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Abstract Digital economy has become the primary motivation for high-quality
economic development. Upon comprehensively analyzing the connotation of
digital economy, this paper constructs an evaluation system from development
environment, digital industrialization, industrial digitalization, and digital
governance to measure China’s digital economy index from 2016 to 2018 using
the entropy-based TOPSIS method. Also, based on the improved Feder dual
sector model, this paper discusses the theoretical mechanism of digital economy
promoting high-quality economic development directly and through improving
economic efficiency and economic structure, and carries out an empirical test.
According to findings, on the one hand, China is scaling up digital economy and
accelerating digital transformation; on the other hand, the greater the likelihood
that high-quality economic development is constrained by low economic
efficiency and unreasonable economic structure, the greater the role of digital
economy in promoting high-quality economic development. Therefore, this paper
puts forward recommendations for China’s high-quality economic development,
such as advancing new infrastructure construction, developing digital economy,
improving economic efficiency and economic structure, and transforming the
government governance model.
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1 Introduction

In the process of human technological progress, every revolutionary innovation
of general purpose technology brings human civilization into a brand-new era. As
a new form of general purpose technology, digital technology can be applied to
various fields of economy and society (Cai & Zhang, 2015). One is Moore’s Law,
which states that the comprehensive performance of digital equipment will double
every 18-24 months, so digital technology will develop exponentially; the other is
Metcalfe’s Law, which holds that a network’s value is proportional to the square of
the number of nodes in the network, so the value brought by digital technology will
increase marginally. Under the combined action of both laws, digital economy with
digital technology as its core motivation can achieve strong and lasting growth.

From the reform and opening up in 1978 to around 2012, China’s economy
continued to grow at an average annual rate of over 9%. From 2012,
however, due to various uncertainties, China’s economic growth slowed
down, which led to less-powered and structurally imbalanced economic
growth, making the traditional development model unsustainable. In 2019, at
the Central Economic Work Conference, the basic task of focusing on high-
quality development and vigorously developing digital economy charted the
transformation of China’s economic growth mode. Theoretically speaking,
at the micro level, the quality of economic growth is reflected in efficiency
improvement, which comes from the innovation of high-tech departments
(Jorgenson et al., 2008); at the macro level, the key to high-quality economic
growth lies in structural transformation and upgrading, which comes
from institutional innovation and technological innovation (Liu & Cai,
2018). Therefore, the economic growth model should be transformed into
innovation-driven, and the innovation potential and development momentum
of digital economy are becoming the focus of high-quality economic
development. According to available research findings (Bukht & Heeks,
2017; Pei et al., 2018), researchers argue that digital economy mainly comes
from digital technology; and it plays a critical role in replacing old growth
drivers with new ones (Chen, 2017; Li, 2019), driving economic growth, and
demonstrating national competitiveness (Yi & Chen, 2019). At the Fourth
Plenary Session of the 19th CPC Central Committee, data was identified
as a factor of production for the first time, and digital economy with data
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as the core factor of production and digital technology as the core driving
force would become a new driver to economic growth. This paper focuses on
the development of digital economy to reveal its theoretical mechanism for
promoting high-quality economic development.

2 Construction of Digital Economy Evaluation System

2.1 Construction Principle

Generally, digital economy is divided into digital industrialization, industrial
digitalization, and digital governance. Digital economy needs different hardware
and software foundation from traditional economy, so development environment
should be regarded as an important dimension to evaluate digital economy (see
Table 1). In Table 1, the evaluation system of digital economy is constructed
from development environment, digital industrialization, industrial digitalization,
and digital governance, and then expanded to secondary and tertiary indicators.
Weights of agent indicators are discussed in part 4.

Table 1 Evaluation Indicator System of Digital Economy

Level 1
Lo Level 2 indicator Level 3 indicator (proxy indicator) Weight
indicator
Digital Density of mobile phone base stations (station/km®) 7.12%
infrastructure Density of internet broadband ports (10,000 ports/km®) | 8.53%
Development
environment R&D funding intensity (%) 1.95%
Innovation
i P t f fiscal i t ti i d
driving ercentage of fiscal investment in science an 2 A0%
technology (%)
Information Mobile phone penetration (%) 0.37%
Digital transmission Per capita mobile network traffic (GB) 5.02%
industrialization Technology Percentage of revenue from software business (%) 10.95%
application Percentage of technology contract turnover (%) 13.67%

(To be continued )
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(Continued)
Level 1 L L . .
oo Level 2 indicator Level 3 indicator (proxy indicator) Weight
indicator
Percentage of employees in hi-tech enterprises (%) 13.99%
Intelligent
' manufacturing Number of computers used per 100 employees in 2 15%
Industrial enterprises (computer) ’
digitalization
Percentage of online retail sales (%) 13.53%
Digital life
Digital inclusive finance index 0.33%
Number of government Weibo accounts per 10,000
7.07%
Digital people (account)
E-government
governance Number of government Toutiao accounts per 10,000 12.93%
people (account) e

2.2 Algorithm Description of Digital Economy Index

Firstly, the Technique for Order of Preference by Similarity to Ideal Solution
(TOPSIS) is employed to evaluate the development of digital economy. The
entropy weight method is used in the modeling process to evaluate more
objectively and scientifically. Assuming that there are n samples and m
indicators of evaluated samples, and the time span is 7, then X = (X}, X,, ... , X,),
where X; (1, 2, ... , m) is n-dimensional vector, and all indicators are positive.

. . . . n
The normalized matrix is denoted as S, where each element is 87X /\/ _ lx;
i

and to ensure the comparability of digital economy index in different years,
time is added to the TOPSIS model for correction. In particular, the normalized
matrix S, = (S,l, sz’ s S,m) inyeart(t=1,2, ..., T), where Stj(j =1,2,..,m)isa
n-dimensional vector, then maximum (optimal) and minimum (worst) are S,"**=
(S5, S5, ..., Sp) and S = (S}, S, ..., S,), respectively, where S, and S represent
max and min of indicator j in year 7. In addition, the distance from evaluation

. . max _ m + P
target i to max and to min are defined as D) _\/iju w; (S;-s;) and

Drin= \/ZH o, (S;-s;)*, respectively. Here, o, is the weight of evaluation
indicator j, and the entropy weight method based on the amount of information
contained in data is adopted to empower evaluation indicators.
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Secondly, the probability matrix is constructed as P, whose element
is Py:Sij/Zi:lSij and the information entropy of indicator j is ¢;= —(1/In n)

:_1:1 p;In(p;) . The information utility value is defined as d;= 1- ¢; and upon
normalization, the entropy w; of each indicator is obtained. Noteworthy, the
entropy weight method boasts of objectivity and to factor in the characteristics
and actual economic significance of data, objectivity and subjectivity are
combined to determine the weights of all indicators. Assuming that the weight
w{r) of indicator ; at level r (r = 1, 2, 3) is w,(r), then weights at all levels are

e 0 ©

initially calculated as w,”, w,”, ... , »;

cumulative calculation, level 2 weights w,” (k=1,2,..,8)and level 3 weights

using entropy weight method; upon

" (=1, 2, 3, 4) are measured to calculate their percentage in level 1 weights;
finally, after level 1 weights are subjectively adjusted, corresponding level 2
and level 3 weights change proportionally to combine objective weighting with
subjective adjustment. When it comes to the development of digital economy,
development environment is the foundation and thus weighted 20%; digital
industrialization and production digitalization are the core and thus each weighted
30%; and digital governance concerns the decision-making level and application
level of digital economy development policy and thus weighted 20%.

In addition, assume that the proximity between evaluation target i and
maximum is C, = 100xD,""/ (D;"*+D,™"), where 0<C, <100 and the greater
the value of C;, the closer the evaluation target is to maximum and the higher the
development level of digital economy. Besides, digital economy index is denoted
as DEI, = C,.

2.3 Analysis of Digital Economy Index Measures

Figure 1 shows the changes of digital economy index by province and across
the country (annual average) from 2016 to 2018. Firstly, on a nationwide scale,
the digital economy index increased from 13.68 in 2016 to 21.63 in 2018 at a
whopping rate of 25.79% on average, indicating that China’s digital economy is
scaling up and socioeconomic digital transformation is accelerating. Secondly,
by region, provinces with digital economy development level outstripping
the average are distributed in the eastern region, and the digital economy
development in the western region forms an advantage over the central region
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both individually and generally. Thirdly, by province, the digital economy index
of 29 provincial administrative divisions (excluding Hong Kong, Macao, Taiwan,
Tibet and Xinjiang) increase year by year, indicating that the development of
digital economy has become a consensus.

Eastern region Central region Western region
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Figure 1  Digital Economy Index by Province (Municipality, Autonomous region) and
across China, 2016-2018

3 Theoretical Mechanism of Digital Economy Empowering High-
Quality Economic Development

This paper constructs a dual sector model primarily based on Feder (Feder, 1983).
Assume that an economy is composed of traditional economic sector and digital
economic sector, and the output of digital economic sector will have an impact on
the output of traditional economic sector. Assume that the production functions

of traditional economic sector and digital economic sector are:

I'=T(Kr, Ly, D), (M

D =D (Kp, Lp), 2
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where K; and K}, are the capital inputs of traditional economic sector and digital
economic sector; L, and L, are the labor inputs of traditional economic sector
and digital economic sector, respectively. Assume that there are traditional and
digital economic sectors in the economy, then K = K;+K,,, L = L;+L,, and the
total output is denoted as ¥ = T+D. Equation (1) shows that the impact of digital
economy sector on traditional economy sector is realized when the output of
digital economy sector enters the production function of traditional economy
sector, and then the output level of traditional economy sector is affected.
The derivatives of time from (1) and (2) are calculated, respectively:

dT or dK; 9T dL; 9T dD

— = - - : 3)
dt 0K, dt 9L, dt D dt

dbD oD dK, ap dL,
— = + : “4)
dt 9K, dt  dL, dt

aT oT
, and D represent the marginal products of traditional

0
In equation (3), s
q ®) 0K, JL;

economic sector to capital, labor and digital economic sector, respectively.

oD aD
In equation (4), —— and — represent the marginal products of digital economic
0K, oL,
sector to capital and labor, respectively.

Assume that the production outputs of traditional economic sector and digital

economic sector are subject to:

oD, dT

— ) =1+ (5)
oK, * 0K,

oD , T . 6
[ [ + s

oL, " AL, “ ©)

where 4 and u represent the marginal product differences of traditional
economic sector and digital economic sector in capital and labor, respectively.
Because of Moore’s Law and Metcalfe’s Law implied in the development of
digital technology, digital economic sector faces more intensive competition
than traditional economy sector, urging it to improve innovation ability and
management efficiency. Assume that digital economic sector performs better in
marginal output, namely A, £>0, and its advantage over traditional economic
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sector in the marginal outputs of capital and labor is subject to:

A )7
——=p—. @)
1+4 1+u

To ensure meaningful results, the value range of ¢ is [ 1- ﬁ , 1+ —
+ M
Assume that digital economy sector affects the output of traditional economy

sector with constant elasticity 6, namely:

T=T(Ky, Ly, D)=D"S (Ky, Ly, ®)
oT P T 9
aD D’ ©)

The derivative of time # for total output Y is obtained:

dY dT dD oT dK, T dD, dT dD 9D dK, ap dL,
— =t —= + +— +

(10
dt dt dt 0K, dt 0Dy dt dD dt 0K, dt IL, dt (10)
After substituting equations (5), (6), (7) and (9) into (10):
dy 9T dK dT dL  pu oD dK, oD dL, T dD
—,—— e — | p— —— +0——, (11)
dt 0K, dt dL, dt 1+u oK, dt dL, dt D d

After equation (11) divides both sides by Y at the same time:

Y oT K oT L oD k. D L DT\(T T
—= —+ -, A (goKD+DJ+6(.) [).(12)
Y 0K, Y AL, Y 1+u\ 0K, y AL, Y TD)\TY

The last item on the right of equation (12) shows that the output D of digital
economic sector is transitive to the output 7" of traditional economic sector, that
is, the digital products and services provided by digital economic sector increase
the efficiency of traditional economic sector, while traditional economic sector
affects the growth in total output Y through the change of production efficiency in
the form of (7' / T) (T/ Y). Therefore,

Proposition 1. In the dual sector model, digital economic sector enjoys
an advantage in marginal output, which improves economic efficiency and
empowers high-quality economic development. By freeing from spatial and
temporal limitations, digital economy enables non-tradable services and unmet

needs to be realized in a larger space, forming a more efficient division of labor
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system and improving the efficiency of resource allocation.

Firstly, when discussing ¢ = 1, digital economic sector features an equal
advantage to traditional economic sector in the marginal output of capital and
labor, namely 4 = u. After substituting ¢ = 1 into equation (12):

Y or K oT L u DD DT(TT
—— 40| —— (13)

Y_aKTY+8LTY+1+ﬂYD rp)\rvy)

In equation (13), [u / (1+w)](D / Y)(D / D) shows that the output of digital
economy sector has a direct impact on the change Y/Y of total economic output,
as manifested in the product of the growth rate of digital economy sector and the
percentage of digital economic sector in the economy, that is, the increase in the
percentage of digital economic sector at a high growth rate in the economy will
promote high-quality economic development. Therefore,

Proposition 2. In the dual sector model, enjoying an advantage over traditional
economic sector in marginal output, digital economic sector directly empowers
high-quality economic development, allows for a cumulative effect on the
investment in digital industrialization by focusing on high and new technology,
and forms a positive feedback mechanism through data, knowledge, capital and
management.

1- 141—/1 , 1 J , in terms of capital, digital economic
sector enjoys a comparative advantage over traditional economic sector in the

Secondly, when discussing ¢ €

marginal output of labor, namely 4 < u, then:

D Kk, 9D [, DD

i e . 14
0K, Y dL, Y Y D (1
Therefore:
aD kK, 9D 1L, DD
L Mt (15)
0K, Y OL, Y Y D
where 7_e (0, 1).
After substituting equation (15) into (13):
Y 9T K 0T L w DD DT\(TT
—= —+ — ——+0| = ——|. (16)
Y 0K, Y 9L, Y l+u Y D T D)\TY

In equation (16), the mechanism of digital economy promoting high-quality
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economic development directly and through improving economic efficiency and
economic structure remains unchanged, but the economic growth rate is lower in
the case of p =1 due to 77_.

1

Thirdly, when discussing ¢ € ( 1, 1+ — |, in terms of labor, digital economic
I

sector enjoys a comparative advantage over traditional economic sector in the
marginal output of capital, namely 4 > g, then:

D K, oD [, DD

p——F——> . 17
K, Y 0L, Y Y D 1
Therefore:
D K, oD I, DD
oo (18)
K, Y 0L, Y Y D
where 7, > 1 and after substituting equation (18) into (13):
Y or K oT L u DD DT\(TT
—=———t— — 4y, — — —+ 0| —— || ——|. (19)
Y 9K,Y L, Y = 1+u Y D TD)\TY

In (19), the mechanism of digital economy promoting high-quality economic
development directly and through improving economic efficiency and economic
structure remains unchanged, but economic growth is lower in the case of p<1
due to #,. From (13), (16) and (19), it can be seen that compared with traditional
economic sector, digital economic sector enjoys a greater advantage in the
marginal output of capital than that in the marginal output of labor, and can bring
a higher output growth rate, which contributes to developing capital-intensive
and technology-intensive industries, and driving the optimization and upgrading
of economic structure with innovation.

Proposition 3. In the dual sector model, the advantage of digital economy
sector in marginal output is manifested in empowering high-quality economic
development by improving economic structure. Through industrial digitalization
and digital industrialization, digital economy realizes the upgrading of traditional
industrial structure, attracts more high-end factor inputs, and forms a virtuous
circle of ongoing optimization of industrial structure.
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4 Empirical Test of Digital Economy Empowering High-Quality
Economic Development

4.1 Setting of Econometric Models

In order to verify the above propositions, this paper constructs the following
econometric models:

4.1.1 Benchmark Regression Model

This paper constructs a benchmark regression model to test the overall effect of

digital economy empowering economic growth. Assume that:
Growth, = a + B DEI,+ y X, + &, (20)

where i and ¢ stand for province and period, respectively; Growth, represents the
high-quality economic development level, which is an explained variable; DEI,
represents the digital economy development level, which is the core explanatory
variable and £ is its coefficient; X, represents the set of control variables, where
y is the coefficient of the control variable; a is a constant term; ¢, is a random
perturbation term.

4.1.2 Panel Threshold Model

As inferred from the above, while directly promoting high-quality economic
development, digital economy can improve economic efficiency and economic
structure. To examine the importance of both mechanisms, referring to the
research idea of Yi and Zhou (Yi & Zhou, 2018), this paper carries out
heterogeneity grouping study according to the performance of observed samples
in both mechanisms. In the absence of a clear quantitative standard between
economic efficiency and rationality of economic structure, it is impossible
to accurately measure the structural changes according to mean and quantile
values. Therefore, this paper constructs a panel threshold model for high-quality
economic development and digital economy.

On the basis of the benchmark regression model, the panel threshold model is
denoted as:
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Growth, = o+ B, DEL, < I (M < 0,) + B,DEL,x I (0, < M < 0,)
+”'+/8n DE]zt X I(an—l <M g gn)—'_lgnﬂDE[it X I(M> 0;1)+yX;t+ gita (21)

where I (-) is an indicative function, M is a threshold variable (economic
efficiency, economic structure), 8 is the threshold value to be estimated, f; is the
impact coefficient of the explanatory variables in different intervals, and the other

items have the same meaning as the benchmark model.

4.2 Description of Variables

4.2.1 Explained Variable (Growth)

The per capita real GDP was chosen as the explained variable to represent the

high-quality economic development level by region.
4.2.2  Core Explanatory Variable (DEI)

The digital economy evaluation system constructed from digital industrialization,
industrial digitalization, digital governance and development environment was
chosen as the core explanatory variable of digital economy index using the
entropy-based TOPSIS method to represent the digital economy development

level by region.
4.2.3 Control Variables

Government intervention (Gov). The percentage of local fiscal expenditure to
local GDP was chosen to measure the intervention of local governments on the
economy.

Human capital (Hum): The percentage of R&D personnel in the total number
of employees was chosen to measure the human capital level by region.

Transportation (Trans): The per capita freight volume was chosen to measure
the convenience of transportation and the circulation speed of economic factors
by region.

Dependence on foreign investment (FDI): The percentage of FDI in regional

GDP was chosen to measure the dependence on foreign investment.
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4.2.4 Threshold Variables

Economic efficiency (TFP). The DEA-Malmquist Total Factor Productivity Index
with the number of employees and regional capital stock as input variables and
regional GDP as output variable was adopted to measure the economic efficiency
by region. In particular, referring to the method of Shan (Shan, 2008), capital
stock was measured with the base period in 2000 and the depreciation rate at
10.96%. The total factor productivity index from ¢ to ¢ + 1 is denoted as:

L DLGEL Y D,y

TFP o331 = | o — s (22)
A\ D; (x;,y:) D (x;,y)

where x; represents the vector of capital and labor input in region i in period ¢
and y! represents the vector of corresponding output; D; (x!, /) and D" (x!, ')
denote the distance functions in periods ¢ and #+1, respectively. The calculated
total factor productivity index represents the change of total factor productivity in
current period over the previous period, and when the value is greater than 1, then
the total factor productivity in current period is higher than that in the previous
period. This paper used it as an indicator to evaluate economic efficiency by
region.

Economic structure (TL). Evaluating the rationality of economic structure
involves two aspects: the coordination between industries and the coupling of
factor input structure and output structure. Referring to the practice of Gan et
al. (Gan et al., 2011), this paper measured the rationality of economic structure
based on Theil index. Theil index is calculated below:

3 . /1;
T= L Api In L

pi

(23)

where p represents province and p =1, 2, ..., 29; /1,),/,- is the percentage of output of

industry i in province p in its total output of three industries; /llf,.

of the number of employees in industry i in province p in its total number of

is the percentage

employees in three industries. When Theil index is negative, the greater the
value, the more the economic structure deviates from the equilibrium state and
the more unreasonable the economic structure. The reciprocal of Theil index was
chosen to make it positive for measuring the rationalization of economic structure
by region.
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4.3 Data Sources and Descriptive Statistics

In this paper, the panel data for 29 provincial administrative divisions from 2016
to 2018 was selected from National Bureau of Statistics of China (2016-2018a),
National Bureau of Statistics of China (2016-2018b), and Inclusive Finance Index at
Peking University (Guo et al., 2020). In order to unify dimensions and alleviate the
impact of heteroscedasticity, natural logarithmic values of per capita GDP, digital
economy index, and transportation variables were used (see Table 2).

Table 2 Descriptive Statistics of Variables

Standard

Variable Sample size Mean deviation Minimum Maximum
Growth 87 1.7377 0.4015 1.016 8 2.728 5
DEI 87 2.648 7 0.649 8 1.141 03 42436
Gov 87 0.254 0 0.100 0 0.123 7 0.599 5
Hum 87 0.007 7 0.006 6 0.002 2 0.032'1
Trans 87 34625 0.433 7 22260 45192
FDI 87 0.020 4 0.0185 0.000 1 0.122'1
TFP 87 0.990 9 0.075 8 0.7120 1.169 0
TL 87 9.213 1 9.6799 2.0162 48.8320

4.4 Benchmark Regression Results

Based on Hausman test results, the individual fixed effect model was chosen for
parameter estimation to empirically test the impact of digital economy on high-
quality economic development. For avoidance of multicollinearity, stepwise
regression method was applied to test the robustness of the model. Model (1)
in Table 3 is only added the explanatory variable for regression, and the results
show a significant positive impact of digital economy on high-quality economic
development. Models (2)—(6) are gradually added control variables (government
intervention, human capital, transportation, and dependence on foreign
investment), finding that the model is robust. As control variables are added one
by one, the adjusted R* of the model rises, indicating an enhanced and effective
explanatory power of the model.
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Table 3 Regression Results of Panel Fixed Effect between Digital Economy and Economic

Growth
Variable (1) 2) 3) 4) 5)
DEI 0.111%* 0.166%*%* 0.140%%** 0.076** 0.076**
(0.046) (0.023) (0.022) (0.033) (0.029)
G —4.244%** —3.598%** —3.637%*** —3.326%**
ov
(0.436) (0.378) (0.370) (0.373)
42.668%** 29.733%%* 37.172%%*
Hum
(12.805) (12.657) (12.324)
0.166%*** 0.433%**
Trans
(2.78) (0.159)
—1.548***
FDI
(0.555)
1.443%%% 2.375%%% 1.954 %% 0.633 0.630
Constant
(0.121) (0.115) (0.138) (0.478) (0.452)
Individual
Controlled Controlled Controlled Controlled Controlled
fixed effect
Adj. R 0.144 0.703 0.753 0.804 0.837
Number of
. 87 87 87 87 87
observations

Note: *** ** and * denote the significance at the levels of 1%, 5% and 10%, respectively; the data in

brackets are robust standard errors.

From core explanatory variable, it can be seen that digital economy has a
significant positive impact on high-quality economic development, verifying that
the inference of digital economy empowers high-quality economic development.
In the process of gradually adding control variables, the positive impact of
digital economy on high-quality economic development remains significant,
but the impact effect, namely the variable coefficient, shows a downward
trend, indicating that the effect of digital economy on high-quality economic
development may be subject to heterogeneity.

From control variables, it can be seen that human capital and transportation
have a significant positive impact on high-quality economic development. On
the one hand, talent pooling promotes high-quality economic development; on
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the other hand, perfect transportation infrastructure accelerates the circulation
of economic factors. In order to investigate the heterogeneous impact of digital
economy empowering high-quality economic development, this paper divided
samples into eastern region and central and western region by geographical
location as well as on high-income region and low-and middle-income region by
per capita disposable income. Table 4 shows the regression results, according to
which digital economy has a significant positive impact on high-quality economic
development either by geographical location or per capita disposable income,
indicating that the mechanism of digital economy empowering high-quality
economic development is not obviously affected by either of them.

Table 4 Heterogeneity Analysis of Digital Economy Empowering High-Quality Economic

Development
. Central and High-income Low- and middle-
. Eastern region . . . .
Variable ©) western region region income region
(7N (8) )
0.166 1* 0.097** 0.162%*%* 0.079%*
DEI
(0.030) (0.038) (0.045) (0.037)
—4.000%** —3.207%** —4,929%** —2.866%**
Gov
(0.834) (0.637) (0.531) (0.561)
47.334%** 11.022 19.470* 55.191*
Hum
(12.603) (21.241) (10.440) (31.836)
0.234 0.476%* 0.458 0.293
Trans
(0.229) (0.215) (0.105) (0.241)
—1.603%** -5.056 —0.567*** —1.937**
FDI
(0.471) (6.986) (0.348) (0.717)
0.998 0.679 0.866%*** 0.861
Constant
(0.717) (0.623) (0.257) (0.644)
Individual
Controlled Controlled Controlled Controlled
fixed effect
Adj. R 0.882 0.856 0.883 0.917
Number of
. 33 54 45 42
observations

Note: *** ** and * denote the significance at the levels of 1%, 5% and 10% respectively; the data in

brackets are robust standard errors.



Digital Economy Enables High-Quality Economic Development 659

4.5 Test of Impact Mechanism

Test of threshold effect. Firstly, the panel threshold model was constructed to
test the threshold effect. In this paper, the self-service sampling method was
used for 5,000 simulation calculations, and the test results are shown in Table
5. When economic efficiency (TFP) is used as the threshold variable, the LR
statistic (F-value) is 21.390 and significant at the level of 5% in the case of a
single threshold, but not significant in the case of double or triple thresholds.
When economic structure (71) is used as the threshold variable, the LR statistic
(F-value) is 17.830 and significant at the level of 10%, but not significant in the
case of double or triple thresholds. Therefore, there is a single threshold for both
economic efficiency and economic structure variables. The single threshold value
of economic efficiency variable is 0.991 at a 95% confidence interval of [0.983,
0.992], while that of economic structure variable is 2.748 at a 95% confidence
interval of [2.687, 2.765].

Table 5 Threshold Effect Test and Threshold Estimation Results

Lower limit Upper limit
Threshold Threshold Threshold
R . F-value P-value of confidence  of confidence
variable quantity value . .
interval interval
Single 21.390%* 0.026 0.991 0.983 0.992
Economic
. Double 13.120 0.149 — — —
efficiency
Triple 9.370 0.289 — — —
Single 17.830%* 0.072 2.748 2.687 2.765
Economic
Double 7.530 0.622 — — —
structure
Triple 10.080 0.550 — — —

Note: ** and * mean significant at the levels of 5% and 10% respectively.

Secondly, Figure 2 and Figure 3 show the threshold values for economic
efficiency and economic structure variables under a single threshold, and the
value corresponding to the minimum of likelihood function is the threshold
value.

Finally, samples were divided into groups according to threshold quantity
and values. According to Table 6, provinces with economic efficiency (TFP)
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in the ranges of [0.721, 0.991] and [0.991, 1.169] were divided into the group
with low economic efficiency and the group with low economic efficiency,
respectively; provinces with economic structure (TL) in the ranges of [2.016,
2.748] and [2.748, 48.832] were divided into the group with unreasonable
economic structure and the group with reasonable economic structure,

respectively.
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Figure 3 Single Threshold Estimation of Economic Structure
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Table 6 Grouping Results of Threshold Values Based on Economic Efficiency and Economic

Structure
Threshold variable .
Group Province
value
Gansu, Guizhou, Heilongjiang, Shandong,
Low economic efficiency TFP < 0.991 Ningxia, Tianjin, Qinghai, Hebei, Jilin,
Hunan, Liaoning
Beijing, Shanghai, Guangdong, Jiangsu,
Zhejiang, Fujian, Chongqing, Sichuan,
High economic efficiency ~ TFP = 0. 991 Anhui, Guangxi, Inner Mongolia, Henan,
Shanxi, Hubei, Jiangxi, Yunnan, Shaanxi,
Hainan
Unreasonable economic o .
TL <2.748 Gansu, Ningxia, Shaanxi
structure
Beijing, Shanghai, Guangdong, Jiangsu,
Zhejiang, Fujian, Chongqing, Sichuan,
Reasonable economic Anhui, Guangxi, Inner Mongolia, Henan,
TL = 2.748 . - . .
structure Shanxi, Hubei, Jiangxi, Yunnan, Hainan,

Guizhou, Hebei, Heilongjiang, Hunan, Jilin,
Liaoning, Qinghai, Shandong, Tianjin

Regression analysis of panel threshold model. Based on the grouping results
of threshold values of economic efficiency and economic structure, four models
were constructed to examine the importance of economic efficiency and
economic structure, respectively. Based on Hausman test results, the individual
fixed effect was controlled in models (10), (11) and (13), while the random effect
was adopted according to test results in model (12) due to the excessively small

sample size.
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Table 7 Regression Results of Panel Threshold Model

Economic efficiency Economic structure
Variable Low economic High economic Unreasonable Reasonable
efficiency efficiency economic structure  economic structure
(10) an (12) (13)
DEI 0.102 1* 0.052 0.165%** 0.062*
(0.021) (0.045) (0.058) (0.031)
G —2.656%** —4.393%** 0.318 —3.257%%*
ov
(0.371) (0.801) (2.324) (0.342)
" 223197 27.096 1.628 43.870%**
um
(20.814) (16.212) (33.040) (8.941)
0.102 0.599%#* 0.564%** 0.430%*
Trans
(0.163) (0.211) (0.087) (0.156)
DI —2.594 %% —0.968 24.441 —1.596%**
(0.349) (0.819) (25.981) (0.483)
1.712%* 0.353 —-1.401* 0.604
Constant
(0.628) (0.565) (0.849) (0.453)
Individual fixed
Controlled Controlled Not controlled Controlled
effect
Adj. R 0.833 0.880 0.853 0.873
Number of
. 33 54 9 78
observations

Note: ##*, #* and * are significant at the levels of 1%, 5% and 10% respectively; the data in brackets are

robust standard errors.

According to the grouping results of threshold values by economic efficiency,
models (10) and (11) in Table 7 regress the regions with low economic efficiency
and high economic efficiency, respectively. In model (10), digital economy
shows a significant positive impact on high-quality economic development but
in model (11), although the impact is positive, the significance is obviously
lower, namely the coefficient value is obviously smaller. To conclude, the role of
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digital economy in promoting high-quality economic development is obviously
greater in the region with low economic efficiency than the region with high
economic efficiency, which verifies Proposition 1. In combination with the
grouping of threshold values, the region with low economic efficiency features
weak foundation, insufficient resource integration ability, and limited market
scale, so its productivity and innovation ability cannot be released. By building
information network and digital logistics network, digital economy accelerates
information circulation, reduces the cost of factor circulation, allocates resources
in a wider scope, and empowers high-quality economic development, which
verifies Proposition 2. According to the grouping results of threshold values by
economic structure, models (12) and (13) in Table 7 regress the regions with
unreasonable economic structure and reasonable economic structure, respectively.
Results show that digital economy has a significant positive impact on high-
quality economic development in models (12) and (13), and it is more significant
and effective in model (12), indicating a more significant role of digital economy
in promoting high-quality economic development in the region with unreasonable
economic structure than in the region with reasonable economic structure, which
verifies Proposition 3.

4.6 Robustness Test

Discussion on endogeneity. The benchmark regression model constructed
in this paper may be subject to endogeneity, namely high-quality economic
development and digital economy may be exposed to a series of unobservable
factors at the same time, leading to the biased estimation of regression coefficient.
Therefore, the 7-1 value (L1.DEI) of digital economy and the number of mobile
messages per capita in each region were chosen as instrumental variables for
two-stage least square (2SLS) regression. Table 8 shows that all instrumental
variables are exogenous. In the first stage of regression, the coefficients of
instrumental variables are significantly not equal to zero, and align with the
expected positive/negative direction; in the second stage of regression, the
significance and positive/negative direction of the core explanatory variable are
similar to benchmark regression results, indicating that digital economy still
significantly promotes high-quality economic development after considering
endogeneity.



664 GE Heping, WU Fuxiang

Table 8 Two-Stage Least Square Regression of Instrumental Variables

Variabl First stage of regression Second stage of regression
ariable
(explaining variable: DEI) (explained variable: Growth)
0.325%*
L1. DEI
(0.129)
0.185%%*%*
Message
(0.060)
0.136%**
DEI
(0.048)
Control variable Controlled Controlled
Individual fixed effect Controlled Controlled
Number of observations 58 58
Adj. R 0.828 0.886
LM 9.307 (P =0.009)
Sargan—Hansen 2.363 (P=0.124)
Wald F 11.933
10% 19.930
15% 11.590
Maximal IV size
20% 8.750
25% 7.250

Note: *** and ** mean significant at the levels of 1%, 5% and 10% respectively; the data in rackets are

robust standard errors.

Discussion of replacing the core explanatory variable. This paper studies
the digital economy index with the entropy-based TOPSIS method, so the
conclusion may be accidental. Therefore, this paper replaced the core explanatory
variable to support it. On the one hand, the digital economy evaluation system
was constructed to measure the digital economy index using TOPSIS under the
equal weight of each indicator; on the other hand, the average total amount of
e-commerce purchases and sales of enterprises are used as the core explanatory
variable. Table 9 shows that after replacing the core explanatory variable, the
positive impact of the core explanatory variable on high-quality economic
development is significant at the level of 1%, and both the significance and
positive/negative direction of control variables remain unchanged.
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Table 9 Regression Results after Replacing the Core Explanatory Variable

. Core explanatory variable: Core explanatory variable:
Variable .
DEI (equal weight) E-commerce
DEI (equal weight) 0.0957
equal wei
d & 0.017)
0.096%**
E-commerce
(0.033)
—3.109%** —3.338%**
Gov
(0.361) (0.397)
32.462%%* 35.442%%%*
Hum
(11.832) (11.723)
0.417%%* 0.562%%%*
Trans
(0.098) (0.125)
—1.630%** —1.598***
FDI
(0.706) (0.567)
0.605%* -0.310
Constant
(0.326) (0.313)
Individual fixed effect Controlled Controlled
Adj. R 0.855 0.849
Number of observations 87 87

Note: ***, ** and * mean significant at the levels of 1%, 5% and 10% respectively; the data in brackets are

robust standard errors.

5 Conclusions and Policy Recommendations

This paper constructs the digital economy evaluation system from development
environment, digital industrialization, industrial digitalization, and digital
governance to measure China’s digital economy index by province using the
entropy-based TOPSIS method. In addition, based on the improved Feder
dual sector model, this paper explains the theoretical mechanism of digital
economy empowering high-quality economic development and carries out
an empirical study. This study reveals that the more likely the high-quality
economic development is constrained by economic efficiency and unreasonable
economic structure, the greater the role of digital economy in promoting high-
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quality economic development. Therefore, this paper puts forward the following
recommendations:

Firstly, China should facilitate new infrastructure construction to provide
public goods for the digital transformation of economy and society. Although
some digital economy infrastructures require large investments and produce
a slow return in the early stages, they can serve the digital transformation of
economy and society at a low marginal cost once completed. For this reason,
new infrastructure construction should be accelerated with state capital or
methods such as PPP and BOT to accurately grasp the competitive initiative and
development initiative of digital economy.

Secondly, China should develop digital economy to improve economic
efficiency and economic structure. Businesses should extensively apply digital
technologies such as industrial internet, big data, cloud network and artificial
intelligence to improve their flexible productivity and input-output structure, and
explore new formats, new models and new scenarios to satisfy the increasingly
diverse and personalized needs. The government should introduce some industrial
policies for digital technology to guide its industrial development and accelerate
the digital transformation of traditional industries through the measures of
awards, subsidies, exemptions and reductions.

Thirdly, China should develop digital economy to promote the transformation
of government governance model. On the one hand, a digital government should
be strengthened. The government governance model should be transformed
digitally from an all-round to a professional and service-oriented government.
On the other hand, the government should develop and apply cutting-edge
technologies such as 5G, internet, big data and artificial intelligence. In particular,
under the domestic and international cycles, the government should value both
the quality and efficiency of foreign investment and introduce new models
of foreign advanced technology to promote China’s high-quality economic
development and accelerate the building of a new development paradigm.
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