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With the rapid progress of digital technology, finance has also embarked on the
fast lane of its development. Whether and how the development of digital
inclusive finance can improve the efficiency of financial resource allocation
have both been significant questions for the Chinese government to answer.
This study adopted the super-efficiency DEA method to measure the allocation
efficiency of regional financial resources in China, integrating with the Digital
Inclusive Finance (DIF) index published by the Digital Finance Research Center
of Peking University, to study the influences of Digital Inclusive Finance on the
Financial Resource Allocation Efficiency (FRAE). After considering the spatial
factors, we found that the development of DIF could significantly promote
Financial Resource Allocation Efficiency mainly in three aspects of coverage,
depth, and credit. Meanwhile, in the analysis of its mechanisms, we also
discovered that DIF could promote FRAE through human capital and
enterprise innovations. Finally, this study indicated that the differences in
regions and overcapacity levels would also modify the influences of DIF on
FRAE. The enlightenment from this study is that relevant government
departments should actively promote the development of digital inclusive
finance, thereby, not only improving the efficiency of financial resource
allocation and the coordinated action between regions but also promoting
the transformation and upgrade of economic development methods.

KEYWORDS

digital inclusive finance (DIF), financial resource allocation efficiency (FRAE), super-
efficiency DEA, spatial durbin model, capital mismatch

Introduction

Since the reform and opening up, China has experienced decades of rapid
development and has become a strong economic power. However, with the decline of
“demographic dividend,” the accumulation of the “middle income trap” risk, the in-depth
adjustment of international economic patterns and a series of internal and external
factors, Chinese economic development has officially bid farewell to high-speed growth
and entered the “normal growth” stage at the medium-high rates (Xie et al., 2018). With
the acceleration of economic and financial globalizations, financial resources have become
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the core element of economic development. In 2014, Chinese
Premier Li Keqiang first proposed encouraging the development
of “internet finance” and bringing China’s financial development
the
technologies,

information
into DIF,
enabling underdeveloped regions to equally enjoy convenient

into Information Age. Supported by

traditional finance has evolved
financial services and reducing the financing costs of small and
micro enterprises (Wang and Huang, 2017). After years of
development, China has already become the country with the
fastest development of DIF in the world. Whether this
development can improve FRAE or not, the transition of the
Chinese economy from extensive to intensive growth relies on
not only the improvement of resource allocation efficiency but
also the realization of the mode upgrade and growth
sustainability. They have been two of the most significant
issues to be addressed in present China.

In recent years, through the development of information and
big data technologies, DIF has successfully reduced financial
transaction costs and provided huge development spaces for
expanding financial services (Guo, 2016). At present, the research
on DIF has been also widespread, especially after the research
group of the Digital Finance Research Center of Peking
University publicized a set of “digital inclusive finance
indexes.” Generally speaking, numerous scholars believed DIF
to be inclusive (Sun, 2021) and beneficial to a broad range of
groups (Allen et al., 2006; Jiao and Jin, 2009), especially those in
remote areas (Du, 2006), for promoting the progress of poverty
eradication (Pu et al., 2019), and then sustaining economic and
social developments (McKinnon, 1973; Magdoff and Sweezy,
1987; Wang and Wang, 2011). Digital inclusive finance relies on
the Internet, digital technology, financial technology, and other
financial services to bring more consumers into the financial
service system. It has the characteristics of low threshold,
convenient transaction, and low transaction cost (song et al,
2022). DIF can be embodied in e-money, e-commerce
(integration of online and offline services), crowdfunding,
online car-hailing, rural Taobao, and others. E-money made
financial services more popular and convenient. On the one
hand, it accelerated the flow of capital elements, and on the other
hand, it brought new entrepreneurial opportunities (Xie et al,
2018). Grossman and Tarazi (2014) believed that DIF could help
farmers in Kenya through convenient payments and smooth
consumptions. Crowdfunding was believed as unable to facilitate
start-ups in meeting their financing needs at a lower cost (Mollick
and Kuppuswamy, 2014). Its source has been not only the
but

integration and connection of all economic resources (Wang

concentration of social capitals also the effective
etal,, 2021). DIF has contributed to creating a healthier ecological
environment for rural finances through rural Taobao and live
commerce, playing an important role in integrating the rural
tertiary industry (Ge et al, 2022). In terms of measurement
indicators, Allen et al. (2016) used financial availability indicators

such as the geographical density of bank outlets, population
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density of bank outlets, and number of loan accounts per capita
to measure the development of traditional inclusive finance. In
terms of digital inclusive finance, Guo et al. (2020) compiled the
Peking University China Digital inclusive finance index based on
ant group data, covering 31 provinces in China. Scholars have
also made meaningful explorations in studying the influential
factors of DIF. David Mhlanga (2020) found that Al exerted a
relatively strong effect on DIF in the fields of risk detection,
measurement and management, and solutions to the information
(2018) believed that the
improvement of online consumption levels was also conducive

asymmetry problem. Wu et al.

to the development of DIF. In the study of the impact of digital
inclusive finance on the economy, most scholars believe that
digital inclusive finance can have a beneficial impact on the
economy. Ozili (2018) pointed out that it is inevitable that the
development of science and technology will promote people to
move toward the digital financial era. Digital inclusive finance
adds mobile banking, mobile payment, online lending, and other
businesses on the basis of traditional inclusive finance, reducing
people’s transaction costs and time costs, broadening the
channels of capital circulation, and increasing financial
dividends. Abu Bader and Abu QAM (2008) showed that
inclusive finance can improve investment efficiency and, thus,
promote economic growth; Corrado and Corrado (2017)
believed that digital inclusive finance can promote inclusive
economic growth and development.

The literature on the FRAE mainly focused on its definition,
calculation, influencing factors, and effects on economic growth.
General measures of efficiency improvement could be divided
into parametric methods (Koengkan. et al., 2022) and non-
parametric methods (Kazemzadeh. et al, 2022). From a
macroscopic perspective, FRAE referred to the allocation
efficiency of internal resources of the financial system under a
certain institution (Li, 2018), which could be measured by the
proportions of state-owned banks’ assets (Levine, 1997), data
envelopment analysis (Xu.et al., 2014), and stochastic frontier
analysis (Peng, 2017). From the microscopic level, FRAE meant
the efficiency of micro-financial intermediaries utilizing financial
resources (Shen, 2006), which could be measured by the capital
allocation efficiency model (Wurgler, 2000) and deposit-to-loan
conversion efficiency (Asongu, 2013). Zhou and Hu (2007)
initiated China’s FRAE construct in detail by using indicators
such as capital adequacy ratio, non-performing loan ratio, return
on net assets, and per capita profit. Moreover, many studies have
shown that FRAE would decline under the influences of financial
frictions [26][27] and government interventions [28], which was
unfavorable to economic and social developments. Bleck and Liu
(2018) constructed a general equilibrium model to explore the
impacts of financial frictions on the efficiency of credit resource
allocation, before finding that industries with low financial
frictions would attract more credits and crowd out those with
high financial frictions. Lei et al. (2021) found from their research
that private enterprises in China were plagued with credit
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discrimination problems, which had been hindering their long-
term growth.

Although improvements in resource allocation efficiency
have been emphasized in recent years, few articles have
directly associated digital inclusion with its financial
application. Empirical studies on whether digital inclusion
improved FRAE were even more lacking. Therefore, this study
employed the panel data of 31 provinces in China from 2011 to
2019 to explore the influences of DIF on FRAE and conduct an
empirical analysis of its intermediary effect. Compared with the
existing studies, the marginal contributions of this study were as
follows: first, we incorporated DIF into the research system of
FRAE, considered all the possible spatial correlations between
different regions, and adopted the spatial Dobbin model for
empirical analysis, so that we could provide empirical evidence
for the development of DIF to promote FRAE; second, with the
individual applications of human capital effect and enterprise
innovation effect, this study analyzed the internal mechanism of
DIF affecting FRAE, which made up for the lacking of relevant
research; the third was running a heterogeneity analysis on
whether the regional differences and overcapacity level gaps
would change the effects of DIF on FRAE, so that we could
offer some enlightenment on how regions should improve
their FRAE.

Analysis of mechanisms

The development history of DIF is the evolution of ordinary
people achieving the goal of financing independence. DIF is an
inclusive financial system that provides universal financial
services to all citizens to meet their financial service demands.
Therefore, as a new financial model, DIF has been a powerful
supplement to traditional finances and an adequate
improvement on FRAE. This study believes that DIF can
affect FRAE in the following two ways:

First, the inclusiveness and universality of DIF make financial
services available to a wider range of groups, which will raise the
overall allocation level of human capital, especially in
underdeveloped areas, thus improving FRAE. Liao et al.
(2014) pointed out that the construction of DIF could elevate
the financial literacy of rural residents, then the resultant higher
education level and cognitive ability would jointly improve the
probability of them participating in the financial market and the
proportion of them investing on risky financial assets (Zhou and
He, 2020). As people with higher education levels participated in
the allocation of financial resources, the resistance to financial
development would be mitigated and FRAE would be improved
as a result.

Second, as a type of financial infrastructure, DIF provides a
good environment for enterprise innovation, which further
improves FRAE. Enterprise innovation is a business activity
with long cycles and high risks, which can only be sustained
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with a stable and efficient supply of financing (Zhao et al., 2021).
The development of DIF enriched the financing channels of
micro-enterprise entities, realized the efficient matching of
information between them, avoided adverse selections and
moral hazards in the financial market (Demertzis et al., 2018),
and resultantly promoted enterprise innovations. As the main
body of financial resource utilization, the improvement on
innovation levels would improve the business efficiency of the
enterprise itself, bring higher quality use of financial resources,
and reduce the cost of risk assessment, so FRAE is improved in
the end.

To summarize, DIF, as a general trend of financial
development, facilitated elevating human capital utilization
and then improving FRAE. Meanwhile, DIF could also
promote enterprise innovation and better use of financial
resources, which also improved FRAE from the other
perspective.

Model construction, variable
selection, and data description

Model construction

The first law of geographical economics tells that
economic factors are related to each other, and adjacent
ones share a strong relation in-between, which reminds us
to consider spatial elements during our research. In spatial
econometrics, there are three standard models: spatial lag
model, spatial error model, and spatial Durbin model. This
study constructed the commonest spatial Dobbin model to
investigate the influences of DIF on FRAE, which are specified
as follows:

effy = ap + aynumy, + ayinduy, + azopeny + aycapiy + aslaboy
+ asecoy + p z wieffy + Z winum; + v + &.
j j

1

In Equation 1, i and t individually represent the region and
time, eff represents the efficiency of financial resource allocation,
num represents digital inclusive finance, and indu, open, capi,
labo, and eco represent the level of the industrial structure, the
level of economic openness, the degree of capital mismatch, the
degree of labor mismatch, and the level of economic
development, respectively. wj is the matrix element of the
K-nearest neighbor (KNN) number hypothesized as the same
in every region and ¢ is the stochastic disturbance.

To further empirically test the influences of DIF on FRAE,
this study established the following intermediary effects’ models:

chany = f, + ,numy, + B,indu;, + B open; + f,capiy + B;labo;
+ Bgecoy + p* Z; w,-jeff,-t +p* Z}, Wi Uy + vy + &,

2
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ef fi =y, + Ochan;, + y,num; + y,indu;, + y,open;, + y,capiy
+ yslabo; + ygecoi + p Zj wijef fi + Zj w;num;
+ vy + &

3

In Eqs 2, 3, chan is the intermediary variable jointly expressed
by human capital (huma) and enterprise innovation (comp). If
B,> v, and 0 are all significant and y, <«;, there will be a partially
intermediary effect, where y, is the direct effect of DIF on FRAE,
0%, is its intermediary effect; if §,and 6 are both significant while
y, is insignificant, there will be a full intermediary effect.

Variable selection

Explained variable: the efficiency of financial resource
allocation. Based on the research of Shi (2021)[34], taking the
regional fixed-asset investments and deposit balances of financial
institutions as input indicators with the regional GDPs as output
indicators, this study applied the super-efficiency non-radial
DEA model (super SBM) of relaxation variables to measure
FRAEs in different regions of China. The super-efficiency
DEA model is an evolution of the original DEA one, which
improved the inadequate differentiation problem during
comparison; therefore, it presents

efficiency greater

applicability. Its model is specified as follows:

Lym S

L+ 02—
1 e
Q1+ t=1b,

X, A, < Xik
j=Lj#k ijhj Si < i
n

minp = -
an S
=1y

s.t.

Zj:l,j + kYrj/\j - S: 2V
n b—

Doy 1Dk =8 <bue

1 q1 st 92 Sb7>
1- L+ L ]>0

(et
st 0 Y 1

AsT, st >0; Z ; A

=1k

i=1,2--,mr=12,--,qj=12---n( # k). (4)

In Eq. 4, p represents the efficiency of financial resource
allocation and s is the relaxation variable. Through Maxdea
software, we could obtain all FRAEs of 31 provinces in China
from 2011 to 2019.

Core explanatory variable: digital inclusive finance. This
study employed the General Index of DIF issued by the
Digital Finance Research Center of Peking University to
indicate its development level and discussed the influences of
the other six sub-indexes on FRAE.

Control variables: the levels of the industry structure are
measured by the ratios of the values of three major industries
added to the regional production in total, which is specified as
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TABLE 1 Descriptive statistics.

Variables N Mean Sd Min Max
Eff 279 0.420 0216 0.081 1.090
num 279 2,023 0916 0.162 4103
brea 279 1.823 0.905 0.020 3.847
dept 279 1.970 0915 0.068 4.399
pay 279 1.738 0.892 0.108 3.795
insu 279 4.487 2.152 0.003 9.323
cred 279 1.284 0.582 0.012 2.822
digi 279 2784 1.177 0.076 4622
indu 279 2.368 0.127 2.166 2.832
open 279 0.274 0.294 0.013 1.465
capi 279 0.326 0.187 0.000 0.721
labo 279 0.429 0.400 0.002 2.638
eco 279 10.930 0.470 9.871 12.100
huma 279 9.941 1.175 5.844 13.900
comp 279 0.289 0.144 0.032 0.760
ddf 279 0.455 0.221 0.139 1.116
Sfa 279 0511 0.264 0.107 1.000

indu = 1*%+2*%+3*%, where fir, sec, thi, and y separately
represent the added values of the primary, the secondary, the
tertiary industries, and the total regional production,
respectively; the level of economic openness was measured
by the sum of import and export divided by the total regional
production; the degrees of capital mismatch and labor
mismatch were individually calculated by reference to the
research methods of Bai and Liu (2018), and weighed by the
capital labor mismatch index,

mismatch index and

respectively; the level of economic development was
measured by the logarithm of per capita real regional

production.

Data descriptions

This study selected the panel data of 31 provinces in China
from 2011 to 2019, in which the DIF index came from the
Digital Finance Research Center of Peking University, and all
the other original data sourced from “China Statistical
Yearbook,” “Compilation of Statistical Data in 60 years of
New China,” “China Financial Statistical Yearbook,” and
“China Regional Financial Operation Report,” respectively.
Table 1 provided descriptive statistics of the main variables in
this paper. The mean value and standard deviation of financial
resource allocation efficiency (eff) were 0.420 and 0.216
respectively. The mean value of digital financial inclusion
is 2.023, is 0.916,
indicating that the overall fluctuation of digital financial

(num) and the standard deviation

inclusion in China is relatively large.
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TABLE 2 Financial resource allocation efficiencies of 31 Chinese
provinces in 2019.

Region eff Region Eff. Region Eff.
Beijing 0.887 Anhui 0.442 Chongging 0.347
Tianjin 0.245 Fujian 0.539 Sichuan 0.514
Hebei 0.464 Jiangxi 0.320 Guizhou 0.251
Shanxi 0.510 Shandong 0.713 Yunnan 0.340
Inner Mongolia 0.390 Henan 0.596 Tibet 0.101
Liaoning 0.712 Hubei 0.540 Shaanxi 0.343
Jilin 0.235 Hunan 0.485 Gansu 0.254
Heilongjiang 0.280 Guangdong 1.033 Qinghai 0.107
Shanghai 1.090 Guangxi 0.288 Ningxia 0.197
Jiangsu 1.009 Hainan 0.244 Xinjiang 0.329
Zhejiang 0.586

Empirical analysis
Description of FRAE in each region

Table 2 lists the FRAE values of 31 Chinese provinces in 2019.
It could be seen that these values were generally higher in the
eastern coastal areas but lower in mid-west China, for example,
they were higher in Beijing, Shanghai, Jiangsu, and Guangdong,
while they were generally lower in Tibet, Gansu, Qinghai, and
Ningxia. This was consistent with their individual DIF levels and
growth that reflected their
developments.

economic levels disparate

Spatial autocorrelation analysis

Before the standard spatial econometric regression, this study
first made the global and local spatial autocorrelation tests on the
FRAE and DIF to validate if the spatial econometric model was
reasonable or not. Table 3 lists the Global Moran Index’s spatial
autocorrelation tests of FRAE and DIF, from which it could be
seen that both of them shared a significant spatial autocorrelation
within the sample period.

Figure 1 shows the Moran scatter diagrams of the FRAEs of
31 Chinese provinces in 2011 and in 2019. It could be seen from
the figure that the majority of provinces were distributed within
the first and third quadrants, among which most of the eastern
coastal ones were located in the first quadrant and most of the
mid-west ones were placed in the third quadrant, indicating that
there was a high clustering in the eastern regions and a low
clustering in the mid-west regions.

Figure 2 shows the Moran scatter diagrams of DIFs of
31 Chinese provinces in 2011 and 2019. It could also be seen
from the figure that the majority of provinces were distributed
within the first and third quadrants, while there was a high
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TABLE 3 Global spatial autocorrelation tests.

Year I (eff) p-value I (num) p-value
2011 0.283 0.009 0333 0.003
2012 0.305 0.005 0382 0.001
2013 0327 0.003 0377 0.001
2014 0337 0.002 0383 0.001
2015 0345 0.002 0329 0.003
2016 0337 0.003 0392 0.001
2017 0318 0.005 0376 0.001
2018 0297 0.008 0.364 0.001
2019 0.284 0.010 0.369 0.001

clustering in the eastern coastal provinces and a low clustering in
the mid-west provinces. From the test results of global and local
spatial autocorrelation, it could be inferred that it was rational for
this study to choose the spatial econometric model to analyze the
influences of DIF on FRAE.

Benchmark regression

Column (1) in Table 4 shows the regression results of DIF
effects on FRAE. It could be seen that the coefficient of DIF was
significantly positive, indicating that its development could
considerably improve FRAE. The spatial lag coefficient of DIF
was also significantly positive, which proved to a certain extent
that there was a positive spatial spillover effect of DIF on FRAE,
meaning that the development of DIF in this region would
promote the FRAEs in adjacent regions. For the control
variables, the development of the industrial structure would
inhibit the improvement of FRAE, which might be attributed
to the irrational internal structure of the tertiary industry and the
insufficient proportion of capital-intensive and high-value-added
businesses; the level of economic openness could also
significantly promote FRAE. With the opening to the outside
world and the development of international trade, financial
resources could flow on a broader platform, thus improving
FRAE. Moreover, the ratification of capital mismatch and labor
mismatch would also promote FRAE; last but not least, the
improvement of the economic development level would
FRAE. This with
development, the economic scale would continue to expand

increase was  because, economic
and people’s living standards would continue to rise, while
education, medical treatments, and innovations would also be
improved, then the utilization and allocation efficiencies of
financial resources would resultantly be elevated.

In addition to issuing the General Index of DIF, the Digital
Finance Research Center of Peking University also proposed the
sub-indexes of DIF from six aspects: coverage (brea), depth of

using (dept), payment (pay), insurance (insu), credit (cred), and
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Moran scatter diagrams of financial resource allocation efficiencies in 2011 and 2019.
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FIGURE 2
Moran scatter diagrams of digital inclusive finances in 2011 and 2019.
digital level (digi); their individual regression results are listed in indicating again that the development of DIF could significantly
columns (2) to (6) of Table 4. It could be seen that in these sub- improve FRAE and it was a positive spillover effect.
indexes, coverage, using depth and credit, could all significantly
promote FRAE, while payment, insurance, and digital level
exerted no significant effect, indicating that DIF mainly Robust test
improved FRAE from the former three aspects.
This study chose to replace the method of weighing FRAE to
test if the conclusion of DIF development bringing FRAE
Breakdown of the total effect improvement was robust or not. The common function forms
of super-efficiency DEA were SBM and DDF. First, this study
Lesage and Pace. (2009)[36] argued that the indirect effect of selected the super-efficiency DDF to weigh FRAE for the robust
core explanatory variables should be concerned when testing if the test. The regression results are listed in column (1) of Table 6,
impacts of spatial spillovers were significant. Table 5 lists the total from which it could be seen that the development of DIF could
effect and its breakdown outcomes from the regression results of the still significantly improve FRAE, revealing that the results of this
spatial Durbin model. It could be seen that the direct effect, indirect study were robust. Furthermore, this study adopted the
effect, and total effect of DIF on FRAE were all significantly positive, Stochastic Frontier Analysis (SFA) approach to calculate
Frontiers in Environmental Science 06 frontiersin.org
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TABLE 4 Benchmark regression results.

1 (2) 3)

num 0.222%* — —
(0.085) — —

brea — 0.159* —
— (0.083) —

dept — — 0.116**
_ — (0.046)

pay - - -

insu — — —

cred — — —

digi — — —

Wx:num 0.570*** — —
(0.140) — —

indu —0.473%* —0.587*** -0.317**
(0.169) (0.176) (0.162)

open 0.487*4** 0.512%%* 0.463***
(0.078) (0.084) (0.076)

capi -0.104* -0.101 -0.083
(0.058) (0.062) (0.057)

labo —-0.199%* -0.176%** —-0.216%**
(0.033) (0.034) (0.031)

Eco 0.131%* 0.152%%* 0.141%**
(0.046) (0.048) (0.043)

p -0.201** —-0.048 —0.221**
(0.097) (0.094) (0.095)

Log-likelihood 177.386 163.501 181.330

Obs 279 279 279

10.3389/fenvs.2022.957941

4) (5) (6) (7)
0.031 — — —
(0.056) — — —

— -0.017 — —

— (0.021) — —

— — 0.368** —

— — (0.064) —

— — — 0.069
— — — (0.050)
~0.294* -0.272 -0.181 —0.579%*
(0.168) (0.172) (0.149) (0.162)
0.501%* 0.504+ 0.309%* 0.587%*
(0.077) (0.079) (0.079) (0.082)
-0.072 -0.043 ~0.069 -0.018
(0.058) (0.059) (0.054) (0.061)
—0.215%* ~0.216%* —0.164%* —0.168***
(0.032) (0.032) (0.030) (0.032)
01754+ 0.187+%* 0.110%+ 0179+
(0.045) (0.044) (0.041) (0.045)
—0.194%¢ -0.038 —0.249%* 0.093
(0.097) (0.090) (0.095) (0.084)
176.415 169.445 192.143 157.812
279 279 279 279

Note:*, **, and *** individually indicate being significant at the significance level of 10, 5, and 1%.

FRAE, assuming that the production function was in the form of
the transcendental logarithm (trans-log):

1 1
Inyi =By + By Ingi + By Inci + Byt +- B, (In gi)’ + P (in i)
1
+ Eﬂ6t2 + I;7 In Jit In Cit

+Bgtingi + Potincy + (vie — uyy).

()

In Eq. 5, y, g and c individually represent the regional
production, fixed-asset investment, and deposit balance of
financial institutions. After calculating the production function
coefficient, the efficiency value could be obtained by referring to
the breakdown method of Kumbhakar and Lovell (2000).
Column (2) in Table 6 lists the regression results of DIF
effects on FRAE calculated by the SFA approach, and its
coefficient remained significantly positive, indicating that the
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development of DIF could still promote FRAE, which once again
proved the robustness of this conclusion.

Empirical test of the influence
mechanism

The aforementioned analysis showed that the more
developed a region’s digital finance was, the more human
capitals and enterprise innovations there would be. The
developments of DIF in terms of coverage, using depth and
credit, have all been effective ways to improve FRAE. Then what
needed to be further explained was the mechanism of DIF
affecting the FRAE. As illustrated previously, this mechanism
might include the two aspects of improvements in the levels of
human capital and encouraging enterprise innovation.
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TABLE 5 Breakdown outcomes of the total effect.

Direct Indirect Total
num 0.202+ 04554+ 0.658+%*
(0.090) (0.132) (0.082)
indu —0.472%* ~0.433 ~0.905%*
(0.153) (0.270) (0.239)
open 0.5204+ ~0.520%* -0.001
(0.080) (0.094) (0.082)
capi ~0.105* 0.185** 0.080
(0.061) (0.094) (0.128)
labo ~0.207°%* 0.088 ~0.119*
(0.036) (0.059) (0.063)
eco 0.127+ 0.132+ 0.259%%
(0.050) (0.065) (0.057)

Note:*, **, and *** individually indicate being significant at the significance level of 10, 5,
and 1%.

Improving the level of human capital and
promoting efficiency

With the development of DIF, education levels in all
regions would be positively affected, especially in
underdeveloped areas. This study weighed the levels of
human capital in 31 Chinese provinces by the years of
education and applied the aforementioned three-step
model of the intermediary effect to test if the intermediary
effect of human capital (huma) was significant or not.
Columns (1) to (3) of Table 7 separately list the regression
results of DIF affecting FRAE, DIF affecting human capital,
and DIF and human capital concurrently affecting FRAE. It
could be seen that the effect of DIF on human capital was
significantly positive, and the coefficients of human capital
and DIF were both significantly positive when concurrently
regressing to FRAE. y, <ajindicated that there was a partially
intermediary effect at the value of 0.048, which proved that
the development of DIF could significantly improve the level

of human capital and then increase FRAE.

Promoting enterprise innovation and
improving FRAE

If DIF encouraged enterprise innovations and then
affected FRAE, we should be able to see its significant
effect on enterprise innovations. During the empirical
analysis, this study selected the enterprise innovation’s
utility value in the “Evaluation Report of China’s Regional
Innovation Capability” as the weighing index of enterprise
innovation to test this mechanism. Columns (4) to (6) of
Table 7 individually list the test results of whether enterprise
innovation (comp) was an intermediary variable. From
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TABLE 6 Robust test results.

(1) (2)
Ddf sfa
num 0.146* 0.315%
(0.089) (0.084)
indu ~0.355%* —0.502***
(0.176) (0.168)
open 0.522%** 0.635%**
(0.081) (0.077)
capi -0.048 0.108*
(0.060) (0.058)
labo —0.198** —0.223**+
(0.034) (0.032)
eco 0.139** 0.079*
(0.048) (0.046)
Wx:num 0.522%+¢ 0.506*
(0.141) (0.139)
Spatial:rho -0.160* 0.033
(0.089) (0.084)
Log-likelihood 166.082 178.886
Obs 279 279

Note:*, **, and *** individually indicate being significant at the significance level of 10, 5,
and 1%.

column (5), it can be seen that DIF could significantly
promote enterprise innovation; it can be seen from column
(6) that DIF and enterprise innovation could concurrently
improve FRAE, while the coefficient values of DIF were less
than that of single regression, indicating that enterprise
innovation was an intermediary variable of DIF affecting
FRAE, with an intermediary effect value of 0.066, in
addition to other intermediary effects.

Further analysis

Whether China’s regional differences
would affect DIF's effects on FRAE

Asthe third-largest country in the world, China has a vast
territory and has developed its economy rapidly since the
reform and opening up, but the problem of disparate
developments among regions still exists. Is there any
regional difference in the effects of DIF on improving
FRAE? Next, this study would test it by dividing the
entire sample into three sub-samples of the East, the
Middle, and the West, representing these three regions of
China, respectively, for checking the regional differences in
the effects of DIF on FRAE. Columns (1) to (3) of Table 8 are
the regression results of the East, Middle, and West sub-
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TABLE 7 Test results of intermediary effects.

1 2
Eff. Huma
Num 0.222%* 2.085%*
(0.085) (0.378)
Huma — —
Comp — —
indu —0.473*** 1.090
(0.169) (0.754)
open 0.487*** —0.042
(0.078) (0.348)
capi -0.104* —0.688**
(0.058) (0.271)
labo —0.199*** —-0.046
(0.033) (0.142)
eco 0.131%%* 0.9927%**
(0.046) (0.207)
Spatial:rho —0.201** —0.268***
(0.097) (0.089)
Log-likelihood 177.386 —-242.370
R-squared 0.067 0.403

10.3389/fenvs.2022.957941

(€) ) () (6)

Eff Eff Comp Eff
0.172% 0.222%% 0.097* 0.163*
(0.088) (0.085) (0.052) (0.077)
0.023* — — —
(0.013) — — _

— — — 0.677+*
- — — (0.089)
~0.541%% ~0.473%% -0.171 -0.328*
(0.166) (0.169) (0.105) (0.156)
0491+ 0.487%% 0348+ 0250
(0.076) (0.078) (0.048) (0.078)
-0.012 -0.104* 0.128%* -0.201*
(0.062) (0.058) (0.036) (0.054)
~0.192%* ~0.199%* -0.135%* -0.121%%
(0.032) (0.033) (0.020) (0.032)
0.128%%* 0.131%% 0.069** 0.087**
(0.047) (0.046) (0.028) (0.042)
~0.190** ~0.201* 0.026 ~0.343%%
(0.096) (0.097) (0.092) (0.097)
183.712 177.386 312583 203.142
0.101 0.067 0.054 0.144

Note:*, **, and *** individually indicate being significant at the significance levels of 10, 5, and 1%.

samples, respectively. It could be seen that the effect of DIF
on FRAE was insignificant in the East but significantly
positive in both the Middle and West, while this type of
effect was the most significant in the Middle. This
demonstrated that there were indeed regional differences
in the effects of DIF on FRAE and the promotion effect in the
eastern region was insignificant, possibly because DIF there
had been relatively more developed and optimized and its
improvement effect on FRAE had already been exhausted
and the marginal had already been minimal, while DIF in the
middle and western regions remained in the peak period of
development; therefore, its improvement effects on both of
their FRAEs were still significant.

Whether the differences of overcapacity
levels in different regions of China
changed the DIF effects on FRAE

The problem of overcapacity has attracted wide attention
in Chinese society and it has also been the focus of
by
government departments in recent years [35]. According to

macroeconomic regulation and control relevant

the overcapacity calculation and research by Cheng (2015)
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[38], this study further divided the entire sample into two sub-
samples of oversized and undersized capacities to investigate if
these different levels of overcapacity would change the initial
estimation results. Columns (4) and (5) of Table 8 are the
regression results of regions with oversized capacity and
regions with undersized capacity, respectively. It could be
seen that DIF would significantly promote FRAE in regions
with undersized capacity, while it did not significantly
improve FRAE in regions with oversized capacity. This
might be because, in areas with oversized capacity, the
market has been relatively saturated; thus, the promotion
effect of DIF on FRAE was insignificant in the short term.
However, in areas with undersized capacity, the market space
remained sufficient and innovation incentives remained large;
resultantly, the FRAE could still be significantly improved.
Details are given in Table 8.

Conclusion and policy implications

After the reform and opening-up, China’s economy has
developed rapidly, but all kinds of social contradictions have
become increasingly aggravated. How to improve FRAE has
become one of the most important issues in the process of
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TABLE 8 Heterogeneity analysis results.

(1) (2) (3) 4) (5)
East Middle West Over Less
Num 0.118 0.503*  0.444°* 0014 0.744%%
(0.177) (0.092) (0.063) (0.110) (0.073)
Indu ~0.498 —0.594%  —0266"  0.963**  —0.700%**
(0.448) (0.248) (0.131) (0.212) (0.145)
Open 0.506"*  —0.615* 0.049 0.235%* ~0.206**
(0.164) (0.323) (0.081) (0.094) (0.099)
Capi —0368%  —0.341%*  0.021 ~0.596*  -0.022
(0.146) (0.109) (0.061) (0.078) (0.059)
Labo —0.3200%  —0.406** 04290  —0555**  0.109**
(0.090) (0.194) (0.053) (0.084) (0.053)
Eco 0.342%¢ —0.259"  0.168**  0.178**  0.035
(0.143) (0.089) (0.025) (0.066) (0.031)
Wx: num -0.191 0.934** 0.098 1.028°  0.288*
(0.345) (0.372) (0.182) (0.225) (0.149)
Direct: num 0.123 0.524°% 0458 —0.208* 0.755%*
(0.185) (0.127) (0.070) (0.118) (0.084)
Indirect: num  —0.222 1.088* -0.098 0.780°*  —0.090
(0.357) (0.626) (0.144) (0.160) (0.110)
Total: num ~0.099 1.612%* 03607 0573 0.665*
(0.271) (0.708) (0.122) (0.143) (0.064)
Spatial: rho ~0.169 0.046 —0.538%¢  —0.823%%  —0.541%*
(0.158) (0.220) (0.156) (0.124) (0.129)
Log-likelihood ~ 72.599 108.279 191.385 94.322 177.658
Obs 99 72 108 108 171

Note:*, **, and *** individually indicate being significant at the significance levels of 10,
5, and 1%.

promoting the transformation of economic development modes
in China and other countries all over the world. At present, China
is vigorously advocating the development of DIF and is strongly
committed to creating a social environment favorable for
improving FRAE. The development of DIF itself means the
improvement of financial infrastructure, brings convenient
services to poor areas that were unable to be reached by
traditional finances, and also provides financing facilities for
enterprise innovations, especially those of micro, small, and
medium-sized companies. These could eventually promote
FRAE together. Based on the theoretical analysis of DIF’s
effects on FRAE, this study adopted the panel data of
31 provinces in China (excluding Tibet or Hong Kong,
Macao, and Taiwan) from 2011 to 2019, employed the super-
efficiency DEA approach to calculate the individual FRAEs in
various regions, and then applied the spatial Durbin model to
investigate the various effects of DIF on FRAE. Through these
empirical analyses, the following conclusions were drawn.
According to the General Index of DIF, its development
could promote FRAE. This conclusion remained significant
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even after varying the weighing method of FRAE; from the
perspective of six sub-indexes of DIF, it was found to have
mainly improved FRAE through three aspects: coverage,
using depth, and credit. In other words, the more
numerous the DIF participants and the more effective the
credit function, the greater the possibility of DIF in
improving the local FRAE.

In exploring the mechanisms behind the promotion of FRAE
by DIF, this study also found that the development of DIF would
first elevate the levels of human capital and enterprise innovation,
before finally improving FRAE. In the subsequent heterogeneity
analysis, this study also revealed that in the mid-west regions of
China, the development of DIF could effectively promote FRAE
again, but this effect was insignificant in the eastern regions. This
demonstrated that DIF could indeed exert its inclusive effect and
play a certain role in narrowing the regional gaps by promoting
balanced developments. In addition, the developments of DIFs in
Chinese regions with undersized capacities could also
significantly improve their FRAEs, but the effect was
insignificant again in areas with oversized capacity. This study
provides useful empirical evidence and policy enlightenment for
accurately grasping the relationship between the development of
digital inclusive finance and the efficiency of financial resource
allocation, thus continuing to promote the development of digital
inclusive finance and improve the efficiency of financial resource

allocation in the new era.

Future recommendations and current
limitations

First, DIF should be continually developed and full play
could be given to its positive effects on FRAE. The government
can implement proactive financial inclusion policies, such as
improving financial infrastructures and raising residents’
financial literacies, to elevate both the development and
popularity of DIF. Second, exchanges and cooperation
ought to be strengthened between regions to optimize the
spatial allocation of economic factors. Positive spatial
spillover effects illustrated the significance of enhancing
regional cooperation and bringing inter-regional factor
synergies into play. On the one hand, the construction of
DIF should be laid out on a larger scale for the development of
key regions to motivate the development of DIF in the whole
country, so that it promotes the overall improvement of
FRAE. On the other hand, all regions should cooperate
with each other to remove barriers to the flow of economic
factors so that economic factors can flow freely not only on a
broader magnitude but also on a wider scope and higher
efficiency. Third, it is also essential to promote human
innovations  for

capital and

elevating FRAE. Improving the external environment for

developments enterprise

DIF to continuously support corporate innovations. Special
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financial subsidies, collateral-free loans, and other financial
services are supposed to be implemented for enterprises’
technology innovation activities. If the company is a high-
tech enterprise, the scope of concessions can be extended
further to it for creating a more favorable atmosphere for its
innovation.

Nevertheless, this study is not without limitations. It only
focused on China and the sample period only covered
2011-2019. In addition, if more pathways of the effect of
digital inclusion on FRAE could be explored, it would provide
solid the
development of digital inclusion. In the future, researchers

more theoretical evidence for advocating
should consider the long-term influences of digital inclusion
on FRAE and more approaches to measure it in China. They
could also study relevant developments of DIF in other

countries.
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