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This paper aimed to accurately assess the driving effect of digital inclusive finance (DIF) on
green economic growth, better implement DIF-related policies, and promote the
development of green economy. Based on the urban panel data from 2011 to 2018
and the DIF index, this paper investigates the impact of DIF on economic green
development and its internal mechanism. The results show that there is a significant
positive U-shaped nonlinear relationship between DIF and green development. Through
the robustness test of the threshold model, instrumental variable model (IV), and system
generalized method of moments (SYS-GMM) model, the results are still valid. The
mechanism research shows that the DIF can indirectly promote China’s green
development by the coagglomeration degree of producer services and optimize and
upgrade industrial structure. This study provides policy implications for developing
countries around the world to achieve green development by promoting the DIF level.
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INTRODUCTION

Since the beginning of the 21st century, the frequent occurrence of major natural disasters and
extreme weather events in the world has caused serious losses to the economy, which means that the
economic development model at the expense of the environment is unsustainable (Abid et al., 2019;
Van Tran et al., 2019; Elahi et al., 2021a). Similarly, with the rapid development of China’s economy,
problems such as environmental pollution have become increasingly prominent, which led to severe
haze weather in 2013 (Gu et al., 2019; Gu et al., 2020). Fortunately, in recent years, the central
government and local governments in China at all levels have adopted a large number of policies and
measures to solve environmental problems and achieved good results. According to the data ofChina
Ecological Environment Bulletin, among the 337 prefecture-level cities in China, 202 cities reached
the air quality standard in 2020, accounting for 59.9%, while this proportion was only 24.9% in 2016,
a decrease of 35 percentage points in four years. The China GovernmentWork Report in 2021 clearly
emphasizes “developing a green economy and vigorously promoting sustainable economic
development.” Therefore, changing the economic development model, improving the level of
green economic development, and achieving sustainable development is an effective way to
resolve the contradiction between China’s economic development and environmental pollution.

In recent years, with the development of China’s Internet and mobile payment, the digital
inclusive finance (DIF) has developed rapidly in China, which has developed rapidly. The DIF
benefits from the digital economy and information technology, which can help reduce the financing
threshold of small and medium-sized enterprises and alleviate the difficulties of “financing difficult
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and expensive.” The DIF can help to reduce the cost of financial
services and improve the availability of financial services and
financing efficiency. It is helpful to improve the innovation ability
of the financial industry, derive rich financial products, and meet
the diversified financing needs of enterprises. The DIF plays an
important role in optimizing the industrial structure and
upgrading, narrowing the urban-rural income gap, improving
the quality of residents’ consumption, and improving the ability
of technological innovation and is committed to promoting the
high-quality development of China’s economy. The realization of
high-quality economic development will help alleviate China’s
excessive energy consumption, severe environmental pollution,
and other difficulties and help improve China’s sustainable
economic development. Therefore, discussing the impact of
the development of DIF on the level of green economy
development and its internal mechanism has important
academic value and practical significance for realizing the
sustainable development of the Chinese economy.

Through the review of relevant literature about the
development of the green economy, we found that
geographical pattern (Hamdouch and Depret, 2012), energy
structure (Feng et al., 2017), green tax policy (Sapna and
Nivedita, 2019), foreign direct investment (fdi) (Hille et al.,
2019), industrial structure (Pan et al., 2019), carbon dioxide
emissions (Liu N. et al., 2020), and other economic factors will
significantly affect the development of green economy. Some
scholars have discussed the coordinated development between
green finance and green economy from the perspective of the
financial industry (Liu Z. J. et al., 2020). Siek and Sutanto (2019)
think that the number of financial institutions is helpful to
optimize the structure, improve the efficiency of financial
services, improve the environmental quality, and promote the
development of green economy through green finance. Studies
determined the green credit and performance of production
systems (Peng et al., 2020; Peng et al., 2021a;; Peng et al.,
2021b; Zhao et al., 2021). Similarly, some studies focused on
the determination of a nexus between inputs and output in the
farm production system (Elahi et al., 2018; Elahi et al., 2019a;
Elahi et al., 2019b; Elahi et al., 2019c; Elahi et al., 2020; Elahi et al.,
2021b).

On the basis of previous studies, this paper takes China’s DIF
as the entry point to investigate the influence of DIF on green
economy development and its internal mechanism. The literature
related to this paper is Xie and Liu (2019), Ni et al. (2020), and
Jiang & Zhou (2021). Xie and Liu (2019) discuss the impact of
green credit on green economic growth and analyze the
mechanism of green credit indirectly acting on green economy
through industrial structure and energy structure by using
provincial panel data in China. Ni et al. (2020) also examine
the spatial spillover effect of financial development on green total
factor productivity (gtfp) based on provincial-level data. Jiang &
Zhou (2021) found that there is an inverted “N” curve
relationship between DIF and high-quality economic
development, and DIF indirectly promotes high-quality
economic development through economic intensity, economic
stability, economic extroversion, and human capital and
ecological capital of DIF. Based on the existing literature, the

possible contributions of this paper are as follows. Firstly, there is
little literature to investigate the impact of financial development
on green economies from the level of prefecture-level cities, but
the differences between prefecture-level cities will make the
research conclusions biased. Secondly, the combination of the
DIF and green economic development enriches and supplements
the research on the relationship between them. Thirdly, this paper
systematically evaluates the mechanism path of the DIF indirectly
promoting the development of green economy through industrial
structure upgrading and producer service agglomeration.

THEORETICAL ANALYSIS AND RESEARCH
HYPOTHESIS

This article aims to examine the relationship between DIF and
green economic development. As the DIF is a kind of financial
type, this paper combs the literature on the relationship between
financial development and green economy, which can be
summarized into the following three aspects. Firstly, financial
development promotes green economic growth (Okuda and
Aiba, 2016). The “inclusiveness” of DIF has improved the
financing environment of China’s small, medium, and
microgreen enterprises, eased financing constraints
(Chakravarty and Pal, 2013; Ozili, 2018), increased funding
sources for green enterprises, and promoted the development
of a green economy. The digital feature of digital financial
inclusion reduces the degree of information asymmetry
between financial institutions and green companies, improves
the financing efficiency of green companies, reduces the risks of
financial institutions, and provides green companies with
sufficient and stable financial support. In addition, the “catfish
effect” of digital financial inclusion reduces financing costs such
as communication and transaction costs, which means that the
cost of obtaining funds for green companies has been reduced,
and more financial funds will be used for green reforms. In
summary, digital financial inclusion has promoted the
development of a green economy. Secondly, financial
development hinders green economic growth. Departments
with no pressure to repay loans and with “political
background” often occupy financial resources, but some green
companies cannot obtain finance. The inefficient allocation of
financial resources hinders the development of a green economy
by financial resources. Thirdly, there is a nonlinear relationship
between financial development and the green economy (Zhang,
2017). Financial development can help alleviate consumer
liquidity constraints and stimulate consumer demand. On the
one hand, consumer demand has increased, leading to excessive
energy consumption. However, with the upgrading of
consumption structure, consumers’ awareness of
environmental protection has increased, and consumer
products are more concentrated on green products that
promote green economic growth. It can be seen that the
impact of financial development on the growth of the green
economy is uncertain.

In the early stage of the DIF development, some enterprises
use a large number of financial resources for market arbitrage in
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an attempt to obtain high profits, rather than using credit
resources for technological research and development of
enterprise production through the “reservoir” effect, so as to
realize the green transformation and upgrading of enterprises
(Hall, 2002). In addition, the “inclusion” of DIF makes inefficient
backward enterprises crowd out the financial resources of small,
medium, and microgreen enterprises, reducing the financing
efficiency of green enterprises and hindering the growth of
green economy. When the DIF develops to a certain extent, its
positive impact on green economy gradually emerges. The DIF
can help reduce the innovation threshold of enterprise financing
constraints and stimulate the innovation vitality of enterprises in
green technology (O’Sullivan, 2005). It is helpful to break through
the space limitation of financial accessibility, realize the
“inclusive” financial services in remote areas, and solve the
problem of “difficult and expensive financing” for small,
medium, and microgreen enterprises. It will help guide green
consumption and promote green economic development.
Accordingly, this paper proposes the following hypothesis 1.

H1. The DIF can influence total factor productivity by
promoting the agglomeration of producer services and
upgrading of industrial structure.

How does digital financial inclusion affect the development of
a green economy? Based on existing research, the internal
mechanism of digital financial inclusion for the development
of green economymay bemanifested in the following two aspects:
Firstly, as a producer service industry, the DIF will improve the
agglomeration level of the producer service industry and then
enhance the development of green economy. The development of
the DIF has promoted the development of the producer service
industry and other industries and the formation of agglomeration
areas by lowering the financing threshold and information
asymmetry. The impact of industrial agglomeration on the
green development of enterprises: the competitive effect of
industrial agglomeration forces enterprises to use financial
funds for green technological innovation, transform green
production methods, improve the competitiveness of green
products, and occupy a dominant market position; industry
diversification and agglomeration will help to strengthen green
technology exchanges between industries and even within
industries and rely on the “learning effect” to promote the
development of green industries; enterprises in the
agglomeration zone share the benefits of green technological
innovation, reduce green industry transaction costs, and use
more financial resources to transform green production
methods to promote the development of green economy
(Beaudry and Schiffauerova, 2009); small, medium, and
microgreen enterprises in the agglomeration area can learn
advanced management experience and scientific research
technology through technology spillover effects to promote
their own green development. Secondly, the optimization and
upgrading of the industrial structure will help realize digital
financial inclusion and promote the development of a green
economy. The DIF can not only help to realize the
transformation of the green production mode of enterprises
but also promote the optimization and upgrading of the
industrial structure through the reasonable allocation of

financial resources. The industrial integration of the science
and technology industry will enhance the level of green
technology innovation and promote the development of a
green economy. The upgrading of industrial structure can
accelerate the gradual flow of infrastructure, technology, and
other factors from low-level industries to high-level industries,
improve the efficiency of factor resource allocation, stimulate the
vitality of green technology innovation of enterprises, and
promote the development of green economy (Pai, 2016; Yang
and Jiang, 2021). Accordingly, this paper proposes the following
hypothesis 2.

H2. The DIF can indirectly promote the development of green
economy by increasing the concentration of producer services
and optimizing the upgrading of industrial structure.

MODEL DESIGN AND VARIABLE
DESCRIPTION

Model Design
This paper focuses on the impact of the DIF on green
economic development, considering that the DIF may have
a nonlinear relationship with green development level, the
square term of the DIF index is added to the regression model,
and the empirical model is as follows:

GTFPit � α + β1lnDIFIit + β2lnDIFI2it + cXit + μi + vi + ζ it (1)

Among them, i represents the city; t represents the year;
GTFP is the green total factor productivity and represents
the level of green development; DIFI represents the DIF
index; X is the series of factors that affect the green total
factor productivity; c represents the coefficient vector of the
control variable; μi and vt, respectively, represent the city
and time fixed effects; ζ it is the random disturbance item,
which satisfies the normal distribution; the condition
expectation is 0; and Cov(ζ it, xjktt) � 0,∀t, j, k. If β1 and β2
are both significant, β2 especially significant, it indicates that
digital financial inclusion has a nonlinear relationship with
green economy development.

Variable Definition
Explained Variable
The explained variable is the level of green economy
development. This article uses the SBM directional
distance function and refers to the global Malmquist-
Luenberger index constructed by Oh (2010) to measure
the green total factor productivity of China’s prefecture-
level cities and serve as a measure of the level of China’s
green economy development index. The production
possibility set of the global ML index refers to the global
production technology set DG(x) and contains both expected
and undesired output, which can better measure the level and
quality of green development. According to the definition of
DG(10) production technology set, the global ML index from
t to t+1 period can be expressed as
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MLt,t+1 � 1 +DG
0

��→(xt, yt, bt;yt, bt)
1 +DG

0

��→(xt+1, yt+1, bt+1;yt+1, bt+1)
(2)

In the formula, xt, yt, and bt are, respectively, the input,
expected output, and undesired output indicators. Among them,
the directional distance function defines the global technology set:

DG
0

��→(xs, ys, bs;ys, bs) � max{β: (ys + βys, b − βbs ∈ PG(xs))}, s
� t, t + 1

(3)

If ML > 1, it means that the level of green development is
increasing; if ML ≤ 1, it means that the level of green
development is unchanged or decreasing. Drawing lessons
from relevant literature, this article uses the following input
and output indicators to measure the level of green
development.

Capital input: considering that the capital stock data of the
provinces and cities in the Yellow River Basin cannot be directly
obtained, this article draws on the mature “perpetual inventory
method” to estimate the capital stock (Zhang et al., 2004), and the
calculation formula isKit � Iit + (1 − δit)Kit−1. δ is taken as 10%
according to the practice of most documents.

Labor input: it is measured by the sum of the number of
employed persons in urban units and the number of employed
persons in other units in each city. Energy input: the energy
consumption of the whole society is used to represent
energy input.

Expected output: in order to avoid the interference of price
factors on the measurement, this paper adopts the actual gross
national product of each city after deflation processing based on
the 2011 base period.

Unexpected output: this article uses industrial wastewater and
industrial SO2 emissions to measure.

The above indicator data comes from the National Bureau of
Statistics, “China Labor Statistical Yearbook,” “China Urban
Statistical Yearbook,” and “China Energy Statistical Yearbook.”

Core Explanatory Variables
The core explanatory variable of this paper is the DIF index,
which is used as the proxy index of the development level of
urban. This paper uses the DIF index of Peking University
compiled by Guo et al. (2020), concluding the subdimensional
indexes of the DIF Coverage (brd), Depth of Use (dpth), and
Digital Support Service Level (pay), to investigate the impact of
the development of the DIF on green economy development.

Control Variable
In addition to the core explanatory variables of the DIF, this paper
draws on relevant literature and controls the following variables:

1) Urban economic development level (lnpgdp): it is measured by
the natural logarithm of actual pgdp in cities. The
improvement of the level of economic development can
greatly enhance the vitality of urban green innovation and

entrepreneurship and then enhance the green economic
development. Expected sign is positive.

2) Financial development level (fin): it is measured by the
proportion of the sum of loans and deposits of financial
institutions in the actual GDP; on the one hand, financial
development can reduce the occurrence of information
asymmetry by collecting and processing innovative
information and improving the supervision mechanism of
innovative projects by financial institutions. Expected sign is
positive.

3) The level of fdi: it is measured by the proportion of fdi in
regional GDP. fdi sets up enterprises in the investing country,
which promotes the improvement of green economic
development through the competitive effect among
enterprises. Expected sign is positive.

4) Freight volume (log): it is measured by the ratio of cargo
transportation volume to GDP of each region. The larger
proportion of freight volume indicates that the transportation
infrastructure is complete, so it can speed up the flow of
talents, technology, and other factors and improve the supply
of labor. It can also reduce the cost of communication and
transaction between enterprises and promote the
improvement of green economy development. Expected
sign is positive.

Mechanism Variables
1) Industrial upgrading (upd): it is measured by the proportion

of employment in the tertiary industry to employment in the
secondary industry. On the one hand, industrial upgrading
will inevitably force enterprises to carry out green
technological innovation to improve labor productivity and
obtain excess profits, thus accelerating the formation of
emerging green industries, upgrading and transforming
traditional industries, and promoting the development of
green economy. Expected sign is positive.

2) Productive service industry: in this paper, we measure the
diversification index (dag) of producer services. This paper
calculates the diversified agglomeration index of producer
services, and its specific calculation formula is

dagi � ∑
s

Eis

Ei

⎧⎨
⎩ ∑n

s′≠ s
[ES′/(E − ES)]2/ ∑n

s′≠ s
[Eis′/(Ei − Eis)]2⎫⎬⎭ (4)

Among them, Es represents the number of employees in
China’s national producer service industry s, E represents the
number of employees in all industries in China, Eis′ represents the
number of employees in a certain productive service industry s′
other than industry s in city i, and Es′ represents the number of
employees in a producer service industry other than industry s. If
the index is larger, it means that the city’s producer service
industry is more diversified and concentrated.

Data Sources
There are two main sources of research data in this paper. First,
the data related to the DIF comes from the DIF index data of cities
at all levels and above from 2011 to 2018 provided by the Digital
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Finance Research Center of Peking University. In the research
process, we take the logarithm of these indexes, and the specific
method is to add one to the index and then take the logarithm.
Second, all the data except the DIF data are from China Urban

Statistics Yearbook and China Regional Economic Statistics
Yearbook. According to the availability of statistical data, the
research sample of this paper is the panel data of 283 cities at
the prefecture level and above in China from 2011 to 2018,
and the statistical scope of the sample is the whole city. Table 1 is
a descriptive statistical table of the variables involved in
this paper.

Considering that the multicollinearity between variables will
lead to the bias of estimation results, Table 2 presents the
correlation coefficient matrix and variance inflation factor
(VIF) values of all variables. From the results, the correlation
coefficients of all variables are not greater than 0.4. The value of
VIF is less than 10; that is, there is no multicollinearity problem.

EMPIRICAL ANALYSIS

Benchmark Regression Analysis
According to research hypothesis one and Eq. 1, Table 3 shows
the result of benchmark regression. Without adding control
variables, column (1) only investigates the influence of the
DIF on green economic development, and the results show
that there is a negative and not significant influence
relationship between the DIF and the green total factor
productivity. The results in column (2) show that the
coefficients of the first and second terms of the DIF are
negative and positive, respectively, and both have passed the
significance level of 1%, indicating that the DIF has a positive
U-shaped relationship with green total factor productivity. When

TABLE 1 | Descriptive statistics of variables.

Type Variable Observation Mean Standard deviation Minimum Maximum

Interpreted variable gtfp 2,264 0.953 0.149 0.198 4.520
gtpi 2,264 0.945 0.0680 0.653 1.375

Core explanatory variable lndifi 2,264 4.934 0.513 2.834 5.714
lnbrd 2,264 4.853 0.576 0.621 5.671
lndpth 2,264 4.917 0.517 1.456 5.786
lnpay 2,264 4.906 0.616 0.020 6.080

Control variable fin 2,264 2.288 1.131 0.000 13.530
lnpgdp 2,264 10.597 0.596 8.576 13.056
fdi 2,264 0.0164 0.0174 0.000 0.199
lnlog 2,264 2.180 0.618 0.214 7.393

Mechanism variable dag 2,264 0.107 0.049 0.029 1.234
upd 2,264 0.943 0.555 0.114 8.242

TABLE 2 | The correlation coefficient and multicollinearity test of varibles.

gtfp lndifi lndifi2 lnpgdp fdi lnlog VIF

gtfp 1 - - - - - -
lndifi 0.0112* 1 - - - - 2.49
lndifi2 0.1230*** −0.686*** 1 - - - 1.96
lnpgdp 0.0320 0.4390*** −0.2280*** 1 - - 1.56
fdi 0.0250 0.0390* −0.0590*** 0.2830*** 1 - 1.15
lnlog 0.0010 −0.074*** 0.0650*** −0.3310*** −0.0420** 1 1.12
fin 0.0120 0.3000*** −0.1150*** 0.1530*** 0.0300 0.036* 1.11

TABLE 3 | Benchmark regression results.

gtfp gtfp gtfp gtfp

(1) (2) (3) (4)

lndifi −0.002 −0.716*** −0.038*** −0.647***
(0.006) (0.094) (0.011) (0.100)

lndifi2 - 0.077*** - 0.068***
- (0.010) - (0.011)

lnpgdp - - 0.114*** 0.060**
- - (0.023) (0.025)

fdi - - −0.749** −0.443
- - (0.342) (0.342)

lnlog - - 0.043*** 0.031***
- - (0.011) (0.011)

fin - - 0.003 −0.012
- - (0.009) (0.009)

constant 0.964*** 2.593*** −0.158 1.803***
(0.032) (0.216) (0.225) (0.390)

Year FE Yes Yes Yes Yes
Urban FE Yes Yes Yes Yes
Observation 2,264 2,264 2,264 2,264
F test 0.117 29.242 6.973 12.155
R2 0.000 0.029 0.017 0.036
Turning point - 4.649 - 4.757

Note: the standard error value of robustness is in brackets; ***, **, and * are significant at
the level of 1, 5, and 10%, respectively.
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the control variable is added, the results in column (3) show that
the coefficient of the DFI’s first term is significantly negative at the
1% statistical level, and the conclusion in column (4) is the same
as that in column (2). When the DIF is at a low level of
development, it fails to fully cover the whole region, which
will occupy a certain amount of funds, lead to a serious waste
of resources, and have a certain inhibitory effect on green
economic development. With the vigorous development of the
DIF, it will produce a certain scale effect, make reasonable and full
use of enterprise funds, and thus promote the development level
of green economy.

According to column (4), through simple calculation, the
value of turning point is 4.757 (the DIF is 116), which
indicate that when the development of the DIF is less than
116, it will take up a large number of enterprise funds and
increase costs, thus inhibiting the development level of green
economy. However, when the development of the DIF is
greater than 116, the coverage area of the DIF will
increase, which will produce economies of scale and
promote the improvement of green total factor
productivity of enterprises. The conclusion is that there is
a nonlinear relationship between the DIF and the
development level of green economy. H1 was tested.

Among the control variables, the level of urban economic
development (lnpgdp) has a significant positive effect on green
total factor productivity, which indicates that rapid economic
development can encourage large enterprises to open up
resources, participate in coordinated development, and
promote the development level of green economy. fdi has no
significant inhibitory effect on green total factor productivity,
different from the expected results. Freight volume (lnlog) has a
significant positive effect on green total factor productivity. While

financial development level (fin) has no significant inhibitory
effect on green total factor productivity, different from the
expected results, the possible explanation is that the increase
in financial development scale may not promote the development
level of green economy but must adapt to the resource
endowment and industrial structure development of the region
in order to give full play to the financial function.

Robustness Test
Substitution Explanatory Variable
In addition to studying the influence of the DIF on the quality of
economic development, this part substitutes three subdimensions
of the DIF into the model to estimate the influence of
subdimensions on the level of green economy. Table 4 reports
the influence of three subdimensions of the DIF on green total
factor productivity. Regression results show that the primary
estimation coefficients of the three subdimensions are
significantly negative at the levels of 1, 1, and 5%, respectively,
while the secondary estimation coefficients are significantly
positive at the levels of 1, 1, and 10%, respectively, indicating
that the DIF index of the three subdimensions has a nonlinear
relationship with green total factor productivity, while coverage
breadth is weakly significant with green total factor productivity,
indicating that the “general” characteristics reflected by coverage
breadth have not been fully reflected. H1 still holds.

TABLE 4 | Substitution explanatory variable.

gtfp gtfp gtfp

(1) (2) (3)

lnpay −0.214*** - -
(0.048) - -

lnpay2 0.022*** - -
(0.005) - -

lndpth - −0.465*** -
- (0.072) -

lndpth2 - 0.050*** -
- (0.008) -

lnbrd - - −0.112**
- - (0.046)

lnbrd2 - - 0.010*
- - (0.006)

constant 0.817*** 1.586*** 0.213
(0.295) (0.324) (0.298)

Control variables Yes Yes Yes
Year FE Yes Yes Yes
Urban FE Yes Yes Yes
Observation 2,264 2,264 2,264
F test 7.331 10.731 6.160
R2 0.022 0.032 0.018
Turning point 4.864 4.65 5.6

Note: same as above.

TABLE 5 | Replace the explained variable.

Gtpi gtpi gtpi gtpi

(1) (2) (3) (4)

lndifi −0.853*** - - -
(0.043) - - -

lndifi2 0.093*** - - -
(0.005) - - -

lnbrd - −0.195*** - -
- (0.021) - -

lnbrd2 - 0.021*** - -
- (0.003) - -

lnpay - - −0.242*** -
- - (0.021) -

lnpay2 - - 0.030*** -
- - (0.002)

lndpth - - - −0.532***
- - - (0.032)

lndpth2 - - - 0.060***
- - - (0.004)

constant 2.797*** 0.769*** 1.666*** 2.157***
(0.167) (0.134) (0.132) (0.141)

Control variables Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Urban FE Yes Yes Yes Yes
Observation 2,264 2,264 2,264 2,264
F test 98.811 44.629 55.891 77.730
R2 0.231 0.119 0.145 0.191
Turning point 4.586 4.643 4.033 4.433

Note: same as above.
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Replace the Explained Variable
In this section, the green technology progress index (gtpi) is
substituted for green total factor productivity (gtfp) for the
robustness test. The results are shown in Table 5. The results
of columns (1)–(4) in Table 4 show that the estimated
coefficients of the digital financial inclusion total index and
the three subdimensions indexes are all manifested as the first-
order coefficients are significantly negative and the quadratic
coefficients are significantly positive. Both of them are
significant at the 1% level, indicating that there is a nonlinear
relationship between the DIF or its three subdimensions and the
green total factor productivity. H1 still holds.

Replace the Estimation Method
Table 6 reports the estimation results of the replacement
estimation method. Considering the dynamic change of green
total factor productivity, only using the static panel model may
lose some useful information. Therefore, considering that the
time dimension of the sample is only 8 years, we learn from
Arellano and Bover (1995) and use the system generalized
method of moments (SYS-GMM) method to estimate the
relationship between DIF and urban green total factor
productivity. Therefore, we use the method of Fu et al. (2013)
for reference and only consider the first-order lag. In addition,

another advantage of SYS-GMM estimation is that it can alleviate
some possible endogenous problems. The system GMM
estimation requires that the random disturbance term ζ has
no autocorrelation, that iscov(ζ it, ζ is), t≠ s,∀i,cov(ζ it, ζ is),
t≠ s,∀i. Lag terms of the explained variable Δyi,t−1,Δyt,t−2, ...}{
are not correlated with the individual effect ui. In order to verify
this prerequisite, we conducted AR (1) and AR (2) tests. The
results show that the first-order difference of the random
disturbance term ζ it has autocorrelation, while the second-
order difference has no autocorrelation, thus satisfying the null
hypothesis. In the four models of Table 6, the p value of AR (2) is
less than 0.1, and the p value of AR (2) is greater than 0.1,
indicating that the residual terms of each equation have second-
order sequence irrelevance; at the same time, the p value of Sargan
statistics are not significant, indicating that the instrumental
variables used in each model are all valid. In Table 6, the first
term of the DIF index is significantly negative to green total factor
productivity, and the second term coefficient of the DIF index is
significantly positive to green total factor productivity, both of
which are significant at 1% significance level. To sum up, it shows
that the result obtained by replacing the estimation method is
consistent with the previous one; that is, the conclusion of this
paper is robust.

Threshold Regression
Threshold Effect Test
Because the threshold effect model is one of the commonmethods to
deal with nonlinear relations, we use the threshold effectmodel to test
the robustness in this part. Based on the research of Hansen (1999),
this paper constructs a panel threshold model between the DIF and
green economy development:

GTFPit � α + θ1lnDIFIit × I(lnDIFIit ≤ δ1) + θ2lnDIFIit

× I(δ1 < lnDIFIit ≤ δ2) + θnlnDIFIit × I(lnDIFIit > δn)
+Xc + μi + ]t + ζ it

(5)

Among them, DIFI represents the threshold variable; δ is the
threshold value with estimation; I(·) is the indicator function; θ is
the influence coefficient of the explanatory variable in different
intervals.

Since there is a U-shaped relationship between the DIF and
the development level of green economy, it is necessary to
further consider the threshold effect of the DIF on the level
of green economy. In this paper, Bootstrap is used to sample and
calculate the threshold model repeatedly, and F statistics and p
values are obtained (see Table 7). The results in Table 6 show
that the DIF index (lndifi) has a double threshold effect on green
total factor productivity. Among them, the single threshold
effect is significant at 1% level, and the threshold value is
5.274. The double threshold effect is significant at 10% level,
and the threshold value is 5.405. The triple threshold effect is not
significant. The coverage of DIF (lnbrd) has a single threshold
effect on green total factor productivity. Among them, the single
threshold effect is significant at 1% level, and the threshold value
is 5.251; the double threshold effect is not significant. The
Digital Support Service Level of DIF (lnpay) has a single

TABLE 6 | The stimation of SYS-GMM.

gtfp gtfp gtfp gtfp

(1) 2) (3) (4)

L.tfpch 0.692*** 0.425*** 0.329** 0.396***
(0.124) (0.042) (0.161) (0.135)

lndifi −1.063*** - - -
(0.378) - - -

lndifi2 0.119*** - - -
(0.039) - - -

lnbrd - −0.815*** - -
- (0.111) - -

lnbrd2 - 0.092*** - -
- (0.012) - -

lndpth - - −1.223*** -
- - (0.436) -

lndpth2 - -- 0.130*** -
- - (0.043) -

lnpay - - - −0.345***
- - - (0.116)

lnpay2 - - - 0.041***
- - - (0.012)

constant 2.908*** 2.329*** 3.107*** 1.429***
(1.099) (0.327) (1.155) (0.485)

Control variables Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Urban FE Yes Yes Yes Yes
Observation 1981 1981 1981 1981
AR (1) p value 0.000 0.000 0.000 0.000
AR (2) p value 0.123 0.121 0.177 0.164
Sargan p value 0.922 0.549 0.442 0.299
Wald chi2 153.159 369.429 82.356 65.377
Turning point 4.466 4.429 4.704 4.207

Note: same as above.
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threshold effect on green total factor productivity. Among them,
the single threshold effect is significant at the level of 5%, and the
threshold value is 5.277; the double threshold effect is not
significant. The use depth of DIF (lndpth) has a double
threshold effect on green total factor productivity. Among
them, the single threshold effect is significant at 1% level,
and the threshold value is 5.375. The double threshold effect
is significant at 5% level, and the threshold value is 5.185. The
triple threshold effect is not significant.

Threshold Model Estimation
After determining the corresponding threshold value, this part
will estimate the threshold model, and Table 8 shows the
threshold regression results. Columns (1)–4) are the regression
estimation results of the DIF and threshold effect of three
subdimensions. The results in column (1) show that after the
control variables are added, the effect of the DIF on green total
factor productivity has a significant threshold effect, which has
passed the 1% significance level. When the DIF index is less than
the threshold value of 5.274, the threshold coefficient is −0.058,
and the DIF has a significant inhibitory effect on green total factor
productivity. When the threshold value of the DIF index is

TABLE 7 | Threshold effect test.

Threshold variable Threshold type Threshold value p value Lower confidence
interval

Upper confidence
interval

lndifi Single threshold 5.274 0.000 5.271 5.274
Double threshold 5.405 0.073 5.274 5.406
Triple threshold 4.271 0.893 4.260 4.282

lnbrd Single threshold 5.251 0.003 5.241 5.253
Double threshold 5.471 0.473 5.379 5.474

lnpay Single threshold 5.277 0.043 5.268 5.279
Double threshold 4.559 0.690 4.357 4.566

lndpth Single threshold 5.375 0.000 5.367 5.377
Double threshold 5.185 0.013 5.163 5.190
Triple threshold 4.263 0.837 4.256 4.278

Note: same as above.

TABLE 8 | Threshold regression results.

gtfp gtfp gtfp gtfp

(1) (2) (3) (4)

lndifi < 5.274 −0.058*** - - -
(0.011) - - -

5.274 < lndifi < 5.405 −0.046*** - - -
(0.011) - - -

lndifi > 5.405 −0.038*** - - -
(0.011) - - -

lnbrd < 5.251 - −0.036*** - -
- (0.009) - -

lnbrd > 5.251 - −0.023** - -
- (0.009) - -

lnpay < 5.277 - - −0.040*** -
- - (0.010) -

lnpay > 5.277 - - −0.028*** -
- - (0.009) -

lndpth < 5.1858 - - - −0.060***
- - - (0.012)

5.185 < lndph < 5.375 - - - −0.051***
- - - (0.011)

lndpth > 5.375 - - - −0.041***
- - - (0.011)

constant 0.669*** 0.469** 0.548** 0.838***
(0.236) (0.231) (0.236) (0.228)

Control variables Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Urban FE Yes Yes Yes Yes
Observation 2,256 2,256 2,256 2,256
F test 18.281 14.865 10.812 15.542
Adj_R2 0.061 0.043 0.032 0.052

Note: same as above.

TABLE 9 | Estimated results of dealing with reverse causal problems.

gtfp gtfp gtfp gtfp

(1) (2) (3) (4)

L.lndifi −0.632*** - - -
(0.112) - - -

L.lndifi2 0.073*** - - -
(0.012) - - -

L.lnbrd - −0.212*** - -
- (0.050) - -

L.lnbrd2 - 0.027*** - -
- (0.006) - -

L.lnpay - - −0.133*** -
- - (0.051) -

L.lnpay2 - - 0.019*** -
- - (0.006) -

L.lndpth - - - −0.419***
- - - (0.082)

L.lndpth2 - - - 0.052***
- - - (0.009)

constant 2.000*** 0.668** 0.761** 1.726***
(0.432) (0.329) (0.331) (0.363)

Control variables Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Urban FE Yes Yes Yes Yes
Observation 1981 1981 1981 1981
F test 14.489 11.282 11.269 16.741
Adj_R2 0.049 0.038 0.038 0.056

Note: same as above.
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between [5.274, 5.405], the threshold coefficient is −0.046, and the
DIF inhibits the improvement of green total factor productivity.
When the DIF index is greater than the threshold value of 5.405,
the threshold coefficient is −0.038, the DFI has a significant
inhibitory effect on green total factor productivity, and its
effect is gradually increasing. It shows that, with the increasing
threshold of the DIF, the effect of the DIF on green total factor
productivity is gradually enhanced. Developing the DIF can
produce a certain scale effect, reduce the cost of enterprises,
and promote the improvement of green total factor productivity.

Furthermore, the robustness results are analyzed; in columns
(2)–(4), the three subdimensions of the DIF are replaced by the
DIF total index, and the influence of the DIF on the development
level of green economy is further investigated. The results show
that coverage breadth and digital support service degree have a
significant single threshold effect on green total factor
productivity. The depth of use has a significant double
threshold effect on green total factor productivity, both of
which are significant at 1%.

Endogenous Problem
Reverse Causation
In order to avoid the reverse causal problem, that is, the current
green total factor productivity may have an impact on the current
DIF development, we treat the core explanatory variables lag one
period (see Table 8 for the estimated results). It can be seen from

Table 9 that the results in columns (1) to (3) show that the
development index of the DIF and the subdivision index of the
DIF lag behind the first-order coefficient estimation results and
the coefficients of the first and second terms are negative and
positive at the level of 1%, which shows that the previous difi,
coverage brd, digital degree pay, and usage depth dpth all have an
obvious inhibitory effect and then promotes the development of
the current urban green economy. H1 still holds.

IV Estimation
Due to the endogenous problems caused by missing variables,
measurement errors and simultaneous causality, instrumental
variables are used for further testing. Referring to Liang and
Zhang (2019), this paper takes Internet popularity (number of
Internet users) as the IV of the DIF and adopts the two-stage least
square method (2SLS) to identify the causal relationship between
the DIF and the green total factor productivity. Through
correlation analysis, there is a close relationship between the
Internet users and the DIF, which satisfies the correlation
characteristics of IV, while there is no direct relationship
between Internet users and the green total factor productivity,
which satisfies the exclusive characteristics of IV. Therefore, it is
reasonable to take the number of Internet users as the IV of
the DIF.

Table 10 reports the estimated results with the number of
Internet users as the IV. There is a significant positive relationship
between the first-order coefficient of Internet popularity and the
core explanatory variables in this paper and a significant negative
relationship between the second-order coefficient of Internet
popularity and the core explanatory variables in this paper,
and the F statistic in the first stage is far greater than 10,
indicating that there is no weak IV. Columns (1) to (4) of
Table 10, respectively, report the impact of the DIF index and
its subdimensions on the green total factor productivity after the
introduction of IV. The estimation results of IV show that the DIF
index and the first term of subdimensions have a significant
negative inhibitory effect on green total factor productivity, while
the DIF index and the square term of subdimensions significantly
promote the improvement of green total factor productivity.
H1 holds.

FURTHER DISCUSSION

Heterogeneity Analysis
Analysis of Regional Heterogeneity
In order to test the influence of the DIF on the level of green
economy in different geographical locations. The columns
(1)–(3) of Table 11, respectively, report the regression results
of heterogeneity analysis in eastern, central, and western
regions, and the regression results show that the linear
estimation coefficient of the DIF in eastern, central, and
western regions is significantly negative, while the
quadratic estimation coefficient of the DIF in eastern,
central, and western regions is significantly positive, all of
which are significantly positive at the statistical level of 1%,
and the promotion effect on eastern, central, and western

TABLE 10 | Estimation results of IV.

gtfp gtfp gtfp gtfp

(1) (2) (3) (4)

lndifi −1.294*** - - -
(0.306) - - -

lndifi2 0.143*** - - -
(0.033) - - -

lnbrd - −0.582*** - -
- (0.137) - -

lnbrd2 - 0.071*** - -
- (0.016) - -

lndpth - - −1.554*** -
- - (0.398) -

lndpth2 - - 0.168*** -
- - (0.042) -

lnpay - - - −1.044***
- - - (0.276)

lnpay2 - - - 0.116***
- - - (0.030)

Control variables Yes Yes Yes Yes
Year FE Yes Yes Yes Yes
Urban FE Yes Yes Yes Yes
Observation 2,264 2,264 2,264 2,264
Turning point 4.524 4.099 4.625 4.5

First stage estimation

inter 1.158*** 1.529*** 1.013*** 1.229***
(0.064) (0.065) (0.067) (0.081)

inter2 −1.069*** −1.351*** −0.834*** −1.013***
(0.100) (0.095) (0.106) (0.125)

F test 282.44 434.97 206.4 216.86

Note: same as above.
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regions decreases in turn. This shows that, in the early stage
of the development of the DIF, the resource endowments and
government support policies of different regions are different,
and the role of the DIF on green total factor productivity is
very small, which is likely to play a restraining role. For those
cities with relatively perfect financial development, the
coverage of the DIF gradually expands, which can provide a
good financing environment for enterprises, thereby
promoting the development of green economy.

Heterogeneity Analysis of Economic Development
Level
In this paper, 283 cities are divided intomore developed cities and less
developed cities for regression, with the national average per capita
GDP (lnpgdp is 10.6) as the boundary. Column (4) and column (5) in
Table 11, respectively, report the impact of theDIF ofmore developed
cities and less developed cities on level of green economy. The results
show that the regression coefficient of the first term of the DIF
development to green total factor productivity is significantly negative
at 1%, while the regression coefficient of the second term of the DIF
development to green total factor productivity is significantly positive
at 1%. The regression coefficients of the first and second terms of the
development of the DIF to green total factor productivity are
significantly negative and positive at the level of 1% and have a
more significant impact on the former. This may be due to the fact
that, compared with general prefecture-level cities and regions, digital
financial inclusion plays a significant role in promoting the
development of a green economy in key cities.

Mechanism Analysis
The Intermediary Effect of Industrial Structure
Upgrading
In this part, we use the research of Baron and Kenny (1986) as a
reference to investigate the relationship between the DIF and the
development level of green economy. Considering the nonlinear
relationship between the DIF and green total factor productivity,

we use the research of Chen et al. (2019) as a reference to set up a
mediation model with the square term of core explanatory
variables, and the specific model is as follows:

gtfpit � δ + clndifiit + c1lndifi
2
it +Xc + μi + ]t + ζ it (6)

updit � δ + alndifiit + a1lndifi
2
it +Xc + μi + ]t + ζ it (7)

gtfpit � δ + c′lndifiit + c1′lndifi2it + bupdit +Xc + μi + ]t + ζ it (8)

Among them, in Eq. 7, upd represents the upgrading of the
industrial structure. If the coefficients c1, a1, and c’1 are significant,
it means that digital financial inclusion has a mediating effect on
green total factor productivity. By comparing the changes in the
turning point of Eq. 6, 8, when the turning point becomes
smaller, it shows that the upd can accelerate the impact of
digital financial inclusion on green total factor productivity,

TABLE 11 | Heterogeneity test results.

gtfp gtfp gtfp gtfp gtfp

Eastern cities Central cities Western cities Developed cities Less developed
cities

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

lndifi −1.219*** −0.712*** −0.532*** −1.151*** −0.550***
(0.158) (0.208) (0.160) (0.226) (0.137)

lndifi2 0.127*** 0.074*** 0.057*** 0.119*** 0.057***
(0.017) (0.023) (0.018) (0.024) (0.016)

Constant 3.953*** 1.213 1.242* 2.864*** 1.337**
(0.523) (0.890) (0.699) (0.806) (0.568)

Control variables Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes
Urban FE Yes Yes Yes Yes Yes
Observation 688 888 688 1,144 1,120
F test 12.555 5.659 3.761 8.642 6.271
Adj_R2 0.112 0.042 0.036 0.052 0.039
Turning point 4.799 4.811 4.667 4.836 4.825

Note: same as above.

TABLE 12 | Analysis of industrial structure upgrading effect of the DIF.

gtfp upd gtfp

(1) (2) (3)

lndifi −0.647*** −1.943*** −0.548***
(0.100) (0.189) (0.102)

lndifi2 0.068*** 0.248*** 0.055***
(0.011) (0.021) (0.011)

upd - - 0.051***
- - (0.012)

constant 1.803*** 7.875*** 1.400***
(0.390) (0.736) (0.400)

Control variables Yes Yes Yes
Year FE Yes Yes Yes
Urban FE Yes Yes Yes
Observation 2,264 2,264 2,264
F test 12.155 240.199 13.160
Adj_R2 0.036 0.422 0.045
Turning point 4.757 - 4.982

Note: same as above.
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and the upd can play an intermediary role between the DIF and
green total factor productivity. When the turning point
becomes larger, it shows that the upd can hinder the
influence of the DIF on green total factor productivity, and
the upd plays a masking effect between the DIF and green total
factor productivity.

This paper focuses on the analysis of the nonlinear
relationship between the DIF and green total factor
productivity. In Table 12, we add the first term and the
second term of the DIF to test the intermediary effect. The
results of columns (1) to (3) show that there is a significant
U-shaped curve relationship between the DIF and green total
factor productivity, and there is a significant U-shaped curve
relationship between the DIF and industrial structure upgrading.
When the effects of the DIF and industrial structure upgrading on
green total factor productivity are investigated at the same time,
the first term coefficient of the DIF rises from −0.647 to −0.548,
and the second term coefficient of the DIF drops from 0.068 to
0.055. Because of the addition of quadratic term, it is impossible
to measure the size of the mediation effect, but the turning point
changes of the two models can be calculated, and the turning
point of the first column is 4.757, while the turning point of the
third column is 4.982, which indicates that adding industrial
structure upgrading factors will significantly shift the turning
point to the right, which indirectly indicates that industrial
structure upgrading plays a masking effect between the DIF
and green total factor productivity. H2 holds.

Analysis of the Adjustment Effect of Producer Service
Industry Agglomeration
Table 13 examines the moderating effect of producer services
agglomeration between the DIF and the development level of
green economy. The results in column (1) show that the first and
second term coefficients of the DIF are significantly negative and

positive, and the dag coefficient is significantly positive, indicating
that the agglomeration of producer services has significantly
promoted the development of a green economy. According to
the results in column (2), the coefficients of the interaction terms
between the primary and secondary terms of DIF and the
agglomeration of producer services are significantly negative
and positive, respectively, which indicates that producer
service agglomeration plays a role in regulating the DIF and
green total factor productivity; that is, it strengthens the U-shaped
relationship between the development of the DIF and green total
factor productivity. H2 holds.

CONCLUSION AND POLICY
IMPLICATIONS

Based on the urban panel data from 2011 to 2018, this
paper investigates the impact of the DIF on the level of
economic green development and its internal mechanism.
The results show that there is a significant U-shaped
relationship between the DIF and green total factor
productivity. The estimation results of the threshold
model show that there is a double threshold effect
between the DIF and the level of economic green
development. Taking Internet popularity as an IV and
adopting the two-stage least square method to deal with the
potential endogenous problems, the results still confirm that
there is a U-shaped curve relationship between the DIF and
green total factor productivity. The research conclusion is
still valid after the robustness test from the perspectives of
replacement explained/explained variables and replacement
estimation methods. The heterogeneity test results
show that the turning point of the U-shaped curve of the
DIF on green total factor productivity shows a trend in
the middle, followed by the east, and later in the west;
the impact of the DIF on green total factor productivity is
more significant in areas with more developed cities. The
impact mechanism research shows that the DIF can indirectly
promote China’s development level of a green economy by
improving the agglomeration degree of producer services and
optimizing the upgrading of the industrial structure.

Based on the conclusions of empirical research, the
policy enlightenments of this paper are as follows. Firstly,
as a developing country, China should strengthen
policy support to promote the development of the Internet
and mobile payment and to popularize the DIF. Secondly,
from the regional level, we should strengthen the integrated
development of DIF and other industries to form the
agglomeration effect of producer services, so as to drive
the green development of various industries. Thirdly, from
the enterprise level, small- and medium-sized and
microenterprises should obtain financial resources through
DIF to green industry.

Of course, there are still some deficiencies and further
development directions in this paper. First, the heterogeneity
analysis is not deep enough, and the future research will be

TABLE 13 | Regulatory effect of producer services agglomeration.

gtfp gtfp

(1) (2)

lndifi −0.611*** 0.172
(0.101) (0.301)

lndifi2 0.064*** −0.021
(0.011) 0.172

dag 0.266*** 18.917**
(0.094) (7.433)

lndifi*dag - −8.304***
- (3.137)

lndifi2*dag - 0.899***
- (0.328)

constant 1.756*** −0.015
(0.390) (0.774)

Control variables Yes Yes
Year FE Yes Yes
Urban FE Yes Yes
Observation 2,264 2,264
F test 11.591 10.068
R2 0.039 0.044

Note: same as above.
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further expanded from coastal areas, border areas, and urban
agglomeration areas. Second, this paper only discusses the
mechanism from the aspect of industrial structure, and the
next step can be further analyzed from the perspective of
green technology innovation and green production environment.
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