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The urban integration of metropolitan areas is an important embodiment of the

high-quality development of urban agglomerations. Using the data of

2012–2020 NPP-VIIRS night light, social economy, OSM, and Baidu migration,

etc., we explore the characteristics of Guangzhou-Qingyuan’s urban integration

from four dimensions, such as economic development, industrial structure,

transportation facilities, and public services using the methods such as

geographical information method, commodity urban integration index,

industrial structure similarity index, etc. The research results are as follows:

The spatial pattern of economic development in the Guangzhou-Qingyuan

differs greatly, but with the advancement of the integration process, regional

economic exchanges have been enhanced; the commodity urban integration

index is on the increase, the degreeofmarket segmentation is gradually shrinking,

and the level of commoditymarket urban integration is constantly improving. The

industrial integration of the Guang-Qing area has an obvious effect. Although the

index of similarity of industrial structure is high, there is a trend of gradual

convergence and coordination; the leading industries are not the same, and

the industrial demands are complementary to realize the coordinated

development of the industry. The trend of the transportation urban integration

in Guangzhou-Qingyuan is obvious, and the road network develops rapidly, but

the travel time between the two cities is still relatively long. The transportation

accessibility presents a circle-layer structure on thewhole, and the transportation

accessibility at the boundary area between the two cities has been greatly

improved. Due to the close links between the historical foundation and social

culture, inter-city people flow frequently, the public service facilities in

Guangzhou-Qingyuan show an obvious trend of urban integration, but the

relevant infrastructure needs to be improved urgently.
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1 Introduction

With the rapid development of economic globalization and

urban integration, the attraction between cities has been

continuously strengthened, and the ability of the central city

to radiate and drive the surrounding cities and the ability to

interact with each other has become increasingly obvious (Yin,

2016). In 2020, the National Development and Reform

Commission of China proposed to focus on promoting the

urban integration of metropolitan areas and promoting the

high-quality development of urban-rural integration. The

development status of urban integration in the metropolitan

area is the highest form of regional integration (Song, 2021), and

it is a new form of spatial clustering in the development of urban

agglomerations. High-quality development of the metropolitan

area has become an important part of China’s national strategy

and spatial layout (Fu et al., 2020). The Metropolitan area is an

important node in the construction of urban agglomerations in

China, which plays an important role in amplifying the radiation

power of core cities in urban agglomerations, breaking through

the constraints of administrative boundaries, and realizing

regional integration and development (Zhang and Lin, 2019).

Currently, metropolitan area research focuses on the concept

connotation, development characteristics, and mode. In terms of

concept analysis, it is mainly divided into central cities and

peripheral areas. For example, metropolitan areas in the

United States and Japan are defined by the daily round-trip

commuting time and scope between central and peripheral cities

(Beaverstock et al., 1999). By contrast, in China, the concept of

the metropolitan area is based on the division standard of

peripheral areas, which mainly refers to the urban integration

space form within the urban agglomeration, which is centered on

super-large, extra-large cities or large cities with strong radiation

and driving ability and with a radius of 1-h commuting circle

(Sun and Song, 2021). In terms of development characteristics,

the existing studies mainly focus on the analysis of the urban

integration of metropolitan areas, urban integration, and urban

agglomeration (Jean, 1957), and propose the concepts of Twin

City, Sister City, Bi-National City, and Twin Track Cities, etc.

(Turok and Bailey, 2004; Clarke, 2009). They emphasize the

cultural exchanges and cross-border trade links in the

metropolitan area (Ramasamy and Cremer, 1998), highlight

regional residents’ awareness of self-identity (Ehlers, 2001),

and fully reflect cities’ social cohesion and competitiveness.

They also use the night light image (SNPP/VIIRS) (Zheng

et al., 2020), floating population (Takanori et al., 2016), and

other methods to study the measurement and characteristics of

urban integration. In terms of development mode, the

construction of foreign metropolitan areas (Tokyo

metropolitan area, Paris metropolitan area, New York

metropolitan area, London metropolitan area) mostly relies on

scientific development planning, convenient transportation

facilities, good administrative coordination mechanism, and

perfect industrial coordination development to strengthen the

elastic development and scale effect of the metropolitan area

(Wang and Zhang, 2016; Francisco et al., 2021). In general,

researchers have made extensive theoretical and empirical

research on the spatial structure, growth process, influence

effect, gradient model, development stage, and governance

construction of metropolitan areas (Beaverstock et al., 1999;

Zhang, 2003; Chen, 2018; Zhang, 2018; Francisco et al., 2021).

However, there are still many problems to be solved, such as the

administrative barriers in the metropolitan area inhibit the

rational distribution of resources, the economic effects of

urban agglomerations have not yet fully manifested, the inter-

regional coordinated development faces institutional obstacles,

and the human and social elements and ecological construction

are not considered (Sun and Li, 2017; Li et al., 2022).

Due to the urban and cross-border issues brought about by

the expansion of cities, the implementation of urban integration

has emerged at a historic moment and has become an advanced

form of current regional cooperation. The problem of urban

integration in the metropolitan area has attracted increasing

attention, and the understanding of urban integration is also

deepening (Xu, 2009). At present, the main focus in this field is

the concept of connotation, spatial form, type division, dynamic

mode, and mode selection of urban integration (Turok and

Bailey, 2004; Xu et al., 2014). Sang et al. believe that urban

integration is the integration of regional space, economy, and

institutions after the close economic and social connections

between two or more cities with close geographical proximity,

similar cultural history, and complementary development of

industrial structures (Sang et al., 2009). At the same time,

they deeply analyze the concept connotation of urban

integration from different perspectives. The research

perspective of social culture pays attention to the connection

between urban culture and trade and believes that the residents of

the cities have the same culture, which is easier for cultural

identification. Through city construction, the feeling of living in

urban integration can be achieved, have a common sense of

community (Xie and Liu, 2009). Scholars in the economic field

put more emphasis on urban regional economic cooperation and

exchanges, and believe that the research on urban integration

should focus on overcoming the disadvantages of the

administrative regional economy to eliminate administrative

barriers and achieve the free flow of various production

factors and commodities. In terms of institution and

management perspectives, they emphasize the characteristics

of institutions and politics and highlight the sense of regional

common identity. However, the characteristics of urban

proximity, cross-border and integrated development have

become a consensus (Xing, 2007; Zeng et al., 2012). In recent

years, increasing attention has been paid to the process of urban

integration, measurement and development measures in the

metropolitan area (Ma and Dou, 2018; Geng et al., 2022). In

terms of the dynamic mechanism of urban integration, it is
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widely believed that the breaking of regional administrative

boundaries, regional economic cooperation, smooth

infrastructure, organizational structure, and institutional

cooperation are the main factors that promote the process of

urban integration (Li et al., 2010). In terms of type division, the

types of urban integration are divided based on the relationship

between administrative divisions, spatial integration,

administrative management, organizational management, and

scale reconstruction. In the aspect of spatial development mode,

the land use conditions and spatial development strategies in the

intermediate zone are highlighted, such as the co-build new city

mode, the distributed grouping mode, and the ecological green

core + satellite town mode (Duan and Liu, 2012). In terms of

coordination management, the commonly-used models include

the cross-administrative council model, the local government

head consultation model, the higher-level government

dispatched agency model, and the joint party committee

model (Wu, 2014). In general, urban integration is not limited

by urban administrative divisions, and it realizes the rational

allocation of resources and elements, the equalization of public

services and infrastructure levels, and the integrated development

of marketization and efficient circulation (Chen et al., 2022).

Researchers have analyzed regional planning, population

distribution, infrastructure and tourism development, etc.

under the background of urban integration (Peng and Qu,

2011; Li et al., 2016a). The development process of urban

integration is mainly investigated by constructing a

measurement index system, and the indexes include

transportation accessibility, inter-city flow of people, industrial

structure similarity coefficient, and location entropy (Du and

Zhou, 2021; Shen et al., 2021). In terms of the development mode

and measures of urban integration in the metropolitan area,

China mainly adopts the following measures such as

transportation integration, information platform sharing,

industrial chain integration, policy and system docking,

resource connectivity, dislocation development, and ecological

co-construction, and have achieved good results (Duan and Liu,

2012; Fang, 2020). It is worth mentioning that the management

of the ecological environment is also the focus of the

metropolitan area study. It is worth mentioning that the

management of the ecological environment is also the focus of

metropolitan area research (Ali Talib et al., 2022). Scholars have

studied the relationship between urbanization and the ecological

environment from different methods and quantitative models,

and have provided development suggestions for green and low-

carbon transition development of cities in the context of carbon

emission and carbon neutrality (Fan et al., 2020; Hashmi et al.,

2021). To sum up, the research on metropolitan areas mainly

focuses on spatial connection, urban development, spatial form,

etc. A large number of theoretical achievements and typical

studies have been accumulated in the formation

characteristics, comprehensive measurement, and development

strategies of the metropolitan area, laying a solid foundation for

subsequent research. However, the methods and data for the

comprehensive measurement of urban integration in the

metropolitan area are relatively few, which affects the

reliability of the research results to a certain extent. Currently,

it has become an important research paradigm to conduct

research on urban integration in the metropolitan area from

multiple data and multi-dimensional perspectives.

The Guangzhou metropolitan area is an important spatial

organization in the regional economic development of

Guangdong Province. At present, the Guangzhou-Foshan

urban integration has made great breakthroughs, but there are

still great challenges in urban integration and coordinated

development within the Guangzhou metropolitan area (Li

et al., 2016b). In December 2021, the 14th Five-Year

Development Plan for the Integration of Guangzhou and

Qingyuan (Draft for Public Comments) was released. The Plan

points out that the integrated development of Guangzhou and

Qingyuan will find a new path for the Guangdong-Hong Kong-

Macao Greater Bay Area to radiate and drive the development of

the eastern and northwestern regions of Guangdong, formulating

the Guangzhou-Qingyuan Experience in the coordinated

development of urban and rural areas in the new era, and

helping to promote the urban-rural integration and high-

quality development in the Guangzhou metropolitan area.

Based on this, this paper first reviews the literature on urban

integration and metropolitan area at domestic and abroad, and

these lay the theoretical foundation for this paper. At the same

time, using multi-source data (night lighting data, industrial and

economic data, road network data, and population migration

data), to explore the spatial characteristics, problems, and

development countermeasures of Guangzhou-Qingyuan urban

integration in four dimensions: economy, industry, traffic, and

public services. This research aims to promote the regional

division of labor and the combination of elements in the

Guangzhou-Qingyuan area and form the coordinated

development pattern of function-industry-population-public

services of the metropolitan area, to expand the theories

related to urban geography and regional economics, and

promote cross-sectional studies of metropolitan areas. The

research results provide a reference for the urban integration

and high-quality development of the metropolitan area in China.

2 Study area and data sources

2.1 Study area

Guangzhou metropolitan area with Guangzhou as the central

city and Foshan as the auxiliary city, which together play the role

of the core city, leading the radiation of four cities, namely

Zhaoqing, Qingyuan, Shaoguan, and Yunfu, to create make it

a metropolitan area city group with global influence. The total

area of the Guangzhou metropolitan area is about 71,573 square
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kilometers, accounting for 39.82% of Guangdong Province; the

real GDP in 2019 is about 405.67 billion, accounting for 37.68%

of Guangdong Province, ranking fourth in the national

metropolitan area; the resident population is approximately

3,71,13,200, accounting for 32.21% of the province. As shown

in Figure 1, Guangzhou is the central city of the Guangzhou

metropolitan area. At the same time, Qingyuan is another

neighboring city in the metropolitan area besides Foshan,

which cooperates closely with Guangzhou. The rapid

economic development of Guangzhou also drives the growth

of Qingyuan. It is essential to speed up the co-creation of

Guangzhou and Qingyuan so that Qingyuan can quickly

integrate into the Guangzhou metropolitan area.

2.2 Data sources

The night light data comes from the National Center for

Environmental Information (NCEI) under the National Oceanic

and Atmospheric Administration (NOAA), and the data is

downloaded and classified by month. The consumer price

index (CPI) comes from the price categories in the

2016–2020 Guangdong Statistical Yearbook by the Statistics

Bureau of Guangdong Province, covering eight categories of

residential living consumption. The three major industrial

value-added data come from the official website of the

People’s Government of Guangdong Province, the Statistical

Bulletin of the National Economic and Social Development of

Guangzhou City, and the Statistical Bulletin of the National

Economic and Social Development of Qingyuan. OSM data

come from the official website of OpenStreetMap, which is

free to download by year. Vector road network (line) and

county (surface) elements are respectively converted into

raster data with a size of 1,000 m. Baidu migration data comes

from the Baidu migration platform in the eyes of Baidu Maps

(https://qianxi.baidu.com/#/) (accessed on 31 December 2021).

3 Methods

With integration as a goal-oriented approach, it can help

cities break down administrative barriers, optimize the

infrastructure of metropolitan areas, enhance internal

communication and division of labor, and thus improve the

operational efficiency of cities. The essence of integration is to

form a development community. However, the study of the level

measurement and development process of integration is very

comprehensive and complex. In this study, we mainly refer to the

relevant literature (Ma and Dou, 2018; Fu et al., 2020; Cai, 2021;

Geng et al., 2022), based on the theories of regional division of

FIGURE 1
Study area.
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labor, core-peripheral theory, and spatial interaction, and use

multi-data to explore the actual process, spatial characteristics,

and development effectiveness of Guangzhou-Qingyuan

integration from four aspects of economic dimension,

industrial dimension, transportation dimension, and public

services dimension. Economic integration reflects the degree

of agglomeration, economic connection, and market exchange

of economic activities between cities; industrial structure

integration mainly reflects the difference of industrial

structure and agglomeration development effect between cities

in the region; transportation integration mainly reflects the

degree of development and accessibility of transportation

infrastructure between cities; the public service integration

mainly reflects the degree of sharing of public service

undertakings and public recognition in the region. Figure 2

shows the framework and methodology of this study.

3.1 Economic dimension

3.1.1 NPP-VIIRS night light data
Compared with ordinary remote sensing satellite images,

night light data can more intuitively reflect the aggregation of

human economic activities, the level of regional economic

development, and the concentration and distribution of the

population by using surface light intensity information

(Zhang et al., 2021), which can also reflect the development

and integration trend between cities in time and space. The

commonly-used light data are DMSP/OLS, NPP-VIIRS, and

Luojia-1 satellite images. DMSP/OLS and NPP-VIIRS are all

released by the US NOAA. Luojia-1 was launched by a

research team from Wuhan University in 2018 (Cai, 2021).

The night light data of DMSP/OLS is widely used, but its data

are poorly comparable between different years, and the pre-

processing is cumbersome. However, the NPP-VIIRS night

light data produced in 2011 has been relatively improved in

terms of time continuity, spatio-temporal, and radiation

resolution (Chen et al., 2019). Given the handleability,

availability, and timeliness of the data, the longitudinal

comparison period of the study is long, so this paper

selects the NPP-VIIRS night remote sensing image data

with a resolution of 500 m, and the time interval is 4 years,

namely 2012, 2016, and 2020.

3.1.2 Commodity urban integration index
The level of urban integration of commodity markets can

not only reflect the difference in consumer price levels

between two or more cities but also measure the

development level of urban integration of regional markets.

Using the measurement method of the integration level of

commodity markets (Zhang and Xiang, 2021), the variance of

relative prices is used to measure the effect of inter-city market

integration. The price refers to the consumer price index

(CPI), and it reflects the daily consumption conditions and

changes in service prices in a certain period, covering eight

categories of residential living consumption, as shown in

Table 1 and Table 2. The absolute value of the difference is

taken to prevent the two cities from affecting the variance

results due to their different locations. Since the urban

integration of the commodity market is negatively

correlated with the variance of the relative price index, we

take the reciprocal of its variance (for readability, the conflict

should be multiplied by 1,000) to obtain CMIit. The larger the

index, the smaller the market segmentation level and the

higher the inter-city commodity market urban integration

level. The specific calculation equation is as follows:

FIGURE 2
Framework and methodology of this study.
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var ΔQk
ijt( )p1000 (2)

where equation, |ΔQk
ijt| represents the difference in consumer

prices between cities i and j, P represents the CPI, k represents the

category of commodities and k = 1, 2, . . ., 8, Pk
it represents the

price index of the kth commodity in the year t in the ith period of

the city, Pk
jt represents the price index of the kth commodity in

the year t in the jth period of the city, and CMIit represents the

urban integration index of the city commodity.

3.2 Industrial dimension

Industrial urban integration, also known as industrial

isomorphism, refers to the development of the same industry

and the production of the same type of products in different

regions driven by interests, resulting in the same or similar

industrial structure between cities (Liu, 2017). Industrial

isomorphism is also one of the essential factors in measuring

the development of inter-city urban integration. The study of

regional industrial structure differences plays a vital role in

optimizing the restricted spatial layout, adjusting and

optimizing the industrial structure, and realizing the

coordinated development of the industry. The similarity

coefficient of industrial structure is the most common method

of measuring the isomorphism of sectors to judge the degree of

differentiation of industrial layout between cities (Xu, 2009). The

calculation equation is as follows:

Sij �
∑n

k XikXjk( )����������∑n
kX

2
ik∑n

kX
2
jk

√ , k � 1, 2, . . . , n (3)

where equation, k represents the industry type, Xik represents the

total industry proportion of industry k in region i, and Xjk

represents the entire industry proportion of industry k in

region j. Sij represents the industrial structure similarity

coefficient between area i and region j, which ranges from

0 to 1. When Si is 0, the industrial structure is different. On

the contrary, when Sij is 1, the industrial structure is the same.

When Sij is more significant than 0.5, the degree of industrial

structure convergence is high, and when Sij is less than 0.5, the

degree of industrial structure convergence is small (Wei et al.,

2010). If there are dynamic changes in different years, when ΔSij
is positive, the industrial structure during this period is

convergent. On the contrary, when ΔSij is negative, the

industrial structure is divergent.

TABLE 1 Consumer price sub-index of Guangzhou in 2016–2020.

Food,
tobacco,
and alcohol

Clothes Reside Groceries
and services

Transportation
and communications

Educational
culture
and entertainment

Healthcare Other
supplies
and services

2016 104.4 105.9 102.9 99.6 99.7 101.3 102.7 104.0

2017 101.4 100.0 103.3 100.6 101.6 103.6 107.0 102.4

2018 102.5 104.2 101.3 101.9 101.7 102.4 106.1 101.2

2019 107.5 101.1 100.4 100.5 98.4 102.5 103.8 104.6

2020 109.9 97.9 99.4 99.1 95.4 100.9 100.9 102.6

TABLE 2 Consumer price sub-index of Qingyuan in 2016–2020.

Food,
tobacco,
and alcohol

Clothes Reside Groceries
and services

Transportation
and communications

Educational
culture
and entertainment

Healthcare Other
supplies
and services

2016 103.6 102.1 98.4 99.7 99.0 102.5 101.8 102.6

2017 99.4 106.0 103.2 101.2 100.9 101.1 108.7 102.0

2018 101.3 102.7 101.4 101.1 100.3 104.6 110.4 99.3

2019 107.8 100.1 100.1 99.2 98.7 103.8 102.6 104.3

2020 108.1 101.5 98.2 97.1 95.5 100.9 99.4 103.3
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3.3 Transportation dimension

The urban road transportation network is one of the important

facilities of a city, which provides a guarantee for the travel of residents

and the delivery of goods, and promotes the development and

cooperation between different urban areas (Wang et al., 2014). We

import the OSM data selection road file into Arcgis, and import the

processed Guangzhou-Qingyuan county-level layered file to obtain

the original road network data of Guangzhou-Qingyuan in 2014 and

2020, as shown in Figure 3. The analysis is mainly conducted from

two aspects, i.e., road network density and accessibility.

3.3.1 Road network density analysis
The road network density mainly evaluates the ratio of the

total mileage of all roads in the area to the entire region. The larger

the road network density, the denser the road network in the

region, and the higher the level of transportation development in

the region, which is conducive to planning inter-city

transportation between cities and strengthening cooperation

and exchanges. The specific equation is expressed as follows:

Dn � Ln /An, n ∈ 1, 2{ } (4)

where equation,Dn represents the road network density in region

n, in km/km2, Ln represents the total length of roads in region n,

in km, and An represents the total land area in region n, in km2.

3.3.2 Transportation accessibility analysis
Transportation accessibility refers to the time cost of using the

transportation system from the starting point to the destination

(Liu et al., 2013). The less the transportation time between cities,

the more conducive the economic, production, and life

connections between regions. Since the Guangzhou

metropolitan area is demarcated with Guangzhou city as the

center, the accessibility in this paper refers to the time from the

whole region of Guangzhou-Qingyuan to the Guangzhou city

center (where the government is located). Specific operation steps:

1) import the Guangqing road network (line), Guangqing county

boundary (surface), and Guangzhou city center (point) layer; 2)

the road network attributes table to add “road classification”

“design time” field and enter the road class against Table 3 and

Table 4; 3) respectively vector road network (line) and county

(surface) elements into a raster data of size 1,000 m, and use the

raster calculator to make the county raster 1; 4) reclassification of

the road network, the null value by line interpolation,

environmental processing range and county raster the same; 5)

open the raster calculator, so that the county raster one layer and

the reclassified layer multiplied to get the raster traffic 6) use the

raster calculator to convert the traffic time cost in “seconds” to

“hours”; 7) use the manual classification of symbols into eight

levels, 0–0.5, 0.5–1, 1–1.5, 1.5–2, 2–2.5, 2.5–3, 3-4, >4 h; 8) add
cartographic elements and export the map.

FIGURE 3
Original road network data of Guangzhou-Qingyuan area in (A) 2014 and (B) 2020.
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3.4 Public service dimension

Population mobility is an important form of the exchange of

regional social and economic activities. Populationmobility reflects the

functional relationship between cities to a certain extent, and thus

reflects the characteristics of the urban integration of public service

resources (Chen et al., 2022). Especially in the boundary area between

cities, most residents will easily ignore the administrative boundaries of

the city, e.g., trans-regional work, residence, studying, and medical

treatment. The research results can reflect the intensity and direction of

population migration in a certain period through the Baidu migration

view and the information on ranking and percentage of in-migration

and migration-out city (Feng et al., 2019). According to the official

definition of the spring festival travel rush in China, the spring festival

period is from 10 January to 18 February 2020, with a total of 40 days.

The data in this paper are selected according to this time node. This

paper only studies two cities, Guangzhou and Qingyuan. So, we

conduct the statistical analysis only on the top five cities that move

intoGuangzhou andQingyuan every day, and on the topfive cities that

move out of Guangzhou andQingyuan. This can be used to reflect the

inter-city migration of people between Guangzhou and Qingyuan.

4 Results analysis

4.1 Economic urban integration

4.1.1 Night light data: High light value in the
southeast and low light value in the northwest

After processing, the DN value range of the study area in

2012 was 0–180.41, the DN value range in 2016 was 0–269.92,

and the DN value range in 2020 was 0–329.19, reflecting that the

night light value of Guangzhou-Qingyuan from 2012 to 2020 was

generally increasing. The added value of the night light value

from 2012 to 2016 was about 90, and the added value of the night

light value from 2016 to 2020 was about 60. The former changed

greatly. As shown in Figure 4, the distribution of night light

values also has obvious changes. 1) On the whole, the lights are

mainly distributed in the southeast, and the northwest area has

almost low light values. 2) The light values in Guangzhou are

mainly concentrated in the South and contiguous, while the

distribution of light value in Qingyuan is relatively scattered,

mainly concentrated in the center of each city, county, and

district. 3) The change from 2012 to 2016 is the most

obvious, the area of high light value has expanded, mainly in

the main urban area of Guangzhou and the center of Qingyuan.

Most of the lower light value areas have become medium or high

ones, forming a polarization phenomenon of low and high light

value areas. 4) From 2016 to 2020, the high light value area

continues to expand outward based on the previous one. Some

cities, counties, and district centers in Qingyuan also have high

light value areas and more scattered light value areas. In

Guangzhou, except for Huadu district, Conghua district, and a

small number of areas in Zengcheng district, the rest have high

light values or above. 5) In the boundary area of Guangzhou-

Qingyuan, namely, Qingcheng district and Fogang county in

Qingyuan, Huadu district and Conghua district in Guangzhou

city, the light value changes from low to high, and the coverage of

light expands to some extent, showing a tendency of

interconnection.

The reason for the uneven distribution of light values is that

the terrain of Qingyuan is high in the northwest and low in the

TABLE 3 OSM road classification.

Road grade Class field

Freeway motorway, motorway link

Expressway trunk, trunk_link

Main road secondary, secondary_link, primary, primary_link

Secondary roads tertiary, tertiary_link

Branch residential, unclassified

Suburban country roads track, track_grade1, track_grade2, track_grade3, track_grade4, track_grade5

Other roads bridleway, living street, path, service, footway, pedestrian, steps, cycleway, unknown

TABLE 4 Design speed and time of roads at all levels.

Road grade Freeway Expressway Main road Secondary roads Branch Suburban country roads Other roads

Design speed (km/h) 100 80 60 50 40 20 6

Design time (s) 36 45 60 72 90 180 600
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southeast. The average altitude of the mountains in the “Three

Lian and One Yang” (Lianzhou, Liannan, Lianshan, Yangshan)

areas is 1,000 m, and the rest are located in river valleys with

lower terrain. Therefore, the northwest of Qingyuan has less

population gathering, less economic activities, and slower

economic development, resulting in almost low light value in

the entire northwest area, while the southeast of Qingyuan is

relatively low, and it is the seat of the city, there are relatively

more population and economic gathering activities, and the night

light value is high. Guangzhou’s terrain is high in the north and

low in the south. The main urban area is also in the south and has

been a commercial center since ancient times. Therefore, there

are many economic activities in the South, the population is

concentrated and the urban development level is high.

From 2012 to 2020, the urban development level of

Guangzhou-Qingyuan has been continuously improved, more

foreigners have been attracted, the population density has

increased, the infrastructure construction has been

continuously improved, and the night light value has also

continued to increase. The reason for the high light value in

the boundary area of Guangzhou and Qingyuan is that with the

development of the counterpart assistance work in Guangzhou-

Qingyuan, the implementation of the integration of Guangzhou-

Qingyuan and the drive of the Guangzhou metropolitan area, the

economic cooperation and exchanges have been continuously

strengthened, and the infrastructure has been improved, which

has made it normal for people to work and live across the

administrative boundary.

4.1.2 Commodity market: The growth trend of
the commodity urban integration index is
prominent

The results are shown in Figure 5. Generally speaking, with

the increase of years, the commodity urban integration index of

Guangzhou-Qingyuan shows an increasing trend, indicating

that the difference in the residential consumption level in

Guangzhou and Qingyuan and the degree of market

segmentation are gradually narrowing. Besides, to a certain

extent, it reflects the rapid economic development of Qingyuan

and the continuous improvement of the daily residential

consumption level. At the same time, the level of the urban

integration of commodity markets from 2017 to 2020 has two

stages. The first stage is from 2017 to 2018, the commodity

market urban integration index of Guangzhou-Qingyuan is

relatively low and the growth is slow, reflecting the relatively

slow development speed of commodity market urban

integration in this period. The second stage is from 2019 to

2020. The commodity market urban integration index of

Guangzhou-Qingyuan is relatively high, and reaches the

highest value of 5.07 in 2020, reflecting that the commodity

market urban integration level has further improved during this

period. With the deepening of the “Guangzhou-Qingyuan

Integration” strategy and the further implementation of

counterpart assistance work, the economic exchanges

between the two cities have been strengthened, and the level

of urban integration of the commodity market will continue to

improve.

FIGURE 4
Night light data level of Guangzhou-Qingyuan area in 2012 (A), 2016 (B) and 2020 (C).
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4.2 Industrial urban integration: The
similarity coefficient of Guangzhou-
Qingyuan’s industrial structure is relatively
high, with apparent stages

As shown in Figure 6: The similarity coefficient of industrial

structure between Guangzhou and Qingyuan from 2012 to

2020 is between 0.94 and 0.96, with an average value of

0.9524, indicating that the similarity of industrial structure is

high. But from 2017, it decreases, indicating that the industries of

Guangzhou and Qingyuan appear to be differentiated and have a

tendency to be misaligned. Industrial structure similarity

coefficients of the two cities have the characteristics of

temporal changes, which are mainly divided into two stages.

The first stage is: From 2012 to 2017, the industrial structure

similarity coefficient increased in general except in 2014.

Specifically, although the industrial structure similarity

coefficient was relatively small compared with the previous

year, and the changes were not large, they were generally

positive numbers, indicating that the industrial structure of

FIGURE 5
Guangzhou-Qingyuan commodity market urbanization index from 2017 to 2020.

FIGURE 6
Guangzhou-Qingyuan industrial structure similarity coefficient in 2012–2020.
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Guangzhou and Qingyuan has converged and developed during

this period. The second stage is as follows. The similarity

coefficient of the industrial structure from 2017 to 2020 has

been decreasing, which has been negative compared with that of

the previous year, and has directly decreased by 0.01 in 2020, and

decreased by 0.0118 in 2020 compared with that of 2012. In

general, the industrial structure of Guangzhou-Qingyuan has a

phenomenon of divergent development.

As shown in Figure 7: In terms of the added value of the three

major industries, the primary and secondary industries in

Guangzhou are developing steadily on the whole, while the

tertiary industry has made progress in its steady development.

The three industries in Qingyuan have maintained steady

growth. However, relatively speaking, Guangzhou’s economy

has developed rapidly, of which the total added value of the

three major industries is much higher than that of Qingyuan. The

modern service industry, strategic emerging industries, and

advanced manufacturing industries are the leading industries.

The secondary and tertiary industries have maintained good

momentum. Although the output value of the tertiary industry in

Qingyuan became the largest industry in 2013, the traditional

manufacturing industry is still the pillar industry today.

From a macro perspective, the industrial structure of

Guangzhou and Qingyuan is highly integrated, and the

tertiary industry accounts for the largest proportion of the

three industries. Further observation shows that the leading

industries between Guangzhou and Qingyuan are different.

The “desirable” industrial isomorphism with agglomeration

effect as the main character is conducive to the development

and competitiveness of regional competitive industries, while the

“non-desirable” industrial isomorphism with competition as the

main character will lead to the result that the industry is simple

and repetitive at a low level, the products are highly similar, and

the production capacity is superimposed form vicious

competition (Xu et al., 2014), which is not conducive to

regional and economic development. Guangzhou-Qingyuan

belongs to the “desirable” industrial isomorphism. At first,

Guangzhou provided industrial counterpart assistance to

Qingyuan, and now the win-win cooperation between the two

cities has been achieved, and the industrial cooperation and co-

construction models of “Guangzhou Headquarters + Qingyuan

Base,” “Guangzhou R&D + Qingyuan Manufacturing,”

“Guangzhou Incubation + Qingyuan Industrialization,” etc.

have been actively explored. The effect of industrial

agglomeration has become increasingly prominent, the

cooperation between the two places has been continuously

strengthened, and the level of industrial integration between

the two cities has steadily improved.

4.3 Transportation integration

4.3.1 Road network density: The grade changes
are not noticeable, but the road network is
constantly improving

It can be seen from Figure 8 that from 2014 to 2020 in

Qingyuan, the road density level did not change significantly,

most of which were low-density areas, and only the Qingcheng

district was better, with the relatively low-density area. In

Guangzhou, the changes are more obvious. Generally

speaking, with Yuexiu district as the center point, the further

out you go, the lower the road network density level. Conghua

district changed from a low-density area to a relatively low-

density area, and Huadu district changes from a low-density area

to a medium-density area. Baiyun district and Panyu district

changed from medium-density areas to high-density areas, and

Liwan district, Tianhe district, and Haizhu district changed from

relatively high-density areas to high-density areas.

From 2014 to 2020, the number of Guangzhou-Qingyuan

roads increased, and the road density also increased. However,

the change in road density grade in Qingyuan is not obvious on

the visualization map. Table 5 shows that on the whole, the road

FIGURE 7
The added value of the three major industries in Guangzhou (A) and Qingyuan (B) from 2012 to 2020.
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network density in Guangzhou-Qingyuan from 2014 to

2020 shows positive growth, and the road network is

constantly improving. The growth rate of road network

density in Lianshan Zhuang Autonomous County is as high

as 427.86%, increasing from 81.91 km to 432.38 km. The main

reason is that the geomorphological features of “nine mountains

with half water and half farmland” brings difficulty to road

development. However, with the rapid economic development

and the rise of tertiary industry tourism, transportation

accessibility is also greatly improved. The total length of the

road network has also increased significantly. The growth rates of

both Huadu district and Qingcheng district exceed 300%, and

Huadu district increased from 726 km to 3,548 km, and

Qingcheng district increased from 607 km to 2,668 km. These

two districts are the boundary areas of Guangzhou and

Qingyuan, indicating that economic growth, population

density increase, and the continuous improvement of the

transportation network make communication between

Guangzhou and Qingyuan more convenient in various aspects

such as economic cooperation, etc. The growth rate of other

districts in Guangzhou is generally higher than that of the

districts (counties) in Qingyuan, which indicates that the

internal transportation network of Guangzhou is more perfect,

and Qingyuan relatively lags.

4.3.2 Transportation accessibility: The overall
structure presents a circle-layer structure, but
the internal transportation accessibility is
improved

The results are shown in Figure 9, in 2014 and 2020, the

accessibility of various points in Guangzhou-Qingyuan to the

Guangzhou city center has improved significantly. The

transportation accessibility in 2014 showed an obvious circle

layer structure and with the increase in distance, the time cost

required increased. Although the transport accessibility in

2020 also showed a circle layer structure, the boundary area

of the circle layer was more fluctuating and had obvious road

orientation, and the time cost required was more accurate. From

2014 to 2020, the half-hour circle layer is relatively stable, with

obvious changes as follows: In 2014, the 1-h circle in Guangzhou

only covered the inner cities of Guangzhou, and for Qingcheng

district and Fogang county, which are closest to Guangzhou,

1.5–2.5 h were needed to reach the center of Guangzhou, and the

time cost of Lianzhou, Lianshan, and Liannan in Qingyuan

reached more than 4 h. In 2020, the 1-h circle of Guangzhou

city extended to the south of Qingcheng district, Qingyuan, and it

took 1.5 h for the entire urban area of Qingcheng district in

Qingyuan and most areas of Fogang county to reach the center of

Guangzhou, and the time cost of most areas in Lianzhou,

FIGURE 8
Road density of Guangzhou-Qingyuan area in 2014 (A) and 2020 (B).
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Lianshan, and Liannan in Qingyuan had been shortened from the

original time cost of more than 4 h to 3–4 h.

4.4 Urban integration of public services:
Frequent exchanges of social and
economic activities and strong functional
correlation

As shown in Figure 10, the top five cities for moving into

Guangzhou are Qingyuan, Foshan, Dongguan, Zhanjiang, and

Maoming. The top five cities for moving out of Guangzhou are

Qingyuan, Foshan, Dongguan, Shenzhen, and Huizhou. The top

five cities for moving into Qingyuan are Guangzhou, Foshan,

Dongguan, Shaoguan, and Yongzhou, respectively. The top five

cities for moving out of Qingyuan are Guangzhou, Foshan,

Shaoguan, Dongguan, and Shenzhen. Whether moving into

Guangzhou or Qingyuan or moving out of Guangzhou and

Qingyuan, Guangzhou and Qingyuan are ranked first or tied

for first place. Among them, on 11 January 2020 (the 17th day of

the 12th lunar month), the first place to move into Qingyuan was

Guangzhou, with a proportion of 46.56%. On the same day, the

first place for moving out of Qingyuan was still Guangzhou, with

a proportion of 37.55%. It reflects the large daily passenger flow

in Qingyuan and Guangzhou during the Spring Festival, the two-

way flow of population between cities and the high migration

intensity, and the frequent exchanges of regional social and

economic activities. This further shows the certain functional

correlation between the two cities. In addition, at the end of the

year, the phenomenon of increased migration intensity indicates

that more people in Guangzhou and Qingyuan are employed and

studied across regions.

According to the statistics of the cities, most of them are

neighboring cities of Guangzhou or Qingyuan, which means that

the geographical proximity is conducive to strengthening the

two-way flow of population between inter-city. Among the cities

that move into Guangzhou, Maoming and Zhanjiang which are

far away from Guangzhou are also included, indicating that

Guangzhou’s economic strength is strong, and social welfare

undertakings such as medical care, education, employment, and

infrastructure have developed well. Compared with Guangzhou,

Qingyuan is less developed and the radiation capacity is weaker,

but among the top five cities, Guangzhou and Qingyuan have the

closest two-way population flow. The reason is that Qingyuan is

the “back garden” of Guangzhou and the “Guangzhou-Qingyuan

Integration” strategy has been supported by the provincial

government and the state. As the integration is constantly

deepening, various public service facilities for medical and

TABLE 5 Changes in the Guangzhou-Qingyuan road network in 2014 and 2020.

Region 2014 2020 Growth
rate (%)

Total
length (km)

Road
network density
(km/km2)

Total
length (km)

Road
network density
(km/km2)

Lianshan Zhuang autonomous
county

81.91 0.07 432.38 0.35 427.86

Huadu district 726.20 0.75 3548.43 3.66 388.63

Qingcheng district 607.42 0.47 2668.75 2.05 339.36

Zengcheng district 703.82 0.44 2783.20 1.72 295.44

Conghua zone 598.07 0.30 2198.76 1.11 267.64

Huangpu district 568.31 1.18 2054.26 4.25 261.47

Baiyun district 1166.10 1.74 3751.62 5.61 221.72

Panyu district 1095.87 2.12 3166.93 6.12 188.99

Yingde city 1256.51 0.22 3456.63 0.61 175.10

Nansha district 736.63 1.11 1997.71 3.01 171.20

Nansha district 575.11 4.21 1477.26 10.82 156.87

Liannan Yao autonomous county 108.44 0.09 252.90 0.20 133.21

Haizhu district 481.88 5.22 1095.79 11.87 127.40

Qingxin district 681.13 0.29 1463.15 0.62 114.81

Liwan district 344.03 5.50 738.27 11.80 114.59

Yuexiu district 329.25 9.75 699.57 20.72 112.48

Fogang county 338.12 0.26 639.64 0.49 89.18

Lianzhou city 557.27 0.21 975.73 0.36 75.09

Yangshan county 760.12 0.23 1193.52 0.36 57.02
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healthcare, social welfare, education, inter-city travel, etc. have

been continuously improved, and about 2,00,000 to

3,00,000 citizens live a life, reside, study and travel between

Guangzhou and Qingyuan, and more than 1,00,000 people flow

between the two cities every day. However, the urban integration

of public services in Guangzhou-Qingyuan does not only cover

living and working. Urban integration also has many problems to

be solved. For example, the restriction of the household

registration location when going to school, the difficulty in

reimbursement for medical treatment, the complicated tax

procedures, and few inter-city public transportation shifts,

etc., which affects all aspects of Guangzhou-Qingyuan

residents, and is not conducive to the urban integration of

Guangzhou-Qingyuan.

5 Discussion

As a new phenomenon arising from the special urbanization

process in China, urban integration is the breaking down of

regional boundaries in terms of traffic access, facility sharing,

industrial development, environmental protection, and citizen’s

life between adjacent cities to achieve complementary advantages

and improve regional collaborative development capabilities. In

the region oriented by the goal of urban integration,

administrative barriers should be gradually broken down in

the process of urban development to form a trend of urban

integration development and holistic progress in the whole

region. It is necessary to rely on the dimensions of economic

space connection, industrial structure, infrastructure, and public

services to achieve inter-city collaboration, functional

complementarity, and coordinated development. However, in

the process of coordinated development, how can cities find their

positions, develop in different ways, and integrate? How to make

the “siphonic effect” and “trickle-down effect” of core cities form

a benign ecological network system to achieve the goal of

coordinated and symbiotic development of the metropolitan

area, these issues will become the “pain points” and

“difficulties” for the development of urban agglomerations in

the Guang-Qing metropolitan area in the future. This paper

mainly adopts multi-source data to explore the urban integration

of Guang-Qing from four dimensions of economy, industry,

transportation, and public services. Urban integration does not

only cover these four dimensions, it also includes the urban

integration of ecological environment and governance,

information sharing, policy and system interoperability, etc.,

which is a comprehensive and multi-faceted process. Thus,

this paper fails to cover more dimensions when analyzing the

urban integration characteristics of Guangzhou-Qingyuan. Due

to the difficulty of obtaining the relevant data, the complexity of

FIGURE 9
Traffic accessibility in Guangzhou-Qingyuan area in 2014 (A) and 2020 (B).
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processing, and the irregularity, some years are missing or

changed in the research time of this paper from 2012 to 2020,

resulting in discontinuity of data, and no in-depth exploration of

transportation and public services integration research. With the

national focus on the urban integration of the metropolitan area,

the Guangzhou metropolitan area has developed rapidly, and the

cooperation planning has becomemore detailed. The research on

the urban integration issues of Guang-Qing and the development

measures will be carried out from a more comprehensive and

specific dimension, which will also become one of the future

issues the urban integration research in the metropolitan area.

6 Conclusion and recommendations

6.1 Conclusion

Based on the studies of metropolitan areas and co-location by

foreign scholars and combined with the current situation of

Guangzhou-Qingyuan development, the process, spatial

characteristics, and problems of Guangzhou metropolitan

integration were analyzed from four dimensions of economy,

industry, transportation, and public services by using NPP-VIIRS

night lighting data, socio-economic data, OSM data, and

population migration data. The conclusion are mainly

summarized as follows.

Driven by the synergistic development of the Guangzhou

metropolitan area, the economic cooperation and exchange

between Guangzhou-Qingyuan have been strengthened. The

lighting value of the Guangzhou-Qingyuan junction is also

increasing. At the same time, the Guangzhou-Qingyuan

Commodity Cohabitation Index shows a growing trend, and

the difference in consumption level and market segmentation

between Guangzhou and Qingyuan City is gradually narrowing,

which reflects that the economic exchange between Guangzhou

and Qingyuan becomes closer and the level of commodity market

cohabitation will be improved continuously.

From 2012 to 2020, the similarity coefficient of the industrial

structure between Guangzhou and Qingyuan is 0.94–0.96, but

the industrial structure of the Guangzhou-Qingyuan region is

developing from convergence to divergence, and the

collaboration ability is strengthening. The leading industries of

Guangzhou and Qingyuan are not the same, and the industrial

demands can be well misaligned through industrial transfer and

industrial assistance. From passive assistance to active co-

construction, obvious results can be obtained, and Guangzhou

and Qingyuan have gradually realized coordinated industrial

development.

FIGURE 10
Statistical chart of cities moving in and out of Guangzhou-Qingyuan.

Frontiers in Earth Science frontiersin.org15

Tang and Huang 10.3389/feart.2022.1022982

https://www.frontiersin.org/journals/earth-science
https://www.frontiersin.org
https://doi.org/10.3389/feart.2022.1022982


The Guangzhou and Qingyuan traffic show an obvious trend

of integration, and the road network is developing fast. However,

the travel time between the two cities is still long, and the

accessibility of the two cities takes 1.5 h, which is not

conducive to the connection between the two cities. The

number of roads in Guangzhou is relatively dense, and the

seven districts in the center can realize the “half-hour

commuting circle.” However, the road density in Qingyuan is

sparse, road development is difficult due to the topography, and

the road network system is not perfect.

Due to the close historical foundation and social and cultural

ties, as well as the differences in economic development,

consumption level, and ecological environment between

Guangzhou and Qingyuan, the inter-city movement of people

is frequent, which has enhanced the level of public service

integration between the two cities, but public service facilities

such as education and medical care need to be improved.

6.2 Recommendations

The steady development of leading industries and promotion

of industrial synergy: Optimize the development of the industrial

layout of Guangzhou and Qingyuan, form a perfect industrial

chain, form a regional industrial division of labor and

cooperation pattern with comparable levels and

complementary advantages, promote industrial co-location,

and create industrial clusters with high development level and

strong competitiveness in Guangzhou metropolitan area.

Improve the transportation network system and shorten the

cost of travel time: A perfect transportation network system is the

basis for the interconnection of capital flow, industrial flow,

technology flow, and information flow between the two regions.

Focus on building a clear, reasonable, and effective comprehensive

transportation network, strengthening the connection between the

urban areas of the two cities while promoting the integrated

development of urban and rural areas in the peripheral areas,

ensuring the efficient and rapid development of industries, and

further expanding the coverage of the “30/60-min living circle” of

Qingyuan City in the Guangzhou metropolitan area.

Promote the reasonable gathering of the population and

strengthen the common construction of public services: focus

on education, medical care, employment, and social security to

ensure the protection of clothing, food, housing, and

transportation for cross-city residents. In particular, the

Guangzhou-Qingyuan joint area is more likely to form a

densely populated area. The joint area should be included as

part of the planning of public service facilities in Guangzhou, to

develop the point first and then push it out with the surface,

strengthen the common construction and sharing of public

service facilities between the two places, and promote the

integration of the Guangzhou metropolitan area.
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