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Based on the panel data of 30 provinces in China from 2010 to 2019, this study empirically
analyzes the relationship between fiscal decentralization and carbon productivity using a
spatial econometric model and calculates the direct effect, spatial spillover effect, and total
effect of fiscal revenue decentralization and fiscal expenditure decentralization on carbon
productivity through effect decomposition. The empirical results show that 1) the spatial
agglomeration effect of China’s provincial carbon productivity is obvious, which shows an
upward trend. The heterogeneity of carbon productivity among different provinces is obvious.
The overall performance is as follows: Eastern provinces > Central provinces > Western
provinces. 2) Fiscal revenue decentralization and fiscal expenditure decentralization can
significantly promote the improvement of carbon productivity. Fiscal expenditure
decentralization plays a greater role in promoting carbon productivity than fiscal revenue
decentralization. 3) Fiscal revenue decentralization and fiscal expenditure decentralization have
significant positive direct effects and negative spatial spillover effects on the improvement of
carbon productivity. Increasing fiscal decentralization is conducive to improving the carbon
productivity of the province, but it will inhibit the carbon productivity of neighboring provinces.
Finally, it puts forward policy suggestions to promote the improvement of carbon productivity
from the perspective of fiscal decentralization.

Keywords: fiscal revenue decentralization, fiscal expenditure decentralization, carbon productivity, spatial effect,
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1 INTRODUCTION

In 2003, Britain proposed “low-carbon economy.” Low-carbon development has become an inevitable
choice to solve the prominent problems of resource and environmental constraints and achieve sustainable
development (Bauer et al., 2013; Shen, 2017; Lin and Li, 2022). Low-carbon economy is guided by the
comprehensive green transformation of economic and social development to realize the high-quality
development of industrial structure, productionmode, and lifestyle. Its most remarkable characteristics are
low energy consumption, low pollution, and low emission (Liu and Feng, 2011; Zhang et al., 2015;
Robertson, 2016; Sengupta et al., 2020; Wu et al., 2021; Rabia et al., 2022). According to the International
EnergyAgency (IEA), China’s total carbon dioxide emissions had nearly doubled from5.407 billion tons in
2005 to 9.894 billion tons in 2020. According to the statistics of the World Bank, China overtook the
United States to become the world’s largest carbon emitter in 2005. In terms of the proportion, China’s
carbon emission has continuously increased in the total global carbon emission, reaching 31% at present. In
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September 2020, China proposed that carbon emissions should peak
by 2030 and strive to achieve “carbon neutrality” by 2060. China is in
the key stage of high-quality economic development. Therefore, how
to coordinate the relationship between low-carbon development and
high-quality economic development has become the focus from all
walks of life. As a positive indicator tomeasure the economic benefits
of CO2 emissions, carbon productivity has built a bridge between
high-quality economic development and energy conservation and
emission reduction. Therefore, improving the level of carbon
productivity has become the key to the development of a low-
carbon economy in China (Liu and Zhang, 2021a; Chen et al., 2022).

China’s carbon emission problem is caused by extensive economic
development, which originates from the government behaviors under
“China’s decentralization.” Because China’s economic development
has typical characteristics of “government leading,” the behavior of
local governments is bound to have a great impact on the economy
and environment. The behavior of local governments under the fiscal
decentralization system plays a vital role in carbon dioxide emissions
(Kuai et al., 2019; Wang et al., 2022). In terms of revenue, it mainly
promotes low-carbon development through green taxes and green
government bonds; in terms of expenditure, it mainly promotes low-
carbon development through government green procurement and
green transfer payment. Sowhat effect willfiscal decentralization have
on carbon productivity? Does this effect have spatial spillover effect?
Will there be heterogeneity in the impact of fiscal revenue
decentralization and fiscal expenditure decentralization on carbon
productivity? On the one hand, answering these questions can further
enrich the relevant theories of fiscal decentralization system reform,
innovation-driven development, and environmental governance with
Chinese characteristics. On the other hand, it can provide relevant
policy suggestions on how to maintain high-quality economic
development and win the battle of carbon emission reduction
under the new normal.

2 LITERATURE REVIEW

Carbon productivity is one of the important bridges used to
measure economic growth and carbon emissions. The
improvement of carbon productivity plays an important role
in achieving the goal of carbon neutrality in the world. The
research on carbon productivity mainly focuses on three aspects.
1) The first kind of literature focuses on the dynamic change trend
of carbon productivity from the national, provincial, and
industrial levels. The research shows that with the high-quality
development of economy, carbon productivity shows an upward
trend and heterogeneity (Zhou et al., 2010; Yu et al., 2017a; Qiu
et al., 2017; Li et al., 2018; Bai et al., 2019; Yang et al., 2020a; Du
et al., 2022). 2) The second kind of literature studies the
influencing factors of carbon productivity. Most studies believe
that technological progress, industrial scale, industrial structure,
energy efficiency, and environmental regulation are important
factors affecting carbon productivity (Lu et al., 2014; Wang et al.,
2016; Yu et al., 2017b; Du and Li, 2019; Hu and Wang, 2020; Liu
and Zhang, 2021b; Zhou and Tang, 2021; Lin and Jia, 2022). 3)
The third kind of literature focuses on the convergence and
divergence of carbon productivity, but there is no consensus

on the convergence and divergence of carbon productivity. Shen
et al. (2021) measured China’s carbon productivity by combining
the directional distance function and meta-constrained
production function based on the extended relaxation measure
(SBM) model. The results show that China’s carbon productivity
has spatial condition β convergence.

The literature on the impact of fiscal decentralization on
environmental governance can be divided into the following
three types: 1) A higher degree of fiscal decentralization is
more conducive to pollution control and carbon dioxide
emission reduction. Fiscal decentralization can not only help
local governments improve the efficiency of resource allocation
but also improve regional environmental quality by promoting
local governments to improve environmental standards
(Millimet, 2003; Konisky, 2007; Rui, 2018; Yang et al., 2020b;
Yacouba, 2022). 2) Many scholars believe that fiscal
decentralization urges local governments to create more
development space for economic development by weakening
local environmental regulations, which leads to the increase of
carbon dioxide emissions and is not conducive to the
improvement of environmental quality (Konisky and Woods,
2015; Zhang et al., 2016; Zhang et al., 2017a; Zhang et al., 2018;
Shan et al., 2021). 3) The impact of fiscal decentralization is
different in different stages. Lopez et al. (2011) believed that
increasing the proportion of social welfare and public goods
expenditure in government expenditure will reduce pollutant
emissions. However, without changing the expenditure
structure, increasing the total amount of government
expenditure will not reduce pollutant emissions.

By summarizing the literature on carbon productivity and fiscal
decentralization, it is found that many scholars have carried out
various studies on fiscal decentralization and carbon productivity
from different angles, but few studies pay attention to the impact of
fiscal decentralization on carbon productivity. The innovation of this
study is to use the data of fiscal decentralization and carbon
productivity of 30 provinces in China from 2010 to 2019 to make
an empirical analysis on the impact of fiscal decentralization on
carbon productivity by considering the horizontal dimension of space
and the vertical dimension of time through spatial measurement
methods, which broadens the perspective of fiscal decentralization
and carbon productivity research. The marginal contributions of this
study are as follows: first, most of the literature focuses on the impact
of fiscal decentralization on carbon emissions or the environment,
ignoring the impact of fiscal decentralization on carbon productivity,
while this study explores the impact of fiscal decentralization on
carbon productivity, which is helpful in clarifying the role path and
internal mechanism of fiscal decentralization in reducing carbon
emissions and promoting green economic growth. Second,
corresponding to fiscal revenue and expenditure, revenue
decentralization and expenditure decentralization are formed,
respectively. Most literatures often choose one of them as the
research object, and the analysis of the impact of the two
decentralization methods on the environment is not
comprehensive. Therefore, based on the dual perspective of
revenue and expenditure, the two decentralization methods are
introduced into the spatial econometric model at the same time,
so as to better analyze the heterogeneity of the spatial effect of fiscal
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revenue decentralization and fiscal expenditure decentralization on
carbon productivity, which has theoretical value and practical
significance for realizing green development. Therefore, this study
can provide more specific and targeted policy suggestions for
reducing carbon emissions and realizing carbon neutralization.

The structure of the article is as follows: the second part is
literature review. The third part is the model and data, which
measures the impact of fiscal decentralization on carbon
productivity through spatial econometric methods. The fourth
part is the discussion of empirical results. The last part is policy
suggestions, which puts forward policy suggestions for fiscal
decentralization to improve carbon productivity.

3 MODELS AND DATA

3.1 Spatial Spillover Effect Test
This study uses the spatial correlation index of ESDA
(Exploratory Spatial Data Analysis) to test the spatial spillover
effect of carbon productivity among provinces, which is usually
measured by Moran’s I and Geary’s C index:

I � n∑n
i�1∑n

j�1wij(xi − �x)
∑n

i�1∑n
j�1wij∑n

i�1(xi − �x)2, (1)

C � (n − 1)∑n
i�1∑n

j�1wij(xi − �x)2
2(∑n

i�1∑n
j�1wij)(∑n

i�1(xi − �x)2), (2)

where n is the 30 provinces,wij is the spatial weight matrix, x and
�x are the carbon productivity of provinces and the average carbon
productivity of all provinces, respectively. After normalization of
variance, Moran’s I index will be between [-1-1]. If I > 0 indicates
positive spatial correlation, the larger the value is, the more
obvious the spatial correlation is. If I < 0, the smaller the
value is, the greater the spatial difference is. If I = 0, the space
is random. The value of Geary’s C index is generally between 0
and 2.When C > 1, it means negative correlation, and when C < 1,
it means positive correlation.

This study constructs the following three kinds of spatial
weight matrix.

The first is based on the Queen adjacency rule, and the
geographical neighbor weight matrix is constructed by using
map boundary vector data:

wij � { 1,when provinces i and j share a common boundary
0,when provinces i and j have no common boundary or i � j

.

(3)
The second weight matrix constructed in this study is the

economic distance weight matrix based on the reciprocal of
the absolute value of economic gap. wij is the reciprocal of
the absolute difference between the per capita GDP of i
province and the per capita GDP of j province in the
sample years.

wij �
⎧⎨⎩ 1/∣∣∣∣∣∣∣Xi −Xj

∣∣∣∣∣∣∣,when i ≠ j

0,when i � j
. (4)

Considering the limitations of the abovementioned single-
geographical or economic weight matrix, the third kind of
comprehensive weight matrix of geographical economy is
constructed based on the ratio of GDP of each neighboring
province in the total GDP of all neighboring provinces:

wij �
⎧⎪⎨⎪⎩

Xi/∑
k∈Ji

Xk,when provinces i and j share a common boundary

0,when provinces i and j have no common boundary or I � j
.

(5)
Based on the abovementioned three spatial weight matrices,

the results of the global spatial correlation test of China’s province
carbon productivity are shown in Table 1. It can be seen that the
Moran’s I index of provincial carbon productivity is greater than
0 and the Geary’s C index is less than 1 under the geographical
neighbor weight matrix and the comprehensive weight matrix of
geographical economy, both of which are significant at the level of
1%, indicating that the distribution of provincial carbon
productivity in China’s cities presents the spatial positive
correlation distribution characteristics of “high–high” and
“low–low” agglomeration. But at the same time, it can be
found that under the weight matrix of pure economic
distance, the Moran’s I and Geary’s C indices of provincial
carbon productivity are not significant, indicating that the
spatial correlation of provincial carbon productivity is mainly
reflected in the geographical spatial correlation and the
comprehensive spatial correlation characteristics of geography
and economy but not in the economic development difference.
Therefore, the subsequent spatial econometric analysis is only
based on the geographical neighbor weight matrix and the
comprehensive weight matrix of geographical economy for
consideration.

3.2 Measurement Model
Because the ordinary panel model cannot describe the spatial
interaction relationship of economic variables among different
regions, combined with the abovementioned analysis, the
spatial econometric model is introduced when discussing
the effect of fiscal decentralization on carbon productivity.
Taking carbon productivity as the explained variable and fiscal
revenue decentralization and fiscal expenditure
decentralization as the explanatory variables, this study
discusses the impact of fiscal decentralization on carbon
productivity. Because different spatial models express
different practical economic meanings, OLS (Ordinary Least
Squares), SAR (Spatial Autoregressive Model), SEM (Spatial
Error Model), and SAC (Spatial Autocorrelation Model) are
used as specific model applications to estimate the specific
effects of fiscal revenue decentralization and fiscal expenditure
decentralization on carbon productivity. The specific models
are as follows:

OLS:
cp � α + βfdeit +∑5

k�1Xkit + εit

cp � α + βfdrit +∑5

k�1Xkit + εit
.

⎧⎪⎨⎪⎩ (6)

Frontiers in Environmental Science | www.frontiersin.org May 2022 | Volume 10 | Article 9034343

Feng et al. Fiscal Decentralization and Carbon Productivity

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


SAR:
cp � α + ρWfdeit + βfdeit +∑5

k�1Xkit + εit

cp � α + ρWfdrit + βfdrit +∑5

k�1Xkit + εit
.

⎧⎪⎨⎪⎩ (7)

SEM:

cp � α + βfdeit +∑5

k�1Xkit + μit

cp � α + βfdrit +∑5

k�1Xkit + μit
μit � λWμit + εit

.

⎧⎪⎪⎨⎪⎪⎩ (8)

SAC:
cp � α + ρWfdeit + βfdeit +∑5

k�1Xkit + μit

cp � α + ρWfdrit + βfdrit +∑5

k�1Xkit + μit
μit � λWμit + εit

.

⎧⎪⎪⎨⎪⎪⎩ (9)

Equation 9 is the spatial autocorrelation model SAC, and Eqs
6–8 can be regarded as the OLS model, SAR model, and SEM
model obtained after setting some constraints on the SAC
model, respectively. When the SAC model does not consider
the influence of the lag term of the explained variable on itself,
that is, the coefficient of the spatial lag term of the model ρ = 0,
the SEM model of spatial error can be obtained, as shown in
formula (8). When the SACmodel excludes the influence of the
disturbance term, that is, the coefficient of spatial error term λ =
0, the SAR model is obtained, as shown in Eq. 7. As the OLS
model is a nonspatial econometric model and does not consider
the spatial correlation among different provinces, it can be
regarded as the result of excluding the influence of spatial lag
term and spatial error term in the SAC model, as shown in
formula (6). In Eqs 6–9, cp is the explained variable, cp is
carbon productivity,W is the geographic distance weight matrix
or geographic economic comprehensive weight matrix, X is the
control variable, μ and ε are the perturbation terms subject to
independent identical distribution.

3.3 Index Selection and Statistical
Description
From the perspective of data availability, this study selects 30
provinces in China (except Tibet, Hong Kong, Macao, Taiwan,
etc.) from 2010 to 2019 as the research object. After combining
a large number of previous literatures, it is found that scholars
in various fields have conducted extensive and in-depth

discussions on the influencing factors of carbon
productivity. Referring to previous studies, this study selects
carbon productivity as the explained variable, fiscal
decentralization as the explanatory variable, and digital
economy, urbanization rate, industrial structure, foreign
direct investment level, and technological innovation as the
control variables to study the spatial heterogeneity of the
impact of provincial fiscal decentralization on carbon
productivity. The statistical description of variables is
shown in Tables 2–4.

Carbon Productivity
Carbon productivity refers to the level of GDP output per unit of
carbon dioxide. First, carbon emissions are calculated, and the
formula is as follows:

CEt � Ei × Ti × LCVi × CEFi × Oi ×
44
12
, (10)

CP � GDP

CE
, (11)

where CEt is the total carbon emission of a province in a year t;
cp is carbon productivity; GDP is gross domestic product. Ei, Ti,
LCVi, CEFi and Oi represent the consumption of fuel i, the
standard coal coefficient, the low heat value coefficient, the
carbon emission coefficient, and the oxidation rate of fuel i,
respectively; 44/12 is the molecular weight ratio of carbon
dioxide to carbon. The data of the physical quantity of
energy consumption are derived from the energy balance
table in China Energy Statistical Yearbook. The types of
energy involved include coal, coke, crude oil, gasoline,
kerosene, diesel oil, fuel oil, and natural gas. The low
calorific value coefficient and standard coal coefficient are
derived from the general rules for the calculation of
comprehensive energy consumption (GB/T 2589–2008), the
data of the carbon emission coefficient and carbon oxidation
rate are derived from the guidelines for compilation of
provincial greenhouse gas inventories, and the carbon
dioxide emission coefficient is derived from the guidelines for
national greenhouse gas inventories.

TABLE 1 | Moran’s I and Geary’s C statistical indicators of China’s provincial carbon productivity under three weight matrices.

variable Year Geographical neighbor weight
matrix

Economic distance weight
matrix

Comprehensive weight matrix
of geographical economy

Moran’s I Geary’s C Moran’s I Geary’s C Moran’s I Geary’s C

CP 2010 0.368*** 0.568*** 0.050 0.865* 0.377*** 0.586***
2011 0.362*** 0.590*** 0.052 0.849* 0.335*** 0.626**
2012 0.365*** 0.584*** 0.047 0.875* 0.330*** 0.623**
2013 0.368*** 0.589*** 0.015 0.898 0.344*** 0.609***
2014 0.344*** 0.596*** 0.035 0.864* 0.316*** 0.617**
2015 0.308*** 0.616*** 0.040 0.846* 0.281*** 0.635**
2016 0.295*** 0.618*** 0.046 0.833* 0.261*** 0.641**
2017 0.290*** 0.631** 0.043 0.840* 0.251*** 0.665**
2018 0.219** 0.696** 0.043 0.833* 0.197** 0.719**
2019 0.214** 0.702** 0.028 0.857 0.188** 0.731*

Note: ***, **, and * are significant at the level of 1, 5, and 10%, respectively.
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Development Level of Digital Economy
Defining the connotation of digital economy and combined
with the availability of data, this study decomposes the digital
economy index from three dimensions of information
development, internet development, and digital transaction
development and selects the following 13 measurement
indicators to design the digital economy index measurement
body as shown in Table 3. The basic data of the measurement
indicators are all derived from China Statistical Yearbook from
2010 to 2020.

In this article, the linear weighed method is used to calculate
the development level of digital economy:

de � ∑13

j�1 Mit × Nj, (12)

where j is the measurement index after standardization and Nj is
the median weight of the jth measurement index relative to the
level of digital economy. In weight processing, because there is an
obvious progressive relationship in the index classification, this
study refers to the NBI index weight determination method for
weighing.

Referring to the information level index (ILI) established by
Zhang et al. (2017b) and the network preparation index (NBI)
constructed by Harvard University and The World Economic
Forum, in order to make the digital economic index comparable
across the years, this study sets the measurement index based on
2015 and standardizes the measurement indicators. At the same
time, in order to make the index of each province comparable
between different statistical years, the formula in the article is as
follows:

Mit � Vit − Vmin0

Vmax0 − Vmin0
× 6 + 1 , (13)

where t represents the year of the measurement index, Vi

represents the original data of measurement index, and Vmax0

and Vmin0 represent the maximum and minimum of the original
data of the base year, respectively.

In order to test the value of the degree of multicollinearity
between the observed values of independent variables, this study
tests the collinearity of variables. The test results are shown in

Table 5. The maximum variance expansion factors are 6.48, 7.42,
and less than 10, and the average variance expansion factors are
3.79, 3.64, and less than 5. It shows that there is no
multicollinearity between the selected variables, and the
selection of variables is reasonable.

4 THE DISCUSSION OF EMPIRICAL
RESULTS

4.1 Empirical Results
Through the Hausman test of panel data, the Hausman statistic is
significantly positive, so this study selects the fixed-effect model. The
spatial econometric model includes spatial fixed, temporal fixed, and
spatiotemporal double-fixed effects. Therefore, the fixed-effect forms
of the SAR, SEM, and SAC models are tested according to the
likelihood ratio (LR) test and natural logarithm (Log-L) test, and the
model is set in combination with the data structure. The regression
results are shown in Tables 6 and 7. It can be seen from the results
that under the SAR, SEM, and SAC models, the spatial term
coefficients ρ and λ show a high significance, indicating that there
is, indeed, a high spatial correlation among carbon productivity in
various regions of China. Considering the spatial effect, the regression
coefficients of fiscal revenue decentralization and fiscal expenditure
decentralization in the model are significantly positive, and their
impact on carbon productivity is significantly positive at the level of
5%, which indicates that fiscal decentralization has a positive
correlation with carbon productivity, and appropriately improving
fiscal decentralization is conducive to improving carbon productivity.
In the spatial econometric model, the coefficient of fiscal revenue
decentralization of 13.9627 is less than that of fiscal expenditure
decentralization of 16.8367. The estimation results of the ordinary
OLS model also have similar characteristics. This means that fiscal
revenue decentralization and fiscal expenditure decentralization can
not only improve carbon productivity but also have heterogeneity in
their respective marginal effects. Fiscal expenditure decentralization
plays a greater role in improving carbon productivity than fiscal
revenue decentralization. From the estimation results of the model,
compared with the SAR, SEM, and ordinary panel data OLS models,
the SAC model has the most significant characteristics of spatial

TABLE 2 | Variable description and data source.

Variable name Measurement method Data sources

Carbon productivity (cp) Average carbon GDP Calculate manually according to
relevant data

Fiscal expenditure
decentralization (fde)

Proportion of local fiscal expenditure in national fiscal expenditure Calculate manually according to
relevant data

Fiscal revenue
decentralization (fdr)

Proportion of local fiscal revenue in national fiscal revenue Calculate manually according to
relevant data

Digital economy (de) Development level of digital economy Calculate manually according to
relevant data

Urbanization rate (urban) Urbanization rate China Statistical Yearbook
Industrial structure (str) Ratio of the output value of secondary industry to the total output value Calculate manually according to

relevant data
Foreign direct investment
level (fdi)

The actual use of foreign direct investment in all provinces is measured by the proportion of total
foreign direct investment in GDP

China Statistical Yearbook

Technological innovation (lninno) Number of patented inventions China Statistical Yearbook
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effect, and the SAC model includes two spatial transmission
mechanism assumptions of autocorrelation and random
disturbance, which cannot be ignored for analyzing the spatial
effect of fiscal revenue decentralization and fiscal expenditure
decentralization on carbon productivity. In order to further verify
the rationality of the SACmodel, the LR test is carried out on the SAC
model, and the results show that the statistic of χ2 of p value is 0, that
is, the original assumption that the spatial SAR and SEM models
replace the SAC model is rejected. Therefore, this study selects the
SAC model for empirical research. From the analysis of other
variables, the improvement of the development level of digital
economy and technological innovation level is conducive to the
improvement of carbon productivity. This is because digital
economy can promote technological progress, optimize resource
allocation, and improve energy efficiency through technological
effect. The industrial structure inhibits the improvement of carbon
productivity because the secondary industry is mostly high-carbon
industries. With the increasing proportion of the secondary industry,
carbon emissions will keep rising, resulting in the decline of carbon
productivity. The impact of foreign direct investment and
urbanization rate on carbon productivity is not significant, which
may be because they do not provide sufficient driving force for low-
carbon development and do not produce significant pollution
reduction or increase effects.

4.2 Sub Effect Test
In order to further reveal the extent of the spatial spillover effect
of explanatory variables on the explained variables, the direct
effect, indirect effect, and the total effect of fiscal revenue

decentralization and fiscal expenditure decentralization on
carbon productivity are calculated through effect
decomposition. The direct effect is used to describe the
average impact of fiscal decentralization on the carbon
productivity of the region. The indirect effect, that is, spatial
spillover effect reveals the average impact of fiscal
decentralization on the carbon productivity of other provinces.
The total effect reflects the average impact of the explanatory
variable fiscal decentralization on all regions. As the empirical
results shown in Table 8, the results show that the two
decentralization models have a significant direct effect on
carbon productivity, but they have a significant inhibitory
effect on carbon productivity indirectly through spatial
spillover effect. Judging by p value, the direct effect, indirect
effect, and total effect are highly significant. From the perspective
of fiscal revenue decentralization: the direct effect of fiscal
revenue decentralization on its own carbon productivity is

TABLE 3 | Evaluation index system of the digital economy level.

Main indicators First-level indicators Secondary indicators Measurement index

Development level of digital economy Information development index Information foundation Optical cable density
Density of mobile phone base station
Proportion of informatization employees

Impact of informatization Total telecom services
Software business revenue

Internet development indicators Mobile Internet foundation Mobile phone penetration
Fixed-end Internet foundation Broadband Internet users
Impact of mobile Internet Proportion of mobile Internet users

Development indicators of digital transaction Fundamentals of digital trading Proportion of enterprise websites
Proportion of computers used by enterprises
Proportion of e-commerce

Impact of digital transactions E-commerce sales
Online retail sales

TABLE 5 | Variance expansion factor test.

Variable VIF VIF

de 6.48 7.42
fde 3.47
fdr 3.63
lninno 4.32 3.20
urban 3.93 3.27
fdi 1.65 1.66
str 2.88 2.88
Mean VIF 3.79 3.64

TABLE 4 | Variable description statistics.

Variable Observed value Mean value Standard deviation Minimum Maximum

cp 300 0.7826 0.4854 0.1810 3.5814
de 300 2.4902 1.2659 0.7701 7.4301
fde 300 0.0281 0.0131 0.0060 0.0741
fdr 300 0.0176 0.0133 0.0013 0.0664
lninno 300 8.0024 1.4434 3.7135 10.9977
urban 300 0.5706 0.1244 0.3380 0.8961
fdi 300 0.0212 0.0162 0.0002 0.7951
str 300 0.4611 0.1122 0.2641 0.8821
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significantly positive, and the direct effect coefficient is 14.4292,
indicating that improving the degree of fiscal revenue
decentralization of local governments is conducive to the
improvement of carbon productivity in all provinces and plays
a positive role in the reduction of carbon emissions and the
improvement of carbon intensity. The possible reason is that
under China’s decentralization system, on the one hand, with the
increasing proportion of fiscal revenue, the government pays

more and more attention to the development of local low-carbon
economy and promotes the formation of environment-friendly
behaviors and industries through good tax design and inductive
tax burden tilt mechanism, thus inhibiting the emergence of high-
carbon industries. On the other hand, the improvement of fiscal
revenue decentralization expands the autonomy of local fiscal
revenue. Local governments can formulate industrial policies
with comparative advantages and focus on realizing green

TABLE 6 | Regression results of fiscal revenue decentralization spatial panel data under geographical neighbor weight matrix.

Variable Common panel regression Geographical neighbor weight matrix

(1) SAR (2) SEM (3)SAC

fdr 12.4555** 11.3096** 11.1612** 13.9627**
(2.25) (2.18) (2.00) (2.53)

de 0.2421*** 0.2457*** 0.2393*** 0.2507***
(9.70) (10.56) (10.24) (10.23)

urban −0.3535 −0.1469 −0.4251** 0.1542
(−0.67) (−0.29) (−0.84) (0.28)

str −1.3779*** 1.1947*** −1.3196*** −1.1622***
(−5.26) (−4.59) (−5.02) (−4.34)

lninno 0.1626*** 0.1702*** 0.1661*** 0.1610***
(4.74) (5.30) (5.25) (4.57)

fdi −1.1878 −1.3405 −1.2818 −1.1723
(−5.26) (−1.16) (−1.10) (−1.02)

ρ −0.1612** −0.2683***
(−1.98) (−2.31)

λ 0.1988* 0.2779**
(1.71) (2.01)

Fixed time No Yes No
Fixed space Yes Yes Yes
R2 0.6255 0.6293 0.6252 0.6308
Log(L) 152.46 150.70 153.26

Note: ***, **, and * are significant at the level of 1, 5, and 10%, respectively.

TABLE 7 | Regression results of fiscal expenditure decentralization spatial panel data under geographical neighbor weight matrix.

Variable Common panel regression Geographical neighbor weight matrix

(1) SAR (2) SEM (3) SAC

fde 13.1594*** 11.9141** 12.8743** 16.8367***
(2.59) (2.50) (2.36) (3.30)

de 0.2408*** 0.2445*** 0.2404*** 0.2502***
(9.73) (10.58) (10.23) (10.17)

urban −0.4503 −0.2456 −0.4622 0.1845
(−0.86) (−0.49) (−0.91) (0.35)

str −1.3199*** −1.1528*** −1.3111*** −1.059***
(−4.98) (−4.40) (−5.01) (−3.78)

lninno 0.1698*** 0.1764*** 0.1705*** 0.1597***
(5.94) (5.59) (5.33) (4.37)

fdi −1.1667 −1.3062 −1.180 −1.1018
(-0.96) (−1.16) (−1.03) (−1.00)

ρ −0.1529* −0.3183***
(-1.87) (-2.72)

θ 0.2134* 0.2816**
(1.76) (2.14)

Fixed time No Yes No
Fixed space Yes Yes Yes
R2 0.6278 0.6326 0.6252 0.6357
Log(L) 153.20 150.70 155.06

Note: ***, **, and * are significant at the level of 1, 5, and 10%, respectively.
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economic development so as to increase the intensity of
environmental governance, improve regional environmental
standards, and reduce pollution emissions. Fiscal revenue
decentralization has a significant negative indirect spatial
spillover effect on carbon productivity, with an impact degree
of −3.1500, indicating that the improvement of fiscal revenue
decentralization of the local government has an inhibitory effect
on the improvement of carbon productivity in other provinces.
The possible reason is that various regions have produced the
phenomenon of “free riding” under the incentives and constraints
of new development concepts and ecological protection policies.

From the perspective of fiscal expenditure decentralization:
fiscal expenditure decentralization in this region has a significant
positive direct effect on local carbon productivity, with an impact
degree of 17.4471, indicating that the improvement of fiscal
expenditure decentralization in each province has promoted
carbon productivity in this province. The main reason may be
that the central government continuously improves the weight of
indicators such as ecological and environmental protection in the
assessment mechanism, which makes local governments
continuously increase the expenditure level of environmental

protection and governance. Therefore, the government
continuously improves environmental standards and increases
governance investment and directly adjusts the distribution
relationship of economic benefits to promote the development
of green industry and green science and technology. The spatial
spillover effect of fiscal expenditure decentralization is
significantly negative, and the impact degree is −4.3798,
indicating that the decentralization of fiscal expenditure in this
province reduces the carbon productivity of neighboring
provinces. The possible reason is that the improvement of
fiscal expenditure decentralization has raised local
environmental standards and increased the cost of polluting
enterprises in the province, which makes local polluting
enterprises migrate to neighboring provinces or other regions.
However, from the perspective of the overall effect, fiscal
expenditure decentralization has a positive correlation with
carbon productivity, indicating that the improvement of fiscal
expenditure decentralization is generally conducive to solving the
prominent problems of ecological environment caused by carbon
emissions and realizing green development.

4.3 Robustness Test
Robustness test under different matrix selection: based on the
spatial and geographical distance, the spatial weight matrix is
constructed in the research, and mainly, maximum likelihood
estimation is carried out. In order to further verify the robustness
of the estimation results of the model, a comprehensive weight
matrix of geographical economy is constructed in each urban
geographical neighboring province based on the ratio of the GDP
of each neighboring province to the total GDP of all neighboring
provinces, and the SAC model is estimated again to check
whether the results are stable. The test results are reported in
Table 9. It can be seen that after selecting the new spatial weight

TABLE 8 | Direct, indirect, and total effects of fiscal decentralization on carbon
productivity.

Effect category Variable Coefficient T Statistic p value

Direct effect fdr 14.4292 2.49 0.013
fde 17.4471 3.22 0.001

Indirect effect fdr −3.1500 −1.97 0.095
fde −4.3798 −2.05 0.041

Total effect fdr 11.2792 2.49 0.013
fde 13.0673 3.26 0.001

Note: ***, **, and * are significant at the level of 1, 5, and 10%, respectively.

TABLE 9 | Regression results of fiscal decentralization spatial panel data under comprehensive weight matrix of geographical economy.

Variable Fiscal expenditure fiscal decentralization Fiscal revenue fiscal decentralization

(1) SAR (2) SEM (3) SAC (4) SAR (5) SEM (6) SAC

fdr/fde 12.5906*** 13.7223*** 16.8367*** 11.8051** 12.0644** 13.7427
(2.66) (2.59) (3.30) (2.28) (2.18) (2.52)

de 0.2419*** 0.2422*** 0.2503*** 0.2433*** 0.2408*** 0.2479***
(10.50) (10.03) (10.17) (10.47) (10.02) (10.18)

urban −0.2457 −0.4166 0.1845 −0.1522 −0.3819 0.0671
(−0.49) (−0.81) (0.35) (−0.30) (−0.74) (0.12)

str −1.1419*** −1.3431*** −1.0594*** −1.1977*** −1.3563*** −1.2110***
(−4.32) (−5.05) (−3.87) (−4.57) (−5.06) (−4.56)

lninno 0.1762*** 0.1683*** 0.1597*** 0.1964*** 0.1638*** 0.1632***
(5.59) (5.14) (4.37) (5.27) (5.07) (4.73)

fdi −1.3931*** −1.1201 −1.1017 −1.4063*** −1.2285 −1.2453
(−1.23) (−0.97) (−1.00) (−1.22) (−1.04) (−1.08)

ρ −0.1612* −0.3183*** −0.1612* −0.2243**
(−1.85) −2.72) (−1.85) (−2.18)

λ 0.2056* 0.2231* 0.2108* 0.2246*
(1.71) (1.81) (1.78) (1.82)

Fixed time No Yes No No Yes Yes
Fixed space Yes Yes Yes Yes Yes Yes
R2 0.6335 0.6278 0.6368 0.6299 0.6255 0.6315
Log(L) 153.16 151.47 154.54 152.24 150.53 152.82

Note: ***, **, and * are significant at the level of 1, 5, and 10%, respectively.
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matrix for model estimation, the regression results show that the
regression coefficient of the SAC model is still significant. The
spatial term coefficients ρ and λ show a high significance, which
show that it is appropriate to use the SAC model to empirically
test the spatial effect of fiscal revenue decentralization and fiscal
expenditure decentralization on carbon productivity.
Furthermore, through the results of spatial effect
decomposition, it can be seen that the estimation results of
direct effect, indirect effect, and total effect of fiscal revenue
decentralization and fiscal expenditure decentralization on
carbon productivity are significant, and the directions of the
three effects are still consistent with those of the previous
conclusions. Therefore, the research results are robust and
reliable.

5 CONCLUSIONS AND
RECOMMENDATIONS

Using the data of fiscal decentralization and carbon productivity
of 30 provinces in China from 2010 to 2019, this study empirically
tests the impact of fiscal decentralization and carbon productivity.
The empirical results show that 1) the spatial agglomeration effect
of China’s provincial carbon productivity is obvious, which shows
an upward trend. The heterogeneity of carbon productivity
among different provinces is obvious. The overall performance
is as follows: Eastern provinces > Central provinces > Western
provinces. 2) Whether based on the geographical proximity
weight matrix or the geographical comprehensive weight
matrix, the development of fiscal decentralization has
significantly improved China’s carbon productivity, and its
impact on carbon productivity is significantly positive below
10%. The promotion effect of fiscal expenditure
decentralization on carbon productivity is greater than that of
fiscal revenue decentralization. 3) Fiscal revenue decentralization
and fiscal expenditure decentralization have significant positive
direct effects and negative spatial spillover effects on the
improvement of carbon productivity. Improving fiscal
decentralization is conducive to the improvement of carbon
productivity in this province, but it will inhibit the carbon
productivity of adjacent provinces. 4) For other control
variables, technological innovation and digital economy can
significantly promote the improvement of carbon productivity,
and the industrial structure significantly inhibits the
improvement of carbon productivity.

Fiscal decentralization plays an irreplaceable role in improving
carbon productivity and realizing low-carbon development. Based
on the abovementioned conclusions, this study puts forward the
following policy suggestions: first, expanding the autonomy of fiscal

decentralization appropriately. Based on the current performance
appraisal system, the central government should expand the
financial autonomy of local governments and provide local
governments more “financial power.” When the financial
autonomy increases, local governments will actively increase
green R&D investment while pursuing GDP growth under the
pressure of the “dual carbon” goal so as to curb the generation of
environmental adverse behaviors or industries and then drive the
development of green technology and industry so as to promote the
improvement of carbon productivity. Second: establishing the
function mechanism of green fiscal revenue and expenditure. The
main body of green fiscal revenue is green tax. Strengthening the
scientific and feasible tax collection, promoting the formation of
environment-friendly behavior and industry through good tax
design and inductive tax burden tilt mechanism, and
strengthening the cultivation of green environmental protection
industry; the government’s purchasing expenditure has an
important impact on green consumption and green
production. The scale of government purchasing expenditure
will promote the production of green products and the progress
of green technology. Third: strengthening regional cooperation
and mobilizing the enthusiasm for developing low-carbon
economy. In order to control the negative impact of the
spatial spillover effect of fiscal decentralization on carbon
productivity in other regions, formulating the development
strategy of low-carbon economy, each region should not only
fully consider its own resource advantage endowment but also
combine the endowment of adjacent provinces. Formulating
targeted policies suitable for the region and promoting the
development of low-carbon economy in adjacent regions,
reasonably guiding the flow of resources among regions, and
realizing the stability of low-carbon economic development in
the region is a part of the process.
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