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Abstract

Green fiscal policy is crucial for achieving green economic recovery and improv-
ing green total factor productivity (GTFP). Based on this, using panel data from 30
regions in China from 2009 to 2020, this paper analyzes the impact of green fiscal
policy on GTFP. The results show that: (1) Green fiscal policy can improve GTFP,
thus achieving green economic recovery. After a series of robustness tests, the con-
clusion is still valid; (2) Green fiscal policy can have a stronger improvement effect
on GTFP in regions with high levels of both public environmental concerns and eco-
nomic development; (3) Green fiscal policy mainly improves GTFP by promoting
green technology innovation and upgrading industrial structure. These findings not
only enrich the literature on green fiscal policy and green recovery but also serve as
a reference for governmental departments. The government should promote green
technology innovation through green fiscal policy and raise public environmental
concerns to help achieve green economic recovery.
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1 Introduction

Climate change and environmental degradation caused by rapid economic devel-
opment are important global issues and have posed a serious threat to the sur-
vival and development of human society (Muhammad 2019). These ecological
and environmental issues have gradually become an imminent challenge for
countries around the world (Hao et al. 2018; Chiu and Lee 2020). In order to
address global warming and environmental pollution, countries around the world
have begun to pay attention to green economic recovery and have announced eco-
nomic recovery plans. As an important standard for measuring a given country’s
environmental performance and sustainable economic development, green total
factor productivity is of great significance for achieving green economic recov-
ery (Qiu et al. 2021; Lee et al. 2022). As the world’s largest carbon emitter and
energy consumer, China has also encountered serious environmental and energy
problems during its rapid economic development (Jiang 2015). To address these
issues, China has implemented a series of green fiscal policies and made some
contributions to addressing environmental pollution and climate change. There-
fore, improving green total factor productivity plays a key role in achieving green
economic recovery.

Green technology innovation and the upgrading of industrial structure are
important ways to achieve green economic recovery (Su and Fan 2022; Chen
et al. 2023). In the past, different industries’ green research and development
as well as resource allocation have been affected by environmental regulations,
lack of funds, and other reasons, which cannot effectively promote technologi-
cal innovation and the upgrading of industrial structure. However, green fiscal
policy provides financial support for green innovation activities and industrial
transformation, thus improving green innovation capability and upgrading indus-
trial structure. On the other hand, green technology innovation and industrial
upgrading play a key role in improving green total factor productivity, helping to
achieve green economy and sustainable development. Green fiscal policy effec-
tively connects supply and demand in green innovation activities through tools
such as green finance and credit, thereby promoting the effective allocation of
green research and development funds while ultimately achieving green technol-
ogy innovation and the upgrading of industrial structure. Therefore, green fis-
cal policy plays a crucial role in environmental governance and green economic
recovery.

Prior research mainly examines how to achieve green economic recovery from
the perspectives of green finance, natural resource utilization efficiency, and car-
bon reduction. This paper analyzes the impact of green fiscal policy on green
total factor productivity and its transmission mechanism, which is a supplement
to the literature on green economic recovery. This paper focuses on answering the
following questions: Can green fiscal policy improve green total factor productiv-
ity and achieve green economic recovery? What is the mechanism required to
achieve this goal? Are the effects of green fiscal policy impacted by other factors?
Firstly, this paper theoretically analyzes the impact mechanism of green fiscal
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policy on green total factor productivity, such as green technology innovation and
industrial structure upgrading. Secondly, considering the regional differences in
terms of the effectiveness of policy implementation, such as economic develop-
ment level and public environmental concern, this paper specifically analyzes the
heterogeneous impact of different factors. Finally, based on theoretical analysis,
we empirically test the impact mechanism of green fiscal policy on green total
factor productivity. This paper studies the impact of green fiscal policy on green
total factor productivity while providing theoretical explanations and empirical
tests aimed at improving green total factor productivity via green fiscal policy.

The marginal contributions of this paper are as follows: First, the literature
mainly discusses how to promote green economic recovery from the perspective of
green finance, natural resource utilization efficiency, and carbon reduction but, as we
know, there is no research on how green fiscal policy can improve green total factor
productivity. This paper expands the scope and depth of research in the field of green
fiscal policy and green economic recovery, and is a useful supplement to the litera-
ture. Secondly, this paper analyzes differences in the impact of green fiscal policy on
green total factor productivity from the perspectives of regional economic develop-
ment level and public environmental concern. Therefore, the environmental and eco-
nomic effects of green fiscal policy can be assessed more accurately. Thirdly, from
the perspective of green technology innovation and industrial structure, we explain
the internal mechanism of green fiscal policy in terms of improving green total fac-
tor productivity while exploring how green fiscal policy promotes green technology
innovation and the upgrading of industrial structure, thus affecting green total factor
productivity. This study helps clarify the mechanisms through which green fiscal
policy affects green total factor productivity and expands the theoretical basis for
promoting green total factor productivity by green fiscal policy, thereby providing
theoretical explanations and empirical tests for China’s green economic recovery.

The findings of this paper are as follows: (1) Green fiscal policy improves GTFP,
thus achieving green economic recovery. After a series of robustness tests, the con-
clusion is still valid. (2) Green fiscal policy can have a stronger improvement effect
on GTFP in regions with high public environmental concern and economic devel-
opment levels, respectively. (3) Green fiscal policy mainly improves GTFP by pro-
moting green technology innovation and upgrading industrial structure. Based on
the above conclusions, this paper has the following policy recommendations. First,
government departments should increase investment in environmental governance
and ecological protection through green fiscal policy, especially in underdeveloped
regions. Second, the government should increase financial support for green tech-
nology research and development through green fiscal policy to achieve its low-
carbon emissions, energy conservation and environmental protection goals. Finally,
the government should try to deepen the public attention to the green ecological
environment and involve the public in environmental protection and green recovery.

The remainder of this paper is structured as follows. Section 2 is a literature
review. Section 3 presents the theoretical hypotheses. Section 4 presents the meth-
odology and data. Section 5 analyzes the regression results. The last part are the
conclusion and policy recommendations.
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2 Literature review

With the increase in global carbon emissions, environmental degradation and cli-
mate warming are becoming increasingly prominent, therefore achieving a green
economic recovery is crucial for countries around the world (Goenka et al. 2021).
Financial institutions play a key role in supporting green economic recovery
and can provide financing channels for achieving sustainable economic develop-
ment (Chen et al. 2022; Ge and Zhu 2022). The existing research has found that
green finance can help reduce carbon emissions, and this effect is more evident
in emerging countries. Therefore, reducing carbon emissions can help to achieve
green economic recovery (Wan et al. 2022). As a mode of green finance, green
bonds are the main financing channels for energy efficiency improvement pro-
jects, which can promote green economic recovery at an annual rate of 17%. At
the same time, green bonds can also improve energy efficiency and economic
growth by investing in public and private funds (Zhao et al. 2022a). In addi-
tion, green bonds achieve green economic recovery by strengthening enterprises’
internal green innovation and external social reputation (Tan et al. 2022b). The
evidence that green finance and industrial structure upgrading are important for
green economic recovery was also found in Vietnam (Huang 2022). After the
COVID-19 outbreak, energy conservation and emissions reduction play a key
role in promoting green economic recovery. The literature finds that sustainable
development goals can help reduce enterprises’ energy consumption intensity and
carbon emissions, thus achieving green economic recovery (Zhang et al. 2023).
On the other hand, natural resource utilization efficiency promotes green eco-
nomic growth, which also plays a crucial role in green economic recovery (Zhang
and Dilanchiev 2022; Zhao and Rasoulinezhad 2023; Wang et al. 2023a).

As an important channel to promote green economic recovery, the existing litera-
ture does not pay substantial attention to the effect of green fiscal policy. Research
has found that green fiscal policy can help promote economic growth, increase
employment and tax revenue, while reducing carbon emissions in the energy and
construction industries (Scholtens 2001). Some scholars have found that government
subsidies and tax rebates in green fiscal policy have a significant positive effect on
enterprise investment efficiency while the effect of government subsidies is more
obvious (Chang et al. 2020). Some studies have found an inverse U-shaped relation-
ship between government subsidies and renewable energy enterprise market value,
however R&D investment can strengthen the positive effect (Chang et al. 2022). In
addition, studies have found that green fiscal policy exhibits higher wealth distribu-
tion effects (Monasterolo and Raberto 2018). Innovation is a strategy for achiev-
ing economic recovery and gaining market share. Tax reduction policy can alleviate
enterprise financing constraints, increase innovation investment, and promote inno-
vation activities (Zhang 2021). Some studies have found that government expendi-
ture increases carbon emissions based on evidence from BRICS while tax revenues
reduce carbon emissions (Li et al. 2023).

As an important means to address climate change and environmental degrada-
tion, green technology innovation plays a key role in improving green total factor
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productivity (Chen et al. 2023). Studies have also found that green innovation has
the effect of promoting green total factor productivity while its impact on non-
resource-based cities is more obvious (Zhao et al. 2022b). Some scholars have
found that the effect of green innovation on green total factor productivity is het-
erogeneous and dependent on patent type and enterprise characteristics (Wu et al.
2022). At the same time, studies have found that different types of green technol-
ogy innovation have different effects on green total factor productivity (Luo et al.
2022). Renewable energy technology innovation—an important way to promote
renewable energy development—contributes to improving green total factor pro-
ductivity. The improvement effect of hydropower technology innovation, solar
energy technology innovation, geothermal and marine energy technology inno-
vation is more obvious (Wang et al. 2023b). However, some studies have found
that the role of renewable energy technology innovation is significant only when
regional income levels reach a certain level (Yan et al. 2020). Upgrading the
industrial structure means that resource factors flow from capital intensive and
labor intensive industries to technology intensive ones (Feng et al. 2019). These
industries tend to be cleaner and low-carbon, thereby mitigating their impact on
the environment and climate. Upgrading industrial structure has a positive impact
on green economic recovery (Du et al. 2021).

The existing research mainly examines how to achieve green economic recovery
from the perspectives of green finance, natural resource utilization efficiency, and
carbon reduction. Green technology innovation and upgrading industrial structure,
as important ways to address climate change and environmental degradation, have
received a lot of attention from scholars. However, as an important channel for pro-
moting green economic recovery, the existing literature does not pay attention to the
effect of green fiscal policy on green total factor productivity. Does green fiscal pol-
icy have the same effect in different regions? What is the transmission mechanism
required for green fiscal policy to improve green total factor productivity? The lit-
erature does not answer these questions. Therefore, using panel data from 30 regions
in China from 2009 to 2020, this paper explores the impact of green fiscal policy on
green total factor productivity and the reasons behind it.

3 Theoretical hypotheses

Green technology innovation and upgrading industrial structure are key ways to
achieve green economic recovery (Su and Fan 2022; Chen et al. 2023). With the
increase in global carbon emissions and energy consumption, climate and environ-
mental problems are becoming increasingly apparent, and green economic recovery
is crucial (Goenka et al. 2021). However, in the past, given that the influence of
COVID-19 green R&D activities and industrial resource allocation were restricted.
With the implementation of green fiscal policy, this has provided financial support
for green innovation projects and industrial resource allocation (Hu et al. 2023).
Firstly, green fiscal policy can provide R&D funds for technological innovation,
especially for green technology, thereby improving the latter’s innovation capa-
bilities (Wei et al. 2023). On this basis, green technology development can change
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traditional production methods, promote green transformation, and improve green
total factor productivity, thereby achieving green economic recovery (Hasan and Du
2023). Secondly, capital intensive and labor intensive industries often exhibit high
pollution characteristics. Upgrading industrial structure means that resource factors
flow from capital or labor intensive industries to technology intensive ones, thereby
helping to reduce pollution emissions and achieve green economic recovery (Huang
2022). Green fiscal policy provides a powerful method to achieve industrial factor
allocation, which can improve green resource allocation efficiency among industries,
thereby improving green total factor productivity. Therefore, this paper proposes the
first hypothesis.

Hypothesis 1 Green fiscal policy can improve green total factor productivity, thus
achieving green economic recovery.

Through what channels does the green fiscal policy improve green total factor
productivity? The first channel is to promote green technology innovation. Existing
research has found that green technology innovation is a key factor in improving
green total factor productivity and achieving green economic recovery (Hasan and
Du 2023). Green technology innovation mainly affects green total factor produc-
tivity in two ways. On the one hand, green technology innovation can change tra-
ditional production methods, reduce energy consumption and pollution emissions,
contribute to improving environmental quality and achieving green recovery (Xie
et al. 2021). On the other hand, green technology innovation can promote energy
transformation, improve environmental governance using more renewable energy,
and thereby affect green total factor productivity (Yan et al. 2020). Therefore, green
technology innovation plays an important role in promoting total factor productivity.
As a policy to achieve energy conservation, emissions reduction, and environmental
protection, green fiscal policy can provide financial support for enterprises’ green
R&D and innovation activities, thereby accelerating green technology develop-
ment while improving green technology innovation capabilities and achieving green
economic recovery (Hu et al. 2023). For high pollution areas, local governments
will increase green fiscal expenditure and promote technology innovation activities
under the influence of environmental regulations. Ultimately, this will reduce pollu-
tion emissions and energy consumption, improve green total factor productivity, and
achieve green recovery. Therefore, this paper proposes the second hypothesis.

Hypothesis 2 Green fiscal policy improves green total factor productivity by pro-
moting green technology innovation.

Upgrading industrial structure is the second mechanism driving the impact of
green fiscal policy on green total factor productivity. Realizing industries’ rational
flow and allocation of resource factors are key ways to improve green total fac-
tor productivity and achieve green recovery (Xie et al. 2022). The study has found
that, due to the restrictions on factors flow between industries, there is a signifi-
cant resource mismatch phenomenon among industries, resulting in low efficiency
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and insufficient allocation. In fact, green fiscal policy provides a more diversified
approach to industrial upgrading, helping to achieve resources allocation among dif-
ferent industries. Green fiscal policy provides more reliable support for industrial
transformation, accelerates green resources flow among industries, promotes the
development of clean and low-carbon industries, and upgrades industrial structure.
Therefore, green fiscal policy can promote industrial structure upgrading. On this
basis, the development of green and low-carbon industries can reduce fossil fuels
consumption, increase the use of renewable energy, and promote energy transfor-
mation. This will help reduce pollution emissions, improve environmental perfor-
mance, and achieve green economic recovery (Guo and Liu 2022). Therefore, this
paper proposes the third hypothesis.

Hypothesis 3 Green fiscal policy improves green total factor productivity by upgrad-
ing industrial structure.

4 Methodology and data

To test the effect of green fiscal policy on GTFP, the following econometric model
is set:

GTFP; = ay+a,GFIS;, + 0,X;, + p; + 6, + €, e))

where i is the region, ¢ is time, GTFP is green total factor productivity, GFIS is green
fiscal policy, and X represents control variables which are economic development
level (EDL), population density (POD), government intervention (GOI), energy
consumption structure (ECS), and foreign direct investment (FDI).y; and 6, denote
the fixed effects of the region and time, respectively, and ¢;, is a random error term.

Green total factor productivity (GTFP): According to the Tone (2002), this paper
uses the Slacks-Based Measure (SBM) model to calculate GTFP. At the same time,
the GTFP is calculated by the Data Envelopment Analysis (DEA) model, which is
used as part of a robustness test. The desirable output is GDP while the undesir-
able output consists of sulfur dioxide, industrial wastewater and industrial soot emis-
sions. The input includes labor, capital and energy consumption.

Green fiscal policy (GFIS): Given the outbreak of COVID-19, climate and envi-
ronmental problems pose a serious threat to human survival. Improving environ-
mental quality is crucial to achieving green economic recovery. Government invest-
ment in environmental governance can help improve the quality of the environment,
thereby promoting green economic development. Therefore, this paper selects envi-
ronmental governance investment in government fiscal expenditure as the proxy var-
iable for green fiscal policy.

Control variables: Economic development level (EDL): In this paper, GDP
per capita is chosen to represent economic development level. Population density
(POD): This paper chooses the population per unit area to represent population den-
sity. Government intervention (GOI): This paper uses the proportion of government
expenditure in GDP to represent government intervention. Energy consumption
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structure (ECS): This paper selects the proportion of fossil fuel consumption in total
energy consumption to represent the energy consumption structure. Foreign direct
investment (FDI): This paper selects the proportion of FDI in GDP to represent for-
eign direct investment. See Table 1 for descriptions of variables.

This paper selects panel data from 30 regions in China from 2009 to 2020 to
study the impact of green fiscal policy on green total factor productivity. The origi-
nal data are derived from China Statistical Yearbook and China Energy Statistical
Yearbook. Descriptive statistics of major variables are shown in Table 2.

5 Results and discussion
5.1 (1) Benchmark regression

This paper empirically tests the impact of green fiscal policy on green total factor
productivity based on model (1) and the results are shown in Table 3. Column (1)
is the regression result when there are no control variables, and columns (2)—(6) are
the regression results when the control variables are gradually added. The regression
results show that green fiscal policy significantly improves green total factor pro-
ductivity at the level of 1%. Specifically, for each 1% increase in environmental gov-
ernance investment, green total factor productivity will increase by 0.763%. Firstly,
green fiscal policy provides financial support for R&D and innovation activities,
accelerates green technology development for enterprises, and promotes green tech-
nology innovation capability. Green technology innovation can change traditional
production methods, reduce energy consumption and pollution emissions, contribut-
ing to improving environmental quality and the achievement of green recovery (Xie
et al. 2021). Secondly, green fiscal policy provides more reliable support for indus-
trial transformation, accelerates green resources flow between industries, promotes
the development of clean and low-carbon industries, and achieves the upgrading of
industrial structure. The development of green and low-carbon industries can reduce
fossil fuels’ consumption, increase the use of renewable energy, and promote energy
transformation. This will help reduce pollution emissions, improve environmental
performance, and achieve green economic recovery (Guo and Liu 2022).

The regression results of the control variables basically meet expectations. EDL,
POD, ECS and FDI are significantly positive while GOI is significantly negative.
This means that economic development, population density, energy consumption
structure, and foreign direct investment can improve green total factor productivity
while government intervention shows a negative effect.

5.2 (2) Robustness test
Benchmark regression results show that green fiscal policy can improve green total

factor productivity. To further verify the robustness of regression results, this paper
adopts the following methods for robustness tests.
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Table 2 Descriptive statistical

results for the variables Variable Obs Mean Std. Dev Min Max
GTFP 360 1.596 0.287 0.342 6.283
GFIS 360 1.457 0.263 0.147 5.968
EDL 360 6.694 0.472 5316 7.837
POD 360 0.481 0.235 0.128 0.784
GOl 360 0.287 0.206 0.034 0318
ECS 360 0.402 0.150 0.118 0.673
FDI 360 0.467 0.331 0.176 0.625
Table 3 Benchmark regression results
)] (2) 3) “) (&) (6)
GFIS 0933 0.905™ 0.871" 0.832"" 0.794™" 0.763""
(0.109) (0.106) (0.102) (0.098) (0.093) (0.091)
EDL 0.453™ 0.405™" 0.420™" 0.4227" 0.4317"
(0.042) (0.043) (0.041) (0.043) (0.044)
POD 0.301°" 0.306™" 0.271" 0.268™"
(0.040) (0.040) (0.037) (0.036)
Gol —0.374" —0.351"" —0.347"
(0.042) (0.040) (0.039)
ECS 0.315™ 0.302""
(0.034) (0.034)
FDI 0.132""
(0.021)
CONS —1.638"" —2.127" —2.148™" —1.996"" —2.048™" —1.942"
0.275) (0.279) (0.280) (0.295) (0.280) (0.291)
Region FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
N 360 360 360 360 360 360
R? 0.531 0.512 0.515 0.506 0.501 0.524

Standard errors are in parentheses. *, **, and *** denote significance at 10%, 5%, and 1%.

First, this paper uses the SBM model to measure green total factor productivity
in benchmark regression. To further eliminate the impact of measurement method,
this paper uses DEA method to measure green total factor productivity and conducts
regression. Column (1) in Table 4 shows the regression results of replacement of the
green total factor productivity indicator measurement method. There is a significant
positive relationship between green fiscal policy and green total factor productivity
while the regression coefficient of green fiscal policy is 0.704.

Second, regarding adding the time trend of the control variable, the existing
research suggests that taking this method can control the time trend of factors that
affect the explained variable, which will help alleviate regression bias (Angrist and
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Table 4 Robustness test results ) ?) 3)

GFIS 0.704™" 0.854™ 0.748"
(0.085) (0.099) (0.089)

Control variable YES YES YES
Region FE YES YES YES
Year FE YES YES YES
N 360 360 360
R? 0.514 0.533 0.528

Pischke 2009). Therefore, in order to avoid bias in the regression results caused
by missing variables, this paper adds the cross term of control variables and time
trend to the regression model to solve the problem of missing variables caused by
control variables varying over time. In Table 4, column (2) shows the regression
results of adding the control variable time trend term. The results show that there
is still a significant positive relationship between green fiscal policy and green total
factor productivity.

Third, this paper adds control variables. First, carbon emissions trading policy
can affect green total factor productivity. Research has found that carbon emissions
trading policy will affect green total factor productivity, however this impact only
has short-term effects (Li et al. 2022). Secondly, Tian and Feng (2022) have found
that there is a non-linear relationship between different types of environmental regu-
lations and green total factor productivity while market-based and voluntary envi-
ronmental regulations show a negative effect. Therefore, this paper adds carbon
emissions trading policy and environmental regulation variables to test the robust-
ness of benchmark regression results. As is shown in Table 4, column (3), the previ-
ous analysis conclusions are still robust.

5.3 (3) Endogeneity test

Regarding the possible endogeneity problem between green fiscal policy and green
total factor productivity, this paper uses the instrumental variable and two-stage
least square method (2SLS) to solve this problem. First, this paper uses government
environmental preference as an instrumental variable for green fiscal policy. Gov-
ernment environmental preference represents the government’s concern for environ-
mental governance while green fiscal policy is closely related to the government’s
preference for environmental governance. The results are shown in Table 5, columns
(1) and (2). From the first stage of regression results, there is indeed a significant
positive correlation between the endogenous and instrumental variables. The results
of the second stage show that green fiscal policy improves green total factor pro-
ductivity, verifying the robustness of previous regression results. The F value of the
weak instrumental variable test is 39.566 which exceeds the critical value, indicating
that there is no weak instrumental variable. Secondly, this paper chooses air veloc-
ity as an instrumental variable for green fiscal policy. Air velocity is an important
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indicator of regional environmental quality and green fiscal policy is closely related
to regional environmental quality. At the same time, air velocity is exogenous rel-
ative to green total factor productivity. Therefore, the instrumental variable satis-
fies the second condition. The results are shown in Table 5, columns (3) and (4).
The results show that green fiscal policy contributes to improving green total factor
productivity, verifying the robustness of previous regression results. The F value of
the weak instrumental variable test is 41.802 which exceeds the critical value, indi-
cating that there is no weak instrumental variable. Thirdly, this paper adds the first
two instrumental variables to examine the problem of over-identification. From the
regression results of the first and second stage in columns (5) and (6), the conclu-
sions are still robust. The P-value of the over identification test is 0.236, indicating
that there is no over-identification problem.

5.4 (4) Heterogeneity analysis

On the one hand, public environmental concern reduces air pollution by strengthen-
ing government regulation (Yu et al. 2023). On the other hand, they also enhance
investors’ green preferences and environmental responsibilities while expanding
green financing (He and Shi 2023). Therefore, there may be differences in terms of
the impact of green fiscal policy on green total factor productivity in different public
environmental concern regions. This paper uses the Baidu Index to measure public
environmental concern, and searches for environment-related keywords. According
to the mean value of public environmental concerns, the sample is divided into a
high public environmental concern group and a low public environmental concern
group.

The regression results of the heterogeneity analysis based on public environmen-
tal concern are shown in Table 6, columns (1) and (2). Column (1) is the regres-
sion results of high public environmental concern regions while column (2) is the
regression results of low public environmental concern regions. The results show
that the green fiscal policy coefficient in high public environmental concern regions
is significantly positive, consistent with benchmark results. However, for low public

Table 6 Heterogeneity analysis ) @ 3) @)
Public environmental Economic develop-
concern ment level
High Low High Low

GFIS 1314™ 0404 1.794™  0.747
(0.161) (0.389) (0.184) (0.854)

Control variable YES YES YES YES

Region FE YES YES YES YES

Year FE YES YES YES YES

N 180 180 180 180

R’ 0.620 0.486 0.598 0.471

@ Springer



2614 Economic Change and Restructuring (2023) 56:2601-2619

environmental concern regions, the coefficient is not significant. This indicates that
increasing public environmental concern has strengthened the effect of green fiscal
policy.

On the one hand, there are differences in transportation infrastructure develop-
ment between different economic development regions. Existing research has found
that transportation infrastructure can help achieve green and sustainable develop-
ment goals (Tan et al. 2022a). On the other hand, some scholars have found that
green finance significantly improves green total factor productivity and its effect
is more significant in higher economic development regions (Lee and Lee 2022).
The development level of both transportation and green finance depends highly on
regional economic development levels. Therefore, there may be significant differ-
ences in the effects of green fiscal policy on green total factor productivity between
regions with different levels of economic development. This paper divides the sam-
ple into a high economic development group and a low economic development
group based on the mean value of economic development level.

The heterogeneity analysis results of different economic development levels are
shown in Table 6, columns (3) and (4). Column (3) shows the regression results
for regions with higher economic development levels while column (4) shows the
regression results for regions with lower economic development levels. The results
show that the coefficient of green fiscal policy in regions with a high economic
development level is significant at a 1% level with a coefficient of 1.794. The coef-
ficient of green fiscal policy in regions with low economic development levels is not
statistically significant. This means that economic development has strengthened the
effect of green fiscal policy in relation to promoting green total factor productivity.

5.5 (5) Mechanism analysis

Theoretical analysis has expressed that green technology innovation and industrial
structure upgrading are the transmission mechanisms of green fiscal policy’ impact
on green total factor productivity. In order to test these transmission mechanisms,
this paper uses a mediation model for analysis with the following specific settings:

MED,, = B, + p,GFIS;, + cControl, + y; + 6, + €; )

EFI, = 6, + 0,GFIS,, + 0,MED,, + cControl, + yu, + 5, + €, 3)

MED represents mediated variables used for mechanism testing, including green
technology innovation (GTE) and industrial structure upgrading (INU).

This paper uses green patents to measure green technology innovation, and
the results are shown in Table 7, columns (1) and (2). In addition, this paper uses
green invention patents to measure green technology innovation, and the results are
shown in Table 7, columns (3) and (4). In column (1), the regression coefficient of
green fiscal policy to green technology innovation is positive, and significant at a
1% level. Green fiscal policy can provide financial support for clean, energy-saving,
and environmental protection projects and accelerate green technology research and
development, thereby enhancing green technology innovation capability. Displayed
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el vt O e @
GTE GTFP GTE GTFP
GFIS 25017 0.640™  4.415™  0.544™
(0.362) (0.079) (0.504) (0.067)
GTE 0.028™" 0.015™
(0.009) (0.003)
Control variable YES YES YES YES
Region FE YES YES YES YES
Year FE YES YES YES YES
N 360 360 360 360
R? 0.690 0.535 0.671 0.543

in column (2), with green total factor productivity as the dependent variable, the
regression coefficient of green technology innovation is significantly positive, while
the regression coefficient of green fiscal policy is significantly positive as well. The
results show that green technology innovation is the transmission mechanism for
green fiscal policy to improve green total factor productivity. Green fiscal policy can
accelerate the financial support of green research and development projects, promote
green technology innovation, thereby enhancing green total factor productivity and
achieving green recovery. At the same time, the results in Table 7, columns (3) and
(4) indicate that the regression results are still robust.

This paper selects advanced industrial structure to measure industrial structure
upgrading, and the results are shown in Table 8, columns (1) and (2). The advanced
industrial structure indicator is measured by the ratio of tertiary industry output
value to secondary industry output value. In addition, this paper uses industrial
structure rationalization to measure industrial structure upgrading, and the results
are shown in Table 8, columns (3) and (4). The regression coefficient of green fis-
cal policy on industrial structure upgrading is positive and significant at a 1% level.

mechanism e (1) (M @ ) @
INU GTFP INU GTFP
GFIS 3140 0.714™ 12577 0.609™
(0.484) (0.135) (0.140) (0.091)
INU 0.037"" 0.087"
(0.012) (0.023)
Control variable YES YES YES YES
Region FE YES YES YES YES
Year FE YES YES YES YES
N 360 360 360 360
R? 0.550 0.569 0.507 0.536
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Green fiscal policy provides more reliable support for industrial transformation,
accelerates green resources flow between industries, promotes the development of
clean and low-carbon industries, and achieves industrial structure upgrading. Taking
green total factor productivity as the dependent variable, the coefficient of industrial
structure upgrading is significantly positive while the coefficient of green fiscal pol-
icy is significantly positive too, indicating that the industrial structure upgrading is
a transmission mechanism. Green fiscal policy can help promote industrial structure
upgrading. The development of green and low-carbon industries can reduce fossil
fuels consumption, increase the use of renewable energy, and promote energy trans-
formation. This will help reduce pollution emissions, improve environmental perfor-
mance, and achieve green economic recovery (Guo and Liu 2022).

6 Conclusion and policy recommendations
6.1 Conclusion

Improving green total factor productivity is crucial for green economic recovery.
Prior research mainly examines how to achieve green economic recovery from the
perspectives of green finance, natural resource utilization efficiency, and carbon
reduction. Based on this, using panel data from 30 regions in China from 2009 to
2020, this paper analyzes the impact of green fiscal policy on GTFP. The results
show that: (1) Green fiscal policy improves GTFP. After a series of robustness tests,
the conclusion is still valid; (2) Green fiscal policy can have a stronger improve-
ment effect on GTFP in regions with respectively high levels of public environmen-
tal concerns and economic development; (3) Green fiscal policy mainly improves
GTFP through promoting green technology innovation and the upgrading of indus-
trial structure. These findings not only enrich the literature on green recovery and
green total factor productivity but also serve as a reference for governmental depart-
ments as they optimize their strategy for developing green fiscal policy and achiev-
ing green economic recovery.

6.2 Policy recommendations

Based on the conclusions above, this paper proposes the following policy recom-
mendations: (1) Government departments should use green fiscal policy to promote
green economic recovery. The research conclusion shows that green fiscal policy
plays a crucial role in promoting total factor productivity and achieving green
recovery. We should increase investment in environmental governance and eco-
logical protection through green fiscal policy, especially in undeveloped regions;
(2) Government departments should increase financial support for green technol-
ogy research and development, thereby promoting the transformation of production
methods. We have found that green technology innovation can help achieve a green
economic recovery, especially concerning the development of clean and energy-sav-
ing technologies. Therefore, the government should increase financial support for

@ Springer



Economic Change and Restructuring (2023) 56:2601-2619 2617

green technology research and development through green fiscal policy to achieve
the goals of low-carbon emissions, energy conservation and environmental protec-
tion; (3) The government should increase the public’s attention to the environment
and promote joint public and governmental efforts to solve environmental govern-
ance and ecological issues. This paper finds that increasing the public attention paid
to the environment can strengthen the role of green fiscal policy in relation to the
recovery of the green economy. We should strengthen public consciousness of the
green ecological environment and involve it into environmental protection and green
recovery.
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