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To dredge China’s green growth path, this paper analyzes the front-end and back-end
factors affecting green growth and also investigates the mediation role of digital financial
inclusion from different dimensions. This study employs China’s provincial panel data in
2011–2018 and uses the dynamic threshold model to study the threshold effect of
technological progress (TP) on green growth (GG) and the threshold effect of green
growth (GG) on floating population (FP). The empirical results show that: first, with the
digital financial inclusion as the threshold variable, there is a nonlinear relationship between
technological progress (TP) and green growth (GG); second, with digital financial inclusion
as the threshold variable, there is a nonlinear relationship between green growth (GG) and
floating population (FP); third, output biased technological progress needs more support
from digital financial inclusion than input biased technological progress than can
significantly promote green growth. From the dimension of “digitization+financial
scale+inclusion” digital financial inclusion not only improves the positive effect of
technological progress on green growth but also alleviates the negative effect of green
growth on the floating population. This study makes up for the research gap in the back-
end impact of green growth based on new ideas of digital financial inclusion and floating
population and has important theoretical reference significance for removing the obstacles
in the green development path and realizing sustainable green growth.
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1 INTRODUCTION

With the intensification of the contradiction between the ecological environment and economic
growth, green growth has become an important issue for the economic development of China and
the entire world (Wang et al., 2021; Zhao et al., 2021a; Ren et al., 2022). Consequently, methods to
effectively remove the stumbling blocks on the road to green growth has always been a difficult
problem actively explored by scholars (Gu et al., 2018; Lin and Zhu, 2019; Song et al., 2019; Cao et al.,
2021). In the past 40 years, the extensive development model of China’s economy has not only
created an "economic miracle” but also fully verifies the left part of the turning point of the
Environmental Kuznets Curve (EKC). According to the data released by China’s National Bureau of
Statistics, from 1978 to 2020, China’s Gross Domestic Product (GDP) increased by about 276.2 times.
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According to relevant information in China’s Environmental
Statistics Yearbook, China’s total energy consumption
increased by about 8.5 times from 1978 to 2019.

However, according to the Environmental Kuznets Curve
(EKC) theory, when the economy grows to a high level,
environmental pollution decreases (Stern, 2004; Dogan and
Inglesi-Lotz, 2020). The arrival of this inflection point will also
mean the gradual reconciliation of the contradiction between
economic growth and environmental pollution (Ren et al., 2022).
The green growth model is also an important product of this
transition period. Organization for Economic Cooperation and
Development (OECD) pointed out that green growth refers to
promoting economic growth and development while ensuring
that natural assets can continue to provide various resources and
environmental services for human happiness. In recent years,
China has predicted that the ‘‘carbon peak” is coming in 2030
(Liu et al., 2015; Yu et al., 2018; Sun et al., 2020; Zhu et al., 2020;
Yang et al., 2021a; Wu et al., 2021). From a deep perspective, the
movement of this inflection point must be driven by many
endogenous variables behind it such as technological progress
(Baiardi, 2014; Ahmed et al., 2016), financial development, and so
on (Javid and Sharif, 2016; Destek and Sarkodie, 2019). If China
wants to smoothly speed up crossing this inflection point and
realize sustainable economic growth, in-depth study on the
endogenous variables affecting green growth is required (Hao
et al., 2022). However, research from the front-end and back-end
perspectives is the key to dredging the green growth path.
Previous studies have more considered that the demographic
dividend may include environmental costs, but few scholars have
comprehensively studied the demographic dividend costs that
may be included in green growth from the perspective of the
environment and the economy. Digital financial inclusion is
expected to become a sharp tool to dredge the path of green
growth. Therefore, the objective of this paper is to investigate the
threshold effect of technological progress on green growth and
green growth on the floating population with digital financial
inclusion as the threshold variable from 2011–2018 in China.
This study is of great significance to eliminate friction in the green
economic growth road so as to accelerate the green
transformation of China’s economy.

This study contributes to the literature in three aspects: first,
this paper not only studies the factors restricting green growth
from the front-end but also studies the side effects of green
growth from the back-end, which makes up for the gap in existing
research and helps to dredge the path of green growth; second,
this paper creatively takes floating population as the back-end
constraint of green growth; third, this paper takes digital financial
inclusion as an important threshold variable to test its impact on
the front-end and back-end constraints of green growth. The
results show that digital financial inclusion can alleviate the
friction of the green growth path. This study is conducive to
accelerating the green transformation of China’s economy and
reducing the resistance in the green growth process, thus
promoting the sustainable growth of China’s economy.

The remainder of this paper is organized as follows: Section 2
provides the theoretical mechanism; Section 3 presents the
literature review; Section 4 specifies the research methodology;

Section 5 reports the estimated results and analysis; Section 6
provides the conclusion and policy recommendations of
the study.

2 THEORETICAL MECHANISM

Firstly, this paper studies the front-end factors affecting green
growth. Romer’s economic growth model regards technological
progress as an important endogenous factor affecting economic
growth (Romer, 1990). However, in the initial stage of China’s
economic growth, the direction of technological progress is
greatly driven by the enterprise-scale effect (Liobikienė and
Butkus, 2019; Sun et al., 2019; Li and Li, 2020). During this
period, most of the technology research and development (R&D)
is aimed at improving the exploitation efficiency and production
efficiency of natural resources, to maximize profits, while there
was less R&D in energy-saving and emission reduction
technologies (Hao et al., 2021; Xie et al., 2022). It has to be
said that the technological progress in this period may be the
accelerator of economic growth and ecological environment
damage. In recent years, the positive significance of
technological progress on the coordinated development of the
economy and ecological environment has been widely studied
(Cheng et al., 2021; Hu et al., 2021). However, in reality, the
promotion of technological progress for protecting ecological and
environmental quality still faces many difficulties.

Considering the impact of financial development, there are
three main problems in the relationship between technological
progress and green growth. 1) Digitization: the backward
information screening technology in the traditional financial
sector leads to stronger information asymmetry and low
efficiency of financial resource allocation. Therefore, financial
resources and their accompanying advanced technology flow to
sectors with low productivity and technological innovation levels,
which induces technological innovation inertia and hinders
technological progress (Tobin, 1984; Zhu et al., 2020). For this
reason, technological progress cannot obtain sustainable
innovation power to support enterprises to update green
production processes and improve production efficiency, thus
hindering green growth. 2) Financial scale: the loans of traditional
financial factors rarely involve green environmental protection
projects which results in lower investment in enterprises engaged
in green technology R&D. Digital financial inclusion will give
more consideration to the environmental information disclosure
of enterprises in the application process so as to encourage
enterprises to increase technology R&D investment to improve
energy efficiency and reduce pollution emissions and finally
promote technology-guided green growth. 3) Inclusion: the
traditional financial sector discriminates against small and
risky small and medium-sized enterprises (SMEs) in the
financing, which makes these enterprises in the “long tail”
market lack sufficient funds for technological innovation. For
SMEs, environmental protection project investment belongs to
the superstructure to a large extent (Zhang et al., 2018). However,
SMEs have contributed more than 70% of technological
innovation in China, but according to the World Bank 2014
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data, the proportion of potential financing gap of China’s small,
medium and micro enterprises is as high as 43.18%. Therefore,
how to remove the stumbling block of financing constraints and
promote the support effect of technological progress for green
growth? Digital financial inclusion may alleviate the above
problems from the dimension of “digitization + financial scale
+ inclusion”. Figure 1 shows the growth trend of technological
progress (expressed as neutral technology progress (NTP)) from
2011 to 2018. It can be seen that technological progress has great
volatility.

Secondly, this paper analyzes the back-end factors affecting
green growth. Although there are front-end obstacles in
promoting green growth, green growth may also have back-
end side effects. Green growth may increase the demographic
dividend costs by affecting population flows. The process of green
growth is also a process of gradual decoupling between economic
growth and the destruction of the natural ecological environment
(McGee, 2020; Desha et al., 2010). However, in the early stage of
green growth, the peeling process of this heavy burden not only
faces technical problems but also has a phased negative impact on
the economy and society. In the process of decoupling economic
growth from environmental pollution, it is necessary to eliminate
backward brown technology and innovate production mode
(Conrad and Cassar, 2014; McGee and Greiner, 2018).
Therefore, several enterprises with low innovation levels and
relying on traditional production technology and natural
resources have to be filtered out or transformed and upgraded
with the peeling off of the environmental pollution burden.
However, most of these enterprises are small and medium-
sized manufacturing industries with backward modes of
production, shortage of funds (Zha et al., 2012), and high
pollution emissions. Under the general trend of economic
green transformation, they are very likely to withdraw from

the market due to financing constraints (Ghisetti et al., 2017).
On the one hand, the withdrawal of this part of market subjects
will lead to the peeling off of some economic output. On the other
hand, it will lead to the peeling off of the floating population
accommodated by such enterprises, thus inhibiting market
vitality. The reduction of the floating population is one of the
manifestations of the negative impact of green growth in the
transition period. The green transformation stage of the economy
is also the area near the inflection point of the Environmental
Kuznets Curve (EKC).

Considering the impact of financial development, there are
three main problems in the relationship between green growth
and floating population. 1) digitization: in the process of green
development, China’s central and western regions have
undertaken the transfer of heavily polluting enterprises in the
eastern region (Rubashkina et al., 2015), so the business of the
financial sector in central and western regions is biased towards
such enterprises. In addition, the distribution of offline financial
service outlets in the central and western regions is scattered and
the efficiency of digital services is low. Moreover, the average
education level of the population in the central and western
regions is not high, so it is difficult to accumulate floating capital
through self-education investment with the help of financial
capital. Therefore, it is easy for the floating population in the
central and western regions to bind with such enterprises with
low technical content and reduce liquidity. 2) Financial scale:
environmental regulation in the process of realizing green growth
forces enterprises to increase the expenditure on purchasing
environmental protection equipment and advanced
technology, thus squeezing production cost, while the scale of
labor-capital expenditure is also squeezed, thus reducing the pull
on the floating population. 3) Inclusion: technology R&D has the
characteristics of a long investment cycle, slow return, and high

FIGURE 1 | The trend of provincial average technological progress from 2011 to 2018. Source: The original data is collected from China’s Environmental Statistics
Yearbook and calculated using MaxDEA.
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risk. Therefore, many scientific and technological SMEs are
excluded from the traditional financial sector. However, the
green development strategy and green growth model urge
enterprises to carry out green technology innovation to
compensate the compliance cost, so it further increases the
enterprise’s risk factors and shrinks the enterprise’s financing
channels again (Cao et al., 2021). Under the strength constraints
of environmental indicators, some enterprises may withdraw
from the market, thus reducing the pull on the existing and
potential floating population. Therefore, does green growth also
reduce part of the demographic dividend by reducing population
mobility? Digital financial inclusion is expected to solve the above
problems through the three dimensions of ‘‘digitization +
financial scale + inclusion”. Figure 2 shows the trend of
provincial average floating population from 2011 to 2018. It
can be seen from Figure 2 that since 2012, the number of the
floating population tends to fluctuate year by year. At the same
time, Cao et al. (2021) and Rongwei and Xiaoying (2020) found
that green growth also fluctuates year by year.

Based on the above problems, on the one hand, during China’s
13th Five Year Plan period, the central government allocated a
total budget of 1.9 trillion yuan to support pollution prevention
and control as well as the construction of an ecological
civilization. The financial support policy of green development
not only internalizes the external cost caused by environmental
pollution but also compensates for the extra cost of green
production. However, the accuracy and efficiency of the
national green financial support policy are not high. In
addition, financial subsidies are low, with narrow coverage,
low amount, and small proportion. Therefore, most enterprises
are still excluded. On the other hand, digital information
technology is gradually integrated with finance and serves
customers in the tail market to solve the ‘‘last mile problem”
of finance (Hasan et al., 2020). With the help of Artificial

Intelligence, Blockchain, Big Data, Cloud Computing, and
other technologies, digital financial inclusion alleviates the
financial friction caused by information asymmetry and
establishes a perfect third-party credit investigation system to
reduce the risk control cost in the process of developing the long
tail market of financial business and reduce the financing
constraints of small and micro enterprises (Liu et al., 2021;
Zheng et al., 2020). Therefore, can digital financial inclusion
remove the obstacles at the front and back of the green growth
path from three dimensions of “digitization + financial scale +
inclusion” to dredge the green growth path?

3 LITERATURE REVIEW AND RESEARCH
HYPOTHESIS

3.1 The Threshold Effect of Technological
Progress on the Green Growth With the
Digital Financial Inclusion as the Threshold
Variable
Schumpeter (1912) suggested that a well-functioning financial
system can provide funds for the technological innovation of
enterprises, thus driving economic growth. The basic
Schumpeterian model of economic growth considers
technological progress as an important factor for long-run
growth (Schumpeter, 1934). Romer (1990) analyzed the reason
for technological progress and holds that technological progress is
an endogenous variable that causes economic growth and a
product of human investment. Technological progress can be
improved through human capital investment and R&D
investment. Thus formed the new economic growth theory,
also known as endogenous growth theory. Financial
development may facilitate innovation activities by alleviating

FIGURE 2 | The trend of provincial average floating population from 2011 to 2018 Source: the primary data collected from China National Bureau of Statistics.
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credit constraints on the flow of capital to its most productive
projects and hence promote technological R&D financing and
growth (Gorodnichenko and Schnitzer, 2013; Hsu et al., 2014;
Levine et al., 2017). However, with the increasingly fierce
contradiction between economic development and natural
ecological environment, and the increasingly prominent
problems existing in the traditional financial system, the
traditional endogenous model of ‘‘inancial development +
technological progress + economic growth” has gradually
developed into the form of ‘‘digital and inclusive financial
development + green technological progress + green growth”.

With the increasing attention to environmental problems,
relevant researchers have made a lot of research on the effect
of technological progress on green growth (Bai et al., 2018;
Capasso et al., 2019; Dubey et al., 2019; Khan et al., 2020;
Pham et al., 2020; Wang and Wei, 2020; Yi et al., 2020; Yang
et al., 2021b; Liu et al., 2021; Nosheen et al., 2021; Huang et al.,
2022). Some scholars have found that technological progress is
conducive to promoting green growth (Deng et al., 2015; Jin et al.,
2017; Luo et al., 2017; Dubey et al., 2018b; Chen et al., 2020). The
main reasons are: on the one hand, technological progress is
helpful to promoting economic growth. Technological progress
can promote the equal product curve to move to the origin by
increasing factor marginal output, saving production costs, and
finally improving total factor productivity (Li et al., 2019). On the
other hand, technological progress is conducive to energy
conservation and emission reduction. Energy-saving
technological progress is a benefit for improving the marginal
output of energy (Yuan et al., 2009; Yang et al., 2017), especially in
the stage when the change of market demand lags, it is conducive
to reducing the total energy consumption. In addition, when the
overall technological progress environment is at a high level, the
spillover effect caused by the excessive financial scale has a weak
impact on the technological innovation inertia of low
productivity sectors (Tobin, 1984; Zhu et al., 2020).
Dechezleprêtre et al. (2015) found that enterprises will reduce
their pollutant emissions through new technologies or reduce
production to meet the government’s policy requirements. Dong
and Xiao. (2014) argued that the improvement of environmental
quality has a ‘‘crowding out effect” on economic output. When
the direction of technological progress is changed and the
intensity of clean technology is large enough, it can promote
green economic growth.

However, there are some scholars who believe that
technological progress has a negative effect on green growth
(Kumar, 2014; Ali et al., 2016; Lin et al., 2017; Cheng et al., 2018).
The main reasons are: firstly, the backward information screening
technology makes the mismatch of financial resources caused by
information asymmetry induce the inertia of technological
innovation in low productivity sectors. Secondly, there is too
little investment in green technology R&D. In addition, China’s
SMEs, which contribute 70% of technological innovation have
long faced financing discrimination resulting in insufficient
investment in technology R&D. Moreover, when the overall
environment of technological progress is at a low level, the
spillover effect caused by excessive financial scale has a strong
impact on the technological innovation inertia of low

productivity sectors (Tobin, 1984; Zhu et al., 2020).
Furthermore, there are also scholars who support the view
that the impact of technological progress on green growth is
affected by financial development (Linares and Perez-Arriaga,
2009; Zhou et al., 2019). A perfect financial system can allocate
resources to technologically advanced production factors through
resource allocation function to improve resource utilization
(Shahbaz et al., 2013). Financial support is the basis for
enterprises to carry out energy-saving and emission reduction
technology R&D, which has the characteristics of high
investment, high risk, long cycle and difficult supervision.
Therefore, advanced information screening technology, flexible
and convenient financing methods, and broad financing channels
will help enterprises invest in clean energy, low-carbon
technology, energy conservation, and emission reduction
projects. Through empirical analysis of the relationship
between green growth, technological progress, and the
financial sector in Italy, Paroussos et al. (2020) found that the
loan interest rate will affect enterprises’ investment in
technological innovation. When families and enterprises can
continuously obtain low-cost financing, it can effectively and
quickly promote technological innovation and further benefit
Italy’s economy from low-carbon transformation, and it can
increase the GDP growth rate of 1.3% every year. However,
some scholars believe that the relationship between
technological progress and green growth is not significant. For
example, Yi et al. (2020) employed the provincial data in China
and conducted an empirical study using the system GMM
method and found that due to the energy rebound effect,
energy-saving technological progress can not effectively reduce
haze pollution.

Based on the above literature, it seems that digital financial
inclusion can affect the relationship between technological
progress and green growth from three dimensions. First,
digitization: efficient information screening technology reduces
investment risk by reducing information asymmetry. Second,
financial scale: stronger environmental information disclosure
ability and audit standards guide enterprises to invest more
capital in green technology R&D so as to promote green
growth guided by technological progress. Third, inclusion:
digital financial inclusion not only improves the efficiency of
users’ access to financial services from the time and space level but
also reduces the financing threshold, thus alleviating the
financing constraints of users in the long tail” market. In
2016, the People’s Bank of China issued the G20 Advanced
Principles of Digital Financial Inclusion, and the concept of
digital financial inclusion was officially put forward. Digital
financial inclusion is the combination of Digitization +
Finance + Inclusion. On the one hand, the emergence of
modern information technologies has gradually made market
information open and transparent, reduced transaction costs and
information search costs of financial factors and enterprises, thus
alleviating the financial friction caused by the information
asymmetry and reducing the non-performing loan ratio. On
the other hand, the application of digital technology simplifies
the loan approval process of financial institutions, and the
business process is simplified into one-stop and all-round
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services (World Bank 2014; Demertzis et al., 2018), breaking the
time and space constraints and improving the efficiency of
financial services (Laeven et al., 2015). Therefore, digital
financial inclusion may be the tool to break through the ”2:8
law” of traditional finance and provide high-quality services for
long-tail customers, and thus becomes a strong supplement to
traditional finance. Digital financial inclusion will include more
SMEs in the financing basket, reduce the credit threshold, and
provide assistance for their equipment and technology upgrading
to lead to technological progress (Cheng, 2014; Xu et al., 2018).

Yang et al. (2021) analyzed the impact of digital financial
inclusion on the technological innovation of small and micro-
enterprises. The results show that digital financial inclusion
significantly promotes the technological innovation of small
and micro enterprises, especially in small-scale enterprises and
enterprises not in the park. Based on the panel data of
280 prefecture-level cities and above in China from 2011 to
2018, Xu et al. (2021) used the digital financial inclusion index
of Peking University to build an econometric regression model
found that the promotion effect of digital financial inclusion on
high-quality economic development is mainly reflected in the
improvement of technology progress index, especially the
significant improvement of green technology progress.
Therefore, digital financial inclusion improves overall
technological progress by alleviating the financing constraints
of SMEs, thus promoting green growth. Considering the above
points, this paper proposes hypothesis 1: with digital financial
inclusion as the threshold variable, there is a U-shaped nonlinear
relationship between technological progress and green growth.

3.2 The Threshold Effect of GreenGrowth on
the Floating Population With the Threshold
of Digital Financial Inclusion
According to the definition of Organisation for Economic Co-
operation and Development (OECD), green growth refers to
promoting economic growth and development while ensuring
that natural assets can continue to provide various resources and
environmental services for human happiness. The population is
the basic composition of a city and the main body of urban
construction and economic development. In China, the floating
population once provided a huge ‘demographic dividend” for
urban technological progress and wealth creation (Abowd and
Freeman, 2007; Zhao et al., 2021b). The floating population
usually has a high level of education and strong bargaining
power (Xu et al., 2019; Gu et al., 2020). The ‘push-pull”
hypothesis is one of the famous theories to explain the
migration mechanism of population mobility (Hao et al.,
2020). The push-pull migration model emphasizes that on the
premise of freedom of movement, the population can improve its
quality of life through migration (Lee, 1966). According to the
theory, factors such as socio-economic, environmental, political,
and public service level among floating population areas are
important variables for a population to determine migration
(Mayda, 2010). The pulling force is the factor that mainly
comes from the increase of settlement intention in the
destination city, and the driving force is the factor that mainly

comes from the decrease of settlement intention in the source city
(Zhao et al., 2021b). In this turbulent green transition period, a
part of economic output peels off with the decoupling of
environmental pollution and economic growth. Therefore,
does the floating population associated with this part of
economic output also decrease?

Some Chinese scholars have studied the impact of floating
population on the economy and the ecological environment. For
example, Zhang and Zhang (2009) put forward the concept of
‘green demographic dividend” by studying whether demographic
dividends will cause environmental problems. In order to reduce
the environmental cost contained in the demographic dividend,
they designed amodel that can adjust the ‘demographic dividend”
to ‘green demographic dividend” by using the Hartwick Solow
model framework and the production function of the neoclassical
optimal growth model. In addition, based on the panel data of
Shanghai from 2000 to 2014, Huang. (2019) studied the
relationship between annual population mobility, industrial
structure change and green GDP by using structural vector
autoregressive (SVAR) model. The results show that in the
short term, population mobility may inhibit the growth of
green GDP but this impact will gradually disappear with the
passage of time because population mobility causes change to
industrial structure. However, although these scholars consider
that the demographic dividend may include environmental costs,
they do not consider that green growth may also include the cost
of demographic dividend. Some scholars have studied the impact
of environmental quality on floating population. For example,
Zhao et al., (2021b) based on the CMDS 2017 in China used a
logical model to study the relationship between the settlement
intention of floating population and PM2.5 concentration, and
the results show that the willingness of floating population to
settle down decreased with the increase of PM2.5 concentration.
However, few scholars comprehensively study the impact of
economic growth and environmental quality on the floating
population. With the improvement of green growth level, the
demographic dividend gradually decreases. Whether there is a
connection between the two is uncertain.

In order to achieve green economic growth, the state has
promulgated a series of environmental regulation policies to
promote the sustainable development of ‘people-centered” to
the ‘natural-centered” sustainable development (Zhang et al.,
2018). This is to thoroughly implement the idea of ‘Lucid
waters and lush mountains are invaluable assets”, which has
been proposed by President Xi Jinping. However, in this process,
in order to minimize compliance costs and maximize benefits,
some enterprises choose industrial ‘cross-border transfer” (Cai
et al., 2020) and transfer industries to areas with more national
preferences and lower environmental regulation costs (Ye et al.,
2021). Some scholars have found that China’s heavy polluting
enterprises tend to transfer to central and Western China (Du
et al., 2021). However, the population in the central and western
regions is large, the level of education is low, and those regions are
the main outflow areas of population, mainly flowing to the
economically developed areas in the east. Therefore, the
movement of heavily polluting industries to the inland of the
central and western regions may curb the flow of some

Frontiers in Environmental Science | www.frontiersin.org April 2022 | Volume 10 | Article 8652296

Cao et al. Digital Financial on Green Growth

https://www.frontiersin.org/journals/environmental-science
www.frontiersin.org
https://www.frontiersin.org/journals/environmental-science#articles


populations with low education levels and bind each other, but
high-quality talents will still flow out. In addition, green growth
may also affect the floating population by affecting the
employment environment. According to the annual operating
income, SMEs are divided into medium-sized enterprises (with
an annual operating income of more than 5 million), small
enterprises (with an annual operating income of 1.2 million to
5 million), and micro-enterprises (with an annual operating
income of less than 1.2 million) contributing more than 80%
of urban jobs in China (Huang, 2019).

According to the survey data of China Family Finance Survey
and Research Center of Southwest University of Finance and
economics in 2020, the number of these three types of
enterprises accounts for 11%, 17%, and 72% respectively. The
proportion of employed persons absorbed by these three types
of enterprises was 37%, 22%, and 41% respectively. Micro
enterprises mainly affect employment through enterprise exit
and entry. Among microenterprises, enterprises that plan to
stop operation or have stopped operation account for 25%.
Among medium-sized enterprises, 23% plan to lay off staff or
have laid off staff. It can be seen from the above data that micro-
enterprises absorb more employees, but they are greatly
impacted by the changes of market demand, environmental
regulation and financing constraints. Especially for micro-
enterprises, the financing is more difficult, the enterprise is
younger, and the education level of employees is low. Therefore,
environmental regulation will squeeze the production cost of
enterprises, prolong the growth cycle of enterprises, reduce
employment positions, and the employees with low education
levels have poor mobility in a short period in the environment of
narrow financing channels. However, the “inclusive” and
“preferential” characteristics of digital finance make SMEs in
the financial long-tail market improve their advantages in
obtaining credit (Banerjee et al., 2015) and digital financial
inclusion is positively correlated to corporate innovation and
job creation (Ayyagari et al., 2008). Boustanifar (2014) used
United States credit reform from 1970 to 1990 as a quasi-
experiment, arguing that financial restrictions had a huge
impact on employment in labor-intensive industries.

To sum up, green growth mainly affects population mobility
through natural environment quality, industrial transfer and the
employment environment. Todaro established the theory of
population mobility applicable to developing countries. He
explained the migration between rural and urban areas,
unemployment and environmental damage and he believes
that the fundamental reason affecting population mobility is
economic factors. The floating population will weigh the pros
and cons to make decisions and look forward to optimizing
Pareto efficiency in the spatial economy (Epple et al., 1978;
Banzhaf and Walsh, 2008). The push of the outflow area and the
pull of the inflow area jointly induce the flow behavior of the
population. However, digital financial inclusion may affect the
relationship between green growth and floating population
through three dimensions. First, digitization: digital financial
inclusion improves the self-education investment of the low-
level population in the central and western regions through the
convenience of the internet, so as to enhance their own floating

capital. In addition, it also provides financial support for the
innovation and reform of heavily polluting enterprises in the
central and western regions. Secondly, financial scale: digital
financial inclusion provides financial resources for SMEs in
green transformation and led the funds to labor capital, avoiding
the shrinkage of the labor market under the pressure of
environmental regulation. Finally, inclusive: digital financial
inclusion provides more flexible and broad financing
channels for SMEs, reduces the risk of SMEs in the process
of green transformation, and thus avoids the impact of
enterprise exit from the market on the pull of floating
population. Based on one belt, one road (B&R) data from 40
countries from 2010 to 2018, Geng and He (2021) adopted
instrumental variable method to explore the impact of digital
finance on sustainable employment in B&R countries. The
results show that digital financial inclusion promotes private
enterprises and individuals to have more funds to manage their
business and recruit more employees by scale effect. On the
other hand, digital financial inclusion provides such
marginalized groups with financing channels, improves
financing convenience and reduces financing threshold, so as
to provide support for their education investment, enable these
groups to return to the market after upgrading, increase market
vitality and realize the transformation and upgrading of labor
force. Based on the above study, this paper provides hypothesis

FIGURE 3 | The research framework. DFII=Digital Financial Inclusion
Index; TP=Technological Progress; GG=Green Growth; FP=Floating
Population.
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2 under the influence of digital financial inclusion, there is a
U-shaped nonlinear relationship between green growth and
floating population.

Based on the above literature, the research gaps highlighted in
this paper are as follows: firstly, many scholars have measured
technological progress and found that it has positive significance
for environment production and economic growth. However, few
scholars have studied how to make the technological progress
effectively promote green growth from the perspective of digital
financial inclusion; secondly, although many scholars have
studied the influencing factors of green growth and found that
green growth has a crowding-out effect on economic output, few
scholars make sure if green growth also inhibits the floating
population in the short special transition period which may cause
the loss of demographic dividends. This helps to explain the
relationship between green development and the temporary
decline of growth, as well as the crowding-out effect of
demographic dividends caused by floating population in the
period of green economic transformation. Thirdly, at present,
few scholars put technological progress, green growth and
floating population in the same framework and investigate the
intermediary effect of digital financial inclusion. Figure 3
provides the framework of this study.

4 METHODOLOGY

4.1 Model Specification
In order to investigate the threshold effect of technological progress
(TP) on green growth (GG) and the threshold effect of green
growth (GG) on floating population (FP), this study constructs the
following dynamic threshold regression models according to Seo
et al. (2019) and the research of Bolarinwa et al. (2021).

GGit � a + GGit−1 + λXit + β1TPitI(DFIIit ≤ γ)
+ β2TPitI(DFIIit > γ) + μi + λt + εit (1)

In Eq. 1, to investigate the nonlinear relationship between
technological progress (TP) and green growth (GG) under the
influence of digital financial inclusion (DFII), this research
constructs a dynamic threshold panel regression model.
idenotes the province, tpresents year. The explained variable is
GGit (Green Growth). GGit−1 denotes the first lag term of GGit.
TPit is the core explanatory variable, denotes technological

progress. DFIIit represents the threshold variable, which
means Digital Financial Inclusion Index. γmeans threshold
value. I(•) refers to the indicator function, if the arguments in
parentheses are valid, then its value will be 1, otherwise will be 0.
β1and β2denote the semi-elastic coefficient of the regime variable
(TPit). TPit includes input-biased technological progress (IBTPit)
and output-biased technological progress (OBTPit). Control
variables Xit includes IND (Industrialization), HC (Human
Capital), MAR (Market processes), URB (Urbanization).

FPit � a + FPit−1 + λXit + β1GGitI(DFIIit ≤ γ)
+ β2GGitI(DFIIit > γ) + μi + λt + εit (2)

In Eq. 2, for further study, the nonlinear relationship between
green growth (GG) and floating population (FP) under the
influence of digital financial inclusion (DFII), based on the
above model, this paper replaces the explained variable with
(FPit) and the core explanatory variable with (GGit), and
constructs a dynamic threshold panel regression model.
Control variables Xit includes ER (Environmental Regulation),
MAR (Market processes), IND (Industrialization), URB
(Urbanization), FDI (Foreign Direct Investment).

4.2 Model Estimation Method
This study takes digital financial inclusion as a threshold variable to
study its intermediary effect on technological progress and green
growth, green growth, and floating population. Due to the
endogeneity between digital financial inclusion and explanatory
variables being fully considered, the traditional static model is not
suitable for this study. However, the model of Hansen 1999)
requires the covariates to be strongly exogenous to keep the
estimator to be consistent so it is not appropriate to be used in
our research. Thus, it is necessary to extend our research to the
dynamic panel model with an endogenous threshold variable. The
dynamic model allows lagged dependent variables and endogenous
covariates. This study adopts the dynamic panel thresholdmodel of
Seo et al. (2019), which is based on the dynamic threshold model of
Seo and Shin (2016). Seo et al. (2019) developed commands for the
first-differenced generalized method of moments (GMM)
estimators and the associated asymptotic variance estimator that
are proposed by Seo and Shin (2016), as well as linearity testing for
the presence of a threshold effect.

Compared to command xthreg, this command xthenreg
produces consistent and asymptotically normal estimates. Seo

TABLE 1 | The composition of total factors (TP).

I II III Unite

Total Factors Input factors Capital Investment Yuan
Labor Unit
Energy consumption Tons

Output factors Waste water discharge Tons
Solid waste emissions Tons
Waste gas emissions (SO2) M3

GDP Yuan

Data from China’s Environmental Statistics Yearbook,and the sample covers the period from 2011-2018.
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et al. (2019) proposed a bootstrap algorithm to do the linearity
test, which is faster than the nonparametric independent and
identically distributed bootstrap that was originally proposed by
Seo and Shin (2016). The linearity test is able to demonstrate the
validity of the nonlinear relationships. Furthermore, Seo et al.
(2019) used a constrained GMM estimator to reflect the kink
restriction. Although the general threshold model is able to
represent the discontinuity of the regression function, this may
be a kink phenomenon rather than a real jump. However, after
adding the kink option, although the empirical results can report
the threshold value and the total regression results, they cannot
report the value of the coefficients of the explanatory variables
before and after the threshold value. Therefore, removing the kink
regression can obtain the coefficient changes of the all
explanatory variables around the threshold value. In addition,
the end of the command xthenreg can distinguish between static
or dynamic models by adding or removing the static option. In
conclusion, this command can not only test the effect of
nonlinear relationships but also avoid the kink phenomenon
and is simpler than other regression models.

4.3 Variable Specification
Technological progress is difficult to be measured directly. Some
scholars measure technological progress through the number of
patents, total factor productivity and R&D investment (Keller, 2010;
Yang et al., 2021), but the marginal substitution rate between factors
cannot distinguish between input and output, which is biased
towards technological progress. Technological progress can affect
total factor productivity by increasing factor marginal productivity
and changing factor marginal substitution rate, so as to move the
equal product curve to the origin. Therefore, in order to obtain the
technological progress index, we can first measure the total factor
productivity. According to the DEA - Malmquist index method
proposed by Färe et al. (1994), this paper calculates the total factor
productivity (TFP) and further decomposes it into technical
efficiency change (EFFCH) and technical change (TECH).
However, this decomposition does not distinguish between
neutral technological progress and biased technological progress.
Based on another decomposition method of Malmquist index,
Färe et al. (1997) decomposes technology change index (TECH)
into technology scale change (NTP), output biased technological
change (OBTP) and input biased technological change (IBTP).
Among them, the NTP represents the translation of the
production frontier, namely, neutral technological progress. OBTP
denotes the enhanced effect of technological progress on different
proportions of output in the case of multiple output. IBTP measures
the change of marginal substitution rate of different input factors by
technological progress, indicating that the biased technological
progress of input factors has further improved TFP on the basis of
equal proportion saving of factors. However, OBTP and IBTP do not
give the bias of technological progress between different factors.
Therefore, it can only measure the biased technological progress of
input or output, and cannot represent the factor biased technological
progress. Therefore, this paper only usesOBTP and IBTP to represent
technological progress and conduct impact analysis. This paper uses
MaxDEA software to calculate the index.

First, the input-oriented distance function is defined
according to the Shephard (2012), and the reciprocal is the
ratio of the minimum input elements to the actual input
elements required for a given output, which is a measure of
technical efficiency. For a set of non-negative input factors and
non-negative output factors during the t period is supposed as
follows:

xt � (xt
1,/, xt

N)
yt � (yt

1,/, yt
N) (3)

Then the Input requirement set in the t period represents the
feasible portfolio of input required for output during this period,
expressed as:

Lt(y) � {x: x can produce y} (4)
The equal product curve represented by the input demand set

are defined as follows

ISOQLt(y) � {x: x
λ
∈ Lt(y)} (5)

The Shephard input distance function in the t period can be
defined as：

Dt
i(y, x) � max{λ: x

y
∈ Lt(y)} (6)

Under the input orientation, according to Färe et al. (1994),
Malmquist total factor productivity index (MI) is defined on the
basis of constant return to scale (Lovell, 2003)
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The MI index is then further decomposed into the technical
efficiency index and the technical change index as：

MI �
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(8)
According to Färe et al. (1997), further decompose the

technological change into Neutral technological progress
(NTP), output biased technological progress (OBTP) and
input biased technological progress (IBTP).

NTP � Dt+1
0 (yt, xt)
Dt

0(yt, xt) (9)

Table 1 Provides the composition of total factors (TP). This
study not only introduces economic indicators into input-output
factors, but also considers environmental indicators, so as to
measure technological progress more comprehensively.
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Green growth
According to the OECD, green growth means promoting economic
growth and development while ensuring that natural assets can
continue to provide various resources and environmental services for
human happiness. This paper uses the comprehensive index
calculated by Cao et al. (2021) based on entropy weight method
(EWM). Table 2 presents the composition of Green growth (GG).

Floating Population
China’s unique registered residence system has three indicators for
measuring the absolute size of the population: registered residence,
permanent residents and floating population. Among them, the
floating population is the difference between the resident population
and the household registration population.

Core Explanatory Variables
Digital Financial Inclusion Index
This paper uses the digital financial inclusion index of 30 provinces in
China from 2011 to 2018 released by the Internet Financial
Development Research Center of Peking University as the sample
data. This indicator includes three indicator dimensions: breadth
index (Account coverage rate), depth index (Payment, Money Funds,

Credit (Individual User, Small and Micro Business), Insurance,
Investment, Credit Investigation), digitization index (Mobility,
Affordability, Credit, Convenience) (Guo et al., 2020; Xu et al., 2021).

Control Variables
HC (Human capital) is an important factor to promote technological
progress and green economic transformation, as well as the basic
driving force to promote population mobility, and it is measured by
the years of education per capita (Law and Singh, 2014). The
improvement of MAR (Market process) is conducive to the
transformation of economic development model, promote
technological progress, promote the upgrading of industrial
structure, and thus affect green growth. In addition, the
acceleration of MAR will also enhance the competition in the
labor demand market, so as to improve the labor mobility rate in
the market. MAR uses the proportion of private sector employees in
the total number of employees to measure (Lin and Zhu, 2019). ER
(Environmental regulation) is calculated by the ratio of total
investment in industrial pollution control to industrial added
value (Xie and Liu 2019). ER can restrict the environmental
pollution behavior of economic subjects through national policies
and regulations, promote the development of green economy, and
affect the flow of population by improving the ecological
environment quality of residents’ life. URB (urbanization) is
expressed as the ratio of urban population to total population
(Charfeddine and Khediri, 2016). Urbanization promotes the
agglomeration of capital, advanced technology and talents to
central cities. High technology improves the convenience of cities,
but the high density of population leads to the decline of urban air
quality, and the economic development of rural areas is affected by
the lack of production factors. IND (Industrialization) is the share of
industrial sector added value in GDP (Yue et al., 2018). For a long
time, traditional industrial productionmodels have intensified energy
consumption and caused ecological environment deterioration. FDI
(foreign direct investment) is conducive to expanding the financial
scale and providing more financing channels for market subjects,
especially for high productivity economic subjects, thus affecting
technological progress, green growth and floating population. FDI is
measured by Capital directly invested by foreign investors. Table 3
presents the descriptive statistics of the research.

4.4 Data Source
This paper collected data from 30 provinces in China from 2011
to 2018 sourced mainly from the National Bureau of Statistics,
China Statistical Yearbook, China Economic and Social

TABLE 2 | The composition of Green growth (GG).

Level-I Level-II Level-III Unite Nature

Green growth(GG) Resource consumption(GG1) Total water consumption M3 -
Energy consumption Standard coal -
Urban Construction Land Km2 -

Environmental pollution(GG2) Waste water discharge Tons -
Solid waste emissions Tons -
Industrial waste gas emissions M3 -

Economic output(GG3) GDP Yuan +

Data source: China’s Environmental Statistics Yearbook, CElnet statistics Database and WIND, statistics Database.

TABLE 3 | Descriptive statistics of variables.

Variable Obs Mean Std. Dev. Min Max

IBTP 240 240 0.998 0.024 0.817
OBTP 240 240 1.013 0.050 0.886
GG 240 0.410 0.066 0.319 0.710
FP 240 0.144 0.728 −1.857 2.487
DFII 240 1.882 0.850 0.183 3.777
ER 240 3.893 3.637 0.359 28.042
IND 240 0.360 0.101 0.028 0.530
MAR 240 0.402 0.159 0.069 1.075
FDI 240 0.532 0.501 0.000 2.257
URB 240 0.571 0.123 0.350 0.896
HC 240 0.917 0.088 0.751 1.256

Provinces: Beijing, Tianjin, Hebei, Shanxi, Inner Mongolia, Liaoning, Jilin, Heilongjiang,
Shanghai, Jiangsu, Zhejiang, Anhui, Fujian, Jiangxi, Shandong, Henan, Hubei, Hunan,
Guangdong, Guangxi, Hainan, Chongqing, Sichuan, Guizhou, Yunnan, Shaanxi, Gansu,
Qinghai, Ningxia, Xinjiang.
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Development Statistics Database, CElnet statistics Database and
WIND Database. All regressions employed stata16.0 software.

Table 4 specifically describes the data used in this paper, not
only summarizing the calculation method but also labeling the
data sources.

5 RESULT ANALYSIS

Table 5 shows the results of the correlation test. The findings
show that digital financial inclusion (DFII) is positively correlated
with input biased technological progress (IBTP), output biased
technological progress (OBTP), green growth (GG) and floating
population (FP). Table 6 reports the result of Eq. 1. Based on the
dynamic threshold regression model, this paper studies the
nonlinear relationship between technological progress (TP)
and green growth (GG) with the digital financial inclusion
(DFII) as the threshold variable. The results show that there is
a U-shaped nonlinear relationship between input biased

technological progress (IBTP) and green growth (GG). This
result supports. hypothesis 1: with the digital financial
inclusion as the threshold variable, there is a U-shaped
nonlinear relationship between technological progress and
green growth.

The lower threshold semi-elasticity coefficient of IBTP is
(−0.478ppp) and the upper threshold semi-elasticity coefficient
is (0.483ppp). The threshold value is 2.046ppp, significant at the
1% level. This means that when the development level of digital
financial inclusion (DFII) is lower than 2.046, input biased
technological progress (IBTP) will significantly inhibit green
growth, and when it is higher than 2.046, it will significantly
promote green growth. Meanwhile, the kink value is 0.012ppp,
which is also significant at the 1% level, indicating that there is no
kink in the nonlinear relationship. The p-value of AR(2) rejected
the null hypothesis that there is no autocorrelation between the
lag phase of the dependent variable and the random error term,
which justified the use of a dynamic model in this study.
Furthermore, the p-value of Hansen test verified that the

TABLE 4 | Variable specification.

Proxy Variable Measurements Data source Unites

IBTP Input Biased Technological
Progress

DEA - Malmquist index method China’s Environmental Statistics Yearbook -

OBTP Output Biased Technological
Progress

DEA - Malmquist index method China’s Environmental Statistics Yearbook -

GG Green Growth Green Growth Composite Index calculated by Entropy Weight
Method

China Environmental Statistics Yearbook -

FP Floating Population The difference between the resident population and the
household registration population.

National Bureau of Statistics; EPS Database -

DFII Digital financial Inclusion
Indicator

- The Internet Financial Development Research
Center of Peking University

-

ER Environmental Regulation The proportion of total investment in industrial pollution control to
the added value of industry

China’s National Bureau of Statistics; Wind
Statistical Database

%

IND Industrialization The industrial added value as a share of GDP China’s National Bureau of Statistics; Wind
Statistical Database

%

MAR Marketization The proportion of private sector employees in the total number of
employees

China Statistics Yearbook; China’s National Bureau
of Statistics

%

FDI Foreign Direct Investment - China Financial Statistics Yearbook Dollar
URB Urbanization The proportion of urban population and total population WIND Statistical Database %
HC Human Capital The years of education per capita of population aged over 6 China’s National Bureau of Statistics Year

TABLE 5 | Results of correlation test.

Variable IBTP OBTP GG FP DFII ER IND MAR FDI URB HC

IBTP 1.000
OBTP -0.250 1.000
GG 0.031 0.106 1.000
FP 0.084 0.173 0.173 1.000
DFII 0.003 0.127 0.445 0.130 1.000
ER 0.003 -0.039 -0.316 0.044 -0.027 1.000
IND -0.068 -0.075 0.086 -0.186 -0.348 -0.342 1.000
MAR 0.032 0.352 0.457 0.179 0.411 -0.160 -0.190 1.000
FDI 0.111 0.138 0.751 0.132 0.232 -0.397 0.277 0.395 1.000
URB 0.006 0.340 0.379 0.407 0.417 -0.177 -0.142 0.457 0.524 1.000
HC 0.082 0.202 0.231 0.376 0.351 -0.111 -0.260 0.291 0.394 0.866 1.000

IBTP, input biased technological progress; OBTP, output biased technological progress; GG, green growth; FP, floating population; DFII, digital financial index; ER , environmental
regulation; IND, industrialization; MAR. market processes; FDI, foreign direct investment; URB, urbanization; HC=human capital.
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model had no instrumental variable over-recognition. The
p-value of linearity test is significant at the level of 1%,
indicating that the nonlinear relationship is effective. In
addition, the robustness of the model is tested by adding
control variables (ER).

China’s traditional financial system has long been imperfect,
underdeveloped, unbalanced in terms of supply and demand, as
well as riddled with other structural problems. Constrained by the
scarcity of financial resources, the financing environment of the
real industry is squeezed so that the real innovative market sector
lingers on the edge of the market under the financing constraints
(Yang et al., 2021c). In the stage of low development level of
digital financial inclusion, problems such as small users, more
network security problems and narrow basket of financial
products have limited the full play of the “digital” and
“inclusive” functions of digital financial inclusion. At the same
time, the traditional financial sector has a low financing threshold
for SOEs, and most of these enterprises are resource-based
enterprises, with low innovation capacity, high energy
consumption and high pollution emissions (Lin and Zhu,
2019; Cao et al., 2021). However, SMEs mainly with equity
financing account for a high proportion of the total number of
enterprises in the market and have strong innovation ability, but
the financing environment has been squeezed from the primary
market to the secondary market. At the same time, green
innovation activities have the characteristics of higher
investment, higher risk, longer cycle and greater uncertainty,
so the technological progress of enterprises is mainly towards
labor and capital and the technological progress of energy also
aims to reduce the production cost of enterprises, improve the
marginal output of factors, so as to improve the income through

the scale effect (Wang and Song, 2017). Therefore, in the low level
of digital financial inclusion, technological progress will inhibit
green growth. With the acceleration of China’s marketization
process, there are more and more industries entering the market.
China’s traditional financial institutions, as one of the main
bodies of maintaining stability of economy, cannot effectively
reduce risk control costs to compete for “niche” market share
with internet enterprises. This is also the best time for internet
enterprises to seize the tail market. However, the state will still
properly control internet enterprises for the sake of maintaining
stability. Digital finance is a new generation of financial services
that combines internet, big data, cloud computing, blockchain
and information technology means with traditional financial
service formats (Lee and Shin, 2018), which is undoubtedly a
mutually beneficial operation for financial institutions and
internet enterprises (Banerjee et al., 2015). As an important
supplement to the traditional financial system, digital financial
inclusion has many advantages such as “wide coverage, low cost
and high efficiency”. To a certain extent, it can promote the
development of the financial industry, help to alleviate the
financing constraints of green innovation, and is of great
significance to promote the progress of technology to led
green growth. Therefore, with the popularization of the
internet, the improvement of network security technology, and
the gradual improvement of big data, cloud and blockchain
technology, the inclusive level of digital finance has gradually
increased, so that it can make up for the deficiency of the
traditional financial system from the three dimensions of
“digitization + financial scale + inclusion” (Guo et al., 2020).
The improvement of digital technology alleviates financial
friction and reduces the cost of risk control. In addition,

TABLE 6 | Results for the threshold effect of input biased technological progress (IBTP) on green growth (GG).

Main test

Variable Lower Regime Upper Regime Post-estimation Tests

L(1)GG 0.982*** 0.033 Kink 0.012***
(0.039) (0.023) (0.002)

IBTP −0.478*** 0.483*** Threshold indicator 2.046***
(0.091) (0.068) (0.335)

DFII 0.001 0.014*** 95% Conf. Interval 1.390-2.703
(0.001) (0.003) AR(2) (p value) 0.601

CONS −0.529*** Hansen J (p value) 0.171
(0.066) Linearity test (p value) 0.000

Robust Test

Variable Lower regime Upper regime Post-estimation tests

L(1)GG 0.794*** 0.108*** Kink −0.005***
(0.042) (0.023) (0.001)

IBTP −0.362* 0.395* Threshold indicator 2.046***
(0.215) (0.240) (0.183)

DFII 0.003** 0.021*** 95% Conf. Interval 1.688-2.405
(0.001) (0.003) AR(2) (p value) 0.523

CONS −0.488** Hansen J (p value) 0.167
(0.234) Linearity test (p value) 0.000

The standard errors are reported in parentheses.
Sample period: 2011–2018.
Significance: *p < 0.1, **p < 0.05, ***p < 0.01.
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digital financial inclusion guides enterprises to increase green
development oriented technology R&D investment by obtaining
more public environmental information from enterprises (Xu
et al., 2021). In addition, digital financial inclusion has a wider
range of inclusive service objects, diversified products, more
flexible service forms, more convenient services, breaking the
limitations of time and space. Therefore, in the stage of high level
of digital financial inclusion, technological progress will promote
green growth.

Table 7 also reports the result of Eq. 1. The results show that
there is a significant U-shaped nonlinear relationship between
output biased technological progress (OBTP) and green growth
(GG). The lower threshold semi-elasticity coefficient of OBTP is
(-0.139***) and the upper threshold semi-elasticity coefficient is
(0.171***). Therefore hypothesis one is confirmed: with the
threshold variable of digital financial inclusion, there is a
U-shaped nonlinear relationship between technological
progress and green growth. The threshold value is 2.080***,
and is significant at the 1% level. This means that when the
development level of digital financial inclusion (DFII) is lower
than 2.080, output biased technological progress (OBTP) will
significantly inhibit green growth, and when it is higher than
2.080, it will significantly promote green growth. Meanwhile, the
kink value is 0.020***, which is also significant at the level of 1%,
indicating that there is no kink in the nonlinear relationship. The
p-value of AR 2) supports the null hypothesis that there is no
second-order sequence correlation in the equation. Therefore, it
is reasonable to use the dynamic model in this study. In addition,
the p-value of Hansen test verifies that there is no over-
recognition of instrumental variables in the model. The
p-value of Linearity test is significant at 1%, indicating that

this nonlinear relationship is valid. This paper tests the model
for robustness by increasing the control variables (ER).

By comparing the semi-elastic coefficients of IBTP and OBTP
in Table 6 and Table 7, this paper found that OBTP has less
effects on GG than IBTP on GG. In addition, in Table 6, the
threshold value of DFII is 2.046, while in Table 7, the threshold
value of DFII is 2.080, which means that the output biased
technological progress needs more support from digital
financial inclusion, and then the technological progress can
significantly promote green growth. The main reason is that
the composition of input factors and output factors is different.
The input factors are mainly composed of capital input, labor
input and energy consumption, while the output factors are
mainly composed of GDP, wastewater discharge, solid waste
discharge and waste gas discharge (Yang et al., 2021b). Input
biased technological progress promotes green growth by
continuously adjusting the proportion of capital investment,
labor investment and energy consumption, that is, while GDP
increases, energy consumption and pollution emissions decrease.
Output biased technological progress promotes green growth by
increasing GDP and reducing pollution emissions. However, for
enterprises, compared with input biased technological progress,
output biased technological progress requires a lot of R&D funds
to reduce pollution emissions, so the investment is higher, the risk
is greater and the investment cycle is longer (Yang and Zhang,
2020). The technological progress of capital investment, labor
investment and energy investment can more directly reduce the
production cost and improve the production efficiency.
Therefore, in promoting green growth, the leverage of digital
financial inclusion on input biased technological progress is
slightly stronger than output biased technological progress, so

TABLE 7 | Results for the threshold effect of output biased technological progress (OBTP) on green growth (GG).

Main test

Variable Lower Regime Upper Regime Post-estimation Tests

L(1)GG 1.088*** −0.207*** Kink 0.020***
(0.070) (0.044) (0.002)

OBTP −0.139*** 0.171*** Threshold indicator 2.080***
(0.052) (0.045) (0.266)

DFII −0.001 0.029*** 95% Conf. Interval 1.558-2.602
(0.001) (0.004) AR(2) (p value) 0.629

CONS −0.156*** Hansen J (p value) 0.142
(0.040) Linearity test (p value) 0.000

Robust Test

Variable Lower regime Upper regime Post-estimation tests

L(1)GG 0.927*** −0.149** Kink −0.004***
(0.086) (0.065) (0.001)

OBTP −0.419*** 0.401*** Threshold indicator 1.793***
(0.079) (0.094) (0.172)

DFII 0.007*** 0.018*** 95% Conf. Interval 1.456-2.131
(0.001) (0.003) AR(2) (p value) 0.392

CONS −0.392*** Hansen J (p value) 0.165
(0.110) Linearity test (p value) 0.000

The standard errors are reported in parentheses.
Sample period: 2011–2018.
Significance: *p < 0.1, **p < 0.05, ***p < 0.01.
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more financial support is needed to promote the positive effect of
output biased technological progress on green growth. In
addition, Zeraibi et al. (2020) also shows that technological
innovation has a positive effect on economic growth.
Therefore, the financial sector’s financial support for
technology R&D will amplify the positive effect of
technological innovation on the green economic growth
guided by technological progress.

Table 8 provides the regression results of Eq. 2. This section
studies the nonlinear relationship between green growth (GG)
and floating population (FP) under the influence of digital
financial inclusion (DFII). The findings show that there is a
U-shaped nonlinear relationship between green growth (GG)
and floating population (FP). The lower threshold semi-elasticity
coefficient of GG is (−7.015ppp) and the upper threshold semi-
elasticity coefficient is (6.332ppp). The threshold value is
1.220ppp, and is significant at the 1% level. This means that
when the development level of digital financial inclusion (DFII) is
lower than 1.220ppp, green growth (GG) will significantly inhibit
the floating population (FP), and when it is higher than 1.220ppp,
it will significantly promote the floating population (FP). This
result supports the hypothesis 2: there is a U-shaped nonlinear
relationship between green growth and floating population with
the digital financial inclusion as the threshold variable. Kink value
is -0.127ppp, which is also significant at the significance level of
1%, indicating that there is no kink in the nonlinear relationship.
The p-value of AR 2) supports the null hypothesis that there is no
second-order sequence correlation in the equation. Therefore, it
is reasonable to use the dynamic model in this study.
Furthermore, the p-value of Hansen test verified that the
model had no instrumental variable over-recognition. The

p-value of Linearity test t is significant at 1%, indicating that
this nonlinear relationship is valid. To test the robustness of the
results, we test the robustness of the model by increasing the
control variables (HC).

Since 1949, the dramatic changes in the spatial distribution of
China’s population with a 200 million strong floating population
has created a huge demographic dividend and accelerated the
process of urbanization, which is an important factor affecting
China’s economic and social development. However, in recent
years, the demographic dividend is gradually weakening due to the
slowdown of population growth and the reduction of the total
population of people of working age. In addition, in the process of
realizing the green transformation of the economy, heavy polluting
industries have shifted to the central and western regions, the
employment carrying capacity of SMEs has decreased, and some
enterprises have closed down under the pressure of environmental
regulation (Zhang et al., 2018). These factors may reduce the
number of floating population, which may reduce the
demographic dividend. Therefore, green growth may also
include the cost of demographic dividend. However, in the final
analysis, the above reasons are economic factors, so the green
transformation of enterprises is inseparable from financial support.
On the one hand, financial support helps to increase the total
number of floating population by alleviating enterprise financing
constraints. On the other hand, financial support can improve the
floating population’s floating capital by improving their education
level, so as to promote the transformation of ‘demographic
dividend” into ‘talent dividend”. The results of Ahmad et al.
(2021) also show that digital financial inclusion and human
capital have a positive impact on economic growth. The
traditional financial sectors in the central and western regions

TABLE 8 | Results for the threshold effect of green growth (GG) on floating population (FP).

Main test

Variable Lower Regime Upper Regime Post-estimation Tests

L(1)FP −0.266*** 0.082*** Kink −0.127***
(0.042) (0.017) (0.018)

GG −7.015*** 6.332*** Threshold indicator 1.220***
(1.048) (1.043) (0.039)

DFII 0.204* −0.215** 95% Conf. Interval 1.144-1.296
(0.104) (0.103) AR(2) (p value) 0.403

CONS −2.059*** Hansen J (p value) 0.605
(0.383) Linearity test (p value) 0.000

Robust Test

Variable Lower regime Upper regime Post-estimation tests

L(1)FP −0.269*** 0.079*** Kink −0.082***
(0.035) (0.014) (0.006)

GG −7.111*** 6.348*** Threshold indicator 1.220***
(0.838) (0.833) (0.048)

DFII 0.201* −0.209* 95% Conf. Interval 1.125-1.315
(0.108) (0.109) AR(2) (p value) 0.439

CONS −2.072*** Hansen J (p value) 0.428
(0.275) Linearity test (p value) 0.000

The standard errors are reported in parentheses.
Sample period: 2011–2018.
Significance: *p < 0.1, **p < 0.05, ***p < 0.01.
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are scattered and have a credit preference for large SOEs. In
addition, the central and western regions are densely populated
and have low education level. Therefore, the potential outflow
population with low education level can easily be absorbed into the
local heavily polluting large enterprises so as to reduce the number
of the floating population. In addition, environmental regulation
forces enterprises to increase compliance costs, thus squeezing
production costs. Therefore, enterprises may reduce jobs, reduce
employees’ labor remuneration or reduce employees’ training time
so as to reduce the pull of destination on the floating population.
Moreover, some micro-enterprises or enterprises with extremely
serious energy consumption and pollution may fail to afford the
cost of environmental regulation, thus directly reducing jobs and
making them less attractive to the floating population in the
outflow area (Zhang et al., 2018). In the lower level of digital
financial inclusion, the floating population and SMEs are strongly
constrained by the traditional financial system, which intensifies
the inhibitory effect on the floating population in the process of
green economy transformation (Huang, 2019). In the higher level
of digital financial inclusion, the further improvement of network
security technology has increased the number of users. Advanced
digital technology breaks the time and geographical restrictions,
making it easier for more floating population and SMEs to obtain
financial resources, so as to provide financial support for their own
education investment and enterprise labor capital investment.
Finally, it not only improves the floating capital of population,
but also improves the ability of enterprises to hold the floating
population so as to improve the population mobility and create
conditions for the creation of “talent dividends’’.

According to the above empirical results, digital financial
inclusion is an important tool to dredge the green growth path.
The development of digital technology is an important factor to
accelerate China’s economic development and transformation. At
the same time, the combination of Finance and digital technology
can not only improve the positive effect of technological progress
on green growth, but also provide a stronger driving force for
population flow in the green transformation stage of the economy
so as to promote the efficient development of green economy and
accelerate green growth. This study’s conclusion is supported by
Shehzad et al. (2021). In addition, referring to Balsalobre-Lorente
et al. (2021), innovation is an important magic weapon to promote
sustainable economic development, and the digitalization and
inclusion of finance are one of the innovative forms in the
process of transformation and upgrading of China’s traditional
financial industry.

6 CONCLUSION AND POLICY
RECOMMENDATIONS

In order to dredge the green growth path from the front-end and
back-end, based on the panel data of 30 provinces in China from
2011 to 2018, this paper empirically studies the nonlinear
relationship between technological progress (TP) and green
growth (GG) and the nonlinear relationship between green
growth (GG) and floating population (FP). This study
provides new reference evidence for accelerating the

transformation of China’s economy to green growth mode,
which is conducive to solving the pain points in the
implementation of green development strategy and dredge the
path of green growth. The results show that: first, the effect of
technological progress (TP) on green growth (GG) shows a
U-shaped nonlinear relationship with the threshold variable of
digital financial inclusion (DFII); second, green growth (GG) and
floating population (FP) show a U-shaped nonlinear relationship
under the influence of digital financial inclusion (DFII); third, the
output biased technological progress needs more support from
digital financial inclusion than input biased technological
progress then can significantly promote green growth.

Combined with the above research results, this paper provides
the following policy recommendations: first, the state should
promote in-depth cooperation between traditional financial
factors and the internet industry, and jointly develop the
financial long tail market so as to improve the credibility of
internet enterprises and reduce the risk index, as well as to
increase the service efficiency of traditional financial factors.
Moreover, traditional financial factors should make full use of
digital information technology to improve the ability of
information screening, so as to reduce the cost of risk control,
promote the rational allocation of financial resources and guide
the normalization of financing channels in the tail market.
Second, China should emphasize the development of green
digital financial inclusion and guide the flow of funds to the
green technological R&D of enterprises. In particular, more
preference and support should be given for R&D activities
including technologies to reduce pollution emissions. Third, in
the transition period, the potential cost of demographic dividend
of green growth should be paid attention to because green
development will not only produce the temporary decline of
part economic output, but may also lead to the crowding out
effect of floating population. Although in the green transition
period of China’s economy, there may likely be social unrest
accompanied by the elimination of backward industrial models
which increases the friction on the road to green growth, the
inclusive digital finance enhances the financial sector’s ‘bottom-
up” support for the SMEs and the floating population in the
transition period from the technical and inclusive levels, so it plays
the role of lubricant from the front to back end of the road to green
growth. In short, in the green transformation stage of China’s
economy, the state should formulate relevant policies to actively
promote the digitalization and inclusion of finance and make full
use of the role of finance in promoting green growth. Since China’s
financial digitalization reform is still in its infancy, there are bound
to be some stage problems. For example, the digitalization level of
large financial institutions is significantly higher than that of small
and medium-sized financial institutions, so the development of
digital financial inclusion still has a long way to go. The national
policy support for the digital reform of small and medium-sized
financial institutions and the improvement of the innovation
awareness of financial institutions themselves are the important
factors to promote the development of digital financial inclusion.

However, this paper still has the limitation. First, this paper only
studies the Chinese sample, but does not study the international
sample, so future scholars can expand the research samples to other
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countries based on the research framework of this paper. Second,
due to the limitation of data availability, the research interval of this
paper only covers 8 years, so the time series of data can be added in
future research to enhance the effectiveness of the results. Third, due
to China’s vast territory and significant regional heterogeneity in
political, economic, culture and natural resource endowments, this
study can further test regional heterogeneity by dividing data, so as to
promote the regional coordination of China’s green growth.
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