
YAO Zhanqia

The Path and Threshold Effect of Digitalization 
on the Competitiveness of China’s 
Manufacturing Export

Abstract　Since its traditional comparative advantages are on the wane, China 
should use digital economy to enhance its competitiveness of manufacturing 
export. Based on microscopic data of various regions in China from 2013 to 
2020, this paper studies the relationship between digital economy and China’s 
competitiveness of manufacturing export, the internal mechanism of their 
influence, and the boundary conditions for the establishment of the relationship 
between digital economy and competitiveness of manufacturing export. Our 
conclusions include that: there is a significant positive spatial correlation 
between digital economy and export competitiveness; digital economy can not 
only enhance the export competitiveness of the region, but also have a positive 
impact on that of adjacent regions; innovation efficiency, the accumulation of 
human capital and synergistic agglomeration exerts a mediating effect when 
digital economy impacts China’s export competitiveness; and with the share of 
import trade as the threshold variable, the facilitating effect of digital economy 
on the export competitiveness of the western region is lower than that of the 
eastern region before the threshold, but significantly higher than that of the 
eastern, central and northeastern regions as well as the whole country after the 
threshold. Therefore, China should vigorously promote the construction of new 
digital infrastructure in the western region, and give full play to the role of new 
digital infrastructure in promoting trade upgrade. Through the improvement of 
human capital quality, the centralized development of digital economy and the 
overall improvement of innovation efficiency, we should gradually improve the 
international competitiveness of China’s export enterprises.
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Literature on the relationship between digital economy and the competitiveness 
of manufacturing export falls into two categories: One focuses on theoretical 
analysis of the impact of digital economy on the competitiveness of 
manufacturing export, and the other centers around data analysis to study 
such impact of digitalization. The mainstream literature holds that digital 
transformation can expand export of enterprises and make export-related 
technology more complex, while some argue that the improvement of digital 
level in low- and middle-income countries along the Belt and Road is insufficient 
to promote the growth of import of these countries from their higher-income 
counterparts (Zhang and Tang, 2020). Themed on that issue, this paper studies 
the impact of digital economy on the competitiveness of China’s manufacturing 
export.

Overseas empirical research literature mainly uses panel data to analyze the 
relationship between digital economy and export trade. For example, Sun (2021) 
studies the impact of internet development on the share of small and medium 
enterprises (SMEs) in total exports and concludes that the development of 
the internet in exporting countries has a positive impact on the share of SME 
exporters. All of the above studies have one feature in common, that is, they 
prefer to study the direct or indirect impact of digital export volume or digital 
economy, but have ignored the spatial autocorrelation between digital economy 
and export trade. In short, previous econometric research models noticed the impact 
of digital economy on export trade and its significance, but failed to pay attention 
to the correlation between adjacent values of digital economy time series. 
Therefore, given the lack of research findings concerning the spatial spillover 
effect of digital economy on the competitiveness of manufacturing export, it 
remains unconvincing to explain this issue with traditional research results.

A review of the extant literature reveals that few works have incorporated 
spatial spillover effect into the analytical framework of empirical studies about 
the impact of digital economy on the competitiveness of manufacturing export. 
In China, only Yu (2021) and Yu et al. (2021) have done so. Yu (2021) studies 
the impact of digital economy on the transformation and upgrading of the retail 
economy using spatial econometric models and merely confirms the conclusion 
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that the Moran′s I index of digital economy is significant in most years, thus 
verifying the existence of spatial autocorrelation of digital economy. Yu et 
al.(2021) study the impact of digital economy on the complexity of export-
related technology using Chinese provincial panel data and, with the help of 
the panel data quantile regression model, prove that digital economy improves 
technological complexity. Different from other studies, this paper involves spatial 
effects into the econometric models targeting at the impact of digital economy on 
the competitiveness of Chinese manufacturing export, as an attempt to, from both 
spatial and time serial perspectives, reveal the spatial spillover effect in this regard. 
The paper uses three spatial weights matrices, which are based on economic distance, 
geographical distance and adjacency respectively, to study the spatial spillover 
effect in China. We also build regression models for the mediating effect to explore 
in what ways digital economy exerts its effect on the competitiveness of Chinese 
manufacturing export, in addition to panel threshold models to verify whether 
such effects in different regions have a non-linear relationship.

1　Theoretical Analysis and Research Hypotheses

Digital economy is conductive to economic growth, and its contribution to 
economic growth will be greater if the economy is open (Chen, 2020). It indicates 
that the impact of digital economy on economic growth is amplified under the 
condition of open economy. Therefore, China should promote the development 
of digital economy and keep improving the quality of trade openness. Digital 
economy can also significantly promote the growth of agricultural product 
trade. The growth rate of China’s agricultural export trade has slowed down 
in recent years, while digital economy may have an impact on such trade by 
reducing the costs and time of export trade, lowering the access threshold, and 
meeting personalized export demand. In view of that, China should support 
the development of rural e-commerce platforms, strengthen the soft and hard 
infrastructure of digital economy, and boost the international competitiveness of 
agricultural exporters (Guo and He, 2019). Not only digital economy can promote 
the competitiveness of manufacturing export, but information and communication 
technology (ICT) can promote bilateral trade and economic growth between 
China and other countries (Sun and Zhu, 2020). Different countries invest heavily 
in ICT to develop digital economy, which will not only benefit the bilateral trade 
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between China and Association of Southeast Asian Nations (ASEAN) countries, 
but also promote the growth of export value from ASEAN countries to China. 
Based on that, hypothesis H1 is proposed.

H1: Digital economy is conducive to the competitiveness of China’s manufacturing 
export.

Innovation efficiency plays a mediating role between digital economy and 
the competitiveness of manufacturing export. First, the development of digital 
economy helps raise innovation efficiency. Digital networks have become an 
important driver of technological innovation. The deep integration of digital 
technology with the real economy can improve production efficiency and 
promote economic growth. Zhao (2021) studies the impact of digital economy on 
regional innovation and its spatial spillover effect using the panel data spanning 
nine years from 361 cities, and finds that digital economy not only promotes 
the continuous growth of innovation output in the region, but also positively 
affects the innovation performance of the surrounding regions; the facilitating 
effect of digital economy on innovation performance in the eastern region is the 
most significant; the development of digital economy in the eastern region can 
significantly improve the innovation performance of both this region and other 
regions as well. However, this role of digital economy is limited in the central 
and western regions of China. In addition, the development of this economy 
can significantly boost total factor productivity. In China, the contribution of 
digital economy to total factor productivity is primarily driven solely by pure   
technological progress (Qiu and Zhou, 2021). Changes in total factor productivity 
include pure technological progress and changes in the efficiency of technological 
use. Among others, the big data sector has the most significant facilitating effect on 
technology-led total factor productivity, thus, it will prompt enterprises to increase 
their R&D efforts and facilitate backward regions to leapfrog with the help of 
digitalization. Second, innovation efficiency can enhance the competitiveness of 
China’s manufacturing export. The innovation capability of enterprises not only leads 
to rapid growth of export trade volume, but also significantly improves the quality of 
exported products. On that basis, hypothesis H2a is proposed.

H2a: Innovation efficiency has a mediating effect when digital economy 
impacts the competitiveness of China’s manufacturing export.

The accumulation of human capital plays a mediating role between digital 
economy and the competitiveness of manufacturing export. Education is 



138 YAO Zhanqi

the guarantee for human capital development while digital technology is 
indispensable for contemporary education. Digital technology has a profound 
impact on education because the latter needs the former to become informatized. 
Digital technology can affect the education system both deeply and broadly (Gu, 
2019). It can also lead to profound changes in the connotation of educational 
institutions such as schools while improving and extending the internal 
relationships of the education system. Furthermore, human capital can make 
manufacturing export increasingly competitive, and the increase of human capital 
can enhance the complexity of export-related technology. Yao (2021), using the 
mediating effect approach, studies the facilitating effect of human capital on the 
complexity of export-related technology and concludes that human capital can 
affect the technological complexity of Chinese exports in six ways. Along such 
a path as human capital → number of R&D personnel → innovation output →  
complexity of export-related technology, the standardized indirect effect is 
significantly positive, and its effect value is the largest among the six paths in 
which human capital affects the complexity of export-related technology. In view 
of that, hypothesis H2b is proposed.

H2b: The accumulation of human capital has a mediating effect when digital 
economy impacts the competitiveness of China’s manufacturing export.

Synergistic agglomeration plays a mediating role between digital economy and 
the competitiveness of manufacturing export. On the one hand, digital economy 
can significantly promote the agglomeration of secondary and tertiary industries. 
Currently, digital finance, as an emerging engine to drive domestic demand, can 
influence the formation of industrial agglomeration both by influencing enterprise 
innovation and by influencing talent convergence (Xia, 2021). The influence of 
digital finance on tertiary industry agglomeration in China is greater than that on 
secondary industry agglomeration. On the other hand, industrial agglomeration 
can significantly promote the continuous improvement of the competitiveness 
of manufacturing export, and it also facilitates the continuous upgrade of 
export-related technology toward greater complexity. Industrial agglomeration 
can significantly promote China’s processing trade enterprises to improve the 
quality of exports, and it also drives the continuous improvement of China’s 
competitiveness in high-tech exports from the manufacturing sector. Yao (2020) 
holds that, not only the synergistic agglomeration of knowledge-intensive service 
industry and manufacturing industry can significantly promote the continuous 
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upgrading of China’s export-related technology toward greater complexity, but 
also the interaction between the synergistic agglomeration and the modernization 
of transportation can significantly enhance the technological complexity of 
China’s exports. Based on that, hypothesis H2c is proposed.

H2c: Synergistic agglomeration has a mediating effect when digital economy 
impacts the competitiveness of China’s manufacturing export.

To improve the competitiveness of manufacturing export, it depends not only 
on digital economy, but is also influenced by the share of imports. With the rapid 
development of global digitalization, the internet is facilitating the continuous 
upgrading of consumption. Many partners are interested in importing products 
from China and the Chinese consumer market. Therefore, digitalization has 
to be closely linked to import trade in order to give full play to the effect of 
digital economy and to improve the competitiveness of manufacturing export. 
Furthermore, if there is only a small share or scale of imports, technological 
spillover enabled by enterprises through imports also has a small scale. Then 
these enterprises urgently need to expand technological spillover through imports, 
so as to enhance the competitiveness of manufacturing export. When enterprises 
import in a larger scale, the scale of technological spillover of enterprises through 
imports also becomes larger, which can significantly promote export growth 
and the competitiveness of manufacturing export. In other words, the impact 
of digitalization on the competitiveness of Chinese manufacturing export is 
influenced by the share of imports; and the relationship between digital economy 
and the competitiveness of manufacturing export may be of a non-linear nature, 
with a threshold effect. In view of that, hypothesis H3 is proposed.

H3: Digital economy is subject to a threshold effect when it impacts the 
competitiveness of manufacturing export. In the fast-growing phase of import share, 
digital economy can significantly contribute to the continuous improvement of the 
competitiveness of manufacturing export, while in the slowly-growing phase, the 
opposite is true.

2　Modelling

2.1　Spatial Lag Model

To test hypothesis H1, a spatial lag model (SLM) is set as follows:



140 YAO Zhanqi

	 ,� (1)

where Exco is the competitiveness of Chinese manufacturing export, Mc is digital 
economy, X is the control variable, and control variables include foreign direct 
investment (Fdip), USD/RMB exchange rate (Doex), labor productivity (Gdpper), 
and government investment in technology (Goin); i and t denote region and year, 
respectively, and W is the spatial weights matrix. When ρ = 0, the spatial Durbin 
error model is used.

2.2　Spatial Autocorrelation Test

Spatial autocorrelation of digital economy is measured with the Moran′s I  
index:

	 Moran′s I .� (2)

Spatial autocorrelation of the competitiveness of manufacturing export is 
measured with the Moran′s I index.

	 Moran′s ,� (3)

where wij is the matrix of spatial weights between provinces i and j,  is the 
mean value of digital economy in the region,  is the mean value of the 
competitiveness of manufacturing export, and the Moran′s I index is roughly 
in the interval of [‒1,1]. If the Moran′s I index is greater than 0, it indicates the 
existence of positive spatial correlation, and the larger the value, the stronger the 
degree of positive correlation.

2.3　Construction of the Spatial Weights Matrix

Three spatial weights matrices, respectively based on economic distances, 
geographical distances and contiguity, are used to accurately reflect the 
spatial spillover effect of digital economy on the competitiveness of Chinese 
manufacturing export. The contiguity-based spatial weights matrix is set as 
follows: When region i is adjacent to region j, then W = 1 and the diagonal 
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element is 0, and the contiguity-based spatial weights matrix undergoes a 
standardized process. The geographical distance-based spatial weights matrix 
is the reciprocal of the geographical distance between spatial units i and j or the 
reciprocal of the square of the distance. The economic distance-based spatial 
weights matrix is the reciprocal of the economic distance (economic gap) 
between region i and region j. The economic distance-based spatial weights 
matrix is the reciprocal of the economic distance (economic gap) between regions 
i and j.

2.4　Data Description

2.4.1 Core Explanatory Variables and Explained Variables

Digital economy. In this study, we construct three primary indicators (respectively 
for digital marketing, the market-based development and the information-based 
development of innovative technology-enabled products), four secondary indicators 
(respectively for digital infrastructure construction, telecom operation, ICT, and 
modern computer technology), and 12 measurement indicators (respectively for 
cell phone shipments, sales of telephone switchboard, automotive electronics, 
electronic publishing systems, networking equipment, microcomputer equipment, 
digital program-controlled switches, satellite communication equipment, 
and the output of fiber optic cables, program-controlled switches, satellite 
communication equipment, telephones). Firstly, the 12 measures are normalized, 
standardized, and averaged. Secondly, the information entropy value, utility 
value of information and the weighting coefficient of each variable are calculated 
using the entropy method, and the values are weighted. Thirdly, the Technique 
for Order Preference by Similarity to an Ideal Solution (TOPSIS) evaluation 
and calculation of the weight of each indicator are performed using the entropy 
weight method combined with the TOPSIS method, so as to finally obtain 
the comprehensive index for digital economy development of each province/
autonomous region/municipality in China.

The competitiveness of manufacturing export. It can be measured with 
a number of methods, including those based on the trade competitiveness 
index, revealed comparative advantage index, international market share, etc. 
This paper uses trade competitiveness index to measure the competitiveness 
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of manufacturing export, i.e., the ratio of the difference between exports 
and imports of a province/autonomous region/municipality to the total trade  
volume.

2.4.2 Mediating Variables

Innovation efficiency ( Innef ). It can be measured with many approaches, including 
the use of Data Envelopment Analysis (DEA) to measure different technical 
efficiencies, the use of super-efficient DEA model to measure overall efficiency, 
and the division of the number of patent applications in the current year by 
the sum of R&D expenditures in the current year and the previous two years. 
This paper uses the third method to calculate the innovation efficiency of each 
province in China.

Human capital (Humc). It is calculated with the method proposed by Yao (2020, 
2021).

Synergistic agglomeration (Agglo). For the knowledge-intensive service 
and manufacturing industries in China, the locational entropy of synergistic 
agglomeration is calculated with reference to the method proposed by Ellison et 
al. (2007) as follows:

	 �  (4)

where Agglo is the locational entropy of synergistic agglomeration of the 
knowledge-intensive service industry and the manufacturing industry, ASk is the 
locational entropy of the knowledge-intensive service industry, and ASo is the 
locational entropy of the manufacturing industry.

2.4.3 Control Variables 

The control variables used in this paper include foreign direct investment, USD/
RMB exchange rate, labor productivity, and government investment in science 
＆ technology.

2.5　Data Processing and Sources

Table 1 shows the variance inflation factors (VIF) of the variables. It can be seen 
that the VIF values are all less than 10, so there is no multicollinearity. Imports, 
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exports, USD/RMB exchange rate, patent applications, GDP, government 
investment in science ＆ technology, and labor force population were collected 
from China Statistical Yearbook (2013‒2021), Wind database, China Statistical 
Yearbook on High Technology Industry, and statistical yearbooks of provinces in 
the past years.

Table 1　Variance Inflation Factors of Variables
Variable 1/VIF VIF Variable 1/VIF VIF

Mc 0.146 6.867 Goin 0.625 1.600 

Fdip 0.246 4.059 Innef 0.737 1.357 

Doex 0.827 1.209 Humc 0.629 1.590 

Gdpper 0.246 4.073 Agglo 0.320 3.126 

3　Analysis of Empirical Results 

3.1　The Moran′s I Statistics of Digital Economy and the Competitiveness 
of Manufacturing Export

Table 2 shows test results of the global Moran′s I index of digital economy and 
the competitiveness of manufacturing export in each year. As can be seen from 
the p-values and z-values of the Moran′s I index statistics of digitalization in 
each year in China, the p-values are all less than 0.01, the z-values are greater 
than 2.65 in each year, and the Moran′s I values of digital economy all pass the 
1% significance test. The Moran′s I values are all significantly greater than zero, 
showing an obvious spatial correlation. The spatial differences among China’s 
provinces are not significant, and the threshold value set by the null hypothesis 
is rejected. Therefore, the distribution of digital economy in each region shows 
noticeable agglomeration characteristics, indicating that: there is a significant 
proximity effect between digitalization in each region; the development of 
digital economy in one region is closely related to that in neighboring regions; 
and the development of digital economy in one region depends on that of 
neighboring regions. Moreover, before 2017, the global Moran′s I statistics of 
digital economy of each region showes a significant upward trend; but from 2017 
to 2020, the Moran′s I statistics slowly decrease, and the spatial correlation of 
the comprehensive index of digital economy development showes a decreasing 
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trend, down from 0.292 to 0.269. During the 13th Five-Year Plan period 
(2016‒2020), China’s digital economy grew at a high speed, and the gap between 
different regions in China in using and making good use of digital technology 
has gradually narrowed, and the overall balance of digital economy has been 
strengthened. Since 2013, the Moran′s I statistical value for the competitiveness 
of manufacturing export of various regions has increased rapidly, so there 
is a significant proximity effect for their competitiveness of manufacturing 
export. Such competitiveness of one region depends on that of neighboring  
regions.

Table 2　The Moran′ s I Statistical Values

Year
Exco Mc

Moran′ s I z p Moran′ s I z p

2013 0.088 1.340 0.090 0.216 2.673 0.008 

2014 0.092 1.373 0.085 0.239 2.879 0.004 

2015 0.103 1.482 0.069 0.276 3.031 0.002 

2016 0.103 1.475 0.070 0.288 3.082 0.002 

2017 0.109 1.507 0.066 0.292 3.066 0.002 

2018 0.125 1.644 0.050 0.290 2.999 0.003 

2019 0.136 1.749 0.040 0.281 2.889 0.004 

2020 0.151 1.874 0.030 0.269 2.765 0.006 

3.2　Benchmark Regression of the Impact of Digital Economy on the 
Competitiveness of Manufacturing Export

Table 3 shows the test results using the general panel model, the economic distance- 
based spatial weights matrix, together with the Spatial Autoregressive Model 
(SAR), Spatial Error Model (SEM), Spatial Dubin Model (SDM), and Spatial 
Autocorrelation (SAC) models. It can be found that the estimated coefficients 
of the variables for digital economy development pass the 1% significance test, 
so digital economy significantly contributed to the improved competitiveness 
of manufacturing export and hypothesis H1 is verified. The ρ values of model 
2, model 4 and model 5 are 0.218, 0.140 and 0.528 respectively, which pass 
the significance test of 1%, 5% and 1% respectively, indicating that the 
competitiveness of manufacturing export of each region at the provincial level 
is influenced by the neighboring regions. For one region, if the SAR model 
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is used, each 1% increase in the competitiveness of manufacturing export of 
a neighboring region will lead to 0.218% increase of the region; and if the 
SDM and SAC models are used, each 1% increase in the competitiveness of 
manufacturing export of a neighboring region will lead to a 0.14% and 0.528% 
increase respectively of the region. Table 4 also shows that for one region, if 
various spatial weights matrices (economic distance-based spatial weights matrix, 
geographical distance-based spatial weights matrix, and contiguity-based spatial 
weights matrix) are used, the export competitiveness of manufacturing industries 
in a neighboring region will also lead such competitiveness in this region  
to rise.

Table 3　Benchmark Regression Results

Variable
General panel model

(Model 1)
SAR

(Model 2)
SEM

(Model 3)
SDM

(Model 4)
SAC

(Model 5)
Mc 10.365*** 7.360*** 5.969*** 9.549*** 7.539***

(6.03) (5.57) (4.98) (6.33) (5.38)
Fdip 0.406*** 0.376*** 0.398*** 0.343*** 0.193***

(5.46) (6.90) (7.63) (6.22) (3.06)
Doex –0.296 –0.248* 0.099 –0.466*** –0.411***

(–1.63) (–1.78) (0.55) (–2.98) (–4.82)
Gdpper 0.274*** 0.181** 0.164* 0.143** 0.149**

(3.10) (2.51) (1.92) (1.97) (2.59)
Goin –0.732* –1.197*** –1.310*** –1.285*** –0.782**

(–1.88) (–3.88) (–4.08) (–4.18) (–2.41)
_cons 4.156*** 3.335*** 3.044* 4.441***

(3.47) (2.18) (1.84) (2.90)
WxMc 5.320***

(2.93)
 ρ 0.218*** 0.140** 0.528***

(3.93) (2.26) (7.31)
sigma2_e 0.441*** 0.450*** 0.432*** 0.355***

(10.14) (9.99) (10.16) (9.74)
R2 0.769 0.705 0.770 0.620 0.584

Note: ***, ** and * denote the passing of the 1%, 5%, and 10% significance tests, respectively, same as 
follows.

Among the control variables, the estimated coefficients of foreign direct 
investment in the scenarios with the five models being used are 0.406, 0.376, 
0.398, 0.343 and 0.193, respectively, and they all pass the 1% significance test. 
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Therefore, foreign direct investment significantly contributed to the improved 
competitiveness of Chinese manufacturing export. The estimated coefficient of 
government investment in technology is significantly negative and it also passes 
the 10% significance test of at least. The competitiveness in this regard decreases 
with the rise of government investment in science & technology. The estimated 
coefficient of China’s labor productivity is significantly positive and it also 
passes the 10% significance test of at least, so labor productivity significantly 
contributed to the improved competitiveness of manufacturing export.

Table 4 uses three spatial weights matrices (economic distance-based spatial 
weights matrix, geographical distance-based spatial weights matrix, and 
contiguity-based spatial weights matrix) and breaks down the spatial effects 
of the explanatory variables on the explanatory variables into total effect, 
direct effect, and indirect effect, with the total effect indicating the effect of 
the explanatory variables on the explanatory variables in the region and the 
indirect effect indicating the effect of the explanatory variables in the region 
on the explanatory variables in other regions. The spatial effect of the core 
explanatory variable (digital economy) on the competitiveness of manufacturing 
export is mainly shown as the direct effect within the region. In the three spatial 
weights matrices, the direct effects of digital economy on the competitiveness 
of manufacturing export are 7.529, 7.419 and 7.584, which are all significant 
at the 1% level, indicating that digitalization in one region helps promote the 
competitiveness of manufacturing export there. Also, both the indirect and 
total effects of digitalization on the competitiveness of manufacturing export in 
the three spatial weights matrices pass the 10% significance test of at least. It 
suggests that currently the effect of digital economy on the competitiveness of 
manufacturing export is not only reflected within the region, but also embodied to 
a degree on the competitiveness of manufacturing export of other regions. It has 
fully generated a spatial effect to give play to the total effect of digital economy 
on the competitiveness of manufacturing export.

Among the control variables, the direct and indirect effects of foreign direct 
investment (Fdip) on the competitiveness of manufacturing export pass the 
10% significance test at least and are significantly positive. The direct effect of 
Fdip on the competitiveness of manufacturing export is greater than the indirect 
effect, which indicates that the growth of Fdip in the region is conducive to the 
competitiveness of manufacturing export, as well as other regions. The direct and 
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indirect effects of labor productivity on the competitiveness of manufacturing 
export are also significantly positive at least at the 10% level, and its direct effect 
is greater than the indirect effect, which indicates that labor productivity in the 
region can not only drive the local competitiveness of manufacturing export, but 
also significantly promote that of other regions. The direct and total effects of 
government investment in technology on the competitiveness of manufacturing 
export are significantly negative at least at the 5% level, so such investment 
will not have a spatial effect on the competitiveness of manufacturing export 
within the region, nor will it play a role in promoting the overall effect of 
government investment in technology on the competitiveness of manufacturing  
export.

3.3　Robustness Test

Table 5 shows the results of robustness tests. First, we use the total export of 
goods classified by domestic destination and origin to replace the variable for 
the total export of goods classified by location of business entities (Model 15). 
The coefficient of the variable for digital economy development is positive 
and it passes the 1% significance test, which is consistent with the benchmark 
regression results. Next, we use the added value of the ICT industry in the context 
of digital economy (Ict) to replace the comprehensive index for digital economy 
development. The coefficient of this index variable is still positive and also 
passes the 1% significance test. Then, we use digital trade (Shumao) to replace 
the comprehensive index variable for digital economy development, and the 
regression coefficient still passes the 5% significance test. Finally, we winsorize 
all variables by 1%, 5%, and 10%, respectively. The regression coefficients of 
digital economy are significantly positive (see Model 18, Model 19, and Model 
20), and the regression coefficients of USD/RMB exchange rate and government 
investment in science & technology are significantly negative, which also pass 
the 1% significance test, verifying the robustness of the benchmark regression 
results.
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4　Test of the Ways by Which Digitalization Affects China’s Export 
Trade

Next, the mediating effect approach is used to verify that digital economy can 
have an effect on the competitiveness of Chinese manufacturing export by 
enhancing innovation efficiency, promoting the accumulation of human capital, 
and leveraging the benefits of synergistic agglomeration. The method based on 
the mediating effect is used to prove that there is a significant correlation among 
innovation efficiency, human capital and synergistic agglomeration. The direct 
and significant correlation between those three factors and the competitiveness of 
manufacturing export is the premise to prove that those factors play a mediating 
role between digitalization and the competitiveness of manufacturing export 
respectively. Therefore, the regression model for the specific mediating effect is 
set as follows.

	 � (5)

	 � (6)

	 � (7)

where M is the mediating variable, including innovation efficiency ( Innef ), 
human capital (Humc), and synergistic agglomeration (Agglo). The control 
variables include foreign direct investment, USD/RMB exchange rate, labor 
productivity, and government investment in science & technology.

Model 21, model 22 and model 23 in Table 6 are the testing results for whether 
digital economy has an impact on the competitiveness of Chinese manufacturing 
export through innovation efficiency; model 24, model 25 and model 26 are 
the testing results for whether digital economy has such an impact through 
the accumulation of human capital; and model 27, model 28 and model 29 are 
the testing results for whether digital economy has such an impact through 
synergistic agglomeration.

From model 21, model 22 and model 23, it can be seen that not only digital  
economy can significantly promote innovation efficiency. The latter also has a 
significantly positive enhancing effect on the competitiveness of manufacturing 
export. All of such variables pass the 1% significance test. Innovation efficiency 
has a mediating effect when digital economy impacts the competitiveness of 
Chinese manufacturing export, which supports hypothesis H2a. The regression 
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coefficient of foreign investment in model 21 is negative and passes the 5% 
significance test, therefore, innovation efficiency decreases in the opposite 
direction of foreign investment. Foreign investment significantly contributes to 
the increase of trade competitiveness index and passes the 1% significance test. 
The regression coefficients of government investment in science & technology in 
model 22 and model 23 are negative and pass the 1% significance test, therefore, 
the innovation efficiency decreases in the opposite direction of government 
investment in science & technology.

Digital economy is conducive to the accumulation of human capital, which is 
then conducive to the continuous improvement of the competitiveness of Chinese 
manufacturing export. The accumulation of human capital has a mediating effect 
when digital economy impacts the competitiveness of Chinese manufacturing 
export (model 24, model 25, and model 26), which provides support to hypothesis 
H2b. The regression coefficients of foreign investment in model 24, model 
25, and model 26 are all positive and pass the 1% significance test. Therefore, 
foreign investment not only promotes the trade competitiveness index, but also 
significantly facilitates the accumulation of human capital. Meanwhile, the 
accumulation of human capital decreases inversely with government investment 
in science & technology.

Digital economy can significantly impact synergistic agglomeration, which then 
has a significant positive contribution to the competitiveness of manufacturing 
export and passes the 1% significance test. Synergistic agglomeration has a 
mediating effect when digital economy impacts the competitiveness of Chinese 
manufacturing export (model 27, model 28, model 29), which provides support 
to hypothesis H2c. The regression coefficients of foreign investment in model 27, 
model 28 and model 29 are significantly positive. Therefore, foreign investment 
can not only significantly promote the accumulation of human capital and the 
trade competitiveness index, but also play an important role in leveraging the 
advantages of synergistic agglomeration. Meanwhile, government investment in 
technology cannot promote the advantages of synergistic agglomeration or boost 
the competitiveness of export in manufacturing.

Table 7 shows a breakdown of the mediating effects in the cases of Innef, 
Humc, and Agglo, used as mediating variables, respectively. Firstly, the indirect 
effect of innovation efficiency is 8.722, the direct effect is 17.502, and the 
share of the mediating effect in the total effect is about 33.26%. Therefore, 
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digital economy and innovation efficiency jointly account for 33.26% of the 
competitiveness of manufacturing export, with control variables considered. 
Secondly, the indirect effect of the accumulation of human capital is 2.015, the 
direct effect is 24.321, and the share of the mediating effect is about 7.65%. 
Therefore, digital economy and the accumulation of human capital jointly 
account for 7.65% of the competitiveness of manufacturing export, with control 
variables considered. Finally, the indirect effect of synergistic agglomeration is 
2.596, the direct effect is 23.444, and the share of the mediating effect is about 
9.97%. Therefore, digital economy and synergistic agglomeration jointly account 
for 9.97% of the competitiveness of manufacturing export, with control variables 
considered.

Table 7　Breakdown of the Mediating Effects in the Cases of Innef, Humc, and Agglo being 

Used as Mediating Variables, Respectively

　 　 Effect value BootSE BootLLCI BootULCI
Relative 

effect value

Innef  :  the 
mediating 
variable

Total effect 26.224 3.473 20.486 31.963 

Direct effect 17.502 3.330 12.000 23.005 66.74%

Indirect effect 8.722 2.512 4.765 13.040 33.26%

Humc : the 
mediating 
variable

Total effect 26.336 3.294 20.897 31.777 　

Direct effect 24.321 3.357 18.777 29.866 92.35%

Indirect effect 2.015 0.839 0.486 3.001 7.65%

Agglo : the 
mediating 
variable

Total effect 26.040 3.590 20.107 31.971 

Direct effect 23.444 3.519 17.628 29.259 90.03%

Indirect effect 2.596 1.774 0.350 6.163 9.97%

5　The Threshold Effect of Digitalization impacting China’s 
Export

The previous parts verify the mediating roles of innovation efficiency, human 
capital and synergistic agglomeration, and prove the effective contribution of 
digital economy to the improvement of China’s trade competitiveness index. 
Next, this paper will further analyze how such contribution differs across regions 
and whether the impact of digital economy on the trade competitiveness index in 
different regions shows a linear or non-linear relationship.
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5.1　Analysis of Regional Heterogeneity 

In order to learn about the regional differences regarding the impact of China’s 
digital economy development (as shown by the comprehensive index) and 
other factors on the competitiveness of manufacturing export, this paper, with 
the regression methods, further divides China’s economic regions into eastern, 
central, western and northeastern regions. We construct the economic weights 
matrix of each region to study the spatial spillover effect of the comprehensive 
index of digital economy development on the competitiveness of manufacturing 
export in each region. For variables including the comprehensive index of digital 
economy development, foreign direct investment, USD/RMB exchange rate, labor 
productivity, and government investment in science & technology, their impacts 
on trade competitiveness are shown in Table 8. The effect of digital economy on 
the competitiveness of manufacturing export in the eastern region is significantly 
positive with a regression coefficient of 6.806, and it passes the 5% significance 
test. The regression coefficient of the competitiveness of manufacturing export in 
the central region on digital economy is 105.118 and passes the 1% significance 
test. The effect of digital economy on the competitiveness of manufacturing 
export in the northeastern region is also positive with a regression coefficient 
of 9.395 and also passes the 5% significance test. Thus, the rapidly developing 
digital economy in the central, northeastern and eastern regions of China has 
promoted rapid improvement in export competitiveness. Unlike those three 
regions, such effect in the western region is significantly negative and passes 
the 1% significance test. The impact of the USD/RMB exchange rate on the 
competitiveness of manufacturing export of each region is also significantly 
negative.

The ρ values in model 30, model 31, model 32, and model 33 are 0.353, 1.377, 
0.274, and 0.537, respectively, and all pass the 1% significance test, indicating 
that at the provincial level, the competitiveness of manufacturing export in 
the region is significantly impacted by that of the neighboring regions. In the 
eastern region, each 1% increase in the export competitiveness of a neighboring 
region will lead to a 0.353% increase in the export competitiveness of the region; 
in the central region, it will lead to a 1.377% increase; and in the western and 
northeastern regions, the figures are 0.274% and 0.537%, respectively.
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Table 8　Impact of Digital Economy on the Competitiveness of Manufacturing export in 

Different Regions

Variable
Eastern region

(Model 30)
Central region

(Model 31)
Western region

(Model 32)

Northeastern 
region

(Model 33)

L1.Exco 0.752*** 1.333*** 0.916***

(7.03) (12.87) (8.84)

Mc 6.806** 105.118*** –4.296*** 9.395**

(2.24) (49.30) (–3.47) (1.97)

Fdip 0.076 1.796*** –0.084 0.131***

(0.65) (12.06) (–0.51) (3.68)

Doex –1.061** –1.832*** –0.352*** –0.182**

(–2.43) (–18.97) (–3.06) (–2.54)

Gdpper –0.063 –3.770*** 0.299*** –0.168

(–0.38) (–30.14) (2.62) (–1.56)

Goin –0.597 –0.601*** –0.580 1.689

(–0.53) (–6.28) (–1.46) (1.33)

rho 0.353*** 1.377*** 0.274*** 0.537***

(4.00) (13.76) (3.26) (5.37)

sigma2_e 0.420*** 0.022*** 0.050*** 0.015**

(6.27) (5.59) (6.69) (2.31)

R2 0.886 0.786 0.962 0.977

5.2　The Threshold Effect in the Impact of Digital Economy on the 
Competitiveness of Manufacturing Export in Different Regions

A threshold model is built to verify the relationship between digital economy 
and the competitiveness of manufacturing export in different regions of China, 
and the share of import trade (Lmp) of different regions is used as the threshold 
variable:

� (8)
where λ1, λ2 and λ3 denote the coefficients of the impact of digital economy on the 
competitiveness of Chinese manufacturing export when the threshold variables 
are in different ranges; f1 and f2 are the thresholds to be estimated; εit is a random 
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disturbance factor; and I ( · ) is the indicator function.
Table 9 shows the results of the threshold effect test where the explanatory 

variable is the competitiveness of manufacturing export, the threshold dependent 
variable is digital economy, and the threshold variable of import trade share is 
used. The results of the national and regional threshold effect tests show that the 
national, eastern, central and northeastern regions all pass the single threshold 
test while the western region passes the double threshold test.

Table 9　Test Results of the Threshold Effect 
Model Estimated threshold value 95% confidence interval Region

Single threshold 27.238 [27.217, 27.390] Whole nation

Single threshold 27.238 [27.226, 27.384] Eastern region

Single threshold 25.122 [25.103, 25.166] Central region

Double threshold
25.564 [25.558, 25.596]

Western region
26.252 [26.079, 26.414]

Single threshold 25.664 [25.316, 25.692] Northeastern region

Tables 9 and 10 show the following results. Firstly, the results of the national 
threshold effect test show that the critical values pass the single threshold effect 
test at the 1% confidence level, while the double and triple threshold effects are 
not significant, so there is a significant single threshold effect for the national 
import trade share, and this single threshold value is 27.238. Secondly, the 
results of the threshold effect test in the eastern region show that the critical 
values pass the single threshold effect test at the 5% confidence level, while the 
double and triple threshold effects are not significant, so there is also a significant 
single threshold effect for the import trade share of the eastern region. Thirdly, 
the results of the threshold effect test in the central region show that the critical 
values pass the single threshold effect test at the 10% confidence level, while 
the double and triple threshold effects are not significant, so there is a significant 
single threshold effect for the import trade share of the central region, and this 
single threshold value is 25.122. Fourthly, the results of the threshold effect test 
in the western region show that the critical values pass the tests for the single and 
double threshold effects at the 1% confidence level, while the triple threshold 
effect is not significant, so there is a significant double threshold effect for the 
import trade share of the western region, and these double threshold values 
are 25.564 and 26.252. Fifthly, the results of the threshold effect test in the 
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northeastern region show that the critical values pass the single threshold effect 
test at the 10% confidence level, while the double and triple threshold effects are 
not significant.

Therefore, it conforms to scientific rationale to analyze the impact of digital 
economy on export trade, with different import trade shares representing the 
whole country, the eastern, central, western and northeastern regions respectively, 
used as threshold variables(see Table 10).

Table 10　Threshold Values and Confidence Intervals
Threshold 
dependent 
variable 

Model RSS MSE F-value P-value
Critical value

0.010 0.050 0.100 

Whole nation

Single threshold 67.753 0.292 116.590 0.000 30.410 36.490 52.240 

Double threshold 63.174 0.272 16.820 0.400 89.313 145.983 221.893 

Triple threshold 59.153 0.255 15.770 0.295 40.767 90.461 129.755 

Eastern region

Single threshold 39.735 0.552 35.160 0.010 19.987 23.790 33.214 

Double threshold 35.965 0.500 7.550 0.285 14.531 20.045 32.935 

Triple threshold 35.045 0.487 1.890 0.920 11.347 14.925 29.991 

Central region

Single threshold 4.624 0.072 18.390 0.070 16.166 21.013 30.220 

Double threshold 4.503 0.070 1.730 0.965 14.836 17.127 21.736 

Triple threshold 4.301 0.067 3.000 0.735 11.967 16.998 26.509 

Western region

Single threshold 4.864 0.061 25.880 0.005 13.604 17.323 24.041 

Double threshold 3.532 0.044 30.180 0.000 11.087 13.792 19.108 

Triple threshold 3.264 0.041 6.570 0.790 26.952 39.373 56.693 

Northeastern 
region

Single threshold 0.536 0.034 4.570 0.060 4.259 5.996 22.486 

Double threshold 0.267 0.017 16.200 0.440 98.836 98.836 98.836 

Triple threshold 0.120 0.008 19.690 0.180 40.557 40.557 48.447 

The regression results of the threshold effect of each variable on the 
competitiveness of manufacturing export are shown in Table 11. It can be seen 
that on a nation-wide scale, when the import share is less than the threshold value 
of 27.238, digital economy can promote the competitiveness of manufacturing 
export and it passes the 10% significance test. When the import share exceeds 
the threshold value of 27.238, the regression coefficient rises rapidly to 8.930 and 
passes the 1% significance test. Therefore, in the estimated results of the impact 
of digital economy on the competitiveness of manufacturing export, there is a 
threshold effect of import share, which provides support to hypothesis H3.
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Table 11　Estimated Results of Threshold Effects

Variable
Whole nation 
(Model 34)

Eastern region
(Model 35)

Central region
(Model 36)

Western 
region

(Model 37)

Northeastern 
region

(Model 38)

Mc · I (low 
import share)

2.271* 8.667*** –5.002 –4.344*** 1.958*

(1.74) (2.65) (–1.28) (–2.91) (1.75)

Mc · I (medium 
import share)

–0.537

(–0.55)

Mc · I (high 
import share)

8.930*** 13.666*** 7.690** 16.973*** 0.686

(7.06) (4.50) (2.00) (4.14) (0.71)

Fdip 0.225*** 0.151 0.898*** 1.142*** –0.125

(4.24) (1.12) (3.25) (8.13) (–0.33)

Doex –0.026 –0.687 –0.250* –0.276*** –0.646***

(–0.21) (–1.34) (–1.87) (–3.00) (–3.70)

Gdpper 0.278*** 0.501*** 0.086 0.098 –0.418

(4.58) (3.40) (0.54) (1.49) (–0.82)

Goin –0.369 –1.734 –0.112 0.366 1.926*

(–1.37) (–1.47) (–0.66) (0.87) (1.76)

_cons 3.057*** 10.572*** 2.021*** 2.126*** 7.605**

(4.47) (4.88) (2.42) (3.82) (2.80)

R2 0.691 0.774 0.729 0.701 0.965

F 73.57 36.47 25.54 23.43 23.40

Number of 
samples

240 80 72 88 24

In the eastern region, when the import share is less than the threshold value 
of 27.238, digital economy has a facilitating effect on the competitiveness of 
manufacturing export and passes the 1% significance test. However, when the 
share exceeds the threshold value of 27.238, the facilitating effect grows further 
and also passes the 1% significance test. Therefore, in the estimated results of the 
impact of digital economy on the competitiveness of manufacturing export in this 
region, there is also a threshold effect. With the rise of the import share in the 
eastern region, such facilitating effect shows a tendency of increasing marginal 
efficiency.

In the central region, when the import share is less than the threshold value of 
25.122, digital economy cannot improve the competitiveness of manufacturing 
export. When the share in this region exceeds the threshold value of 25.122, 
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digital economy can have a facilitating effect and it passes the significance test 
of 5%. Therefore, in this region, as the import share increases, such facilitating 
effect also shows a tendency of increasing marginal efficiency.

In the western region, when the import share is less than the threshold value 
of 25.564, the regression coefficient is ‒4.344 and passes the 1% significance 
test, indicating that digital economy does not have a facilitating effect on the 
competitiveness of manufacturing export of the region. When the share exceeds 
the threshold value of 25.564 but stays less than the threshold value of 26.252, 
digital economy still cannot promote the competitiveness of manufacturing 
export, nor does it pass the 10% significance test. However, when the share 
exceeds the threshold value of 26.252, such facilitating effect of digital economy 
grows rapidly, with the regression coefficient going up to 16.973 and passing 
the significance test of 1%. When the share is less than the threshold value of 
26.252, there is no such facilitating effect, but when it is greater than 26.252, the 
facilitating effect is significant in this region. In view of that, the results in Table 
8 can be interpreted as follows: Although digital economy cannot promote the 
competitiveness of manufacturing export in the western region, its effect in this 
regard shows a non-linear relationship. If the impact of the threshold variable 
(import share) and other factors is considered, digital economy can significantly 
promote the competitiveness of manufacturing export in the western region when 
the import trade share exceeds the threshold value.

In the northeastern region, when the import share is less than the threshold 
value of 25.664, digital economy can promote the growth of the competitiveness 
of manufacturing export, and it passes the 10% significance test. When the share 
exceeds the threshold value of 25.664, the regression coefficient is 0.686, and it 
fails to pass the 10% significance test. Therefore, unlike other regions, when the 
import share of this region exceeds the threshold value of 25.664, the contribution 
of digital economy to the competitiveness of manufacturing export drops.

With the import share taken into account, the extent of the impact of digital 
economy on export trade of the regions can be ranked in this order: western 
region, eastern region, central region and northeastern region. The facilitating 
effect of digital economy development on export trade of the western region is 
lower than that of the eastern region before the threshold, but is significantly 
higher than that of the eastern region, central region, northeastern region and the 
whole country after the threshold. On the one hand, it suggests that in the context 
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of digital economy, the share of import trade can significantly contribute to the 
competitiveness of manufacturing export and trade transformation in the western 
region; on the other hand, it shows that digital economy in the western region 
is relatively backward and is still at the infancy stage, which means there are 
“latecomer’s advantages” for this region. For the western region, compared with 
its eastern, central and northeastern counterparts, digital economy has the greatest 
facilitating effect on the competitiveness of manufacturing export after the import 
ratio exceeds the threshold. Further analysis reveals that in 2020, only three of 
the 12 western provinces have an import trade share higher than the threshold 
value of 26.252. Therefore, in the future, accelerating the development of digital 
economy and promoting the growth and share of import trade of this region will 
serve as important means to promote economic development and narrow the 
regional economic gap. The non-linear relationship between digital economy and 
export trade is verified at different stages of import trade growth.

6　Conclusions and Policy Recommendations

Based on the panel data from 2013 to 2020, this paper measures the comprehensive 
index of digital economy development of each province/autonomous region/
municipality, and builds spatial econometric models, mediating effect models 
and panel threshold models to analyze the effect of digital economy on the 
competitiveness of manufacturing export as well as the paths of such effect. The 
research results show that: Firstly, the development level of digital economy 
can significantly promote the competitiveness of manufacturing export, and 
China’s overall digital economy is being made increasingly balanced. The impact 
of digital economy on the competitiveness of manufacturing export in eastern, 
central and northeastern regions is significantly positive, but such impact in 
the western region is significantly negative before the threshold. Secondly, the 
direct, indirect and total effects of digital economy on the competitiveness of 
manufacturing export are all significantly positive, and digital economy has a 
certain degree of facilitating effect on the competitiveness of manufacturing 
export both in the local region and other regions. Thirdly, digitalization exerts its 
effect on the competitiveness of manufacturing export by enhancing innovation 
efficiency, promoting the accumulation of human capital, and leveraging the 
benefits of synergistic agglomeration. Fourthly, in the impact of digital economy 
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on the competitiveness of manufacturing export, the import share has a threshold 
effect in various regions. When the import share of western region exceeds the 
threshold value, the facilitating effect of digital economy on the competitiveness 
of manufacturing export of the region is rapidly enhanced.

Based on the above findings, the following policy recommendations are hereby 
put forward.

(1) Further liberalizing the import threshold and opening up the western 
region wider to the outside world. The western region should vigorously play the 
leading role of digital economy on the economic and social development, with 
not only using digital economy to enhance technological innovation capabilities, 
and promote urban transformation and industrial upgrading, but also paying 
great attention to cyber security in the context of the rapid development of 
internet technology. Through the role of digital economy in promoting export 
by liberalizing the import threshold, the region should vigorously promote 
the construction of new digital infrastructure in the process of its promotion 
and upgrade of foreign trade, and play the role of new digital infrastructure to 
promote trade upgrading.

(2) Accelerating digital economy and strengthening related regulation. Across 
China, efforts should be made to comprehensively improve the innovation 
efficiency and capabilities, conquer key technologies in digital economy and 
other fields, and keep improving the international competitiveness of China’s 
export enterprises through investment in technological innovation. In the era of 
digital economy, different regions should keep improving the quality of human 
capital and give full play to the role of human capital investment in promoting the 
competitiveness of manufacturing export. China should speed up agglomeration-
based development of digital economy, and keep improving the quality of export 
products through industrial agglomeration. At the same time of promoting the 
high-quality development of digital economy, it is also necessary to strengthen 
the business environment, public service platforms and other areas of soft power.

(3) Speeding up digital innovation and motivating Chinese people’s innovation 
vitality. Through the development and application of information technology, 
enterprises should keep improving the efficiency of innovation. Enterprises 
should accelerate digital transformation to create a good carrier and environment 
for the concentration of innovation factors. The digitalization of enterprises 
involves not only the traditional production factors, but also requires the synergy 
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and collaboration between the digitalization and enterprises’ activities for 
production and operation. In addition, they must change the status quo where 
high-end elements are concentrated in the design sector, so as to promote the 
continuous flow of high-end elements to the R&D field and accelerate the 
formation of client demand-oriented innovation models.

(4) Raising innovation output and innovation efficiency comprehensively 
in various regions. It is necessary to promote the sustainable and healthy 
development of the new urbanization initiative, facilitate the integrated 
development and fusion of urban and rural areas, improve industrial layout, 
increase employment capacity, and keep enhancing urban competitiveness. China 
should effectively expand R&D investment, promote the continuous growth of 
R&D investment by high-tech enterprises, and facilitate the transformation of its 
foreign trade from quantitative accumulation to qualitative improvement.
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