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Abstract: The coordinated development of Beijing–Tianjin–Hebei (BTH) is a major regional strategy
in China that aims to alleviate Beijing’s non-capital functions and address the “big city disease”.
Understanding the spatial distribution and changing trends of industrial development in BTH is
critical for achieving BTH’s coordinated development goals. In particular, it is important to assess the
effectiveness of Beijing’s non-capital functions at the industrial level. This study utilized the 2013 and
2018 economic census data and statistical methods such as spatial Gini coefficient, trend analysis,
specialization index, and industry similarity. We first characterized the industrial development
pattern by analyzing the spatiotemporal changes of the operating income and the number of legal
entities in BTH urban agglomeration. Then, we identified the changes in the leading industries and
industrial structure of different cities in BTH urban agglomeration from 2013 to 2018. The results
indicate that the coordinated development policy has influenced the industrial structure of the BTH
urban agglomeration, with an 85.53% increase in the number of legal entities and a 14.61% increase
in operating income. Beijing’s non-capital functions have achieved initial results, mainly involving
technology-intensive and knowledge-intensive tertiary industries such as information technology,
finance, and scientific research. The division of industry and the development positioning of the
three regions are gradually becoming clear. Our results show how the economic census data and
spatial analysis can support significant advances in evaluating industrial and economic development
patterns, and they can be used worldwide in the future.

Keywords: economic census; Beijing–Tianjin–Hebei urban agglomeration; industrial development;
specialization index

1. Introduction

During the process of urbanization and socioeconomic development of China, the sus-
tainable development of cities has been negatively influenced due to excessive population
agglomeration and serious industrial homogeneity, leading to greater regional development
gaps, especially in developed cities and urban agglomerations [1–3]. As one of the regions
with a higher development level in China, the BTH urban agglomeration is also facing the
same development dilemma. Therefore, the term “BTH Coordinated Development” origi-
nated in 2015, when Beijing faced a major urban disease that could not be ignored during
its development, and the development gap between Beijing, Tianjin, and Hebei gradually
increased. The policy explains the ideas and key tasks for the coordinated development of
BTH comprehensively and profoundly and points out the direction for the coordinated de-
velopment of Beijing–Tianjin–Hebei. The Ministry of Industry and Information Technology,
together with the people’s governments of Beijing, Tianjin, and Hebei Province, formulated
the Beijing–Tianjin–Hebei Industry Transfer Guide [4] in 2017. The government of Beijing
also issued the Catalogue of Prohibitions and Restrictions on New Industries in Beijing
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in 2014, 2015, and 2018, attempting to orderly dissolve Beijing’s non-capital functions. As
the essential content and key support for the coordinated development of BTH, industrial
integration is conducive to giving full play to the comparative advantages of various re-
gions, guiding the orderly transfer and undertaking of industries, and gradually forming
a rational spatial layout, as well as a scientific industrial chain of urban agglomeration.
As the largest economic agglomeration in the north, the Beijing–Tianjin–Hebei region has
achieved preliminary successes in terms of coordinated development, but the overall level
is still lacking [5]. At present, these issues are the focus of attention in solving Beijing’s
“big city disease” and are also the top priority in the realization of BTH’s coordination:
What is the progress of non-capital function dissolution? What is the path of dissolution
of different industries? What changes have taken place in the spatial pattern of the BTH
industrial structure?

In recent years, a significant amount of research has been conducted on various
aspects of regional economic development, industrial spatial patterns, and industrial trans-
fer by scholars who have employed different data, methods, and perspectives, such as
regional economic development [6–9], industrial spatial pattern [10–12], and industrial
transfer [6,13,14] and its effectiveness [15–17]. Of particular interest is the spatiotemporal
pattern of industrial transfer, which is an effective form of coordinated development of
the region and a hot topic in the field [6]. The scale of research on the pattern of economic
development [18,19], division of labor [18–20], and the evolution of industrial develop-
ment [21–23] has ranged from the nation to urban agglomerations and regions [24]. Such
studies have provided a reference for regional development strategies and industrial distri-
bution countries. However, due to the limitation of traditional statistical data, there has
been a lack of feasible data analysis related to the industrial structure, particularly at the
regional scales of cities and districts. Scholars have used various quantitative measures,
such as the Gini coefficient [25], industry concentration, specialization index, Herfindahl
index [26], and E-G index [27], to examine industrial development changes and the spatial
distribution of regional industries. The BTH urban agglomeration, as one of the major
national development strategies, has been the subject of many studies by scholars who have
measured the level of industrial coordination and identified driving factors such as innova-
tion capacity [28–30] and technology proficiency [31–33], analyzed industrial evacuation
paths [30] and mechanisms [34–36], and examined industrial transfer and undertaking,
particularly in the manufacturing [37] and producer service industries [38–40]. Scholars
have also evaluated the implementation and effectiveness of coordinated development in
the BTH urban agglomeration [41–43].

Scholars have used various theoretical and empirical frameworks to analyze the spa-
tiotemporal pattern of industrial transfer. Some of the notable contributions in this area
include the following: Shi et al. conducted a categorization of industries from the perspec-
tive of industrial value chain and used an improved locational entropy index to conduct a
time-series analysis of the urban industrial division of labor pattern in the Zhongyuan ur-
ban agglomeration and proposed the functional positioning of each city’s development [20].
Zhou conducted a study on spatial heterogeneity, urban cluster division of labor, and
regional economic integration in the Yangtze River Delta city cluster [22]. Yu conducted a
study on the industrial transfer of manufacturing industries in Beijing in the background
of Beijing–Tianjin–Hebei’s coordinated development. It used a combination of quantitative
and qualitative methods to analyze the industrial transfer process in this region [37]. This
work reflects the effectiveness of coordinated development at industrial level in BTH ur-
ban agglomeration from the quantitative perspectives by calculating different indicators
based on economic and industrial data. Moreover, these studies have greatly enriched our
understanding of industrial development and changes in industrial structure. However,
due to the deficiency of economic census data, insufficient research has been performed
on industrial development patterns and industrial structure changes in various cities of
the BTH urban agglomeration after coordinated development, especially after the 2015
planning outline. The economic census completed in 2018 provides a very reliable data
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source on a fine geographical scale for the analysis of the industrial structure since the
introduction of BTH coordinated policy.

The economic census is one of the important references for studying and formulating
national economic and social development plans, and the data provide an effective and
unique perspective on industry development. The economic census data have been proved
to highly correlate with industry development scale, structure, benefits, etc., including
operating income, number of legal entities, number of employees, and other indicators.
With the end of the fourth economic census, it is possible to obtain industrial development
data under the coordination of BTH. However, the effectiveness of Beijing’s non-capital
functions at the industrial level and the development of industrial division in BTH have not
yet been clarified. Therefore, it is crucial to quantify the spatiotemporal pattern of industry
development in the BTH urban agglomeration. In this paper, based on the data of the
two economic censuses in 2013 and 2018, we first characterize the industrial development
pattern by analyzing the spatiotemporal changes of operating income and number of
legal entities in the BTH urban agglomeration. Then, we identify the changes of leading
industries and industrial structure of different cities in the study area from 2013 to 2018.

2. Materials and Methods
2.1. Study Area

The BTH urban agglomeration (Figure 1) includes Beijing, Tianjin, and Hebei Province,
including two municipalities and one provincial-level administrative region (eleven prefecture-
level cities), covering an area of approximately 217,000 km2, accounting for 2.3% of China.
At the end of 2018, its permanent population was 110 million, accounting for 8.1% of China,
and its regional GDP was 8.5 trillion RMB, accounting for 9.4% of China.
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Figure 1. Overview of the study area.

2.2. Data Source and Process
2.2.1. Data Source

The industry-related data of this research come from the economic censuses in 2013
and 2018. The objects of the economic censuses are all legal entities, industrial activity units,
and self-employed households engaged in the secondary and tertiary industries in China.
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2.2.2. Indicators and Industries

The economic census data include the operating income, the number of legal entities,
and the number of employees in various industries (Table 1). Among them, the operating
income refers to the income obtained by a company in its production and business activities
as a result of selling goods and providing labor services. The data used in this study
are district-level operating income (regardless of industry) which represent the industrial
development of the region. The number of legal entities in districts and counties (regardless
of industry) and the number of employees (by industry) are important data in the eco-
nomic censuses, which are also the main market players in the census area, reflecting the
city’s economic vitality and industrial development trends. Among them, the secondary
industry refers to the mining industry (excluding mining auxiliary activities), manufac-
turing industry (excluding metal products, machinery, and equipment repair industry),
electricity/heat/gas/water production and supply industry, and construction industry.
The tertiary industry is the service industry, which refers to industries other than the
primary industry and the secondary industry. According to the Classification of National
Economic Industries (GB/T 4754-2017), the secondary and tertiary industries are classified
in detail (Table 2). Among them, the scope of financial industry legal person units includes
units supervised by the People’s Bank of China, China Banking Regulatory Commission,
and China Securities Regulatory Commission, as well as the units engaged in the financial
industry outside the scope of supervision.

Table 1. Indicator description [44,45].

Code Indicator Signification Data Sources

1 Operating Income

Operating income refers to the income obtained
by a commercial enterprise from the sale of
goods or the provision of labor services within a
certain period of time.

The third national economic census
in 2013 and the fourth national
economic census in 2018.
http://www.stats.gov.cn/ztjc/
zdtjgz/zgjjpc/, accessed on 5
September 2020.

2 The number of legal entities

The legal entities refer to an organization that
has the right to own assets, assume liabilities,
and independently engage in social and
economic activities.

3 The number of employees

The employees refer to all personnel engaged in
the secondary and tertiary industries and
receiving wages or other forms of labor
remuneration.

Table 2. Industry codes [46].

Code Industry Name Code Industry Name

I-1 Agriculture, forestry, animal husbandry, and fishery I-10 Real estate industry
I-2 Mining industry I-11 Leasing and business services
I-3 Manufacturing I-12 Scientific research and technical service industry

I-4 Electricity, heat, and gas and water production and
supply I-13 Water conservancy, environment, and public

facilities management industry
I-5 Construction industry I-14 Resident services, repairs, and other services
I-6 Wholesale and retail I-15 Education
I-7 Transportation, storage, and postal industry I-16 Health and social work
I-8 Accommodation and catering industry I-17 Culture, sports, and entertainment industry

I-9 Information transmission, software, and information
technology service industry I-18 Public administration, social security, and social

organization

2.3. Methodology

According to the analysis framework, this article uses the spatial Gini coefficient and
trend analysis method to analyze the evolution of the industrial development pattern of
the BTH urban agglomeration under the background of coordinated development. We use

http://www.stats.gov.cn/ztjc/zdtjgz/zgjjpc/
http://www.stats.gov.cn/ztjc/zdtjgz/zgjjpc/
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the specialization index and similarity coefficient to identify the leading industries in each
city, with details as follows (Figure 2).
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2.3.1. Spatial Gini Coefficient

The spatial Gini coefficient was proposed by the American economist Krugman in
1991 [14]. It was originally used to measure the degree of agglomeration of American
manufacturing industries [24,26] and has now been extended to various geographic factors.
In this article, it is used to calculate the spatial distribution equilibrium degree of the number
of legal person units at the municipality/prefecture level of the BTH urban agglomeration.
The calculation formula is as follows [47]:

I = −
M
∑
i

Pi ln Pi

Im = ln M
Gini = I

Im
C = 1−Gini

(1)

where M is the number of municipalities/prefecture-level cities in the BTH urban agglomer-
ation; Pi is the proportion of the number of legal entities in the i-th municipality/prefecture-
level city in the total number of legal entities in the BTH urban agglomeration; Gini is the
spatial Gini coefficient; and C is the degree of distribution balance. Gini is between 0 and 1.
The larger the value of Gini, the smaller C is, meaning that the geographic elements are
concentrated in this area with unbalanced spatial distribution.

2.3.2. Trend Surface Analysis

The trend surface analysis is used to judge the spatial change trend of the number of
legal person units in each district and county of the BTH urban agglomeration. The trend
surface analysis is a statistical method based on mathematical analysis. It uses mathematical
curved surfaces to simulate the spatial distribution and change trend of geographic system
elements. In essence, it is based on the principle of regression analysis to fit a binary
non-linear function by using the least squares method to simulate the spatial distribution of
geographic elements and show the changing trend of geographic elements in the region. In
the trend analysis graph, the two curves represent the fitting curves of geographic elements
Z with longitude and latitude (the order setting can be selected according to situation,
generally set to 2 or 3). In addition, the YOZ surface, XOZ surface, and XOY surface draw
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projections of spatial points. In this case, the influence of the trend gradually weakens from
the center of the area to each boundary (the maximum value appears at the center of the
area, and the minimum value appears near the boundary).

2.3.3. Specialization Index

The specialization index is used to quantitatively analyze the main economic functions
of BTH cities. The calculation formula is as follows [26]:

Iij =
Xij/∑ Xj

Xj/∑ Xj
(2)

where, Xij represents the number of employees of the j industry in city i, and Xj represents
the number of employees of industry j in BTH. The numerator in the formula represents
the proportion of employees in a certain industry in a prefecture-level city in BTH, and
the denominator indicates the proportion of employees in this industry. In general, the
greater specialization index Iij indicates greater professionalization of industry j in city i.
According to the value of all kinds of industries in each city, the leading industry and future
development direction of the city can be determined.

2.3.4. Similarity Coefficient

The similarity coefficient is used to measure the degree of convergence of industrial
structure among the three regions in the BTH urban agglomeration. It aims to identify
whether the industries in the three regions have gradually achieved dislocation develop-
ment. The similarity coefficient is proposed by the International Industrial Research Center
of the United Nations Industrial Development Organization. It is an indicator that is to
measure the similarity of regional structure (industrial structure, employment structure,
consumption structure, etc.). The calculation formula is as follows [24]:

Sij =
n

∑
k=1

XikXjk/

√
n

∑
k=1

Xik
2

n

∑
k=1

Xjk
2 (3)

where Sij is the industrial structure similarity coefficient; and Xik and Xjk are the number
of employees of industry k in area i and area j, respectively. The value of Sij ranges from
0 to 1. The higher the similarity coefficient value, the higher the degree of similarity in
industrial structure between different places. This article calculates the industrial similarity
coefficients among Beijing, Tianjin, Hebei, and the BTH urban agglomeration, aiming to
judge whether the dislocation development of industries in various regions is gradually
being realized.

3. Results
3.1. Spatiotemporal Changes in the Number of Legal Entities

In terms of time change, the number of legal entities in the BTH urban agglomeration,
including all the three places, has shown an upward trend from 2013 to 2018, with Hebei
having the largest change. The number of legal entities increased from 0.44 million to
1.11 million from 2013 to 2018, with an increase of 162.05%. Since the policy of dissolving
Beijing’s non-capital functions was proposed in 2015, industrial dissolution has been one of
the key areas. Labor-intensive industries that are incompatible with the capital’s functions
and other industrial manufacturing industries such as the Shougang Iron and Steel Industry
have all been moved to surrounding cities. The number of legal entities in Tangshan has
increased from 47,300 to 94,300, showing a substantial increase of 99.55%. The number of
legal entities in Beijing and Tianjin also shows a certain degree of growth, with growth
rates of 55.70% and 35.69% respectively.

In terms of spatial distribution, the number of legal entities in BTH urban agglomera-
tion shows an unbalanced spatial structure of “center–periphery” as a whole (Figure 2). The
number of legal entities in Beijing is relatively high, especially in the Haidian District and
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Chaoyang District, and decreases towards the periphery, with the two places as the center.
From 2013 to 2018, the number of legal entities begins to gradually spread from the urban
area of Beijing to the surrounding areas, and the number of legal entities in Shijiazhuang in
the southwest of the urban agglomeration and Tangshan in the east increases significantly.
According to the trend analysis of the changes in the number of legal person units, a
comparative analysis in 2013 and 2018 is shown in Figure 3. It shows that the overall spatial
distribution trend of the number of legal entities in the BTH urban agglomeration has not
changed significantly from 2013 to 2018, with a trend of high in the middle and low in the
surrounding area. However, the curve of the fitting curve of the number of legal person
units is slightly flat from 2013 to 2018, indicating that, with the economic development of
the agglomeration, the absolute value of the difference shows a shrinking trend in spite of
some spatial differences in the number of legal person units.

The spatial Gini coefficient of the number of corporate units in the BTH urban agglom-
eration has shown an upward trend during 2013–2018, from 0.7 to 0.8. On the contrary,
the degree of spatial equilibrium shows a downward trend, from 0.3 to 0.2. It also shows
that the number of corporate units is gathering at the scale of urban agglomeration. The
distribution difference between regions is becoming stronger.
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3.2. Spatiotemporal Changes in Operating Income

Based on the operating income data of the counties in the two economic censuses, this
article analyzes the spatial and temporal changes in the operating income of BTH urban
agglomeration. Figure 4 shows the changes in operating income across the agglomeration in
2013 and 2018. For absolute value, the operating incomes of Beijing, Tianjin, and Tangshan
belong to the high-value areas in the BTH urban agglomeration. However, as a prefecture-
level city, Tangshan ranks first in regard to the operating income in Hebei Province, but
there is still a big gap compared with Beijing and Tianjin. For changes in operating
income, Qinhuangdao, Langfang, and Handan in Hebei Province have experienced higher
growth rates, with operating income increases by 68.38%, 38.31% and 31.02%, respectively,
compared with 2013. The operating income growth rates of Handan and Zhangjiakou were
31.02% and 26.47%, respectively, which were very similar to Beijing (29.38%). This shows
that although the operating income base of these two cities is not large, the development
trend in recent years has been good, closely following Beijing. Figure 4 clearly shows
that although the operating income of most cities in the urban agglomeration shows



Sustainability 2023, 15, 8427 8 of 17

an increasing trend, there are large differences between regions, especially between the
municipalities directly under the central government and the prefecture-level cities.
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Figure 4. Spatiotemporal changes in the number of legal entities in counties in the BTH urban
agglomeration.

Figure 5 shows the changes in the spatial pattern of the operating income of the
districts and counties in the BTH urban agglomeration. It shows that the spatial distribution
pattern of operating income is generally consistent with the number of legal entities,
both having a “center–peripheral” circle structure distribution, decreasing towards the
surrounding areas, with Beijing as the high-value area of operating income. Among them,
the operating income of Tianjin Binhai New Area is at the same level as Beijing’s Chaoyang
and Haidian Districts.
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Figure 5. Changes in operating income across BTH urban agglomeration in 2013 and 2018.

3.3. Spatiotemporal Changes of Industrial Structure
3.3.1. Practitioners Change

The evolution of the industrial structure and the change of the employment structure
maintain a correlation in the process of economic development, and the coordination and
interaction of the two is also an inevitable requirement for the optimization of the industrial
structure and the effective promotion of employment [30,31,48].

Figure 6 shows the results of calculating the changes of employees in various industries
in the BTH urban agglomeration and every city. It shows that, except for Tianjin and
Chengde, the number of employees in other cities has shown an upward trend. In terms
of the urban agglomeration, the number of employees has also shown an upward trend,
increasing from 29.1 million in 2013 to 32.7 million in 2018, with a growth rate of 12.61%. In
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terms of different industries, the number of employees in the manufacturing industry far
exceeds that of other industries, although the number of employees has shown a downward
trend during 2013–2018, from 7.88 million in 2013 to 6.17 million, with a decrease of 21.80%.
However, due to the large number of employees in the manufacturing industry, it still
occupies a dominant position among the 19 industries in the urban agglomeration. At
present, the BTH urban agglomeration is in the process of promoting the transformation
and upgrading of the manufacturing industry and high-quality development. The decline
in the number of employees is also a normal adjustment to adapt to the process of industrial
upgrading. The number of employees in the construction industry, the wholesale and retail
industry, and the leasing and business service industries also accounts for a huge proportion
of the urban agglomeration.
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The overall number of employees in Beijing has shown an upward trend, from 10.91
million to 13.4 million, with an increase of 22.84%. Among them, there are three declining
industries, namely agriculture, forestry, animal husbandry, and fishery (−66.23%); mining
(−48.04%); and manufacturing (−30.58%). The other 15 industries have shown increasing
trends. Among them, the industries with a large increase in the number of employees are
the financial industry (86.13%) and the scientific research and technical service industry
(50.67%), also in line with Beijing’s functional positioning as the capital of technology
innovation center. Some high-energy-consuming industries, non-technological-innovation-
oriented industries, and technological-innovation-transformation-oriented industries, as
well as high-end manufacturing industries that lack comparative advantages in production
and processing links, need to move from Beijing to Tianjin and Hebei, including logistics
bases, wholesale markets, call centers in the tertiary industry, service outsourcing, health-
care, etc. These industries gather a large number of employees and serve the entire region.
They are labor-intensive industries and need to be transferred to the surrounding areas.
The total number of employees in Tianjin has shown a downward trend as a whole, from
5.66 million to 4.91 million, with a decrease of −13.33%. Among them, the three most
significant industries are agriculture, forestry, animal husbandry, and fishery (−75.38%);
manufacturing (−46.67%); and residential services (−39.35%). The three industries with the
most significant increases are financing (148.37%), leasing and business services (53.59%),
and real estate (40.27%). The total number of employees in Hebei Province has shown an
upward trend, from 12.49 million to 14.42 million, with an increase of 15.43%. The three
industries with the most obvious decline are agriculture, forestry, animal husbandry, and
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fishery (−71.33%); mining (−27.93%); and manufacturing (−6.57%). Despite the down-
ward trend, the number of employees in these three industries still accounts for a large
proportion of the total number of employees in the province; the three industries with
the most significant increase are the financial industry (186.88%), information technology
service industry (135.23%), and leasing business service industry (83.15%).

Figure 7 shows the changes in the number of employees in different industries in
each city of the BTH urban agglomeration from 2013 to 2018. As can be seen from the
figure, the number of employees in agriculture, forestry, animal husbandry, fishery, mining,
and manufacturing shows a downward trend in most cities and the urban agglomeration.
Among them, Handan is a well-known coal and high-grade iron-ore-producing area, where
the number of employees in the mining industry has shown an upward trend. The number
of employees in Baoding’s water conservancy, environment and public facilities manage-
ment, leasing and business services, and information technology services has increased
significantly. As an important node city in the Baiyangdian Ecological Economic Zone
and the advanced manufacturing industry along the Beijing–Guangzhou line, Baoding
with Anxin, Xiongxian, Gaoyang, and Rongcheng as the supporting nodes, the unique
advantages of the largest wetland in North China will be used to increase the construc-
tion of protected ecological forests in Beijing–Tianjin and promote the construction of
Baoding·Zhongguancun Innovation Center, Jingjinbao Chuangye Innovation Street, and
other projects. Thus, new economic growth points will be cultivated, gradually realizing
the diversified development of industries. The number of employees in the wholesale and
retail industry, information technology service industry, leasing business service industry,
and public management in Langfang has increased significantly. The reason is that, since
the beginning of the dissolution of Beijing’s non-capital functions in 2014, Langfang has
had a geographical advantage in undertaking the transfer of industries from the capital
and actively undertakes the spillover of functional elements such as Beijing’s industry,
technology, and talent. The number of employees in the service industry and wholesale
and retail industry of Cangzhou has shown an increase. Its Pearl Trade City and the
characteristic town of the Pearl Apparel Industry will take over the clothing trading enter-
prises of Beijing Dahongmen and the Zoo Wholesale Market, for example. The practice of
Cangzhou undertaking the relocation of industries from Beijing to Tianjin is also known as
the “Cangzhou phenomenon”.
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Figure 7. Changes in the number of employees in the BTH urban agglomeration.

In general, the changes in employees in BTH from 2013 to 2018 show the following
patterns (Figure 8): First, the number of employees in traditional industries such as agri-
culture, forestry, animal husbandry, and fishery, as well as manufacturing, has shown
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a downward trend, but due to the large number of employees in manufacturing, it still
occupies a dominant position. Second, the number of employees in the tertiary industry,
such as financial industry, scientific research and technical service industry, and information
technology service industry, has increased significantly, especially in Beijing and Tianjin,
also illustrating that the industrial structure of the BTH urban agglomeration is showing an
optimization and upgrading trend.
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Figure 8. Changes in the number of employees in the BTH urban agglomeration by industry in
each region, from 2013 to 2018. BJ—Beijing; TJ—Tianjin; SJZ—Shijiazhuang; TS—Tangshan; QHD—
Qinhuangdao; HD—Handan; XT—Xingtai; BD—Baiding; ZJK—Zhangjiakou; CD—Chengde; CZ—
Cangzhou; LF—Langfang; HS—Hengshui; JJJ—BTH urban agglomeration.

3.3.2. Changes in Major Economic Functions

The specialization indexes of various industries in different regions were calculated,
aiming to identify industries with high specialization indexes in BTH urban agglomeration
in 2013 and 2018, and we analyzed the changes in the leading industries in various regions.
It can be seen from Table 3 that, in 2013, the industries with a higher specialization index of
Beijing employees were mainly concentrated in information technology, scientific research,
culture, sports, and entertainment. In 2018, the industries with a higher specialization
index were information technology, finance, and scientific research, all technology-intensive
industries. Moreover, knowledge-intensive tertiary industries are also more in line with
Beijing’s capital positioning as a “science and technology innovation center”. Some high-
energy-consuming industries, non-technological-innovation enterprises, and technological-
innovation-transformation enterprises, as well as high-end manufacturing industries that
lack comparative advantages, are all non-capital functional enterprises, so these all need to
be transferred.

In 2013, the industries with higher specialization indexes in Tianjin were residential ser-
vice, manufacturing, and construction. In 2018, they changed to construction, finance, and
residential service industries. In terms of Hebei Province, the industries with higher spe-
cialization indexes changed from agriculture, forestry, animal husbandry, fishery, mining,
and public management in 2013 to agriculture, forestry, animal husbandry, fishery, mining,
and manufacturing in 2018. Beijing Hyundai’s fourth factory was settled in Cangzhou,
Hebei Province, and started construction. Such policies as the promotion of the Zhongguan-
cun Demonstration Zone, Yizhuang Development Zone and Tianjin–Hebei cooperation
to jointly build big data corridors, Baoding Zhongguancun Innovation Center, and other
science and technology parks accelerate the construction of a chain of cross-BTH science
and technology innovation parks and promote the deep integration of the innovation
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chains, industrial chains, and capital chains, accelerating the continuous development of
Hebei’s manufacturing industry.

Table 3. The top three industries in 2013 and 2018 in the employment specialization index.

2013 2018

City Leading Industry City Leading Industry

Beijing I-9, I-12, I-17 Beijing I-9, I-19, I-12
Tianjing I-14, I-3, I-5 Tianjing I-5, I-19, I-14
Heibei I-1, I-2, I-18 Heibei I-1, I-2, I-3

Shijiazhuang I-1, I-19, I-3 Shijiazhuang I-1, I-6, I-15
Tangshan I-2, I-3, I-18 Tangshan I-2, I-1, I-3

Qinhuangdao I-4, I-13, I-18 Qinhuangdao I-4, I-13, I-18
Handan I-1, I-5, I-18 Handan I-1, I-2, I-4
Xingtai I-1, I-2, I-4 Xingtai I-1, I-2, I-4
Baoding I-5, I-18, I-15 Baoding I-5, I-18, I-3

Zhangjiakou I-2, I-4, I-13 Zhangjiakou I-2, I-18, I-4
Chengde I-2, I-1, I-13 Chengde I-2, I-1, I-18

Cangzhou I-3, I-2, I-18 Cangzhou I-1, I-2, I-3
Langfang I-3, I-10, I-18 Langfang I-3, I-1, I-10
Hengshui I-1, I-18, I-4 Hengshui I-1, I-3, I-4

Dingzhou I-4, I-3, I-6
Xinji I-3, I-13, I-5

Xiong’an I-3, I-18, I-15
Note: The number of employees in different industries in each city from the economic census was used to calculate
the specialization index for each industry. The table below shows the top three industries in the specialization
index of each city. The industry codes are shown in Table 2.

3.3.3. Convergence and Change of Industrial Structure

The similarity coefficients and the industrial structure of the BTH urban agglomeration
were calculated, aiming to analyze the changes in the industrial structure of Beijing, Tianjin,
and Hebei. Table 4 shows that the industry similarity coefficient between Beijing and
Tianjin had an upward trend during 2013–2018, and the similarity coefficient between
Beijing and Hebei showed a downward trend. The functional positioning and industrial
division of the two places have gradually become clear and certain. To a certain extent, it
shows that during the third and fourth economic censuses, Beijing’s non-capital functions
achieved initial results, and the positioning of the capital was constantly clear. The similarity
coefficient between Tianjin and Hebei was relatively high, but it showed a downward trend
during 2013–2018. Tianjin’s geographical location advantage and manufacturing base
constantly clarify the functional positioning of “one base and three districts” in the context
of coordinated development. Hebei Province, as a major heavy industry and manufacturing
province in BTH, is also one of the important transfer places for the capital industry, and
the industry similarity coefficients with Beijing and Tianjin show a downward trend.

Under the premise of “coordinated development” and “resource sharing” in the
BTH urban agglomeration, the development positioning of the three places is becoming
more and more clear. According to their respective functional positioning, Beijing will
gradually build a technological innovation center, Tianjin will gradually form a high-level
modern manufacturing R&D and transformation base, Hebei will build a key industrial
technology research and development base, and the three regions will gradually develop
in the direction of mutual support and supplementation in industries. It also provides
opportunities for the optimization of industrial structure and economic development of the
BTH urban agglomeration.
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Table 4. Industry similarity coefficient by region of the BTH urban agglomeration in 2013 and 2018.

Beijing Tianjin Hebei

Beijing - - -

Tianjin 0.74 ↑ - -
0.77

Hebei
0.72 ↓ 0.97 ↓ -
0.67 0.95

BTH
0.86 ↑ 0.97 0.97 ↓0.87 0.97 0.94

Note: The upper part is the similarity coefficient in 2013, and the lower part is the similarity coefficient in 2018.
The ↑means that the change is on an upward trend, and the ↓means that the change is on a downward trend.

4. Discussion
4.1. The Impact of Coordinated Development Policies on Industrial Structure

The introduction of relevant policies under the background of coordinated develop-
ment has had a non-negligible impact on the changes in the industrial structure of the BTH
urban agglomeration. At the same time, we also draw on relevant previous research to
support our conclusions.

4.1.1. The Changes in the Number of Legal Entities

For the impact of coordinated development policies on changes in the number of
legal entities, Hebei changed the most, with an increase of 162.05%. Industrial relocation
has been one of the key areas since the policy of relieving Beijing’s non-capital functions
was proposed in 2015, as well as labor-intensive industries that are inconsistent with the
capital’s functions and other industrial manufacturing industries. Hebei has precisely built
a key undertaking platform system aimed at accelerating the transfer of industries from
Beijing and Tianjin. By the end of 2020, Hebei Province undertook the transfer of a total
of more than 20,000 legal entities to Beijing and Tianjin [39]. Hao et al. found that the
total number of legal entities transferred to Hebei from Beijing and Tianjin during the
period 2016–2020 exceeds 24,000, and several major industrial projects have been landed
and implemented [38], which is also consistent with our results. The steel industries of
Shougang have all been relocated to some cities in Hebei. With land advantages and
industrial foundation, Tangshan signed the “Framework Agreement on Jointly Building
Caofeidian Cooperative Development Demonstration Zone” with Beijing in 2014. Tangshan
is expected to use 100 km2 of land to jointly build an industrial park. Meanwhile, the
Shougang Beijing–Hebei Cooperation Development Investment Fund will be set up to
assist the transfer of the Shougang steel industry to Caofeidian [39]. Under the guidance of
coordinated development and industrial transfer policies, the number of legal entities in
Tangshan showed a substantial increase of 99.55%.

4.1.2. The Changes in the Operating Income

For the impact of coordinated development policies on changes in the operating in-
come, the cities of Langfang, Handan, Zhangjiakou, and Qinhuangdao in Hebei Province
all showed substantial growth, with a growth rate of over 20%. The study by Zhao et al.
points out that the acceptance sites of enterprises moving out from Beijing and Tianjin in
Hebei are mainly concentrated in the closer urban and rural fringe areas, such as Tangshan,
Langfang, Cangzhou, Qinhuangdao, and other areas around Beijing, as well as areas with
special geographical advantages or special resources, thus confirming our finding. Located
between the two major central cities of Beijing and Tianjin, Langfang has a very important
position in the undertaking of Beijing and the docking of the industrial development of
Beijing and Tianjin. Qinhuangdao, strategically located in the center of the Bohai Rim
Economic Zone, adheres to coastal development and boasts a good investment environ-
ment. Zhang et al. showed that, in the process of industrial restructuring in Beijing, some
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industries lacking comparative advantages, especially some mature traditional manufac-
turing industries such as the steel industry, have started to make a gradient shift, gradually
moving the whole or part of the production chain to the surrounding areas of Hebei [35].
The operating income of the Tianjin Binhai New Area is at the same level as Beijing’s
Chaoyang and Haidian Districts. Ever since being approved as a national-level free-trade
pilot zone in 2014, the strategic positioning of Tianjin Binhai New Area has been to serve
the coordinated development of the BTH agglomeration [29]. It became the first state-level
new area in China with the regional GDP exceeding one trillion RMB. The implementation
of the opening-up policy for industrial development has achieved remarkable results, and
the economic development level has been relatively high.

4.1.3. The Changes in the Number of Employees in Different Industries

For the impact of coordinated development policies on changes in the number of
employees in different industries, Langfang has a geographical advantage in undertaking
industrial transfer in the capital, and it actively undertakes Beijing’s industry, technology,
talents, and other functional elements. Moreover, the number of employees in wholesale
and retail, information technology services, and leasing business services has increased
significantly. The number of employees in the residential service industry and the whole-
sale and retail industry in Cangzhou has increased significantly due to the acquisition
of Dahongmen, the Zoo Wholesale Market, and other clothing trading enterprises from
Beijing. For Handan, which is a coal-mining area, the number of employees in its mining
industry has shown an upward trend. The change of the industrial similarity coefficient
shows that the relief of non-capital functions has achieved initial results, and the develop-
ment orientation of Beijing, Tianjin, and Hebei is constantly clear. Zhang et al. compared
the location quotient of industrial subsectors in Beijing, Tianjin, and Hebei. They found
that the advantageous industries in Beijing are concentrated in the life service industry and
technology and capital-intensive modern manufacturing industry; the advantageous indus-
tries in Tianjin are equipment manufacturing and modern manufacturing industries; and
the advantageous industries in Hebei are mainly resource-processing and labor-intensive
industries [36]. Beijing is gradually forming a highly precise industrial structure through
the deconstruction of non-capital functions [39]. These are also more consistent with the
results of the specialization index calculated in this study.

4.2. Shortcomings and Prospects

Although this paper has carried out a relatively detailed and in-depth analysis on the
basis of the existing data, we believe that there are still the following limitations: First, the
analysis scale is not precise enough. The smallest statistical unit of each indicator in the
National Economic Census is at the district or county scale. Therefore, the analysis based
on the Economic Census data can only focus on the district or county level, and the spatial
granularity is not fine enough, so the accuracy of identifying the location of the problem
is insufficient. For example, the industrial similarity coefficients of Beijing and Tianjin
showed an upward trend from 2013 to 2018. This conclusion may be misleading. In fact,
Beijing and Tianjin are gradually realizing dislocation development from a more refined
industry division. However, since it is limited by the smallest statistical unit and industry
subdivision of employee data in the Economic Census, we cannot obtain more precise
changes in the similarity coefficients of Beijing and Tianjin. Therefore, this conclusion
based on the industry classification of the economic census data is not consistent with the
conventional thinking. With the emergence of additional open social data and spatial data
such as POI data, corporate spatial data, etc., regional economic development research
is going through an era of big data. They not only provide detailed information about
socioeconomic activities but also form a foundation for large-scale applications of industrial
development and changes at a relatively fine resolution. Second, the empirical analysis of
industrial structure change and its influencing factors is not deep enough. Several factors,
such as economic development, functional positioning, market demand, infrastructural
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security, and government willingness, have influenced the change of industrial structure in
urban agglomerations. Due to the limitation of data acquisition, this paper did not explore
the influencing factors of industrial structure change in BTH urban agglomeration in depth;
therefore, this is one of the directions to carry out in-depth research in the future. Last but
not least, the industrial development of new areas in the BTH urban agglomeration, such
as the Beijing Economic-Technological Development Area, Xiong’an New Area, and Tianjin
Binhai New Area, is also worthy of attention. In the future, on the basis of available data,
an in-depth analysis of the industrial development of the new district and its impact on
changes in the industrial structure of urban agglomerations can be conducted. Additional
efforts to explore the above limitations are required.

4.3. Policy Suggestions for the Coordinated Development of Industries in the BTH Urban
Agglomeration in the Future

Compared with the third national economic census, the changes in the number of
legal entities, operating income, and employees in the fourth census not only reflect
the development of China’s economy and industry but also the result of optimizing the
business environment. From 2013 to 2018, the planning and policy system at the national
level has been increasingly improved. In particular, a number of policies have been
issued, such as the BTH Coordinated Development Planning Outline and the BTH Coordinated
Development Industrial Upgrade and Transfer Plan. These also provide an action guide for
BTH industrial transfer.

To achieve a higher level of coordinated development in the future, cities in BTH
would give full play to their comparative advantages, carry out specialized division of
labor, perform their respective duties, and achieve dislocation development in the future.
Beijing should continue to clarify the capital positioning of the four major centers and give
play to the radiating and leading role of the central city. Tianjin should make full use of
its port advantages and manufacturing bases and focus on developing coastal industries,
advanced manufacturing industries, and productive services. While undertaking the
transfer of manufacturing from Beijing and Tianjin, Hebei should give full play to its
advantages in land, labor, and resources; focus on optimizing the industrial structure; and
build a modern industrial development system with its own characteristics. Last but not
least, the BTH urban agglomeration should strengthen the connections of multiple factors,
pay attention to dislocation development, and achieve coordinated development under the
idea of one game of chess [29] in the three regions.

5. Conclusions

The conclusions of this study are summarized as follows. The results show that the
coordinated development policy does have an impact on the change of industrial structure
in the BTH urban agglomeration. The coordinated development level of the BTH urban
agglomeration at the industrial level has continued to improve. Beijing’s non-capital
functions at the industrial level have achieved initial results. Firstly, the number of legal
entities and the operating income of BTH urban agglomeration show an overall upward
trend, having increased by 85.5% and 14.61% from 2013 to 2018, respectively. Secondly,
although the number of employees has increased by 12.61% from 2013 to 2018; the number
of employees in the traditional industries, such as agriculture, forestry, animal husbandry
and fishery, and manufacturing, has shown a clear downward trend. Finally, the changes
in the specialization index and industry similarity coefficients show that the division of
industry and the development positioning of three regions are gradually clear.
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