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Abstract 

In order to better clarify the impact of traditional energy upgrading on high-quality 
economic development in major energy provinces along “the belt and Road” in China, 
this paper analyzes the traditional energy advanced index of nine typical energy 
provinces along “the Belt and Road” in China and further adopts the grey correlation 
model and regression analysis to reveal the development relationship between them. 
The results show that there is a strong correlation between the upgrading of traditional 
energy industrial structure and the speed and quality of economic development in 
provinces along “the Belt and Road”. The influence of advanced energy industry on high-
quality economic development is "U"-shaped. In view of this, in order to achieve high-
quality economic growth, policy recommendations such as appropriate extension of the 
energy industry industrial chain and promotion of technological progress should be 
adopted. 
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1. Introduction 

Since the reform and opening up for more than 40 years, China's economy has achieved 
tremendous development, creating a "miracle" of China's economy. At the same time, China's 
economic development still has serious problems such as energy consumption, resource 
exhaustion and overcapacity. In particular, the unreasonable use of traditional energy sources 
has caused serious environmental pollution problems and severely restricted the high-quality 
development of the economy. However, the development of major energy provinces along “the 
Belt and Road” relies heavily on traditional energy, and they urgently need to shift from a “big 
energy province” to a “strong energy province”. 

At present, a few research literatures focus on the two aspects of extending the traditional 
energy industry chain in energy-rich areas and building growth clusters. Wang (2014) 
proposed the establishment of western energy and chemical industry growth clusters [1]. Wang 
(2012) suggested to enrich and extend the coal industry chain, and encouraged to develop from 
scale economy to high-tech industry and improve product recycling rate, so as to give 
consideration to environmental protection while improving economic benefits [2]. Zhao (2020) 
proposed to promote the upgrading of coal chemical industry [3]. In short, the advantages of 
the advanced structure of the traditional energy industry are as follows: we should provide the 
society with better energy products and increase economic efficiency; we should also greatly 
improve the ecological environment and social technology level, and promote high-quality 
economic development. 

In this context, this article analyzes the relationship between the advancement of traditional 
energy and high-quality economic development, and finally determines how the advancement 
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of traditional energy affects high-quality economic development. The main contributions of this 
paper are as follows: Firstly, the advanced energy chemical industry is used to express the 
advanced structure of the traditional energy industry. Secondly, there is a "U"-shaped 
relationship between the advanced structure of the traditional energy industry and the high-
quality economic development, which is proved by empirical evidence. Research paradigm and 
reference guidance will be provided for the advanced development path of traditional energy 
industry structure in regions with different development status. 

2. Status analysis and measurement methods 

2.1. Analysis of the status of the energy chemical industry 

Nine major energy provinces are selected as the research samples for the advancement of 
traditional energy industries in major energy provinces along “the Belt and Road” in China. 
Furthermore, based on the proportion of the total output value of the energy and chemical 
industry in figure 1, we analyze the development status of the energy and chemical industry. 

 

 
Figure 1. Ratio of energy and chemical industry 

 

2.2. Measurement of advanced energy industry structure 

According to the Moore structural change index method proposed by Hodrick and Prescott [4] 
in 1997, the energy industry structure index of the provinces along the Belt and Road is 
estimated. The Moore structural change index reveals the degree and magnitude of changes in 
the industrial structure in a detailed and sensitive manner. In this paper, the spatial vector 
calculation method is used to divide the traditional energy industry into three types of 
industries (mining, processing and chemical industry) according to the angle of the vector space. 
If the three types of industries are taken as a one-dimensional vector in the space, the angle of 
the two sets of vectors is the change of the industrial structure. Therefore, the sum of the angles 
(𝜃𝑗) of the three sets of vectors during the three industrial changes is the adjustment amount of 
industrial structure changes, and the formula is: 
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Among them, jtx  represents the proportion of the j-th industry in period t, 1, +tjx  represents the 

proportion of the j-th industry in period t+1. In the formula, θ  represents the speed of change 
of the industrial structure. If it increases, it means the change of the industrial structure has 
increased, and vice versa, it means the adjustment of the industrial structure is slow. Setting 𝑊𝑗  
as the weight, we can get the advanced level of the traditional energy industry structure: 

                                                                   (2) 

3. Grey relational model 

3.1. The construction of research model 

In order to overcome the problem of excessive sample size, this article refers to Liu Zhen (2012) 
[5] on the grey correlation analysis model of panel data to analyze the relationship between the 
advanced structure of the traditional energy industry and the high-quality economic 
development; The panel data reflects the information of the two dimensions of time and space, 
making the sample information richer. The matrix representation of the panel data is as follows. 

,                   (3) 

Among them,  represents the panel data of the economic development index on the two 

dimensions of time and province,  is the matrix representation of the cross-sectional data 

corresponding to the index 𝑖  of the advanced energy industry,  is the observation value 

in two dimensions of time and province, , . 

3.2. Data selection and processing 

3.2.1. Data selection 

Economic development should pay more attention to quality. High-quality development 
focuses on grasping the relationship between "quality" and "quantity." The increase in quantity 
provides the bottom line effect for the economy, and the increase in quality makes economic 
development more efficient. Among them, the speed of economic development is a dynamic 
indicator that reflects the speed of economic development in a certain period of time, and can 
reflect the vitality of the national economy. The rate of economic development is calculated 
using the GDP index of the same period last year, which effectively eliminates the influence of 
price factors and is the actual rate of economic development. The quality of economic 
development draws on the method of Nie C F et al. (2020) [6] which constructed a high-quality 
development index system of “four highs and one good”, and calculated high-quality economic 
development indicators by linear weighting method. 

3.2.2. Data processing 

(1) Initialization and difference sequence. The reference system is turned into a point, and the 
information of the panel data is preserved to the greatest extent. The unit is reduced in the form 
of ratio, and the data is processed without dimension. The process is shown below. 
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Among them, , , , . 

(2) Correlation coefficient. If sequence 𝑥𝑖 and sequence 𝑦𝑗 have the same length, and the initial 
value is not zero, 𝜌 is defined as 0.5, 𝑚 = 𝑚𝑖𝑛|𝑥𝑖(𝑡, 𝑛) − 𝑦𝜃(𝑡, 𝑛)|, 𝑀 = 𝑚𝑎𝑥|𝑥𝑖(𝑡, 𝑛) − 𝑦𝜃(𝑡, 𝑛)|, 
then the grey correlation coefficient of panel data can be obtained as: 

𝑟𝑖𝜃(𝑡, 𝑛) =
𝑚+𝜌𝑀

|𝑥𝑖(𝑡,𝑛)−𝑦𝜃(𝑡,𝑛)|+𝜌𝑀
                                                           (5) 

(3) Grey correlation degree. Define 𝛾𝑖𝜃 =
1

𝑇×𝑁
∑ ∑ 𝑟𝑖𝜃[𝑥𝑖(𝑡, 𝑛), 𝑦𝑗(𝑡, 𝑛)]𝑁

𝑛=1
𝑇
𝑡=1  as the grey 

correlation degree of panel data, 𝑌𝑗  is the reference sequence and 𝑋𝑖  is the comparison 
sequence. 

3.2.3. Result analysis 

Through calculation, the grey correlation degree between the advanced energy and chemical 
industry and the economic development speed and quality of the nine provinces from 2006 to 
2016 is finally obtained, as shown in Table 1. 

 

Table 1. The grey correlation between energy advancement and economic development speed 
and quality 

province 
Advanced energy and economic development 

speed 
Advanced energy and high-quality 

development 

Inner Mongolia 0.79 0.55 
Liaoning 0.79 0.60 

Heilongjiang 0.90 0.57 
Chongqing 0.47 0.67 

Shaanxi 0.93 0.63 
Gansu 0.82 0.61 

Qinghai 0.71 0.58 
Ningxia 0.72 0.72 
Xinjiang 0.89 0.54 

 

It can be seen from Table 1 that, as a whole, the energy and chemical industry in “the Belt and 
Road” provinces are related to the speed of economic development and the quality of economic 
development. The correlation coefficients between the two are larger than the correlation 
coefficients between energy advancement and high-quality economic growth except Chongqing 
province. Chongqing is in the transitional period of economic development to high-quality 
development. In addition to the small change in economic development rate, the transition level 
is at the leading level in China, and the high-level energy industry is more closely related to the 
quality of economic development.  

4. Regression analysis 

4.1. Datasets 

This article selects the relevant data of 9 provinces in China from 2006 to 2016 to represent the 
advancement of traditional energy industries along “the Belt and Road” in China. The data 
comes from the "China Statistical Yearbook", "China Energy Statistics Yearbook" over the years. 
The dependent variable is high-quality economic development, and independent variable is 
advanced energy industry, and others are control variables, and the descriptive statistics were 
shown in Table 2. 

It can be seen from Table 2 that the average value of high-quality economic development is 0.74, 
and the average value of the traditional energy industry advancement is 0.69. It can be seen 
that the data is very stable and the next step of regression can be carried out.  
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Table 2. Descriptive statistics for variables 
Variables meaning average Sd. error Max Min 

High-quality economic 
development (𝑙𝑛𝐸𝑞𝑢𝑎𝑙𝑖𝑡𝑦) 

Reference Nie (2020) [6] 0.74 0.04 0.84 0.69 

Advanced energy industry 
(𝑙𝑛𝐸𝑠𝑡𝑟𝑢𝑐) 

Reference Hodrick (1997) and 
Zhang(2019) [4][7] 

0.69 0.04 0.75 0.55 

Energy footprint (𝑙𝑛𝐸𝑓𝑜𝑜𝑡) 
convert coal, oil, natural gas and 
electricity into energy footprint 

2.13 0.11 2.27 1.85 

Technology improved (𝑙𝑛𝑇𝑑𝑒𝑣𝑒𝑙) R&D Funding 4.09 1.27 6.10 1.21 
GDP per capita (𝑙𝑛 𝑃 𝑔𝑑𝑝) GDP per capita 0.31 0.13 0.64 0.10 

Industrial structure (𝑙𝑛 𝑆 𝑡𝑟𝑢𝑐) Industrial Output (% of GDP) 0.74 0.14 1.00 0.40 

 

Figure 2 is the scatter diagram of the advanced traditional energy industry and high-quality 
economic development. It can be judged that there is a u-shaped relationship between them, 
and the inflection point of the curve is 0.69 at the level of the upgrading of the energy industry. 
This shows that when the advanced level of the traditional energy industry exceeds 0.69, there 
is a positive correlation between the advanced level of the traditional energy industry and the 
high-quality economic development, which promotes the high-quality economic development. 

 

 
Figure 2. Scatter diagram 

 

4.2. Regression analysis 

4.2.1. Model setting 

Tough grey correlation analysis, it is concluded that there is a close correlation between the 
advanced traditional energy industry and the high-quality economic development. To further 
verify this relationship, set the following equation for regression analysis. 

𝑙𝑛𝐸𝑑𝑒𝑣𝑒𝑙 = 𝛽0 ⋅ 𝑙𝑛𝐸𝑠𝑡𝑟𝑢𝑐𝑖,𝑡 + 𝛽1 ⋅ 𝑙𝑛𝐸𝑠𝑡𝑟𝑢𝑐2𝑖,𝑡 + 𝛽2 ⋅ 𝑥𝑖,𝑡 + 𝜙𝑖,𝑡                     (6) 

Among them, 𝑖 represents province, 𝑡 represents the time, the variables are introduced in table 
2, and i,tx  are control variables. 𝛽0,𝛽1 and 𝛽2 are the influence coefficients, 𝜙𝑖,𝑡  is the error term. 

4.2.2. Regression result 

Table 3 shows the random effects and fixed effects regression results of the upgrading of the 
traditional energy industry structure on the high-quality economic development. 

As shown in Table 3, the core variables of models 1-10 all pass the significance test, among 
which, models 1-5 are random effects estimation results, and models 6-10 are fixed effects 
models. In Model 1 and Model 6, the results of the impact of the advanced traditional energy 
industry on the high-quality development economy are all "U"-shaped. Continuously adding 
control variables one by one, the impact of advanced energy industry on high-quality economic 
development is still "U"-shaped, and the conclusion is still valid. 
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Table 3. Regression analysis 
Method Variable Model 1 Model 2 Model 3 Model 4 Model 5 

Random 
effect 

 -8.093*** -6.195*** -3.767*** -3.607** -3.202** 

 5.903*** 4.515*** 2.300** 2.525** 2.587** 

  -2.580*** -2.655*** -1.278** -1.166** 

   0.014*** 0.012*** 0.010*** 
𝑙𝑛 𝑃 𝑔𝑑𝑝    -0.065* -0.117*** 
𝑙𝑛𝑆 𝑡 𝑟𝑢𝑐     0.042** 

C 3.505*** 0.174*** 0.851*** 0.698*** 0.829* 
Individual Fixed Yes Yes Yes Yes Yes 

R2 0.225 0.319 0.911 0.268 0.275 
 Variable Model 6 Model 7 Model 8 Model 9 Model 10 

Fixed 
effect 

 -9.505*** -6.507*** -5.644*** -5.109*** -5.058*** 

 7.056*** 4.864*** 4.239*** 3.868*** 3.890*** 
  -2.939*** -3.022*** -4.129*** -4.081*** 
   0.004** 0.005*** 0.004** 

𝑙𝑛 𝑃 𝑔𝑑𝑝    0.049** 0.035* 
𝑙𝑛𝑆 𝑡 𝑟𝑢𝑐     0.010** 

C 3.928*** 0.091*** 0.451** 1.786*** 1.729** 
Individual Fixed Yes Yes Yes Yes Yes 

R2 0.262 0.448 0.664 0.668 0.669 

 

5. Conclusion and suggestion 

Under the guidance of Moore's structural change index and grey correlation theory, this article 
explores the impact of the upgrading of the traditional energy industry structure in the 
provinces along “the Belt and Road" on the high-quality economic development. Combining 
linear regression model to further verify the relationship between the two, the following 
conclusions are drawn: Firstly, the advanced level of traditional energy industries in provinces 
along “the Belt and Road” has been continuously enhanced; Secondly, there is a "U"-shaped 
relationship between the advancement of the traditional energy industry and the high-quality 
economic development. 

The policy enlightenment of this article is mainly reflected in “the Belt and Road” provinces that 
should seize the opportunities of the new era and vigorously develop the advanced level of the 
traditional energy industry. On the one hand, the governments of provinces where the 
advanced energy structure promotes high-quality economic development should attach 
importance to innovation, combine independent research and development with the 
introduction of technology, further extend the product chain of the chemical industry, and shift 
more to high-value-added products. On the other hand, the provinces where the advanced 
energy structure is hindering the high-quality economic development should have a strategic 
vision, invest more policies and resources into the high-level energy structure, actively 
introduce technology and attach importance to the training of innovative talents.  
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