under the people-oriented orientation.
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Table 4. Relevant policy guidance for the mixing of various types of land use.

Policy Unit Year Main Content

National Plan on New
Urbanization (2014–2020)

The Central Committee of
the Communist Party of

China (CPC) and the State
Council

2014

Strengthen the transformation of urban functions in
existing development zones and promote the

transformation from single production functions to
comprehensive urban functions.

Several Opinions on Further
Strengthening the Management of
Urban Planning and Construction

2016 Create a convenient and fast lifestyle circle.

Several Opinions on Expanding
and Optimizing Urban

Development Space and
Accelerating the Promotion of

High-Quality Development

The People’s Government
of Dongguan Municipality 2019

Encourage a moderate increase in land development
intensity and mixed and three-dimensional

composite utilization of land use; accelerate the
improvement of the implementation mechanism for
mixed land use; encourage the mixed use of public

management and service facility land, transportation
facility land, urban green space, and various types of

land; and support the allocation of a certain
proportion of commercial office, supporting

residential and public service facility land for new
industrial land (M0).

Shenzhen Territorial Spatial
Masterplan (2020–2035)

Shenzhen Planning and
Natural Resources Bureau 2021

Promote the three-dimensional development and
utilization of cities and the mixing of functions; build

diverse urban complexes; promote the
comprehensive development of TOD models;

encourage the integration of building functions; and
stimulate the vitality of production and living spaces.

The 14th Five-Year Plan for the
Protection and Development of
Territorial Spatial Planning in

Shenzhen Municipality

The People’s Government
of Shenzhen Municipality 2022

Encourage the integration of building functions,
create a diverse, convenient, and compact space that

integrates businesses and offices, education and
research, public services, cultural and entertainment
functions, and stimulate the vitality of urban life and

production space.

Source: Government documents [50–54].

(2) Integration of industrial land use

Against the backdrop of the transformation and upgrading of traditional industries
and the innovative development of emerging industries, the demand for land use has
changed, showing a shift from the horizontal industrial flat layout to the vertical industrial
three-dimensional layout, as well as a shift from a single independent functional structure
to a mixed interactive functional space. Among these changes, relevant policies propose
requirements for the integration of industries, especially secondary and tertiary industries.
To be more specific, it is recommended to increase the supply of mixed industry land and
further strengthen the layout of industrial land, guiding the aggregation and layout of
high-quality resources and major projects [55]. For example, the relevant policy positioning
of Humen Town is as a convergence center of both modern services and advanced manu-
facturing. Promoted by the policy, Humen Town is actively exploring the integration of
the second and third industries, specifically including the construction of industrial R&D,
exhibition, and marketing centers, as well as creating a modern industry cluster involving
headquarters’ economy, R&D, design, and business exhibitions.

4.3.2. Economic Factors

Economic factors are the main factors influencing the differentiation of urban func-
tional areas. Market-oriented forces promote the reorganization of the layout of industrial
land in the two cities. Since 1980, Shenzhen has entered a period of industrial transforma-
tion and upgrading, and some production capacity has begun to shift to Dongguan. During
this period, the level of land rent influenced the pattern of land use in the fringe areas of the
two cities. The main factors affecting the level of land rent are proximity to the city center
and accessibility; therefore, the level of land rents at the edge of Dongguan city are suitable
for the layout of industrial land in a large area. The two cities were initially linked thanks
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to spatial proximity and low-cost, unsaturated land in the fringe areas of Dongguan, which
can be called “hinterlandization”. After the 2008 financial crisis, the general commercial
service industry gathered on the outskirts of Shenzhen, and the manufacturing space
showed a trend of overflowing to Dongguan. Therefore, since 2008, most of the land with
industrial attributes has been located in Dongguan or at the boundary between Shenzhen
and Dongguan. According to the relevant data from the enterprise database, the spatial
agglomeration degree of wholesale and retail industries and manufacturing industries
at the Shenzhen–Dongguan boundary is relatively high, reflecting the overall industrial
attributes of the Shenzhen–Dongguan cross-boundary region as a manufacturing base. The
clustering level of general service industry enterprises on the Dongguan side is still lower
than that on the Shenzhen side, while the clustering level of manufacturing industry on the
Dongguan side of the boundary area is higher than that on the Shenzhen side.

Since 2014, Dongguan has accelerated its efforts to absorb the spillover of Shenzhen’s
industries. Due to the larger scale of forward and backward production cooperation among
enterprises in Shenzhen and Dongguan, they have chosen similar locations, leading to the
phenomenon of spatial agglomeration of enterprises, especially among manufacturing,
wholesale and retail, information transmission, scientific research, technical services, real
estate, and other enterprises. As a result, an increasing number of mixed business models
have emerged. Additionally, the working population tends to prefer more diverse, flexible,
and free functional spaces, such as production and life. Leading companies such as Huawei,
OPPO, VIVO, and BYD will stimulate cross-boundary areas as important employment
opportunities that provide a large number of high-quality jobs and attract talent resources,
as well as economically fertile soil for cultivating upstream- and downstream-related in-
dustries. The cross-boundary employment residential clusters and industrial ecological
communities formed around these leading enterprises, such as large real estate compa-
nies like Country Garden, China Resources, Vanke, Poly, Jindi, and Rongchuang, will
be constructed in Songshan Lake or surrounding towns, thereby transforming industrial
land into composite land that integrates industrial, commercial, residential, and public
service functions, forming a new regional spatial landscape. Driven by market forces, it
shows that (1) there is a shift from industrial to service industries; (2) there is a gradual
boundary-breaking expansion of commercial land; and (3) mixed industrial-commercial
land replaces industrial land, mostly distributed on the Dongguan side.

4.3.3. Transportation and Population Factors

The optimization of the transportation infrastructure promotes the compact develop-
ment of various types of functional land in the region. The opening of intercity railroads,
highways, bridges, subways, and other transportation routes has strengthened inter-city
links, reinforced the degree of integration of the fringe districts of the two regions, and laid
the foundation for the cross-boundary development of various types of functional land.
The construction of large-scale transportation facilities improves the accessibility of the
areas along the routes, thus driving the development of these areas and influencing the
functional organization of land use in the region. After the opening of major transportation
arteries on both the east and west sides of the region, Chang’an, Tangxia, Huangjiang, and
Qingxi in Dongguan City have become places for Shenzhen staff to live. The “tidal wave”
of migration between Shenzhen and Dongguan has resulted in greater land space and
demand for commercial and public services.

As population growth and mobility drive the demand for a range of socio-economic
activities such as employment, consumption, housing, travel, and so on, population density
influences the number, size, and layout of employment- and service-related land. With
the demarginalization of the region, the population and economic activities are gradually
spreading from the city center to the cross-boundary regions and are mainly distributed in
the cross-boundary clusters on the east and west sides. This has led to the transformation
of large areas of industrial land into scattered industrial-commercial land, and the original
small clusters of commercial land have begun to spread.
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4.3.4. Ecological Factors

Dongguan is characterized by high terrain in the southeast and low terrain in the
northwest, with many mountains in the south, especially in the southeast, including
Huangqi Mountain, Daling Mountain, Daping Roach, and Yinbashan Mountain. The
mountains are huge, deeply divided, and concentrated into pieces, with large undulations
and elevations of 200 to 600 m, which to a large extent block the functional connection
between the east and west sides of the region’s land use. The higher elevations throughout
the central part of the region act as a barrier to development between east and west. That is
why the central part of the region has little and fragmented built-up land and has a low
functional mix.

5. Discussion
5.1. Exploration of Research Findings and Contributions

The integration and functional agglomeration of cross-boundary urban spaces has
long been a concern of geography [56]. The concepts of Satellite City, Twin City [57], Sister
City [58], Cross-border Regional Production System [59], Binational City [60], etc. are all
manifested as special cross-border regions. The topic of land use functions in cross-border
areas can be divided into multiple scales, including the national scale and the regional
scale. Among them, there has been more discussion on the former. Many studies focus
on the natural cover of such areas, for example, exploring land cover or ecological land
use transitions in shared regions along the borders of the United States and Canada [61,62].
Land use in cross-border regions depends on the overall geopolitical situation and political
relationships between countries, which is the most striking difference from cross-boundary
regions on the regional scale [21]. On a regional scale, scholars have studied urban land use
and functional division in different cross-boundary regions. In the cross-boundary region
of Hong Kong and the hinterland, Guangdong Province, the importance of cooperation on
land use is emphasized. As the economy in Hong Kong transforms into high-value-added
manufacturing and advanced productive services, its labor-intensive and space-intensive
industries are moving to its adjacent hinterland [63]. This situation is similar to the early
allocation of industrial land in Shenzhen and Dongguan. The Tongzhou–Wuqing–Langfang
(TWL) region, located at the intersection of Beijing, Tianjin, and Hebei in China, is a
complex system. The dynamic of land use changes in this region is influenced by factors
involving the market economy, national policies, population migration, and infrastructure
development, and on top of that, administrative boundaries also have an impact on regional
land use [64]. Compared with Beijing–Tianjin–Hebei, the cross-boundary regions in the
Pearl River Delta region experience less influence from administrative boundaries; thus,
the development is more likely to be driven by market factors. In the Pearl River Delta
region, the spatial evolution of the cross-boundary areas between Guangzhou and Foshan
has received extensive attention from scholars [65,66], and the content of this research has
become relatively mature compared to Shenzhen and Dongguan. Due to the relatively flat
topography of the Guangzhou–Foshan boundary, more commercial areas and ancillary
facilities were built on both sides of the Guangzhou–Foshan city boundary [67], while there
is a stronger limitation imposed by natural factors in the Shenzhen–Dongguan region.

According to the theory of spatial interaction, the complementarity of two cities is one
of the basic conditions for the formation of spatial interactions and interdependences [68].
There are strong functional complementarities between Shenzhen and Dongguan, especially
in industrial development, thus forming a natural cross-boundary space of interdependence
between the two. Unlike a single administrative region, the evolution of space and function
in cross-boundary areas is the result of a combination of market factor flows, social integra-
tion, natural obstacles, and administrative control, making their spatial characteristics more
complex. The cross-boundary area of Shenzhen and Dongguan is subject to the double
barriers of natural and administrative boundaries. On the one hand, the boundary between
the two cities is located in a mountainous area with a large proportion of ecological land,
which creates a certain barrier to cross-boundary development; on the other hand, there are
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differences in the administrative systems and policy mechanisms of the two cities, which
also create barriers.

In this study, we synthesized multiple sources of data and analysis methods to com-
prehensively and objectively present the spatial structure and characteristics of urban land
use functions in the cross-boundary area of Shenzhen and Dongguan. On the one hand,
this study conforms to the research trend of scholars on cross-boundary regions, provides
certain supplements for the relevant research fields of the Shenzhen metropolitan area,
and enriches the existing regional spatial research of the Guangdong–Hong Kong–Macao
Greater Bay Area. On the other hand, it provides a relatively complete research approach
for exploring regional spatial characteristics, integrating and enriching the current research
models for spatial characteristics. The selection of research units is in line with the current
trend of domestic scholars shifting from large-scale to refined-scale exploration. Through
a series of explorations and analyses, the evolution of the spatial pattern of land use and
its influencing factors in the current cross-boundary areas of Shenzhen and Dongguan
can be identified, which is helpful for proposing development suggestions and improving
relevant policies in the future.

5.2. Future Development Orientation of the Region

In terms of planning and management, scholars have suggested that there are “trans-
border spillovers” in the transboundary areas of the United States and Mexico and that
land use decisions are therefore important. It is argued that strengthening cross-border
planning and coordination requires decentralization, for example, through encouraging
the emergence of more transboundary planning bodies [22].

In 2019, the “Development Plan for the Guangdong–Hong Kong–Macao Greater Bay
Area” was promulgated, which called for Shenzhen and Dongguan to create a new pat-
tern of deep integration [69]. With the acceleration of the construction of the Shenzhen
metropolitan area, Dongguan and Shenzhen will usher in a new era of significant integra-
tion, and the two places will join hands to become a pole in the global bay area economy,
so the discussion of their cross-boundary regions has become important. In the future, the
cross-boundary areas of Shenzhen and Dongguan should follow the following develop-
ment trends: (1) Adapt to the compact development of urban land, enhance the integration
of land functions on both sides, deepen integration, and form an interlocking pattern.
In addition, appropriately intervene in government efforts to strengthen the hard and
soft connectivity between the two regions. (2) Mixed land is gradually replacing various
types of single functional land, and the structure of urban land is becoming more complex
and diverse. With the mutual growth in employment and residential land in the region,
the consumer service needs of residents are gradually diversified. To meet the growing
demand for daily life, land for commercial services, public services, transportation facilities,
and other purposes will be further homogenized and decentralized. On the other hand,
improving the functional complexity and three-dimensional layout of land use greatly
enhances land use efficiency. (3) With the mixing of industrial land and the increasing
demand for new industrial land, relevant industrial enterprises should focus on upgrading
their internal industrial structure, reducing environmental pollution such as air and noise,
and transforming and upgrading towards high-tech and innovative industries. (4) Some
scholars have cited borders as an advantage for cross-border regional development. Bor-
ders offer great opportunities for resource development and urban growth. Both sides
of the border share a common hinterland, and their inhabitants have a common sense of
belonging [70]. The cross-boundary region of Shenzhen and Dongguan can be managed as
a unified unit for land management, with the establishment of a separate cross-boundary
agency and the decentralization of some powers. On the one hand, it should take into
account the development strategies of the two cities, and on the other hand, it should be
adapted to the future development direction of the cross-boundary region. (5) From the
point of view of the development differences between Dongguan and Shenzhen, the current
spatial structure on the Dongguan side is still driven by the support from the core cluster,
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relying on the integration of material space and industrial and economic space with the
Shenzhen side, and has not yet formed its own networked structure. In terms of industrial
structure, it is relatively loose and unsystematic, and its own industrial development relies
more on the Songshan Lake Industrial Park. The Outline of the Medium and Long Term
Development Plan for Dongguan’s Modern Industrial System (2020–2035) states that Dong-
guan lacks high-quality industrial clusters, and currently only the Songshan Lake high-tech
Zone has formed an initial scale of innovative industrial clusters. The reason for this is
the homogenization and dispersion of urban space layout and the difficulty of integrating
land resources. Therefore, in the future, cross-boundary regions should mobilize more
initiatives from Dongguan, integrate high-quality resources, and establish connections
with Shenzhen.

5.3. Limitation

There are still deficiencies in this study; for example, the determination of the weights
of various POIs is somewhat subjective. In the future, POI data can be combined with
the remote sensing identification of building units to assign area attributes to POIs and
quantitatively assign weights to areas. In addition, the exploration of influencing factors
can be further combined with suitable quantitative methods in the future to consider more
comprehensive influencing mechanisms.

6. Conclusions

Based on multi-source data and from the perspective of evolution, the spatial and
functional characteristics of the cross-boundary area in Shenzhen and Dongguan were
analyzed and concluded as follows:

(1) The intensity of economic activities in the cross-boundary region spreads from
Shenzhen to Dongguan and gradually transitions from the west to the east, with a spatial
structure gradually presenting multi-core, axial, and networked development. As the cen-
tral region is subject to natural conditions, integrative development is slow. The connection
between Songshan Lake Science City and Guangming Science City in Shenzhen will drive
a new round of cross-boundary integration development in the central region.

(2) The land use functions are gradually showing a trend of diversification, mixing, and
dispersion, with a significant increase in mixed-function land. The layout of commercial
services, public services, green squares, transportation facilities, and other land uses is
more dispersed and balanced, in line with urban development policies such as composite
utilization of land uses, integration of industrial and residential land, and the construction
of community living circles under the people-centered orientation.

(3) The layout of industrial land is characterized by the cross-boundary expansion of
commercial land and the transformation from large-scale industrial land into
industrial–commercial composite land, whose concentration is at the edge of two cities.
This evolutionary trend is a reflection of the integration of the secondary and tertiary
industries, in line with the needs of new industrial land use (M0) and industrial integration.

(4) The mixing degree of land use functions in cross-boundary areas has improved
as a whole, with a higher mixing degree and a more complete functional structure in the
Chang’an–Shajing–Songgang area, while the mixed land use in the Tangxia–Fenggang–
Guanlan–Pinghu area is relatively low, indicating an almost singular type of land use.

(5) The Shenzhen–Dongguan cross-boundary region is a complex system influenced
by factors involving the market economy, policy guidance, population migration, infras-
tructure development, and ecology.
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