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Abstract 
As the high-end industrial structure is the inevitable trend of the future upgrade and 
evolution of the industrial structure, a correct understanding of the relationship 
between its influencing factors and the theoretical mechanism will be conducive to 
policy adjustment. Based on the Guangdong-Hong Kong-Macao Greater Bay Area, this 
paper uses panel data from 2010 to 2019 to establish a panel vector autoregressive 
model (PVAR) to study the dynamic relationship between factors that affect the 
upgrading of industrial structure. The research results show that the increase in the per 
capita consumption level of residents can promote the upgrading of the industrial 
structure to high-end; the continuous influx of foreign investment will inhibit the high-
end process of the industry; The level of technological development and the 
consumption of new energy will have a positive impact on the high-end industrial 
structure. Based on the above, this article puts forward corresponding policy 
recommendations. 
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1. Introduction 

In recent years, in the context of the rapid development of China's economy, the focus of 
economic statistics research on industrial structure has gradually shifted to the theory of 
industrial structure upgrading and structural evolution. The high-end industrial structure is an 
inevitable trend of the future evolution of industrial structure upgrading, and its process needs 
to be improved. In addition, the rise of emerging industries such as green industries continues 
to stimulate changes in the industrial structure. From the past traditional organizational forms 
such as enterprises and associations, to the upgrading of a variety of new models such as 
ecosystems, open platforms, new industrial cities, and industrial clusters, these demands 
indicate that China is taking a solid step towards the high-end industrial structure. 
The Guangdong-Hong Kong-Macao Greater Bay Area is the first bay area for China’s economic 
development, including Hong Kong, Macau, and the Pearl River Delta and other nine southern 
cities. The development of its industrial structure has high-educated industrial personnel, high-
tech industrial structure, and high-efficiency industrial chain. , And the characteristics of high 
value-added products and services. On the other hand, the regional economies of the 
Guangdong-Hong Kong-Macao Greater Bay Area are closely related, and the characteristics of 
regional differentiation are obvious. The heterogeneous urban agglomerations are conducive 
to studying the development of urban agglomerations from the perspective of economic energy 
consumption and industrial benefits. Internal contact mechanism. 
As the main structure of the economic structure, the industrial structure reflects the relevant 
feedback effects among various sectors and industries of the national economy. The upgrading 
of the industrial structure means the process of its structure evolving in a direction suitable for 
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its economic development. In the existing evolution process, William Petty (1691) pointed out 
that the evolution direction of the labor force must be the process of first changing from 
agriculture to work, and then from industry to commerce; Kuznets (1960) further confirmed 
the ideas put forward by William Petty, that industry Changes in structure are affected by 
changes in per capita national income [1]. From the perspective of changes in the national 
economic cycle, Chenery (1986) conducted a segmented study based on the change process of 
per capita GDP, and believed that the leap and maturity of the economy were all driven by the 
high-end upgrade of the industrial structure [2]. 
It can be seen that the upgrading of the industrial structure is not only a necessary condition 
for future economic development, but also an important way for the future power of science 
and technology and talents to lead. On the one hand, high-end high-tech human capital is the 
main force in the high-end industrial structure, and higher labor remuneration can play the role 
of market incentives and attract talents. On the other hand, the development of information 
technology, environmental protection and low energy consumption and other new energy 
technologies continue to rise , It also improves the added value of products and promotes 
production efficiency. Therefore, under the influence of multiple factors, this paper conducts an 
empirical analysis and research on the dynamic factors affecting the high-end industrial 
structure of each city based on the panel data of the Guangdong-Hong Kong-Macao Greater Bay 
Area in the past ten years. 

2. Variable Description and Model Selection 

2.1. Variable Selection under the High-end Industrial Structure 
The performance of industrial structure upgrading to high-end will generally show the 
characteristics of three highs and one low. Three highs refer to high production efficiency, high 
labor remuneration, and high return on capital; and one low refers to low energy consumption 
in the process of industrial upgrading. Based on previous studies, the main factors affecting the 
upgrading of the industrial structure include government and consumer demand, capital 
energy supply and foreign investment supply, technological progress resulting from research 
expenditures, and the level of urbanization [3].Therefore, this article sets the following 
explained variables and explanatory variables. Among them, group A is set as high-end 
industrial structure indicators and industrial efficiency indicators, which mainly include 
consumption and investment benefits; group B is set up as high-end industrial structure 
indicators and external environmental indicators, which mainly include the level of 
technological development and energy consumption. There is no heterogeneity in the control 
variable hypothesis, and other factors have the same effect. 
Explained variable: 
Industrial structure high-end index (HS): 
 

 ℎ𝑖𝑔ℎ = 𝑝 . 1 + 𝑝 . 2 + 𝑝 . 4                                                         (1) 
 
Where p1 is the proportion of the output value of the primary industry, p2  is the proportion of 
the output value of the secondary industry, and p3 is the proportion of the output value of the 
tertiary industry. 
Group A explanatory variables: 
Consumer demand structure (CN): The consumer demand structure mainly includes the ratio 
of the final consumer demand to the intermediate demand of the producer, the consumption 
level and structure of the entire society, and so on. Under the high-end industrial structure, it is 
mainly reflected in the final demand, including information consumption, green consumption, 
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etc. Considering the availability of data from Hong Kong and Macau, this article indirectly uses 
per capita consumption expenditure of urban residents to reflect the final needs of consumers 
as a whole[4-5]. 
Investment Supply (FDI): Foreign direct investment is an important driving force for regional 
economic development, and it will guide the return on investment of the entire social capital. 
The higher the rate of return on capital, the higher the operating level of industrial structure 
upgrading, and the higher the level of industrial structure upgrading. On the other hand, foreign 
investment can attract advanced foreign technology, improve the trade structure, and make the 
industrial structure of the national economy move towards high-end[6-7]. In this article, the 
amount of foreign direct investment is selected as an investment supply indicator to measure 
the upgrading of industrial structure, and this indicator is an explanatory variable. 
Group B explanatory variables: 
Technological development level (TDL): The technological development level is the 
fundamental source and way to upgrade the industrial structure to high-end. High-tech 
development can optimize the traditional industrial structure and transform into an innovative 
industry. Therefore, the level of technological development reflects the degree of high-end 
industrial structure [8]. This article uses R&D expenditure as an indicator of the level of 
technological development, which is an explanatory variable. 
Energy consumption (EC): The level of energy consumption reflects the tone of the green 
industries and high-end industries in the Guangdong-Hong Kong-Macao Greater Bay Area and 
the ability to avoid the impact of the energy crisis. The high-end industrial structure always 
tends to a low-carbon economy and an environmentally friendly economy, and its energy 
consumption per unit of output will be as low as possible [9]. This article uses electricity 
consumption to describe the indicator of energy consumption, which is an explanatory variable. 

2.2. Data Description 

 
Figure 1. Indicators of high-end industrial structure in various regions of the Guangdong-

Hong Kong-Macao Greater Bay Area 
 

In order to study the factors affecting the high-end industrial structure in various regions of the 
Guangdong-Hong Kong-Macao Greater Bay Area, this paper selects panel data from nine Pearl 
River Delta cities and Hong Kong and Macau from 2010 to 2019 for empirical analysis. The 
above-mentioned indicator data comes from statistical yearbooks of various places. In order to 
unify the statistical caliber between Hong Kong, Macau and the mainland, the annual data are 
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converted according to the exchange rate of the year. Among them, Macau's technology 
investment mainly refers to the Science and Technology Development Fund, Hong Kong's 
technology investment refers to the R&D investment funding, and the ratio of per capita 
consumption and private consumption expenditure of residents in Hong Kong and Macau to the 
total population at the end of the year. The descriptive statistics of the data are shown in Table 
1, and the high-end indicators of the industrial structure of the Greater Bay Area are shown in 
Figure 1. 
 

Table 1. Descriptive statistics 
Variable Mean Std Min Max 

HS 307.87 41.58 255.56  392.53 
CN 47993.09  49013.50 12163.85 230324.70 
FDI 2.02e+07 6.40e+07 14218.42 2.75e+08 
TDL 160.17  190.52 6.81 1049.92  
EC 400.82 269.05 38.15 1005.58 

 
According to Figure 1 and Table 1, the degree of high-end industrial structure in Hong Kong and 
Macau is high enough in the Greater Bay Area, and the degree of high-end industrial structure 
in Guangzhou and Shenzhen is second only to that. In terms of overall trends, the industrial 
structure of Hong Kong and Macau tends to be stable, and the performance of high-end 
industrial structures in regions such as Guangzhou and Shenzhen has steadily increased in 
recent years. However, individual cities such as Zhaoqing and Dongguan fluctuate greatly in the 
degree of high-end, and the high-end structure is less stable than other cities. 

2.3. Panel Vector Autoregressive Model 
In order to examine the relationship between the factors that affect the high-end industrial 
structure, this paper refers to the panel vector autoregressive model (PVAR) proposed by Love 
(2006) [10] and adjusts the parameters. The resulting model is as follows: 
 

𝒀𝒊𝒕 = 𝒀𝒊(𝒕 𝟏)𝜞𝟏 + ⋯ 𝒀𝒊(𝒕 𝒎)𝜞𝒎 + 𝒁𝒊𝒕𝑴 + 𝝓𝒕 + 𝑨𝒊 + 𝜺𝒕                              (2) 

 
Where i represents the number of cross-sectional individuals, t represents the number of time 
periods, Yit refers to the endogenous variables in the PVAR model, the dimension is 1×s, and s 
is the number of endogenous variables; m represents the number of lag periods, so Yi(t-m) 
represents the endogenous variable in the lagging m period, and the dimension is also 1×s; Zit 
refers to the exogenous variable in the PVAR model, the dimension is 1×q, q is the number of 
exogenous variables; M is the parameter vector of the exogenous variable ; Ai refers to the 
cross-sectional effect, Φt refers to the time effect, εit refers to the random effect, Γ1, Γ2 , ... , Γm 
are the parameters to be estimated, and the commonly used coefficient estimation method is 
the Generalized Moment Estimation (GMM) method. After the difference eliminates the cross-
sectional effect, the coefficient matrix estimator obtained by the GMM estimation method is in 
the form of: 
 

𝜞 = 𝒀∗ 𝑿𝑾𝑿 𝒀∗
𝟏

𝒀∗ 𝑿𝑾𝑿 𝒀∗                                                       (3) 
 
Where 𝒀∗ represents the endogenous variable matrix after difference. 
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3. Results and Discussion 

3.1. Unit Root Test and Cointegration Test 
Before establishing the panel vector autoregressive (PVAR) model, it is necessary to test the 
stationarity of the data of various variables in the Guangdong-Hong Kong-Macao Greater Bay 
Area. If the variable sequence is not stable, the PVAR model will bias the estimation results of 
the factors affecting the high-end industrial structure, resulting in a phenomenon of spurious 
regression. In this paper, LLC, IPS and ADF-Fisher methods are selected for unit root test under 
stata16. In addition, considering the heteroscedasticity problem under the panel time series, it 
is necessary to perform logarithmic operations on all variables. The unit root test results show 
that some variables of the original data do not reject the null hypothesis under different test 
methods, and behave as a non-stationary series, so the first-order difference is required. The 
data after the first-order difference rejects the null hypothesis at a significance level of 1%, and 
considers that each variable is a stationary sequence, which can be used for the estimation of 
the panel vector autoregressive model. 
 

Table 2. Panel Unit Root Test of High-end Industrial Structure in Guangdong-Hong Kong-
Macao Greater Bay Area 

 Initial data /p-value First difference/p-value 
Variable LLC IPS ADF LLC IPS ADF 

lnHS 0.129 0.865 0.000 0.000  0.000 0.000 
lnCN 0.016 0.573  0.057 0.000  0.000  0.000  
lnFDI 0.352 0.987 0.000 0.000  0.011 0.000 
lnTDL 0.096 0.807 0.006 0.000  0.000  0.000 
lnEC 0.244 0.873 0.181 0.000  0.000  0.001 

 
As some variables of the original data are not stable, a panel co-integration analysis is needed 
to investigate whether there is a long-term equilibrium relationship among the variables that 
affect the high-end industrial structure in the Guangdong-Hong Kong-Macao Greater Bay Area. 
Under stata16, the results show that the variables of group A and group B are at the 5% 
significance level, and the Pedroni test method rejects the null hypothesis; at the 10% 
significance level, the three test methods all reject the null hypothesis and consider the 
variables to be There is a long-term stable equilibrium relationship, and the regression residual 
of the equation is stable. On the basis of this data, the original equation can be directly regressed. 
 

Table 3. Co-integration test of high-end variable panel in the industrial structure of 
Guangdong-Hong Kong-Macao Greater Bay Area 

  Kao Pedroni Westerlund 

Group A 
Statistic -1.3227 -3.3614 -1.3545 
p-value 0.0930 0.0004 0.0878 

Group B 
Statistic -2.2306 -2.0336 -1.4998 
p-value 0.0129 0.0210 0.0668 

3.2. Determination of Lag Order and Granger Causality Test 
Before performing Granger causality test, it is necessary to determine the optimal lag order of 
the PVAR model. Because the original data has a certain degree of non-stationarity, the first-
order difference data is used to select the lag order of the two groups of variables A and B 
respectively. In stata16, the test results show that the optimal lag order of group A and group B 
variables under AIC, BIC and HQIC are all 1st order. 
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In the Granger causality test, the cointegrated data after first-order difference is used. This 
article mainly tests whether each explanatory variable is the Granger cause of the explained 
variable, that is, whether each impact factor is the Granger cause that affects the high-end 
indicators of the industrial structure. The results show that under the premise that the control 
variables remain unchanged, the p-value of foreign investment level and energy consumption 
is at a significance level of 0.1, rejecting the null hypothesis, thinking that the level of foreign 
investment and energy consumption affects the industrial structure of the Guangdong-Hong 
Kong-Macao Greater Bay Area The Granger reason for high-endization indicates that the level 
of foreign investment and the lagging value of energy consumption will have a significant 
impact on the trend toward high-endization of the industrial structure of the Greater Bay Area. 
It is worth noting that the test results of the indicators represented by the per capita 
consumption level and technological development level are not significant. The main reason is 
that the unique economic geographical location of Hong Kong and Macau and the economic 
development of the inland urban agglomerations in Guangdong are quite different, resulting in 
the data of residents' consumption structure and technological development level indicators in 
Hong Kong and Macau are much higher than those of cities in the Pearl River Delta region. After 
removing the data from Hong Kong and Macao regions, the Granger causality test was 
performed again. The results showed that at a significance level of 0.1, all explanatory variables 
are Granger reasons for the high-end industrial structure of the Guangdong-Hong Kong-Macao 
Greater Bay Area. According to Granger's theorem, the panel data containing Hong Kong and 
Macau data is still used for GMM estimation in the subsequent parameter estimation process, 
which will not affect the results. 
 

Table 4. Granger Causality Test 
Sequence 1 Sequence 2 chi2   Prob > chi2  

lnCNd1 lnHSd1 6.1322 0.1056 
 lnFDId1 lnHSd1 6.6875 0.083* 
lnTDLd1 lnHSd1 2.9656 0.2270 
 lnECd1 lnHSd1 2.828 0.0930* 

3.3. PVAR Model 
Under the condition that the optimal lag order is the first order, the GMM estimation method is 
used to perform panel vector autoregressive estimation on the variables of groups A and B, and 
the stationary series after the first difference of the data are selected, and the PVAR estimation 
results of groups A and B are obtained as follows: Table 5 shows. Among them, L1 is a variable 
lagging one order. 
In the PVAR estimation results of Group A, when the first-order difference of the indicators of 
high-end industrial structure in the Guangdong-Hong Kong-Macao Greater Bay Area is used as 
the dependent variable, the first-period lag of the indicator of per capita consumption level of 
residents has a positive effect on the high-end industrial structure. It is estimated that The value 
is 0.007; the first-period lag of the foreign investment level indicator has a negative effect on 
the high-end industrial structure, and the estimated value is -0.029, and the negative effect is 
significant. According to the price theory, the increase in the per capita consumption level of 
residents can change the relative market prices of some commodities, such as Internet products 
or related service industry products, thereby increasing the profits of the tertiary industry and 
promoting the high-end industrial structure; on the other hand, foreign direct investment The 
influx of capital may cause capital accumulation during the economic lag period, making the 
upgrading of the industrial structure unable to adjust quickly. Therefore, with the increase of 
foreign investment, when the investment does not reach saturation, it will promote itself; in the 
lag period, it will play a restraining effect. 
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Table 5. PVAR parameter estimation results for the high-end industrial structure of the 

Guangdong-Hong Kong-Macao Greater Bay Area 
  lnHSd1 lnCNd1 lnFDId1 
  Coef. z Coef. z Coef. z 

A 
L1.lnHSd1 .399 5.33* -.256 -0.63 -2.43 -1.09 
L1.lnCNd1 .007 0.21 -.087 -0.64 .489 0.75 
L1.lnFDId1 -.029 -1.58* -.014 -0.69 .249 2.11* 

  lnHSd1 lnTDLd1 lnECd1 
  Coef. z Coef. z Coef. z 

B 
L1.lnHSd1 0.522 4.63 -.569 -0.57 -.293 -1.65* 

L1.lnTDLd1 0 .009 1.08* .167 0.78 -.012 -0.65 
L1.lnECd1 0.103 1.36* .425 0.66 .083 0.38 

 
In the estimation results of the B-group PVAR model, when the first-order difference of the 
high-end industrial structure index of the Guangdong-Hong Kong-Macao Greater Bay Area is 
used as the dependent variable, the first-stage lag of the technological development level 
indicator and the first-stage lag of the energy consumption level indicator both affect the 
industrial structure. The high-endization of, has a positive promotion effect, and the positive 
promotion effect is significant, and the corresponding estimated value distribution is 0.009 and 
0.103. Therefore, in order to achieve the high-end upgrade of the industrial structure of the 
Guangdong-Hong Kong-Macao Greater Bay Area, a large amount of investment in technological 
research and development and reasonable control of energy consumption are required to 
achieve high-yield and efficient industrial transformation. In addition, comparing the absolute 
value of the estimated coefficient, energy consumption is greater than the impact of 
technological development on the high-end industrial structure, which indicates that the use of 
green industries and new energy will play an important role in the transformation of the 
industrial structure in Guangdong, Hong Kong and Macao.  

3.4. Impulse Response Analysis 

 
Figure 2. impulse response graph in group A 
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The purpose of impulse response analysis is to study the impact of the lag period on each 
endogenous variable when the random disturbance term of a certain equation of the PVAR 
model changes by a standard deviation. This article is used to study the impact of changes in 
various influencing factors in different periods on the high-end industrial structure. Further 
extend the lag period to ten periods, using Monte Carlo simulation method to simulate the 
impact of a certain standard deviation of each variable of group A and group B 200 times, so as 
to obtain the impact results of the first to tenth periods. 
In the impulse response analysis of Group A, we mainly consider the impact of each industry's 
efficiency indicators and their lag period on the high-end industrial structure (the first row in 
Figure 2). According to Figure 2, the proportion of the impact of the high-end industrial 
structure itself gradually shows a downward trend as the lag period increases, but it is always 
a positive effect. The impact of the per capita consumption level of residents within a standard 
deviation change first showed a positive effect, then a negative effect, and finally stabilized. The 
level of foreign investment shows a negative effect of increasing first and then decreasing. In a 
period of lag, the impulse response results of the per capita consumption level of residents and 
the level of foreign investment are consistent with the parameter estimation results, indicating 
that a period of lag of consumption level will promote the transformation of the industrial 
structure to high-end. A period of lag in the level of foreign investment will have a restraining 
effect on the high-end industrial structure. 
 

 
Figure 3. impulse response graph in group B 

 
In the impulse response analysis of Group B, the impact of external environmental indicators 
and their lag period on the high-end industrial structure is mainly considered (the first row in 
Figure 3). It can be seen from Figure 3 that the impact of the level of technological development 
within a change of standard deviation shows a positive effect, and the positive impact effect 
first increases and then decreases. The level of energy consumption will also have a positive 
impact on the high-end industrial structure, and with the use of new energy, the positive impact 
will first increase and then decrease, and eventually stabilize. In a period of lag, the impulse 
response results of the technological development level and energy consumption level are 
consistent with the parameter estimation results, that is, both will have a positive impact on 
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the high-end industrial structure. However, considering the purpose of the green economy, 
energy consumption should focus on the development of new energy sources to avoid excessive 
use of traditional energy sources and cause environmental pollution. 

4. Conclusion 

This paper selects the panel data of each city in the Guangdong-Hong Kong-Macao Greater Bay 
Area from 2010 to 2019 as a sample, and uses a panel vector autoregressive model (PVAR 
model) to conduct a dynamic analysis and empirical research on the factors affecting the high-
end upgrade of the industrial structure of the Guangdong-Hong Kong-Macao Greater Bay Area. 
The research results show that: (1) The increase in per capita consumption of residents can 
change the relative market prices of some commodities, increase the profits of the tertiary 
industry, and promote the high-end industrial structure. (2) The level of foreign investment in 
the lag period will inhibit the process of high-end industrial structure in the Guangdong-Hong 
Kong-Macao Greater Bay Area, mainly due to the accumulation of foreign investment that has 
not been utilized in a timely manner. (3) The level of technological development will continue 
to positively promote the high-end level of the industrial structure of the Bay Area. (4) Energy 
consumption will positively promote the high-end industrial structure of the Bay Area, but the 
balance of green economy and energy consumption should be achieved under the standard of 
low carbon level, so as to enhance the green production efficiency of enterprises. Based on this, 
this article puts forward the following suggestions: 
First, improve the demand structure and gradually shift to a consumer demand structure that 
relies on the coordinated pull of consumption, investment, and exports. The per capita 
consumption level of residents in the Guangdong-Hong Kong-Macao Greater Bay Area and 
foreign direct investment will have a direct impact on the high-end industrial structure. 
Therefore, in the dynamic characteristics of market changes, the Greater Bay Area should 
actively adapt to changes in market demand, continue to drive the market through consumption, 
and increase the utilization rate of investment, so as to improve the economic benefits of the 
Bay Area and stabilize the high-end industrial structure of the Greater Bay Area. 
Second, in the process of promoting the high-end industrial structure, continuously develop the 
technological level and control human capital, so that the positive effect of the technological 
development level on the high-end industrial structure can be effectively used. The Guangdong-
Hong Kong-Macao Greater Bay Area, as a pioneering model bay area for my country’s economy, 
needs to continuously stimulate the development of manufacturing and service industries, 
reform the industrial structure, improve production efficiency, and let the service industry 
develop into a new engine of economic growth, thereby further leading the high-tech level 
Industry progress. 
Third, develop an emerging green industrial structure with high efficiency and low energy 
consumption within a controllable range. Due to the continuous growth of new industries, new 
products, new formats, and new models in various regions of the Guangdong-Hong Kong-Macao 
Greater Bay Area, the industrial structure is becoming increasingly branded. Therefore, under 
the "low-carbon" standard, it is necessary to rationally use the positive role of energy 
consumption in promoting the high-end industry, cultivate independent innovation capabilities, 
promote the green and efficient development of the industrial structure, and use new green 
energy to achieve a "green economy" High-end industrial structure. 
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