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Abstract. In an age of digital economy, digital technology is a hugely important 
factor in promoting the upgrading of industrial structures. Using panel data from 
30 provinces of China between 2012 and 2020 analyzes empirically the incidence 
and mechanism of operation among digital technologies, carbon emission and 
industrial structure by constructing a fixed-effect model, a mediating-effect 
model, and a threshold threshold model. It is found that, firstly, the application 
of digital technology can significantly promote the optimization of industrial 
structure with certain robustness;secondly, carbon emission has a significant me-
diating effect. On this basis, this paper proposes effective policy recommenda-
tions that can help promote industrial structure upgrading, such as vigorously de-
veloping digital technologyand playing the intermediary role of carbon emissions 
in digital technology and industrial structure upgrading. 

Keywords: Digital Technology, Industrial Structure, Fixed Effects, Intermedi-
ary Effects. 

1 Inroduction 

The development of the Internet, big data, and artificial intelligence has led to the der-
ivation of a new economic form of "digital economy". In this context, the research on 
digital technology and industrial structure upgrading with many researchers focusing 
primarily on the following three aspects: 

First is the aspect of digital technology. Zhao Xing et al. [1] selected indicators to 
measure the level of digital technology from two aspects: digital technology foundation 
and digital technology application. Yang et al. [2] studied the relationship between dig-
ital technology and agricultural development. Secondly, improvements to the industrial 
structure. Guo Shouting et al. [3] pointed out that there is a U-shaped nonlinear rela-
tionship between the influence of the development of digital inclusive finance in the 
region on the modernization of the industrial structures. Finally, the impact of digital 
technology on industrial structure. Ding Shouhai et al. [4] argue that the digital econ-
omy affects the modernization of the industrial structures by shifting the demand-side 
of the domestic big cycle. Liu He dong[5] showed that there is an incremental inverted 
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U-shaped effect of digital industrialization on the modernization of the industrial struc-
ture, and a positive incremental influence of industrial digitization on the modernization 
of the industrial structure.  

In summary, numerous studies have been conducted on digital technology and the 
modernization of the industrial structures. In this paper, we attempt to investigate the 
relationship between carbon emissions and modernization of the industrial structures 
from a carbon emissions perspective. 

2 Theoretical Analysis and Research Hypothesis 

On the one hand, digital technology has the potential to reduce production and distri-
bution costs, to improve allocative efficiency, and to promote the upgrading of indus-
trial structures[6]. In contrast, digital technology used in a variety of industries, break-
ing through the traditional business model and overcoming regional barriers. For the 
government, the application of digital technology allows the government to reasonably 
control the supply of energy (Guo Yueqin et al.)[7]; for enterprises, through the appli-
cation of digital technology, companies can effectively control energy use; for resi-
dents, the application of digital technology improves people's demand for green prod-
ucts and low-carbon consumption For residents, the application of digital technology 
increases people's demand for green products and awareness of low carbon consump-
tion[8]. Meanwhile, if the carbon emission intensity continues to increase, enterprises 
may be forced to accelerate the development of related low-carbon industries(Fan 
Dongshou)[9]. Therefore, we hypothesize the following: 

H1.The development of digital technology can effectively promote the upgrading of 
industrial structure 

H2. digital technology has an impact on industrial structure upgrading by reducing 
carbon emissions. 

3 Empirical Analysis 

3.1 Variable Measures and Data Sources 

The variables are shown in Table 1. 

Table 1. Variable Measures. 

Type Variable Explanations 
Explained Variables Industry Struc-

ture 
The ratio of the value added of the tertiary industry 
to the value added of the secondary industry 

Core Explanatory 
Variables 

Digital Tech-
nology 

Digital technology level measurement index sys-
tem 

Mediating Variables Carbon Emis-
sion 

the ratio of carbon dioxide emissions to regional 
GDP 

Control Variables GDP Regional GDP per capita 

Digital Technology,  Carbon Emission and Industry Structure             329



Gap Urban-rural income gap 

Gov The general budget expenditure of local finance / 
the GDP of the region 

Fdi Total investment in foreign-invested enterprises 

Variable sources The data in this article comes from the "China Statistical Year-
book" and the statistical yearbooks of each province. 

3.2 Model Building 

Baseline regression model and mediating effect model are shown in Table 2. 

Table 2. Model Building. 

Model Formula Explanations 

Baseline Re-
gression 
Model 

tititititi ZDigeAis ,,2,10,    

tiAis ,
denotes the indus-

trial structure,
tiDige ,

de-

notes the level of digital 
technology, 

tiZ ,
denotes 

control variable 

Mediating Ef-
fect Model 

tititititi ZcoDigeAis ,3,2,10, 2  

tititititi ZDigeco ,,2,10,2    
tico ,2 denotes the mediat-

ing variable. 

4 Empirical results and analysis 

4.1 Analysis of baseline regression results 

The Hausman criterion[10] was applied to discuss which of the fixed-and random-ef-
fects is more appropriate for further investigation. On the basis of the results of 
Hausman's test, the p value was deemed to be 0.0379<0.05, so the fixed-effect model 
was selected for regression analysis. On the basis of the test results in Table 3, when 
only the baseline explanatory variables are regressed in (1), with an estimated coeffi-
cient of 0.166, indicating that digital technology is indeed enhancing the modernization 
of the regional industrial structure. Where (4) is achieved by adding control variables 
into model 1, as can be seen from the regression results, the estimated coefficient of the 
digital technology level regression is 0.569, which is significant at the 1% level of sig-
nificance, displaying that every one unit increase in the standard of digital technology 
can lead to an average 0.569 unit increase in industrial structure upgrading, conditional 
on controlling variables being taken into account. Also the model fits better compared 
to model 1. H1 is confirmed. 

From the perspective of control variables, the level of regional economic develop-
ment can significantly promote the upgrading of regional industrial structure;  govern-
ment expenditure has a significant role in promoting the upgrading of industrial struc-
ture, which indicates that when government expenditure increases, the government will 
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make corresponding policies to promote the upgrading of industrial structure; the level 
of foreign investment also plays an important role in the upgrading of industrial struc-
ture. The level of foreign investment also plays an important role in the upgrading of 
industrial structure, and foreign investment is conducive to the region learning ad-
vanced technology and management experience, thus optimizing the management 
structure and accelerating the upgrading of industrial structure. 

Table 3. Baseline regression test results. 

 (1) (2) (3) (4) (5) (6) 

 Ais Ais Ais Ais TH Ais 
Dige 0.166 0.268 0.969*** 0.569*** 0.250**  

 (0.65) (1.12) (4.23) (4.23) (0.122)  
Gdp  0.000*** 0.000*** 0.000*** -0.000 0.000*** 

  (11.24) (4.94) (4.94) (0.000) (0.000) 
Gap  -0.560*** 0.002 0.002 0.294*** 0.186 

  (-4.50) (0.01) (0.01) (0.087) (0.173) 
Gov  0.037*** 0.030*** 0.030*** -0.005*** 0.027*** 

  (10.50) (8.96) (8.96) (0.002) (0.003) 
Fdi  0.000** 0.000*** 0.000*** 0.000 0.000** 

  (2.03) (3.34) (3.34) (0.000) (0.000) 
_cons 0.998*** 1.001*** -0.350 -0.350 -0.238 -1.227 

 (11.10) (3.14) (-0.85) (-0.85) (0.219) (0.805) 

MP      0.187 
      (0.124) 

Individual  Yes Yes No Yes   
Time Yes No Yes Yes   

r2_a 0.703 0.748 0.805 0.805 0.873 0.792  

 
4.2 Analysis of baseline regression results 

The following robustness tests were conducted in Table 4: 

Table 4. Robustness testing method. 

Method Explanations 

Replace the Ais The share of tertiary industry value added in regional 
GDP (TH) is selected as in (5). 

Replace the Dige Mobile phone penetration (MP) is used to measure the 
level of technology in the digital economy, as in (6). 

The regression results show that the conclusion of H1 is robust. 
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4.3 Mediating Effect Tests 

The test results are displaied in Table 5 below. column (8) indicates the effect of digital 
technology level on carbon emission intensity, and from the model, it is found that the 
estimated coefficient of digital technology level is 0.025, which is significant and pos-
itive, displaying that developments in digital technology helps to promote carbon emis-
sion reduction. The development of digital technology optimizes the allocation of re-
sources, while reducing carbon emissions in manufacturing and operation through in-
telligent and informative technologies.Column (9) presents the results of the joint effect 
of the level of digital technology and carbon emission intensity on upgrading industrial 
structures, indicating that carbon emission intensity may be able to mediate and is a 
mediating variable of digital technology enabling the upgrading of industrial structures, 
and H2 is tested. 

Table 5. Results of intermediate effect test. 

 (7) (8) (9) 

 Ais co2 Ais 

Dige 0.268  0.025** 0.26** 

 (0.239)  (0.012)  (0.242) 

co2   0.006 

   (1.328) 

r2_a 0.780  0.056  0.780 

5 Conclusions and Policy Recommendations 

The research findings show that: first, digital technology level development can effec-
tively foster industrial structure upgrading; second, carbon emission intensity has a sig-
nificant mediating effect and is an important driver of transmission for digital technol-
ogy to assist as part of the modernisation of industrial structures. With the transfor-
mation of China's rapid economic development into a high-quality development stage, 
accelerating the optimization and upgrading of industrial structure has become an im-
portant part of high-quality economic development. This paper advances the following 
policy recommendations: 

5.1 Vigorously Develop Digital Technology 

Focusing on developing digital technologies like "Internet+" and "artificial intelli-
gence". Furthermore, accelerate the construction of digital economics industrial parks 
to provide good operation space for various digital enterprises, promote industrial clus-
tering, and thus bring about a greater agglomeration effect. 
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5.2 Paying much attention to the intermediary role of carbon emissions in the 
impact of digital technology on the upgrading of industrial structures 

Through the application of digital technology, energy use and carbon can be reduced in 
the production and manufacturing stages as well as in the operations and sales stages 
of traditional industries. Combining the level of digital technology with pollution emis-
sion detection equipment will not only help reduce carbon emissions to achieve the 
"double carbon" target, but also help develop green process technology better. Formu-
late relevant policies to constrain enterprises to reduce pollutant emissions, so that they 
have a good sense of green environmental protection. 

Funds 

Central support for local universities' reform and development funds for high-level tal-
ents project: "Research on digital technology empowering high-quality development of 
manufacturing industry in Heilongjiang Province". 

References 

1. Zhao Xing, Li Ruotong, He Huiyuan. (2023) Can digital technology promote innovation 
efficiency? Scientology Research, 1-15. DOI:10.16192/j.cnki.1003-2053.20221110.004. 

2. Yang Jianli, Zheng Wenling, Xing Jiao Yang.(2021) Digital technology enables high-quality 
agricultural development. Shanghai Economic Research 07, 81-90+104.  
DOI:10.19626/j.cnki.cn31-1163/f.2021.07.008. 

3. Guo Shouting, Jin Zibo.(2022) Study on the spatial spillover effect of digital inclusive fi-
nance on regional industrial structure upgrading. Economic Economics, 1–11. 
DOI:10.15931/j.cnki.1006-1096.20221206.001. 

4. Ding Shouhai, Xu Zheng.(2021) Digital economy for industrial structure upgrading in the 
new pattern: mechanism, blockage and path. Journal of Theory 03, 68-76 (2021). 
DOI:10.14110/j.cnki.cn-37-1059/d.2021.03.008. 

5. Liu and Dong, Ji Ran.(2023) Research on the mechanism and effect of digital economy for 
industrial structure upgrading. Science and Technology Progress and Countermeasures, 1-
10.https://kns.cnki.net/kcms2/article/abstract?v=3uoqIhG8C44YLT-
lOAiTRKibYlV5Vjs7ioT0BO4yQ4m_mOgeS2ml3UFAQBRIQ2AIUOOfRa1OrGeX4yx-
AY6eXxkudgwAz_QQD&uniplatform=NZKPT. 

6. Prokofeva N E, N E P, et al.(2020) Building of effective management structures based on 
the digital technologies in the mining industry: A case study of UC RUSAL. IOP Conference 
Series: Materials Science and Engineering 972(1).  
DOI：10.1088/1757-899X/972/1/012061. 

7. Guo Yueqin., Guo Bin,et al.(2022) Study on the impact of digital economy on carbon 
emission intensity in the context of double carbon - based on the test of mediating effect 
with regulation. Modern Management Science 337(06),138-147.https://kns.cnki.net/kcm 
s2/article/abstract?v=3uoqIhG8C44YLT-
lOAiTRKibYlV5Vjs7ioT0BO4yQ4m_mOgeS2ml3UILTf-
l1Xziy_6fAa9_7M3XD_KHM_AH1H8w50s_EQAw2&uniplatform=NZKPT. 

Digital Technology,  Carbon Emission and Industry Structure             333



8. A I S,Hr N K,et al.(2022) Influence of economic cycles on the development of elements of 
the industry structure of the food market. IOP Conference Series: Earth and Environmental 
Science IOP Conference Series: Earth and Environmental Science.DOI：10.1088/1755-
1315/949/1/012036. 

9. Fan Dongshou.(2022) Agricultural technology progress, agricultural structure rationaliza-
tion and agricultural carbon emission intensity. Statistics and Decision Making 38(20), 154-
158.DOI:10.13546/j.cnki.tjyjc.2022.20.030. 

10. Katharina L H, Andreas E, Eva B.(2023) Digital technology usage as a driver of servitization 
paths in manufacturing industries. European Journal of Marketing, 57(3).  
DOI：10.1108/EJM-11-2021-0914. 

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
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