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Abstract: Coordinated development of new high-tech industries and traditional
industries is crucially important for economic growth and environmental sustain-
ability, and it has become a focus of academic and governmental bodies. This
study establishes the comprehensive evaluation index system of high-tech indus-
tries and traditional industries, and uses the method of principal component ana-
lysis, coupling and coupling coordination degree model to determine the level of
industry coordinated development. Then, Pearson correlation test is used to
further analyze the correlation between regional industrial coupling coordination
and carbon intensity of the seven provinces in the Bohai Rim Economic Circle
(BREC). The results are as follows. (1) There is a negative correlation between
industrial coupling coordination and carbon intensity. (2) The degree of industrial
coordination of Beijing, Tianjin, and Shandong is significantly higher than other
provinces in the BREC, as both the high-tech industries and traditional industries
of these three provinces have reached a high level of development and achieved
high coupling. The high-tech industries of the three provinces show positive
changes, whereas the traditional industries show negative changes, which indi-
cates that the new high-tech industries are driving the upgrading of the traditional
industries by the application of high technologies. (3) From 2011 to 2016, the
number of provinces with a low degree of high-tech and traditional industrial
coordination fell from three to one. The traditional industries in Hebei and Inner
Mongolia have been upgraded by strengthening their technological innovation
with the introduction of rapid high-tech industrial development. These findings
are a useful reference for regional industrial coupling coordination and carbon
emission reduction.

Keywords: Industrial coupling coordination degree; industrial coupling degree;
carbon intensity; Bohai Rim Economic Circle

1 Introduction

With China’s economic growth entering the new normal stage, the Chinese government regards the
upgrading of industrial structures as an important strategy to transform the current economic development

This work is licensed under a Creative Commons Attribution 4.0 International License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original
work is properly cited.

Energy Engineering
DOI:10.32604/EE.2020.013834

Article

echT PressScience

mailto:songmei6361@cumtb.edu.cn
mailto:mingxinzhang1@163.com
http://dx.doi.org/10.32604/EE.2020.013834


model. The experience of domestic and foreign development was summarized, and the global trends were
analyzed at the 18th National Congress of the Communist Party of China. Five new development
concepts were recommended based on this review. One of these concepts was coordinated development.
There is no doubt that coordinated industrial development is inevitably required to improve the overall
coordinated development and the high-quality development of economy.

The Bohai Rim Economic Circle1 (BREC) is an important area for China’s economic development and a
key area for carbon emission reduction. The BREC, which is China’s third economic growth pole following
the Yangtze River Delta and Pearl River Delta, is known as the “engine” of northern economic development.
As a major industrialized region in China, the BREC is located at the northeastern coast of mainland China.
This area, which includes Beijing and Tianjin, is directly under the administration of the central government,
so the government can directly drive the urban economic, ecological, and social development of the whole
region. The other five provinces in the BREC, which are Hebei, Liaoning, Shanxi, Inner Mongolia, and
Shandong, surround the Bohai Sea. We call this group the seven provinces, as shown in Fig. 1. The
provinces in the BREC have differences in resource endowments, energy consumption structures,
industrial structures, technological levels and policy inclinations, which don't exist in the Yangtze River
Delta, the Pearl River Delta and other Chinese urban agglomerations. Currently, the BREC is also faced
with “two peaks that are advancing together” in the process of industrial development. On the one hand,
it is essential to increase the rate of development of the new high-tech industries which are expected to
occupy a commanding position in future development. On the other hand, the proportion of traditional
industries relative to high-tech industries is still large, so it is critical to equally promote the high-quality
development of these industries, to transform and upgrade the entire industrial structure. Meanwhile,
environmental problems and the contradiction between economic development and carbon emissions are
also becoming increasingly prominent as a consequence of rapid economic development. As a high
carbon emission region in China, the carbon intensity of the BREC was well above the national average
in 2015, so there is an urgent need for emission reductions and energy retrenchment to accelerate the
implementation of a low-carbon economy pattern and sustainable development strategy. And the
comprehensive and efficient realization of its regional coordinated emission reduction is of great
significance for achieving the national carbon emission reduction target.

In addition, industrial coupling coordination is an important factor affecting the two factors—industrial
development and economic growth, which are important factors affecting carbon intensity. Therefore, there
may be a connection between the industrial coupling coordination and carbon intensity. And coordinated
level between industries may influence the carbon emission structure by influencing the industrial
structure and the energy consumption structure within the industry, thus influencing the carbon emission
reduction. Therefore, dealing with the relationship between the twin peaks requires a positive interaction
between all industries in the BREC. This has profound implications for economic growth and
environmental sustainability.

The BREC is taken as the research object of this study. Our study confirms that industrial coupling
coordination is negatively correlated with carbon intensity in this region. It is anticipated that our research
results will enrich other studies concerned with the correlation between industrial coupling coordination
and carbon intensity in China, and will provide a valuable reference for the overall coordinated
development of the BREC and different countries in the world. The remainder of this study is organized
as follows: Section 2 presents the literature review; Section 3 describes the method, model, data sources,
and index system; Section 4 explains the data calculations and presents the results; Section 5 provides the
conclusions and policy implications; and Section 6 summarizes the discussion points.

1 “Outline for cooperation and development of the BREC” makes clear that the BREC includes Beijing, Tianjin, Hebei, Liaoning,
Shandong, Shanxi and Inner Mongolia, which enacted by the National Development and Reform Commission, the relevant
departments of the State Council, and local governments in 2015.
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2 Literature Review

2.1 Traditional and High-Tech Industries
Previous studies on traditional and high-tech industries can be divided into two categories: one category

focuses on traditional or high-tech industries in isolation, and the other focuses on the relationship between
the two industries. The research on high-tech industries has mainly focused on their evaluation using many
different methods. Chen et al. [1] examined the innovation performance of high-tech industries in China
using the data envelopment analysis method. Zhang et al. [2] comprehensively assessed the competitive
force of the high-tech industries of Fujian Province. He et al. [3] assessed the high-tech industrial
competitiveness in Chinese provinces by applying factor analysis. Gao [4] took the upgrading of the coal
industry as an example to analyze the mechanisms of sustainable development. Wang and Wang [5]
assessed the competitive power of the high-tech industries of China with an improved TOPSIS method.
Taking Longjing Industrial Zone as an example, Pan et al. [6] mainly investigated the upgrading of the
old industrial area to study the effect of the implementation of the new revitalization policy. Wang et al.
[7] constructed a framework for evaluating the effectiveness of technological innovation in high-tech
industries by applying two-stage network data envelopment analysis. The research on traditional
industries has mainly focused on transforming and upgrading the industries. Li [8] analyzed the impact of
the producer service sector on the upgrading of the manufacturing industry sector by constructing a two-
sector model. Zhai et al. [9] concentrated on the factors that affect the clean development of the
manufacturing industry under environmental regulations.

Currently, a lot of studies have focused on the relationship between the new high-tech industries and
traditional industries. Chakrabarti et al. [10] proposed that emerging and traditional industries could
integrate and develop together. Mendonca [11] challenged the assumption that traditional industries could
not partner with high-tech industries; he proposed that traditional industries could be transformed into
high-tech industries through technological diversification. Arbuthnott et al. [12] found that there were
indications of acceptance and integration between the newly created and old industry participants based
on the dialectic interaction between the industries. Zhu et al. [13] proposed that industrial planning and
policies accelerating the development of high-tech industries create enabling environments for cultivating

Figure 1: The geographical position of the BREC in China
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the new industries and high-end services, so that the zero-emission high-end industries will displace the high-
emission low-end industries.

2.2 Industrial Structure and Carbon Intensity
Studies in recent years have shown that optimizing and upgrading industrial structures can reduce the

carbon intensity. By analyzing the relationship between the industrial structural transformation and carbon
dioxide emissions in China, Zhou et al. [14] concluded that optimizing and upgrading industrial
structures can reduce carbon emissions. Zhang et al. [15] studied the effect of changes in the industrial
structure on China's carbon intensity by adopting panel data and ARDL( autoregressive distributed lag
method), and they proposed that increasing the proportion of the tertiary industry was extremely
beneficial to curb carbon intensity. Zheng et al. [16] proposed the determinant factors of China’s
provincial carbon intensity by using a dynamic spatial panel model, and the conclusions showed a
positive correlation between carbon intensity and secondary-sector share. Yao et al. [17] found that
transferring highly energy-intensive enterprises from the east to the west of China cannot solve the
problem of carbon emissions; instead, policies should be used to guide China to improve its industrial
structure fundamentally, and then reduce the carbon intensity. By applying a dynamic spatial panel data
model, Cheng et al. [18] analyzed the impact of industrial restructuring and technology development on
carbon intensity, and the conclusions indicated that although optimizing and upgrading industrial
structures are beneficial to lower carbon intensity, technological progress is the most important factor in
China. Xiao et al. [19] drew the conclusion that the secondary industry was significantly less carbon-
friendly than the service industry by comparing and analyzing the total-factor carbon emission
performance in 2016. Benjamin et al. [20] proposed that the industrial structure can be optimized and
upgraded by developing targeted high-tech metallurgy industries and gradually phasing out the low-end
industries to reduce carbon dioxide emissions. Zhang et al. [21] proposed that market integration can, to
some extent, enhance technological innovation and the effects of emission-reduction, and at the same
time, it can achieve effective carbon emission reduction through industrial optimization policies.

2.3 Possible Academic Contribution
As one of China’s high carbon-emission regions, achieving coordinated emission reduction in the BREC

has important significance for accomplishing the national carbon emission reduction target. However, few
researchers have focused on industrial coupling coordination and carbon emission reduction in this
region. And many similar studies on industry coordination have focused on the whole country; there have
not been as many focused on the regional level. Moreover, existing research has focused on the impact of
optimizing and upgrading industrial structures on carbon intensity; there not many studies have analyzed
the correlation between industrial coupling coordination and carbon intensity. The possible innovation of
this study in comparison with existing studies lies in the following aspects. (1) This paper establishes the
evaluation system to study the spatiotemporal evolution characteristics of the new high-tech industries
and traditional industries in the BREC. (2) By constructing the coupling degree and the coupling
coordination degree model, this paper studies the difference of the coordination level of two kinds of
industries in different provinces of BREC and the driving effect of high-tech industries on the upgrading
of traditional industries. (3) It studies the relationship between the industrial coupling coordination degree
of both types and carbon intensity.

3 Model Specification and Index System

3.1 Coupling Model
The concept of coupling comes from physics, and it means the mutual effect between several systems or

motion forms. The degree of industrial coupling is often used for measuring the degree of inter-industrial
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coupling. The comprehensive evaluation index can be calculated using the principal component analysis
method [22], and it is written as shown below:

f xð Þ ¼
Xm

i¼1
aixi (1)

g yð Þ ¼
Xn

j¼1
bjyj (2)

where f ðxÞ and gðyÞ refer to the comprehensive evaluation functions of the new high-tech industries and
traditional industries, respectively. ai and bj are the principal component contributing rates extracted by
principal component analysis. They represent the weight of the evaluation index of the new high-tech
industries and traditional industries, respectively. xi and yj represent the principal component scores of
subsystems of the new high-tech industries and traditional industries, respectively [22].

According to the capacity coupling system model in physics, a small deviation coefficient indicates a
high degree of coupling. The formula of the deviation coefficient is shown below:

C ¼ f xð Þ � g yð Þ
f xð Þ þ g yð Þð Þ=2½ �2

�����

�����

1=k

(3)

where k is the coordination coefficient; since the model contains two subsystems, k = 2. C is the coupling degree.
f ðxÞ and gðyÞ refer to the comprehensive evaluation function of the new high-tech industries and traditional
industries, respectively, which reflects the level of comprehensive development of these two subsystems.

3.2 Coupling Coordination Degree Model
In the above deviation coefficient formula, C is a good reflection of the degree of coordination between

the two subsystems; however, it does not reflect the overall level of coordinated development. For example,
the development level indexes of the traditional industries and new high-tech industries in one region may
both be low, while these in another region may both be high, but the degree of coordination may be the same
in the above two situations. In order to account for this defect, the concept of the coupling coordination
degree is put forward. This concept involves adding the measurement of the whole level based on
measuring the degree of coordination between the elements in order to reflect the total function [23]. We
establish the following model:

D ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffi
C � T

p
(4)

T ¼ αf ðxÞ þ βgðyÞ; αþ β ¼ 1 (5)

where D refers to the degree of coupling coordination ranging between 0 and 1, T represents the
comprehensive coordination development index, and α and β are both undetermined weights. The
determination process is analyzed in detail below. A high D value indicates a higher level of coordinated
development of the high-tech industries and traditional industries; conversely, a low D value indicates a
lower level of coordination [24,25].

Based on the previous research results and studies on the coupling and coupling coordination [26–29], the
degree of coupling and coupling coordination are divided into four levels as shown in the following table (Tab. 1).

3.3 Establishment of the Evaluation Index System
3.3.1 New High-Tech Industries

This study takes the standard set by the OECD (Organization for Economic Cooperation and
Development) to classify high-tech industries. According to this standard, a new high-tech industry
(manufacturing) is a manufacturing industry with a relatively high intensity (i.e., the expenditure

EE, 2021, vol.118, no.1 147



proportion in the main business income) of research and development (R&D) in the national industrial
economy. The standard includes six major types: Pharmaceutical manufacturing, aerospace and equipment
manufacturing, electronic and communication equipment manufacturing, computer and office equipment
manufacturing, medical equipment and instrumentation manufacturing, and chemical manufacturing.

3.3.2 Traditional Industries
Because of China's specific national conditions, the selected traditional industries were all developed in

the primary stage of industrialization. These were mainly the chemical, textile, light industry, metallurgy,
machinery parts, and building materials industries, most of which are statistically classified as segments
of the secondary industry. Therefore, this study excludes the industries defined as high-tech from analysis
on the basis of the Classification of the National Economy Industry (GB/t4754-2011), such as the
pharmaceutical manufacturing industry, computer communications and other electronic equipment
manufacturing industry, instrument manufacturing industry, and other industries. We took the coal mining
and washing industry, oil and natural gas extraction industry, ferrous metal mining industry, and 30 other
industries as the representatives of the traditional industries (see Tab. 2).

Table 1: Classification criteria of the degree of coupling and coupling coordination

Coupling degree C Coupling level Coupling coordination degree D Coordination level

[0,0.3) Low level coupling [0,0.25) Low-grade coordination

[0.3,0.5) Antagonistic [0.25,0.5) Moderate coordination

[0.5,0.8) Running-in [0.5,0.75) High-grade coordination

[0.8,1] High level coupling [0.75,1] Extreme coordination

Table 2: Classifications and codes of traditional industries

Industry Code Industry Code Industry Code

Coal mining and
washing industry

6 Textile and garment industry 18 Rubber and plastic products 29

Oil and gas extraction 7 Leather goods and footwear 19 Non-metallic mineral
products industry

30

Ferrous metal mining
industry

8 Wood processing and
woodwork

20 Ferrous metal metallurgical
industry

31

Non-ferrous metal
mining industry

9 Furniture manufacturing 21 Non-ferrous metal
metallurgical industry

32

Non-metallic
mining industry

10 Paper and paper
products industry

22 Metal products industry 33

Agricultural and
sideline food
processing

13 Print and recording media
reproduction industry

23 Other manufacturing 41

Food manufacturing 14 Recreational and recreational
products manufacturing

24 Metal machinery and
equipment repair industry

43

Wine, beverage, and
tea manufacturing

15 Oil and nuclear fuel
processing industries

25 Electricity and heat
production and supply
industry

44
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3.3.3 Evaluation Index
On the basis of references [30,31], the study has established the following evaluation index system: the

level of industrial development and the level of industrial innovation. The level of industrial development
reflects the scale and benefits of the two types of industries, while the level of industrial innovation
describes the impact of scientific innovation on the technical progress of the two categories as shown in Tab. 3.

The data for the high-tech industries and traditional industries came from the EPS Data Platform China
New High-tech Industry database, EPS Data Platform China Science and Technology database, China
Statistical Yearbook, and China Science and Technology Statistical Yearbook.

Table 2 (continued).

Industry Code Industry Code Industry Code

Tobacco industry 16 Chemical raw material
products manufacturing

26 Gas production and supply 45

Textile industry 17 Chemical fiber
manufacturing

28 The production and supply
of water

46

Table 3: Subsystem index construction of new high-tech industries and traditional industries

System The first-
class index

The second-class index Unit Characteristic

Comprehensive index of the
development level of new high-
tech industries

Industrial
development
level

Number of enterprises PCS +

Total profit 10,000 yuan +

General assets 10,000 yuan +

Industrial
innovation
level

Total time equivalence of
R&D personnel

Persons per
year

+

Number of patent
applications

PCS +

Proportion of new product
sales revenue to main
business revenue

% +

Comprehensive index of the
development level of
traditional industries

Industrial
development
level

Number of enterprises PCS +

Total profit 10,000 yuan +

General assets 10,000 yuan +

Industrial
innovation
level

Total time equivalence of
R&D personnel

Persons per
year

+

Number of patent
applications

PCS +

Proportion of new product
sales revenue to main
business revenue

% +

Notes: The total time equivalence of R&D personnel is an international standard used to compare the input of R&D personnel. It represents the total
amount of the workload of the R&D full-time personnel (i.e., the staff who spend 90% or more of their total working hours for the year engaged in
R&D activities) and the workload of the part-time personnel apportioned in accordance with their actual working hours.
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3.4 Carbon Intensity
Carbon intensity is the carbon emission per unit of GDP, so accurately measuring regional carbon dioxide

emission is the key of this paper. The international carbon emission data are mainly from official statistics. But
there is no official statistical data in China. At present, the most used methods for carbon emission estimation
mainly include model estimation method, material balance algorithm, inventory compilation method and
measurement method, etc. Most scholars adopt a simple and effective carbon emission measurement
method, material balance algorithm. So, this paper also adopts this method to calculate the carbon emission
data of BREC. The consumption of energy only accounts for the consumption of various types of energy
actually used by each province in the process of social production, excluding the trans-regional transmission
of coal, electricity and coke. Based on the statistical data of energy consumption of different regions and
varieties in China Energy Statistical Yearbook and the carbon emission estimation method proposed by the
Intergovernmental Panel on Climate Change (IPCC), this paper selects eight major energy sources, coal,
coke, crude oil, gasoline, kerosene, diesel, fuel oil and natural gas, to calculate the carbon emission of each
province. The formula is as follows [32,33]:

Ck ¼
X8

i¼1

Ei � SCCi � CEFi � 44=12 (6)

where Ck refers to the CO2 emissions of the region k, k ¼ 1 ; . . . ; 7 denote Beijing, Tianjin, Hebei,
Shanxi, Inner Mongolia, Liaoning, and Shandong, respectively, and i ¼ 1 ; � � � ; 8 represent the coal,
coke, crude oil, fuel oil, gasoline, kerosene, diesel, and natural gas, respectively. Eirepresents energy
consumption of the type i (104 t or 108 m3), SCCi represents the standard coal coefficient [34], and CEFi

represents the carbon emission factors of the type i. Reference coefficients are listed in Tab. 4. The
carbon intensity (CEI) is the CO2 emissions per unit of the real provincial gross domestic product of
region k in the following formula:

CEIk ¼ Ck=GDPk (7)

4 Measurement and Discussion

4.1 Degree of Coupling and Coupling Coordination
4.1.1 Data Preprocessing

The high-tech and traditional industries systems are both composed of multiple indexes, and the
dimensions of each indicator are not uniform. Therefore, the first step is to eliminate the influence of the
dimensions by standardizing the raw data. We assume xij and yij indicate the raw and the standardized
value of index j in industry i, respectively.

The positive index is processed using formula (a), and the negative index is processed using formula
(b). A high value of the positive index indicates better system; a lower value of the negative index
indicates better system.

Table 4: The carbon emission reference coefficients

Energy resources Coal Coke Crude oil Fuel oil Gasoline Kerosene Diesel Natural gas

SCC
(kg standard coal/kg)

0.7143 0.9714 1.4286 1.4286 1.4714 1.4714 1.4571 1.33a

CEF
(kg/kg standard coal)

0.7559 0.855 0.5857 0.6185 0.5538 0.5714 0.5921 0.4483b

Note: The unit of a is kg standard coal/ m3. The unit of b is m3/ kg standard coal.
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For the positive index: yij ¼ xij �min xij
max xij �min xij

(a)

For the negative index: yij ¼ max xij � xij
max xij �min xij

(b)

where max xij and min xij refer to the maximum and minimum value, respectively.

4.1.2 Calculation of the Comprehensive Evaluation Index
We used the calculation process of the comprehensive evaluation index of the high-tech industries and

traditional industries in 2016 as an example. SPSS software was used to do the principal component analysis
of the standardized data of the high-tech industries and traditional industries. First, the Kaiser-Meyer-Olkin
(KMO) value test was carried out on the high-tech industries and traditional industries systems, and it is
found that the KMO values of both systems are higher than 0.6 and pass the Bartlett spherical test, so
principal component analysis could be conducted. In addition, the contribution rates of the cumulative
variance of the first two principal components of each system in 2016 (see Appendix A) were both more
than 85%, so the two principal components extracted from each system reflected the main information of
the original indexes. We could then obtain the score coefficient matrices of the two systems (see
Appendix A).

The comprehensive evaluation indexes of the high-tech and traditional industries were constructed. The
variance contribution rate was taken as the weight, and the corresponding principal component score value of
each system was taken as the variable.

f xð Þ ¼ 0:806z1 þ 0:171z2
g yð Þ ¼ 0:790z3 þ 0:185z4

where f xð Þ and g yð Þ refer to the comprehensive evaluation index of the high-tech and traditional industries,
respectively. Z1 and Z2 and Z3 and Z4 represent the first and second principal component scores of the
development of the high-tech and traditional industries, respectively. Z is calculated by the score
coefficient of the principal component and the standardized value of the corresponding raw variable. The
formula is shown below:

z1 ¼ 0:985x1 þ 0:951x2 þ 0:979x3 þ 0:167x4 þ 0:993x5 þ 0:994x6
z2 ¼ �0:143x1 þ 0:156x2 � 0:094x3 þ 0:983x4 � 0:078x5 � 0:002x6
z3 ¼ 0:987y1 þ 0:959y2 þ 0:981y3 þ 0:086y4 þ 0:991y5 þ 0:947y6
z4 ¼ �0:051y1 � 0:217y2 � 0:110y3 þ 0:994y4 þ 0:059y5 þ 0:236y6

Accordingly, the comprehensive evaluation index of the high-tech and traditional industries systems in
2016 was calculated. Similarly, the comprehensive evaluation index of the two systems in 2011 was
calculated; the calculation process is not listed because of space limitations.

4.1.3 The Determination of α and β
When studying the coupling coordination of the two subsystems, the literature review indicates that α

and β should both be given an equal value of 0.5 if the two subsystems are considered to have the same
degree of importance. For the purpose of exploring the influence of different values of the two factors on
the degree of coupling coordination (see Appendix B), this study uses the exhaustive method to examine
different scenarios. Considering that the high-tech industries represent an important economic growth
point in the new normal period, the weight should not be too low, so 0.3–0.9 was selected for the calculation.

The results showed that the values of α and β had little effect on the coupling coordination. For example,
when α = 0.4, β = 0.6 and α = 0.5, β = 0.5, it was found that there was little difference in the degree of
coupling coordination. However, considering that the BREC is still dominated by traditional industries,
the high-tech industrial share in the economic structure was low, and the two are actually not equally
important, so the results produced by α = 0.4 and β = 0.6 were selected for this study [35].
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The calculation results of the comprehensive evaluation index, coupling degree, and coupling
coordination degree of the two industries can be found in Appendix C.

4.2 Carbon Intensity and Industrial Coupling Coordination
4.2.1 Calculation Results of the Carbon Intensity

Applying the carbon emission estimation method proposed by IPCC, this study evaluated the total
carbon emissions of the BREC on the basis of natural gas, diesel, kerosene, gasoline, fuel oil, crude oil,
coke, and coal and then calculated the carbon intensity. The calculation results are shown in the Tab. 5.

4.2.2 Correlation of the Degree of Industrial Coupling Coordination and Carbon Intensity
As indicated in Fig. 2, the high-tech and traditional industries in Beijing, Tianjin, and Shandong had a

higher degree of industrial coupling coordination and a lower carbon intensity, whereas the industries in
Shanxi, Hebei, Inner Mongolia, and Liaoning had a lower degree of industrial coupling coordination and
a higher carbon intensity. There seems to be some correlation between the degree of industrial coupling
coordination and carbon intensity in the BREC. The Pearson correlation test was further applied to verify
the correlation. The results (Tab. 6) indicate that the degree of industrial coupling coordination and
carbon intensity are negatively correlated, and the level of the statistical significance reaches 0.01.

Table 5: The carbon intensity of the BREC in 2011 and 2016

Beijing Tianjin Hebei Shanxi Inner Mongolia Liaoning Shandong

2011 0.8151 1.8480 3.9045 6.8567 5.4756 3.3491 2.6174

2016 0.4498 1.0901 2.8564 6.2216 4.5446 3.2394 2.1661
Note: The unit is tons/10000 yuan.

Figure 2: Comparison of the degree of coupling coordination and carbon intensity in the BREC

Table 6: Results of correlation analysis between the degree of industrial coupling coordination and carbon
intensity

Carbon intensity Industrial coupling coordination degree

Carbon intensity 1 −0.874**

Industrial coupling coordination degree −0.874** 1
Note: ** denotes significance at the 1% level.
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4.3 Discussion
4.3.1 Different Spatiotemporal Characteristics of High-Tech and Traditional Industries

The comprehensive evaluation indexes of the high-tech industries in Beijing, Tianjin, Hebei, Inner
Mongolia, Liaoning, and Shandong all changed positively from 2011 to 2016 (Fig. 3a). Under the
influence of the policy of accelerating the development of new high-tech industries and improving the
ability of independent innovation, enterprises have become the main body of technological innovation,
which has promoted a substantial increase of high-tech industries in Inner Mongolia, from 0.29 in
2011 to 3.97 in 2016. But the overall development level still lagged behind that of the more developed
provinces due to the late start and the weak development foundation of high-tech industry in Inner
Mongolia. The high-tech industrial development of Liaoning has been slow, with only a 7.54% change in
5 years, which is related to the slow overall development in Northeast China. On the one hand, Northeast
China’s state-owned businesses accounted for a relatively large proportion of this low efficiency. On the
other hand, with the gradual loss of resource advantages and the serious brain drain problem in recent
years, the economic development has lacked momentum in Northeast China. The comprehensive
evaluation indexes of the high-tech industries in Shanxi changed negatively; they were down from
1.37 in 2011 to 0.23 in 2016, and the lagging status remains unchanged. Shanxi is relatively remote than
other provinces in this region, with inconvenient infrastructure and backward economic development.
There are serious problems of talent introduction and brain drain. As a result, the proportion of high-tech
industries is too small, the cultivation of the new high-tech industries is insufficient, and technological
innovation is lagging.

The highest comprehensive evaluation indexes of the new high-tech industries were in Beijing and
Tianjin. As these two municipalities comprise the political and economic center in the BREC, their
geographical advantages, policy advantages, and relatively complete infrastructure are a great attraction
for high-level talented personnel and foreign investment, which has driven technological innovation and
the overall development of the cities. Shanxi and Inner Mongolia had the lowest comprehensive
evaluation indexes for the high-tech industries, mainly because resource-intensive enterprises make up a
large proportion of their economies, and their technological innovation ability is relatively weak.

Figure 3: The comprehensive evaluation index in 2011 and 2016. (a) High-tech industries (b) Traditional
industries
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The comprehensive evaluation indexes of traditional industries in Hebei and Inner Mongolia changed
positively between 2011 and 2016, and those in Beijing, Tianjin, Shanxi, Liaoning, and Shandong
changed negatively (Fig. 3b). There are two reasons for this. On the one hand, traditional industries can
be transformed into high-tech industries by increasing scientific research and technological innovation,
reducing the overall number of traditional industries. This conclusion is consistent with Mendonca’s
research that traditional industries could be transformed into high-tech industries through technological
diversification. Such changes are positive. On the other hand, many of the backward production facilities
have been closed under the dual effect of the visible hand and invisible hand, as a result of the
implementation of structural reform on the supply side and the further deepening of marketization in
recent years, which has also led to a reduction of traditional industries.

In relation to regional development differences, the traditional industrial development levels in Beijing
and Tianjin are still obviously better than those in other provinces, whereas those in Hebei and Shanxi are
relatively backward. As the core provinces in the BREC, Beijing and Tianjin have unique geographical
and policy advantages. And there is a siphon effect in the region, which is conducive to gathering various
advantages and promoting the industrial development level and industrial innovation level. Because
Hebei is located in the Beijing-Tianjin-Hebei economic circle, the siphon effect of Beijing and Tianjin on
Hebei is more obvious than other provinces in the BREC. As a traditional resource-dependent province,
Shanxi has a relatively single economic structure, which is mainly based on energy and raw material
production. Under the downward trend of economy, the development of resource-dependent industries is
difficult in Shanxi.

4.3.2 Different Spatial Evolution Pattern of Industrial Coupling Coordination Degree in Different Provinces
The degree of coupling (see Appendix D) only reflects the degree of correlation between the two

indexes; however, some provinces with a low comprehensive evaluation index in respect of their high-
tech and traditional industries also reached a high level of coupling. Therefore, this section focuses on the
coupling coordination index. And the classification criteria of industrial coupling coordination degree is
shown in Tab. 1.

As indicated in Fig. 4, there were three provinces with low-grade coordination between the development
of the high-tech and traditional industries in 2011, namely Hebei, Shanxi, and Inner Mongolia. There were
two provinces with high-grade coordination and two provinces with extreme coordination in 2011. The
number of low-grade coordination provinces fell to one in 2016. Hebei and Inner Mongolia were elevated
to moderate coordination in 2016, which indicates that the industrial restructuring had an impact. This
might result in the rapid development of high-tech industries in these provinces, and the traditional
industries may be upgraded to high-tech industries by increasing their scientific research and
technological innovation. Because of the low level of development of high-tech and traditional industries,
Shanxi was still a low-grade coordination province in 2016. In recent years the upgrading of low-end
manufacturing and energy-dependent enterprises in Shanxi has been difficult. This is because the
proportion of high-tech industries is too small, the cultivation of the new high-tech industries is
insufficient, and technological innovation is lagging. Industrial coordination level was best in Beijing,
Tianjin, and Shandong in 2016. Because the high-tech and traditional industries had reached higher
coordination levels, the two industries achieved high-grade coordination and entered onto a benign
development pathway. The high-tech industries have already become an important growth pole of
regional economic development. The high-tech industries in the three provinces showed a positive
change, but the traditional industries showed the opposite. This indicates that high-tech industries have
driven the development of traditional industries, and some traditional industries have also been
transformed and upgraded with the help of emerging technologies.
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4.3.3 Negative Correlation between the Degree of Industrial Coupling Coordination and Carbon Intensity
Industrial coupling coordination refers to the degree of coordinated development between industries. It

not only reflects the degree of interaction and coupling between industries, but also reflects the overall level
of development between industries. This paper studies the coupling coordination between traditional
industries and high-tech industries. The development of high-tech industries is inseparable from the
development of traditional industries. The relationship between knowledge and technology determines
that the traditional industry is the basic platform for the development of the high-tech industry and the
high-tech industry is the driving force for the transformation and upgrading of the traditional industry.
Therefore, the healthy and coordinated interaction between high-tech industries and traditional industries
is the key to industrial development and economic growth. Meanwhile, industrial development and
economic growth are important factors affecting carbon intensity. Therefore, there may be a connection
between the industrial coupling coordination and carbon intensity.

The results (Tab. 6) indicate that the degree of industrial coupling coordination and carbon intensity are
negatively correlated, and the level of the statistical significance reaches 0.01. It can be inferred that the
higher the degree of industrial coupling coordination, the lower the carbon intensity, i.e., the degree of
regional industrial coupling coordination was negatively correlated with the carbon intensity. Because the
higher the degree of industrial coupling coordination, the stronger the promotion effect between the two
industries. The stronger the promotion effect between the two industries has a stronger optimization effect
on the industrial structure and energy consumption structure within the industries, and also has a stronger
effect on the optimization of carbon emission structure, so as to reduce the carbon intensity. The potential
mechanism is shown in Fig. 5.

Figure 4: Spatial evolution pattern of the degree of industrial coupling coordination of the BREC
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5 Conclusions and Policy Implications

5.1 Conclusions
Above all, the industrial coordination levels of the seven provinces in the BREC were significantly

different. The development levels of high-tech and traditional industries were relatively high, and the
coordination levels were obviously better in Beijing, Tianjin, and Shandong. However, the levels of
development of the two industries were relatively backward, and the coordination levels were also not
optimistic in Hebei, Shanxi, and Inner Mongolia. There were problems with unbalanced industrial
development, weak innovation ability, single economic structure, resource-dependent economy, and the
siphon effect of core cities such as Beijing and Tianjin among the regions.

From the perspective of coordinated industrial development, the development of new high-tech
industries is inseparable from the development of traditional industries, which comprises a large
proportion of the industries in the BREC. The relationship between knowledge and technology among the
industries determines that the traditional industries provide the basic platform for developing the new
high-tech industries, and the new high-tech industries provide the impetus for transforming and upgrading
the traditional industries.

Moreover, the degree of industrial coupling coordination and carbon intensity are negatively correlated.
The high-tech and traditional industries in Beijing, Tianjin, and Shandong had a higher level of coupling
coordination and a lower carbon intensity, whereas the industries in Shanxi, Hebei, Inner Mongolia, and
Liaoning had a lower level of coupling coordination and a higher carbon intensity. Therefore, promoting
benign interaction among the various industries is critical to realize the target of economically and
environmentally sustainable development in the regions.

5.2 Policy Implications for the BREC
For the purpose of improving the level of coordination between high-tech industries and traditional

industries in the BREC and reducing the carbon intensity to realize sustainable development, this study
puts forward the following proposals.

First, because traditional industries are the pillar industries of the economy in the BREC, the government
should not solely pursue the interests of high-tech industries or increase investment in these industries. Instead,
it should increase its financial support for transforming and upgrading traditional industries. Meanwhile, Hebei,
Shanxi, and Inner Mongolia, as traditional heavy industrial bases, should speed in phasing out backward
production facilities, improve the industrial technology level and production efficiency, and actively
transform and upgrade traditional industries, to promote coordinated industrial development.

Figure 5: The potential mechanism between industrial coupling coordination and carbon intensity
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Second, the high level of development of high-tech and traditional industries contributes to the high-
grade industrial coordination in Beijing and Tianjin. The key to improving the coordination level of the
two kinds of industries is to improve the level of innovation. Therefore, the low-grade coordination
provinces should optimize their scientific research environment and implement talent introduction
policies. Policies to strengthen scientific research should be directed to enterprises by creating an
institutional environment to attract and retain talented employees, as enterprises with highly talented
employees can play a key role in innovation.

Third, at present the industrial development in the BREC is seriously differentiated and regional
development is unbalanced. Promoting the coordinated development of industries in the BREC will
facilitate the coordinated development of the whole region. Therefore, we should optimize the allocation of
production factors on a larger scale and actively explore new mechanisms for regional cooperation. In April
2017, China officially established the Xiong’an New Area to facilitate the integration of Beijing, Tianjin,
and Hebei and to explore a new pattern to optimize development in areas with dense populations and
intensive economies. Many non-capital functions of Beijing will be transferred to the Xiong’an New Area.
Against this background, the provinces in the BREC should develop comparative advantages, realize
industrial restructuring and upgrading, improve the mechanism for cooperation and development, break
down the administrative divisions, accelerate the development of major trans-regional infrastructure, and
achieve equal access to public services to realize the coordinated development of the whole region.

5.3 Policy Implications for Different Countries
The conclusion that the coordinated development of industries is negatively related to carbon intensity

of this study can be extended from the BREC to different countries in the world. (1) Different countries
should develop and support their advantageous industries according to their resource endowments and
market orientation, and pay attention to the coordinated development between their advantageous
industries and other industries, so as to promote the benign development of economy and environment.
(2) Carbon emissions can be reduced by guiding the coupling coordination development of high-tech and
traditional industries. Different countries should attach importance to the coordinated development of
high-tech and traditional industries, when formulating carbon emission reduction policies or setting
carbon emission reduction targets.

6 Future Research

The study results indicated that provinces with lower coordination levels and higher carbon intensity,
such as Hebei, Shanxi, Inner Mongolia, and Liaoning, are facing much more pressures to upgrade and
transform their traditional industries for the purpose of realizing the targeted reduction in their carbon
emissions. Therefore, the following aspects of this research need further study. First, the spatial
correlation between provinces in respect of carbon intensity should be explored. Second, technological
innovation affects the carbon intensity, but the mechanism of this effect is worthy of further study in
terms of reducing the carbon intensity and upgrading traditional industries. Third, the driving mechanism
of high-tech industries to traditional industries should also be further studied.
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Appendix A

Table A1: Principal component contribution rate of the high-tech and traditional industries in 2016

Industry Principal components Eigenvalue Contribution rate Cumulative
contribution rate

New high-tech industry 1 4.833964 80.566072% 80.566072%

2 1.026957 17.115944% 97.682016%

Traditional industry 1 4.742622 79.043705% 79.043705%

2 1.108621 18.477023% 97.520728%

Table A2: Comprehensive evaluation index of high-tech and traditional industries in 2016

Variable New high-tech industry Traditional industry

The principal
components 1

The principal
components 2

The principal
components 1

The principal
components 2

Profits 0.985 −0.143 0.987 −0.051

General assets 0.951 0.156 0.959 −0.217

Number of enterprises 0.979 −0.094 0.981 −0.110

Proportion of internal R&D expenditure
in main business income

0.167 0.983 0.086 0.994

Total time equivalence of R&D personnel 0.993 −0.078 0.991 0.059

Number of patent applications 0.994 −0.002 0.947 0.236
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Appendix B

Appendix C

Appendix D

Table B1: Degree of coupling coordination across BREC regions with different values of α and β

α =
0.3

β =
0.7

α =
0.4

β =
0.6

α =
0.5

β =
0.5

α =
0.6

β =
0.4

α =
0.7

β =
0.3

α =
0.8

β =
0.2

α =
0.9

β =
0.1

Region 2011 2016 2011 2016 2011 2016 2011 2016 2011 2016 2011 2016 2011 2016

Beijing 0.78 0.65 0.82 0.69 0.86 0.72 0.89 0.75 0.93 0.78 0.96 0.81 0.99 0.83

Tianjin 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Hebei 0.17 0.26 0.18 0.27 0.19 0.29 0.21 0.31 0.22 0.33 0.24 0.35 0.26 0.36

Shanxi 0.23 0.00 0.22 0.00 0.22 0.00 0.22 0.00 0.22 0.00 0.22 0.00 0.22 0.00

Inner
Mongolia

0.00 0.41 0.00 0.41 0.00 0.40 0.00 0.40 0.00 0.40 0.00 0.40 0.00 0.40

Liaoning 0.56 0.38 0.56 0.40 0.57 0.42 0.58 0.44 0.59 0.46 0.60 0.48 0.61 0.49

Shandong 0.63 0.68 0.63 0.69 0.63 0.69 0.63 0.69 0.63 0.70 0.63 0.70 0.63 0.70

Table C1: Comprehensive evaluation indexes, degree of coupling, and degree of coupling coordination of
high-tech and traditional industries across BREC regions in 2011 and 2016

2011 2016

Region f(x) g(y) C D f(x) g(y) C D

Beijing 22.21 12.48 0.85 0.82 24.69 9.62 0.65 0.69

Tianjin 18.16 21.53 0.99 1.00 21.72 18.57 0.99 1.00

Hebei 1.77 1.14 0.91 0.18 5.00 2.24 0.73 0.27

Shanxi 1.37 2.87 0.76 0.22 0.23 1.3 0.26 0.00

Inner Mongolia 0.29 4.21 0.06 0.00 3.97 4.65 0.99 0.41

Liaoning 7.29 7.21 1 0.56 7.84 3.87 0.78 0.4

Shandong 7.65 9.9 0.97 0.63 11.38 9.59 0.99 0.69

Figure D1: Degree of coupling and coupling coordination in 2011 and 2016. (a) Coupling degree (b)
Coupling coordination degree
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