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With the improvement of inclusive financial system, China’s economy has made significant
development and growth. It worth in-depth investigation on environmental impact of
financial inclusion, since growing GDP usually accompanied by more intensive carbon
emission. This paper aims to reveal whether financial inclusion contributes to the carbon
reduction in China using county-level dataset. A fixed-effect panel regression approach is
adopted to examine the impact of financial inclusion on county-level regional carbon
emissions. The estimation results imply that financial inclusion plays an important role in
reducing carbon emissions. The mediation effect analysis reveals two channels through
which financial inclusion imposes negative impact on the level of regional carbon
emissions. One is to elevate the carbon sequestration capacity by increasing
vegetation coverage, and the other is to improve the industrial structure through
enhanced financial support. In addition to being a bridge between economic
opportunity and output, financial inclusion can also act as an effective measure for
addressing climate change.

Keywords: financial inclusion, carbon reduction, industrial structure, carbon emission, carbon sequestration

INTRODUCTION

Global consensus has been reached that the emission of carbon dioxide and other greenhouse gases is
the main cause of climate deterioration and its social and economic consequences. In addition, it can
also cause significant harm to human health (Dong et al., 2021). In December 2015, 196 parties
around the world entered into the “Paris Climate Change Agreement”. The goal of this agreement is
to control the increase in global average temperature below 2°C. To achieve this goal, more effective
policies are needed to control the growing carbon emissions (Cosmas et al., 2019).

This study examines the impact of financial inclusion on carbon emissions. We focus on issues in
China as its carbon dioxide emissions account for a large proportion of the world. Financial inclusion
has played an important role in China’s economic growth. Because of the fact that economic
expansions usually come along with higher level of carbon emission, it is of great significance to study
the impact of financial inclusion on carbon emissions. In addition, our research can shed light on
similar situation that other developing countries may encounter with.

The Paris Climate Change Agreement emphasizes the important role of financial support for
global climate governance. Recent studies support this notion. It is shown that the development of
financial inclusion is an important factor affecting carbon emission of a country or region (Le et al.,
2020). In theory, the development of financial inclusion may affect carbon emissions in opposite
ways. On one hand, financial inclusion can lead to investment in technological innovation by
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FIGURE 1 | Financial inclusion index of Chinese counties in 2016. Data source: IDF, Available at https://en.idf.pku.edu.cn/index.htm.
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broadening financing channels and reducing financing costs,
which resulting in more energy-saving and environment
friendly production (Tamazian et al,, 2009). On the other
hand, financial inclusion promotes economic growth, which
further increases the demand for energy. An increase in energy
demand usually means an increase in carbon emission
(Sadorsky, 2010). The existing literatures have not yet
reached a consistent conclusion about the impact of
financial inclusion on carbon emissions, which is important
and requires further research. At the same time, a considerate
financial policy needs to be formulated by a country to achieve
climate goals.

Comparing to alternative measures, improving the capacity of
ecosystems to absorb carbon seems to be an appealing solution.
However, either restoring land or afforestation require notable
investments in labor, capital and other resources. The reality is
that it is notoriously difficult to make the necessary investments
in rural China. Another feasible approach, low carbon transition
of industrial production, also requires considerable investment.
Under such a background, financial inclusion can be adopted as
an additional financing channel aiming at incentivizing low-
carbon activities. Therefore, in combination with China’s
institutional environment, it is of great significance to
thoroughly examine the impact of financial inclusion on
carbon emissions.

Figures 1, 2 depict the development of financial inclusion and
carbon emissions of Chinese counties in 2016, respectively. The
two indicators shown are highly heterogeneous in geographical
distribution. No obvious correlation or causality relationships are
observed. The investigation of the relationship between financial
inclusion and carbon emissions relies on in-depth empirical
analysis.

In recent years, China has been vigorously promoting the
implementation of inclusive finance, which has greatly promoted
economic development, especially in remote districts and
counties. The continued involvement of businesses will be vital
for unlocking opportunities to expand financial inclusion (World
Bank, 2018). However, we should also pay attention to
environmental quality while pursuing economic development.
Dasgupta et al. (2001) noted that the capital market in developing
countries may provide appropriate financial and reputation
incentives for corporate pollution control, which may be an
effective way of environmental governance. Thus, the research
aims to explore the relationship between inclusive financial
development and carbon emissions.

This paper evaluates the impact of the development of
financial inclusion on carbon emissions based on panel data at
county level. By providing more convenient and affordable access
to finance, financial inclusion is able to elevate the efficiency and
breadth of financial services. We adopt panel regression and
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FIGURE 2 | Carbon emissions of Chinese counties in 2016 (Million tons). Data source: Chen et al. (2020).
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mediation effect model and discover the carbon reduction effect
of financial inclusion. Our findings are contrary to the relevant
studies, such as Le et al. (2020) and Zaidi et al. (2021). They
provide evidence that the development of financial inclusion is
positively correlated with carbon emissions based on panel data
from multiple countries. Compared with these studies, this paper
suffers less from aggregation bias because of the county-level
dataset, which is gathered from the basic administrative unit in
China.

The marginal contributions of this paper to the literature
are as follows: First, to the best of our knowledge, this paper is
the first attempt to study the carbon reduction effect of
financial inclusion in China at the county level. We use a
dataset of greater data granularity compared to existing
researches, which makes it possible to excavate deeper into
the relationship between financial inclusion and carbon
emission. Second, mediation effect model is introduced to
unravel the mechanisms that how financial inclusion
contributes to regional carbon reduction. The results help
us to better understand why and how financial inclusion
changes emission. Third, we decompose the financial
inclusion index into three different dimensions, including
the breadth of coverage, depth of use, and degree of
digitization. By doing so, different aspects of financial
inclusion development are taken into account. Thus, the
impact of financial inclusion on carbon emission can be

discussed more thoroughly. The empirical results shed light
on the formation of China’s climate change policies.

The rest of this paper proceeds as follows. Second 2 is literature
review. Second 3 presents the baseline model setting,
methodologies, and variable selection. Second 4 discusses the
empirical results and the mechanisms. Second 5 draws the
conclusion and puts forward policy implications.

LITERATURE REVIEW

Since greenhouse gas emissions have triggered global climate
problems, the academic community has conducted a great deal of
research on the factors that influence carbon emissions. Existing
literature shows that plenty factors significantly affect carbon
emissions, such as urbanization, population size, income, energy
consumption, GDP, financial development, and so on.

Wang W.-Z. et al. (2021) believe urbanization will affect
carbon emissions through three paths that affect economic
growth, energy efficiency, and consumption structure.
Urbanization in OECD countries is conducive to reducing
carbon dioxide emissions. Shafiei and Salim (2014) document
that the impact of urbanization on carbon dioxide emissions is
non-linear. When the level of urbanization in a country is low, it
is usually accompanied by more serious environmental pollution;
when the level of urbanization reaches a certain level, the degree
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of environmental pollution will decrease. Farhani (2015)
examined the relationship between renewable energy
consumption, economic growth and carbon dioxide emissions
in 12 countries in Africa from 1975 to 2008. They find that
renewable energy consumption played an important role in
reducing carbon dioxide emissions. Li and Yuan (2014) argue
that population size, income level and technological progress are
the essential causes of the increase in global carbon emissions and
climate warming. Saidi and Mbarek (2017) use a dataset from
emerging market economies and find that financial development,
income levels, trade openness, and urbanization are all driving
factors of carbon dioxide emissions. Research from Malik et al.
(2020) implies negative correlation between oil prices and carbon
emissions. Rising oil prices reduce carbon emissions, and rising
oil prices aggravate carbon emissions.

Except for the aforementioned factors, scholars also find that
structural and technological factors could impose significant impact
on carbon emission. Wang B. et al. (2021) point out that the
allocation of industrial resources is the key factor affecting
regional carbon emissions. Improving the efficiency of industrial
resource allocation can significantly reduce carbon emissions. Khan
and Yahong. (2021) believe that income inequality and population
density play important role in changing the level of carbon
emissions. Erdogan et al. (2020) have studied the impact of
innovation on sectoral carbon emissions based on data from 14
states of the G20 from 1991 to 2017. They find that innovation
reduces carbon emissions in the industrial sector. However,
innovation has no significant impact on carbon emissions in
transportation, energy and other sectors.

Regarding the impact of financial development on carbon
emissions, academic researchers have different views. On one
hand, scholars have documented empirical evidence implying
financial development leads to more carbon emissions. Sadorsky
(2010) notes that financial development can make it easier for
consumers to obtain credit, thereby stimulating consumers to
purchase energy-consuming products such as cars, and
increasing carbon emissions. Zhang (2011) adopts co-
integration examination, Granger causality test, and variance
decomposition methods to explore the impact of financial
development on carbon emissions. The study suggests that
China’s financial development is an important driving force
for the increase in carbon emissions. And the size of financial
intermediaries has the greatest impact on carbon emissions
among other factors. Mahalik et al. (2016) believes that
financial development makes it easier for companies to
finance, and the expansion of production scale promotes
carbon emissions.

On the other hand, there are also scholars argue that financial
development can reduce carbon emissions. Tamazian et al. (2009)
believe that financial development will increase R&D investment
and improve resource utilization efficiency, resulting in reduced
carbon emissions. Tamazian and Rao (2010) point out that there
are certain prerequisites for financial development to improve
environmental quality. Only under a well-functioning
institutional framework can financial development help
reducing carbon dioxide emissions, otherwise, it will lead to
environmental degradation. Jalil and Feridun. (2011) use the

Financial Inclusion and Carbon Reduction

autoregressive distributed lag (ARDL) method to examine the
relationship between financial development and environmental
pollution, and found that the coefficient of financial development
was significantly negative, indicating that financial development
reduced carbon emissions. Brunnschweiler (2010) uses panel data
from 119 non-economic cooperation organizations from 1980 to
2006 and found that financial intermediaries represented by
commercial banks can effectively increase the production of
renewable energy, thereby reducing carbon emissions from
traditional energy consumption.

The reason for the diametrically opposite conclusions,
Nasreen and Anwar (2015) speculate, is that countries or
regions are in different stages of economic development. In
high-income countries or regions, financial development can
help reducing carbon emissions, and in low- and middle-
income countries or regions, financial development increases
carbon emissions.

Previous literature has explored the impact of financial
development on carbon emission (e.g., Brunnschweiler,2010).
Our contribution to this growing literature is to focus on data
with finer granularity and more dimentions, and to draw more
explicit policy recommendations.

For the most relevant studies, Le et al. (2020) and Zaidi et al.
(2021), positive correlation between the development of financial
inclusion and carbon emissions has been observed. Using cross
country panel data, these two studies argue that the improvement
in financial inclusion leads to more intensive carbon emission.
Compared with these studies, we construct a county-level dataset
trying to minify the aggregation bias comes from the country-
level macro data. And, the county-level dataset enables us to
identify the mechanism and to perform in-depth analysis. In
addition, we deeply analyze the impact of financial inclusion on
carbon emission by decomposing the financial inclusion index
into three different dimensions, including the breadth of
coverage, depth of use, and degree of digitization.

METHODOLOGY AND DATA

Panel Regression Model

In terms of research methods, panel regression with time and
individual fixed effect is introduced to estimate the impact of
financial inclusion on carbon emission, which is consistent with
the previous literatures. And the finer data granularity makes our
estimates suffer much less from the aggregation bias. The baseline
econometric model is as follow:

Emission;, = a + Fin — inclusion;, + yXy + p, + 1, + & (1)

where, i and t denote county and year respectively. Emission;
represents the carbon dioxide emissions of county i in year t Fin —
inclusion; is the index of financial inclusion development for a
specific county in a given year. X;; is a vector of control variables,
including the total output of firms (Output), the population of
given county (Population), the area of county-level
administrative unit (Area) and fixed asset investment (Invest).
Y, and 7, represent time and individual fixed effect. ¢; is the
error term.
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FIGURE 3 | lllustration of mediation effect model.

Mediation Effect Model

This study evaluates the direct and indirect effects of financial
inclusion on carbon emissions by estimating the mediation effect
model. Figure 3 illustrates that the independent variable X can
influence the dependent variable Y indirectly, through a mediator
M. When there is no mediating effect, based on the coefficient
estimation of independent variable X we can interpret the direct
effect (c) of X on Y. And this is the only effect exists. When there
is a mediator, the indirect effect (a-b) of X on Y through M (the
mediator) should be considered, along with the direct effect (d).
The mediation effect model is estimated using two-stage
regression method.

Both carbon absorption and carbon dioxide production as
channels through which financial inclusion could impose
influence on carbon emission. Carbon sequestration of
vegetation cover is the most important means of carbon
absorption. And the industrial structure, industrial production
value as a percent of gross regional product, determines the
carbon intensity of regional production activities and decides
carbon dioxide production. These two variables are good proxies
for carbon absorbing and releasing. So, they are introduced as the
mediators in our mechanism analysis.

1) In order to test the mediating effect of carbon sequestration,
we adopt the following regression model:

Sequestration,, = & + {Fin — inclusion; + Xy + y, + 1, + & (2)
Emission;, = & + fFin — inclusion;, + gSequestration,, + yX; + y,
+ I’Ii + &

3)

2) In order to test the mediating effect of industrial structure, we
adopt the following regression model:

Industry; = &+ (Fin — inclusion; + Xy + pt, + 1, + & (4)
Emission;, = « + BFin — inclusion;, + 0Industry, + yXi + 4, + 1;
+ &ir

®)

Financial Inclusion and Carbon Reduction

By constructing these models, this study first examines the
direct impact of financial inclusion on carbon reduction, and then
we focus on the dual-channel chain carbon emission reduction
effect of inclusive finance. The research framework of this study is
shown in Figure 4.

Data Description

We chose the largest possible time span. The financial inclusion
index data is available from 2014 to 2020, and the county-level
carbon emissions data is available from 1997 to 2016. Therefore,
after merging the two databases, this paper uses environmental
and economic data for the counties in China over the period of
2014-2016 for the empirical analysis. The data sources involved
in the study are as follows: 1) Financial Inclusion Index is publicly
available from the Institute of Digital Finance, Peking University
(IDF)'. 2) Carbon emission and sequestration data for Chinese
counties comes from Chen et al. (2020). 3) Control variables are
gathered from “China Statistical Yearbook (County-Level)"
published by National Bureau of Statistics of China. Table 1
reports the variable description and our data sources.

EMPIRICAL RESULTS

Descriptive Statistics

After converting the dataset into a balanced panel, we have
obtained 5,105 county-year observations. Descriptive statistics
are reported in Table 2. The mean value of the financial inclusion
index is 0.684, and the standard deviation is 0.212, indicating that
there are significant differences in the development level of
financial inclusion. The maximum of carbon emission is 25.71
and the average is 3.039, implying significant heterogeneity
among regions.

Variable Correlation

Pearson test is performed to examine the correlation between
variables. The results are shown in Table 3. The correlation
coefficients are presented along with significance levels. If the
absolute value of correlation above 0.8, it implies possible
colinearity between the two variables. The correlation analysis
of variables shows that the variables involved in the table do not
have the problem of colinearity, indicating that the selection of
variables is feasible.

Hausman Test

This study uses Hausman test to determine whether a fixed-
effects model or a random-effects model should be adopted. The
null hypothesis is that individual effects are not related to other
independent variables. If the estimator obtained by OLS
regression for the fixed-effect model is a consistent and
efficient estimator of the true parameter, there will be no
systematic difference between this estimator and a comparison
estimator. The comparison estimator here refers to the estimator
obtained by GLS regression for a random-effect model. If the null

"The official website for IDF is: https://en.idf.pku.edu.cn/index.htm.
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Industrial structure

TABLE 1 | Variable description and data source.

Variable name

Variable description

Data source

Emission Carbon dioxide emissions (Million tons) Chen et al. (2020)

Fin-inclusion Digital financial inclusion index IDF

Sequestration Carbon sequestration due to vegetation cover (Million tons) Chen et al. (2020)

Industry Industrial production value as a percent of gross regional product (%) National Bureau of Statistics of China
Output Total output of industrial enterprises above designated size (ten thousand yuan) National Bureau of Statistics of China
Population The total number of households at the end of the year National Bureau of Statistics of China
Area The area of county-level administrative unit (100,000 square kilometers) National Bureau of Statistics of China
Invest Fixed asset investment (billion yuan) National Bureau of Statistics of China

TABLE 2 | Descriptive statistics.

Variable N Mean Sd Min p50 Max
Emission 5105 3.039 2.831 0.0628 2.255 25.71
Fin-inclusion 5105 0.684 0.212 0.102 0.709 1.318
Industry 5105 0.437 0.142 0.017 0.443 0.887
Sequestration 5105 4.901 3.561 0.795 3.925 14.00
Output 5105 13.92 1.602 2.944 14.12 18.24
Population 5105 3.693 0.756 0.000 3.738 5.505
Area 5105 0.036 0.089 0.001 0.020 2.023
Invest 5105 15.16 14.23 0.194 11.32 133.4

hypothesis is not true, the parameter estimates of the fixed-effect
model are still consistent, while that of the random-effect model
are not. Hausman test provides a statistical test quantity based on
the difference of the parameter estimates of the two. Table 4
reports the Hausman test results. The p-value for the Chi-Sq

statistic is 0.00. So, the null hypothesis should be rejected,
implying a fixed-effect model should be used.

Panel Regression Results

In order to investigate whether financial inclusion imposes
significant impact on carbon emission, fixed-effect panel
regression approach is adopted based on empirical model (1).
Table 5 shows the estimates and statistics. The control variables
are gradually added in columns (1) to (5). The coefficients of
financial inclusion are all significantly negative and significant at
the level of 1%, which indicates that the development of digital
financial inclusion can effectively reduce carbon dioxide
emissions. Aluko and Obalade (2020) have already pointed out
that due to the low level of financial development of sub-Saharan
Africa, the carbon dioxide emissions keep rising along with the
booming energy consumption. Our findings are consistent with
evidence provide by this study. It can be seen that the

TABLE 3 | Correlation coefficients.

Emission Fin-inclusion Sequestration
Emission 1 - -
Fin-inclusion 0.226™* 1 —
Sequestration —0.174*> -0.106"** 1
Industry 0.310"** 0.121* —0.230"*
Output 0.544*** 0.267* -0.302"**
Population 0.346"** 0.0100 -0.178"*
Area 0.043*** —0.00700 0.427**
Invest 0.669*** 0.350" —0.199"*

Industry Output Population Area Invest
0.606™* 1 — — —
0.090"* 0.608*** 1 — —
—0.046™* -0.163"** -0.270"* 1 —
0.369** 0.687*** 0.505"** —0.087*** 1

Note: * **, *** indicate significance at 10, 5, and 1% level, and the t-values are in parentheses.
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TABLE 4 | Hausman test results.

Variables (1) 2
Random Effect Fixed Effect
Emission Emission
Fin-inclusion —0.2839"** —0.2556™*
(-19.29) (-19.67)
Output 0.0527*** 0.0164**
6.13) (2.13)
Population 0.6522*** -0.0092
(12.52) (-0.14)
Area 2.7634* 3.1667*
(4.62) (1.87)
Invest 0.0090*** 0.0039"**
(10.13) (4.87)
Constant -0.0510 2.8476"*
(-0.23) (10.86)
Observations 5,105 5,105
R-squared - 0.111
No. of Counties 1,844 1,844
Statistic for Hausman test Chi-Sq p-value
Value 1563.95 0.00

Note: ***p < 0.01, *p < 0.05, *p < 0.1 and t-statistics in parentheses. Column (1) and (2)
report estimations from random-effect and fixed-effect panel regression respectively.

Financial Inclusion and Carbon Reduction

TABLE 6 | Mediation effect estimation results: Carbon sequestration as mediator.

o I
Variables Sequestration Emission
Fin-inclusion 0.0967*** —0.2536"**
(8.51) (-17.30)
Sequestration — -0.0213**
— (-2.53)
Output -0.0177 0.0161*
(-1.04) (1.82)
Population -0.1068 -0.0115
(-1.23) (-0.23)
Area -6.8111 3.0116*
(-1.14) (1.67)
Invest -0.0052*** 0.0038***
(-3.38) (2.71)
Constant 5.7988*** 2.9711%*
(14.04) (12.77)
Observations 5,105 5,105
R-squared 0.009 0.112
No. of Counties 1,844 1,844

Note: *, **, *** indiicate significant at the levels of 10, 5, and 1%, and the t-values are in
parentheses. The dependent variables for regressions (1) and (2) are carbon
sequestration and carbon emission, respectively.

TABLE 5 | Fixed-effect panel regression results.

Variables (1) 2
Emission Emission
Fin-inclusion -0.2323"** -0.2336"*
(-19.37) (-19.44)
Output — 0.0257*
- (2.56)
Population — —
Area — —
Invest — —
Constant 3.1981** 2.8407**
(389.97) (20.37)
Observations 5,105 5,105
R-squared 0.100 0.108

No. of Counties 1,844 1,844

) (4) (5)
Emission Emission Emission
-0.2336™* —0.2332"* —0.2556"**
(-19.42) (-19.42) (-17.38)
0.0257** 0.0248** 0.0164*
(2.56) (2.51) (1.85)
0.0013 -0.0021 -0.0092
(0.03) (-0.04) (-0.18)
— 2.9651* 3.1567*
— (1.69) (1.77)
— — 0.0039***
— — (2.77)
2.8358*** 2.7548* 2.8476"*
(12.76) (11.82) (12.42)
5,105 5,105 5,105
0.103 0.104 0.111
1,844 1,844 1,844

Note: *, *, *** indicate significant at the levels of 10, 5, and 1%, and the t-values are in parentheses. The dependent variable for regressions (1)—(5) is carbon emission at county-level.

development of financial inclusion plays an important role in the
process of carbon emission reduction.

The signs of the coefficients estimation of control variables are
in line with expectations. In column (5), the coefficient of the
county-level output value of industrial enterprises (Output)
above designated size is significantly positive at the 10% level,
indicating that the increase in regional output brings more carbon
emissions. The coefficient of population is negative but not
significant, which implies the scale of population is not
necessarily a driving force of carbon reduction. Nevertheless,
the area of counties (Area) is positively correlated with carbon
emission, with a significance level of 10%. The coefficient of
investment in fixed assets (Invest) is also significantly positive at

the 1% level. Investment in fixed assets leads to a considerable
increase in carbon emissions.

Mechanisms

Carbon Sequestration

We examine the mediation effects using a two-stage regression
approach according to model (2)-(3). Estimation results are
presented in Table 6. The estimated coefficient of digital
financial inclusion in column (1) is 0.9675, which is significant
at the 1% level, suggesting that the development of financial
inclusion has significantly increased the amount of carbon
sequestration from vegetation cover. The estimated coefficient
of carbon sequestration in column (2) is significant negative,
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TABLE 7 | Mediation effect estimation results: Industrial structure as mediator.

Variables (1) 2
Industry Emission
Fin-inclusion —0.0866"** —0.2009***
(0.034) (0.167)
Industry — 0.6326™**
— (0.090)
Output 0.0257*** 0.0002
(0.007) (0.007)
Population 0.0017 -0.0103
(0.014) (0.053)
Area 0.9312 2.5676
(0.880) (1.976)
Invest 0.0010*** 0.0032**
(0.000) (0.001)
Constant 0.0834 2.7949**
©.111) (0.229)
Observations 5,105 5,105
R-squared 0.335 0.123
No. of Counties 1,844 1,844

Note: *, **, ** indiicate significant at the levels of 10, 5, and 1%, and the t-values are in
parentheses. The dependent variables for regressions (1) and (2) are industry and carbon
emission, respectively.

which indicates that financial inclusion can reduce carbon
dioxide emissions by elevating the carbon sequestration from
vegetation cover.

Financing constraints (such as limited financing channels and
insufficient bank credit) have been identified as one of the biggest
obstacles to the development of clean energy (Baulch et al., 2018).
At the corporate level, the development of financial inclusion
helps mitigating the financing constraints. Through such a
channel, financial inclusion provides the companies
opportunities to invest more in the research and development
activities for energy-saving and environmentally friendly
production technologies. Inclusive finance also makes clean
energy more affordable for the consumers, which could arouse
the motivation of households to choose more sustainable energy
sources other than fossil fuels (IPA, 2017; Le et al., 2020).
Substantial progress has been made in this regard in China’s
land degraded areas, especially desert areas (Zhang et al., 2021).
As an important terrestrial ecosystem, forests play a significant
role in absorbing carbon emission and mitigating climate change.
The development of financial inclusion can help increase
vegetation coverage and improving carbon sequestration
capacity.

Industrial Structure

In China, the concentration of carbon intensity industries is high.
Compared to agriculture and service sector, the industrial
production sector contributes much larger proportion of total
carbon emission. In the wave of financial liberalization, digital
financial inclusion, by providing diversified and professional
wealth management, has effectively supplemented the insufficient
and traditional financial system. It also improves the allocation
efficiency of capital and labor. That’s because inclusive finance can
create new investment opportunities and jobs by loosing the
financial constraints of startups and small firms.

Financial Inclusion and Carbon Reduction

We use the variable of industrial structure as a mediator for
another mediation effect model estimation. The model (4)-(5) is
estimated, and the regression results are reported in Table 7.
From column (1) of Table 7, we find that financial inclusion
reduces the proportion of industrial output, which is positively
correlated with carbon emissions. And column (2) shows that the
financial inclusion impacts the level of emission through the
channel of industrial structure variation. The literature
documents that changes in the industrial structure can be
driven by changes in consumer demand (Kongsamut et al,
2001) or the wunbalanced development of technological
progress in different sectors on the supply side (Acemoglu and
Guerrieri, 2008). As a matter of fact, financial inclusion is able to
affect both demand and supply side of the economy. That’s the
reason why industrial structure can act as an effective mediator.
Our results consistent with Mao. (2013), who argues that China’s
development of a low-carbon economy relies heavily on financial
technology innovation and industrial structure optimization.

Heterogeneity

Geographic Heterogeneity

Significant heterogeneity exists in Chinese economy. According
to the level of economic development in different regions, we
divide the sample data into three groups, including eastern,
central, and western region. Table 8 reports the impact of
financial inclusion on carbon emissions in these three regions.
Columns (1) to (3) contain coefficients estimates for the three
regions respectively. The coefficients of financial inclusion in all
columns imply that financial inclusion imposes significant
inhibitory effect on carbon emissions across three regions. By
comparing the absolute value of coefficients, we find that the
carbon reduction effect of financial inclusion is strongest in the
eastern region and weakest in the western region. The possible
explanation is that the eastern region possesses the most

TABLE 8 | Regional effects of financial inclusion on carbon emissions.

Variables (1) (2 )
Eastern region Central region Western region
Emission Emission Emission
Fin-inclusion -0.2783"** -0.2465" —0.2201***
(0.285) (0.195) (0.413)
Output 0.0078 0.0311 0.0032
(0.013) (0.021) (0.011)
Population 0.0785* -0.2691 —0.2648
(0.047) 0.176) (0.202)
Area 27.8657 2.5721 3.5261
(29.379) (2.309) (2.658)
Invest 0.0069*** -0.0027 0.0057
(0.001) (0.002) (0.007)
Constant 3.56385"* 3.5099"** 2.8348"*
(0.548) (0.707) (0.697)
Observations 1,423 2,157 1,525
R-squared 0.113 0.151 0.095
No. of Counties 521 755 568

Note: *, ™, *™* indicate significant at the levels of 10, 5, and 1%, and the t-values are in
parentheses. The dependent variables for regressions (1)-(3) are carbon emission in
eastern, central and western region of China, respectively.
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TABLE 9 | Carbon reduction effect of sub-indicators on carbon emissions.

Variables (1) (2 ()
Emission Emission Emission
Coverage_breadth -0.2146™* - -
(0.013) — —
Usage_depth — -0.2724*** —
— (0.015) —
Digitization_level — — -0.1562***
— — (0.013)
Output 0.0172* 0.0171* 0.0192**
(0.009) (0.009) (0.008)
Population -0.0100 -0.0108 -0.0342
(0.050) (0.052) (0.061)
Area 3.2009* 2.6785 3.8145*
(1.816) (1.818) (1.709)
Invest 0.0029** 0.0040*** 0.0023
(0.001) (0.001) (0.001)
Constant 2.8281*** 2.8820"** 2.8163**
(0.228) (0.236) (0.260)
Observations 5,105 5,105 5,105
R-squared 0.102 0.108 0.059
No. of Counties 1,844 1,844 1,844

Note: *, **, *** indlicate significant at the levels of 10, 5, and 1%, and the t-values are in
parentheses. The independent variables for regressions (1)-(3) are three sub-indicators
of financial inclusion index.

developed financial system, which provides ideal infrastructure
for the implementation of financial inclusion.

Decomposition of Financial Inclusion Index

Financial inclusion index is a composition of three sub-
indicators: breadth of coverage, depth of use, and degree of
digitization. The breadth of coverage reflects the coverage of
inclusive finance services. The depth of use reflects the
penetration of inclusive finance services in the financial field.
And the degree of digitization reflects the degree that inclusive
finance services are digitized. This study uses sub-indicators of
the financial inclusion index to further examine the impact of
various dimensions of financial inclusion on carbon emissions.
Table 9 reports the regression results. Columns (1) to (3)
investigate how the coverage, depth of use, and degree of
digitization of financial inclusion would change regional
carbon emission. The results show highly significant carbon
reduction effect of all three sub-indicators, suggesting
improvement in any of these three aspects could help reducing
regional carbon emission.

CONCLUSIONS AND POLICY
IMPLICATIONS

This paper uses balanced panel data from 1,844 counties in China
from 2014 to 2016 to investigate the relationship between the
development of digital financial inclusion and carbon emissions.
The study suggests that the development of digital financial
inclusion can help reduce carbon dioxide emissions. The
analysis of the mediation effect shows that digital financial
inclusion mainly reduces carbon emissions by increasing the

Financial Inclusion and Carbon Reduction

amount of carbon sequestration by vegetation cover and
optimizing the industrial structure.

In China, the rural communities are commonly financially
constrained. A large portion of them rely on agriculture.
Afforestation and restoration activities may hamper their income
growth and the way of living. As Wild et al. (2021) once pointed out
that it is feasible to incentivize ecosystem management or restoration
activities by introducing inclusive finance. Financial inclusion could
provide the rural communities alternative working opportunities
and financial support. It enables rural households to address the
problems caused by restoration and afforestation, and even helps
them to achieve more prosperous economic outcome.

The development of financial inclusion could improve
industrial structure, which leads to lower level of carbon
emission. Government should pay serious attention to the
implementation of inclusive finance under the strategic goal of
carbon neutrality. On one hand, it is necessary to strengthen the
support of application financial inclusion for low-carbon
industries and encourage the continuous flow of capital to
finance the green industries. On the other hand, financial
inclusion could smooth the adjustment path of economic
industrial structure. Financial inclusion creates jobs and
investment opportunities in agriculture and service industry,
which help absorbing the unemployment caused by the exit of
firms with high emission intensity.

Given the conclusions drawn above, we argue that the policy
authorities and local institutions should fully promote the
implementation of inclusive financial policy and give
priority to providing financial support for low-carbon
development. Further, we also stress that the construction
of inclusive financial system in western regions should be
strengthened. These revised policies may further assist
country to improve environmental quality and meet its
climate change targets. Limited by the availability of data,
this paper only studies the impact of financial inclusion on
carbon emissions. The future studies may aim to focus on the
analysis of inclusive finance and environmental protection
investment, energy consumption and green innovation to
draw more explicit policy recommendations.
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