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Abstract

This paper used the panel data of 30 provinces in China from year 2006 to 2018 to calculate the carbon
emissions of each province. Moran’s I index is used to measure and analyze the spatial autocorrelation of
carbon emissions among the provinces in China. The study considered three dimensions of urbanization
such as population urbanization, land urbanization and economic urbanization to empirically analyze
their effects on carbon emissions. In addition, spatial spillover effects were also explored. The main
conclusions are as follows: (1) There is a positive spatial correlation between carbon emissions in
China’s provinces, and Moran’s I index is greater than 0.5, indicating a significant correlation of carbon
emissions; (2) in the context of three dimensions of urbanization, the direct effects are significant
and positively influence regional carbon emission levels. Moreover, the indirect effects of population
urbanization and land urbanization on regional carbon emissions are negative and coefficients are large.
Whereas, the indirect effects of economic urbanization are small and insignificant. The total effect
of population urbanization and economic urbanization are significantly positive and the total effects
of land urbanization are found to be negative. (3) Environmental regulation and energy consumption
structure as the control variables have a greater impact on carbon emissions, and the coefficient of the
total effect is positive. Whereas, foreign direct investment and industrial structure have less impact and
spatial spillover effects are not obvious.
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Introduction for countries in the process of economic and social

development. China, as the world’s largest developing

Since the United Nations signed the Framework country and in its current its economy is in a phase of
Convention on Climate Change in 1992, global warming transition from rapid growth of high quality economic
has gradually become one of the key issues of concern development. Similarly, in this process, the country is

facing tremendous pressure on energy conservation and
emission reduction. Historical data indicate that since
2007, China surpassed the United States to become
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the world’s largest carbon emitter. Consequently, the
growing carbon emissions have drawn wide attention
from the international community. Following the
roadmap of Kyoto convention and the pressure to reduce
carbon emission, the Chinese government has promised
in 2005 meeting that China will reduce carbon intensity
by 40% to 45% by 2020. In addition, at the 2015 Paris
Climate Conference, it was again promised that by 2030,
carbon emissions will fall by 60% to 65% on the basis
of 2005. Carbon dioxide emissions will touch the lowest
point until around 2030 and strive to reach bottom as
early as possible [1]. In addition, China plans to reduce
its carbon dioxide emissions per unit of GDP by 18%
by 2020 compared with the data of 2015. From 1978 to
2016, China’s urbanization rate increased from 17.9% to
57.35%. The promotion of urbanization accelerated the
population from rural to urban agglomeration. The land
using pattern changed from forest land to cultivated
land, industrial and commercial land. Similarly, if we
look upon the industrial structure, then we can see
that the industry has changed to the secondary and
tertiary industries [2]. The external economies of scale
and agglomeration carried out by the aforementioned
changes have greatly promoted economic development.
However, urban areas have created nearly two-thirds of
the world’s material wealth and they also emit 75% of
the world’s total carbon dioxide. Similarly, it produces
80% of the world’s environmental pollution [3]. The
relationship between carbon emissions and urbanization
in the context of high-quality economic development
and sustainable development has become an attractive
avenue of research for the academic community.

At present, most scholars believe that there is
a long-term equilibrium relationship  between
urbanization and carbon emissions [4]. In contrast,
some scholars believe that carbon emissions are
mainly generated in urban areas where population,
industry, construction, and transportation are relatively
concentrated. Further, the promotion of urbanization
will lead to additional agglomeration of large-scale
population and economic activities, and the demand
for transportation will continue to rise, thus increasing
energy consumption and carbon emissions [5].
However, some scholars believe that the promotion of
urbanization, on the one hand, increases the density of
cities, shortening the distance between work, residence,
living and consumption areas, thereby reducing
transportation energy consumption and reducing carbon
emissions [6]. On the other hand, more and more people
enjoy higher quality education, improve the quality of
living for the population, and promote the accumulation
of human capital. Similarly, human capital drives the
sustained economic growth. However, the economic
growth mode has not yet fully transformed into green
intensive development. The expansion of economic
activities will lead to an increase in the use of energy
and an increase in carbon emissions. The impact of
human capital on carbon emissions depends mainly
on the role of human capital and physical capital in

economic development. Only when the main driving
force of economic growth is human capital rather
than physical capital, then human capital growth can
inhibit carbon emissions [7]. Some scholars have used
data from different regions and different stages to find
that urbanization has a nonlinear or phased difference
in carbon emissions, and they argued that there is an
inverted U-shaped relationship between urbanization
and carbon emissions [8-10].

In fact, the factors affecting carbon emissions are
very complex and involve many levels of investigation.
Carbon emissions are the result of a combination of
factors including urbanization [11]. Scholars have
used different factors affecting carbon emissions
according to diverse research objectives. However,
from the perspective of population size, one view
is that the growth of population size increases the
occupational area of forest land and cultivated land.
Likewise, increasing the living area of cultivated
land can promote the growth of household energy
consumption which can increase carbon emissions
[12]. Moreover, some studies have highlighted that
other factors are more important drivers of growing
carbon emissions compared to population size [13].
There is also a view that urbanization has changed the
traditional way of agricultural production, which means
that the mode of production has changed from the
traditional self-sufficient agricultural production mode
to specialized large-scale production. Consequently,
the non-agricultural industry has caused the migration
of production and living space. In this process, the
secondary industry and the service industry continue
to concentrate on the city. Therefore, population and
other factors of production continue to gather in cities,
and the demand for secondary and tertiary industries
increases, thereby contributing to carbon emissions
[14]. As far as the level of economic development is
concerned, it is mainly reflected in GDP or per capita
disposable income. Some studies indicate that the
development of the economy has increased the energy
consumption capacity of enterprises and residents, thus
promoting the increase of carbon emissions [15]. It is
generally believed that when the level of economic
development is high enough, the emphasis will be more
toward technological innovation. Likewise, industrial
production will gradually become technology driven
and lower carbon emissions, which will obviously help
to reduce carbon emissions [16]. As far as the technical
level is concerned, the research conclusions are basically
the same which highlight that the improvement of the
technical level can promote the improvement of energy
use efficiency and thus contribute to carbon emission
reduction.

Summing up the discussion, it can be stated that
the impact of urbanization on carbon emissions has
attracted the attention of a large number of scholars
those have produced a valuable knowledge. However,
there are still some shortcomings in the existing research
that are mainly reflected in the following aspects. First,



The Impact of Multi-Dimensional...

3319

the connotation of urbanization is very comprehensive,
it is not only the flow of the rural population to urban
population that has been remained the interest of
previous studies. Although, previous researches used
construct urbanization, but these studies tried to cover
urbanization from one aspect only and lacks to include
other aspects such as urbanization of land and the
urbanization of the economy. This study addresses the
shortcomings of existing studies and used urbanization
from three aspects such as population urbanization, land
urbanization and economic urbanization. Second, from
the perspective of the research method used, previous
studies generally used traditional econometric methods,
assuming that the provinces are independent of each
other. This study doesn’t considered spatial correlation
and spatial spillovers effects. Our studies also address
this research gap and construct a spatial panel model
from three dimensions of urbanization. The study
considers spatial effects and discusses the influencing
factors of carbon emissions and their differences under
different urbanization dimensions.

Methods
Spatial Autocorrelation Analysis

Spatial autocorrelation refers to the interdependence
of variables in spatial dimensions. In reality, objects
are related to each other; however, some objects with
close distances are more closely related compared
with the objects with high distances. Similarly, this
correlation is called spatial dependence. This spatial
dependence is widely used in academic research and
it is also applicable for economics research. A large
number of studies in economic literature have indicated
that various economic phenomena’s are interrelated
and not completely independent. This correlation is
generally measured by the statistic Moran's | in spatial
econometrics. The Moran Index was proposed by
Australian statistician Patrick Alfred Pierce Moran
(1950) [17]. The indexed is expressed as follows:

iy Xy Wi (vi=7)(Y;-7)
SZYIL Xy Wiy

Moran's | =

1 Areaiand area j are adjacent

ij

0 Areaiand area j are not adjacent

Where 7Y, Y] represent observations for the i-th
or j-region, and n represents the number of regions.
Moran’s I index reflects the spatial correlation of
spatially adjacent inter-regional variables. The value
of the index usually remains between -1 and 1. In a
situation, when the value of index is greater than 0,
it means that the observed variables have positive

correlation. Similarly, the positive and the larger
value mean a strong and positive correlation which
highlights the stronger similarity between adjacent
units. When the value is equal to 0, it means that there
is no correlation between the observed variables. On
the other hand, when the value is less than 0, it means
that there is a negative correlation between the observed
variables. Therefore, the smaller value indicates the
strong negative correlation which means greater the
differences between adjacent units.

Space Panel Measurement Model

The study of spatial econometric models includes
spatial effects in both spatial autocorrelation and
spatial variability. Spatial autocorrelation means
spatial dependence which mainly refers to the lack
of independence of observations in space. Further,
absolute and relative position determines the degree of
correlation and mode of space. Spatial difference refers
to the space caused by the heterogeneity of spatial units
which indicate that the effect is inconsistent at the
regional level. Spatial econometric analysis includes
Spatial Lag Model (SLM), Spatial Error Model (SEM)
and Spatial Durbin Model (SDM). The spatial lag
model (SLM) explores whether each variable has a
dispersion phenomenon (i.e. the spillover effect) in
a certain area. The spatial dependence is reflected
in the lag term of the dependent variable. The spatial
dependence of the spatial error model (SEM) exists
in the disturbance term. In a context of the error
term, it mainly measures the influence of the error of
the dependent variable on the observed value of the
dependent variable in the neighborhood. The spatial
Dubin model (SDM) not only examines the spatial
correlation of dependent variables, but also the spatial
correlation of the independent variables. Consequently,
the spatial dependence effect is not only affected by
the variables in the region, but also the interaction of
inter-regional variables and the interaction of error
terms with autocorrelation [18]. Keeping in mind
the scope of this study, the spatial Dubin model (SDM)
is selected and the model is developed as the Equation

(1):

Y=oal,+pWY+BX+60WX+¢ (1)

Where: W is the spatial weight matrix, WY represents
the influence of the dependent variable of the adjacent
region on the dependent variable of the region, S is
the coefficient of the independent variable, p is the
coefficient of the spatial lag term, and WX represents
the space of the adjacent region independent variable
to the influence of local dependent variable, 0 is the
coefficient of the lag term of the independent variable
space. When 8 = 0, the SDM model is transformed into
an SLM model,

When 6 +pf = 0, the SDM model is transformed
into an SEM model.
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Since the spatial panel data has both spatial
characteristics and time characteristics, the error
terms of the SDM model is decomposed to obtain the
Equation (2):

Y=oal, +pWY +BX+0O0WX+pu, +u+e¢ )

Among them: u represents the time fixed effect, and
u, represents the spatial fixed effect, which is a random
effect when neither exists. The fixed effect model can
be divided into time fixed effect, a spatial fixed effect
and the two-way fixed effect.

The dependent variable Y used in this paper is the
carbon emission intensity. The explanatory variables
X used are population urbanization, land urbanization,
economic  urbanization. Control variables are
environmental regulation, energy consumption structure
and foreign direct investment. Specific indicators used
for each variable are described below.

Decomposition Method of Space
Spillover Effect

In order to explain the regression coefficients of
the spatial econometric model, Lesage and Pace (2010)
proposed a partial differential method for spatial
regression models [19]. Based upon their approach, first
their model can be written as:

Ly —pW)Y =al, + BX + OWX + ¢ 3)
Y =T SsMX + VW)l +V(wde &)
SrW) =VW)UnBr + W6,) ®))

VW) = (I, —pW) ™ =L, + pW + p?W2 + p3W3 + ..
©)

In the Equation (3-6), k represents the number of
explanatory variables, where Xr represents the r-th
explanatory variable (r = 1, 2, .., k), represents the
n-order identity matrix, Or represents the estimated
coefficient of the r-th variable of WX, Pr represents
the regression coefficient of the r'" explanatory variable
in variable X. In addition, to further clarify the
effect of Sr(W), this paper rewrites the Equation
(4) into the Equation (7), and Y, in a certain region i
(i = 1,2,.,n) can be expressed as in Equation (8).
According to this, it can be seen that the Y, is biased
to the r-th explanatory variable. Therefore, the Xjr
of other regions j is used to obtain the Equation (9).
In addition, the same mechanism is used to obtain
Equation (10):

'a Kk SrW)11 Sr(W)1z = Ss(W)1pn X1r

Yo | =Eraa| S W1 S W2z 5 W || Kor
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Yi = Zle[sr(W)iler + Sr(W)iZXZr + e ST(W)ikaT]
+ VW) la +V(W)e

@®)
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Wyjr =S5, (W);; ©)
9Yi = ..
m - Sr(W)u (10)

Sr(W)ij in the above formula is mainly used to
measure the influence of the interpretative variable
of region i by the r-th explanatory variable in region
j. Compared with the OLS estimation coefficient, if j
and r are not equal in the spatial regression model, the
partial derivative of Yi to Xjr is generally not 0, and its
value is determined by the i-th and j-th elements in the
matrix Sr(W). In addition, the partial derivative of Yi
to Xir is generally not equal to Pr. Therefore, changes
in explanatory variables in a certain region will not
only affect the explanatory variables in the region, but
also affect the explanatory variables in other regions.
Combined with the view put forward by Lesage and
Pace (2010) [19], Sr(W)l.j is the direct effect. It means
that the explanatory variable has an overflow effect in
the region of the explanatory variable. Further, Sr(mij
is the indirect effect which means there is a spillover
effect of the inter-interpretive variable of the
interpretative variable that is basically the total effect
and is the sum of the two.

Variable Selection and Indicator Interpretation
Interpreted Variables

Carbon intensity (CI), if the total amount of carbon
emissions is used as a measure of carbon emission
levels, it will result in large uncontrollable differences
due to differences in economic development across
provinces. Therefore, in this paper, the indicator is
obtained by dividing the total carbon emissions of the
region by the GDP of the region.

The calculation formula for the total amount of
carbon emissions is as follows:

Cie = X341 Qijenjv;

Among them, C, is the total carbon emission in
the t-year of i province; 0, is the consumption of jth
energy in the t-year of i province; 7, is the standard coal
coefficient of j-th energy; y, is the j-th energy carbon
emission coefficient. The standard coal coefficient
and the carbon emission coefficient of various energy
sources are shown in Table 1.

Explanatory Variables

According to its connotation, urbanization is divided
into four dimensions: population urbanization, land
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Table 1. Various energy standard coal coefficient and carbon
emission coefficient.

Standard coal | Carbon emission
Energy variety coefficient coefficient
(kg standard coal) | (t carbon / tce)

Coal (kg) 0.7143 0.7467
Diesel (kg) 1.4571 0.5913
Gasoline (kg) 1.4714 0.5532
Kerosene (kg) 1.4714 0.3416
Crude (kg) 1.4286 0.5854
Fuel oil (kg) 1.4286 0.6176
Coke (kg) 0.9714 0.1128
Electric power (kw.h) 0.1229 2.2132
Natural gas (m?) 1.3300 0.4479

Source: China Energy Statistical Yearbook 2017 and [PCC
Guidelines for National Greenhouse Gas Inventories (2006).

urbanization, economic urbanization (the process of
economic structure that is not related to agriculture)
and social urbanization (mainly refers to the diffusion
of urban culture, lifestyle and value perspective).

Population Urbanization (PU). In the process of
urbanization of population, in the context of the energy
structure with fossil energy, the increase in household
consumption due to increase in urbanization drives the
growth of energy consumption and it directly promotes
the carbon dioxide emissions. With the continuous
improvement of the living standards of urban residents,
now, they have a high pursuit of quality of life such as
production, living and consumer demand. These species
are important sources of carbon dioxide emissions
which directly lead to an increase in carbon emissions
from living energy. The specific calculation method of
population urbanization in this paper is the number of
urban population at the end of the year divided by the
number of permanent residents in the region.

Land Urbanization (LU). The transformation of land
use patterns caused by the process of land urbanization
is also considered to be one of the main factors
affecting carbon emissions. The first aspect is land as a
natural carrier of ecosystems. The important impact is
mainly the process of transforming land use types into
secondary and tertiary industries. Compared with the
primary industry, the secondary and tertiary industries
are characterized by high energy consumption.
Therefore, land urbanization promotes the increase of
carbon emissions. The second aspect is land as a carrier
of urban development, supporting social production
and human activities. Thus, the increased production
and living of human beings in cities and towns
has increased carbon emissions. In this study, the
specific calculation method of land urbanization is used
as the area of urban built-up divided by administrative
area.

Economic Urbanization (EU). Economic
urbanization is a process of continuous changes in
industrial structure, its optimization and upgrading of
industrial structure. Changes in industrial structure will
directly affect energy demand and change the structure
of energy consumption [4]. Therefore, we believe the
different industrial structure has the distinguished
impact on carbon emissions. Specifically, the energy
consumption of the secondary industry is much higher
than that of agriculture and the tertiary industry,
particularly high-energy consuming and high-pollution
industries are dominated by heavy industries. In the
case of the same output, its energy consumption is much
higher than other industries. Therefore, it can be stated
that more carbon dioxide will be emitted. Different
from the increase in the amount of urbanization pursued
by the secondary industry, the tertiary industry refers
to knowledge-intensive and labor-intensive industries
represented by the service industry [5]. For example,
low-carbon emission electronics and bio-industry are
all focused on improving urbanization quality. The
industry's energy consumption is lower than that of
the secondary industry. With the advancement of
urbanization, the industrial structure has been fully
transformed and upgraded, and the tertiary industry
has dominated the economy, and urban carbon
emissions have gradually decreased. This paper uses
the proportion of the tertiary industry to represent
economic urbanization.

Compared with the other three types of urbanization,
social urbanization mainly points to the ideological
level, and it is difficult to select quantitative indicators.
Based on this, the paper studies the impacts and
differences of carbon emissions in the three dimensions
of population urbanization, land urbanization and
economic urbanization.

Control Variables

Energy consumption structure (EC).China is the
world's second largest energy producer and consumer.
The main energy source is still coal, therefore, it can be
said that the main ingredient of the energy structure in
China is coal. Moreover, coal is recognized as the most
important factor in carbon emissions. Thus, this paper
expresses the energy consumption structure by the
proportion of regional coal consumption in total energy
consumption.

Foreign direct investment (FDI). FDI has an
impact on regional environmental quality and resource
consumption through technology spillover effects, scale
effects and industrial structure effects. Therefore, it
is generally believed that FDI affect carbon emission
levels. This paper chooses the proportion of foreign
direct investment in the regional GDP as the basis for
evaluating the degree of regional economic openness.
The amount of foreign direct investment is calculated
by converting the US dollar to the RMB at the exchange
rate.
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Table 2. 2006-2018 Carbon Emissions Moran’s I Index Statistics.

OFDI

Year

Moran P-value
2006 0.5112 0.0010
2007 0.5034 0.0003
2008 0.5512 0.0011
2009 0.5034 0.0009
2010 0.5316 0.0012
2011 0.5019 0.0014
2012 0.5176 0.0011
2013 0.5233 0.0004
2014 0.5245 0.0013
2015 0.5278 0.0004
2016 0.5363 0.0004
2017 0.5378 0.0009
2018 0.5344 0.0016

Environmental Regulation (ERI). It mainly refers to
the government adopting some incentive measures, such
as increasing the cost of production and transaction
by collecting taxes and fees on energy producers and
energy consumers, thereby reducing the production of
fossil energy carbon emissions, or the use of imperative
regulatory measures. In addition, under the pressure
of current environmental regulations, the owners of
fossil energy will not only reduce their own business
activities, but will instead harvest fossil energy faster
and on a larger scale. This behavior will lead to an
increase in fossil energy demand and promote carbon
emission reductions, which are also the indirect effects
of environmental regulations on carbon emissions. This
paper selects the proportion between the sewage charge
collection in each industry and the regional GDP to
reflect the intensity of environmental regulation.

The basic unit of research in this paper is the carbon
emission intensity of 30 provinces (municipalities
and autonomous regions) in the country from 2006 to
2018. Due to the limitations of the availability of data,
this study don’t use the data of the Tibet Autonomous
Region, Taiwan, Hong Kong and Macao Special
Administrative regions. In the process of calculating

Table 3. LM test.

the carbon emissions of fossil energy, the data includes
the primary energy consumption of diesel, kerosene,
gasoline, fuel oil, crude oil, natural gas, electricity
and coal in the various provinces of China. This data
is mainly gathered from the China Energy Statistical
Yearbook (2006-2018); cement production and regional
GDP data are taken from the China Statistical Yearbook
(2006-2018). Among them, the GDP data was adjusted
to the constant price level in 2006.

Results and Discussion
Spatial Correlation Analysis Results

This paper introduces the Rook first-order adjacency
weight matrix. The carbon emission data used in this
study were derived from the aforementioned methods.
The results of the global Moran's I index using GeoDa
software are presented in the Table 2.

It can be seen from the results presented in the
Table 2 that Moran's I index of carbon emissions
is positive and the magnitude is greater than 0.5.
Similarly, it indicate that there is a strong positive
correlation between regional carbon emissions. Thus,
it can be argued that regional carbon emissions are
not only affected by the factors of the region, but the
development, urbanization process and industrial
planning in surrounding areas also influence carbon
emissions in the region. Therefore, it is necessary to
fully consider the existence of spatial effects.

Model Test Results

First, it is necessary to determine whether to use
random or fixed effects. Therefore, to do so a Hausman
test [20] was employed, and the test results show that
the statistic is 66.3571, Prob. = 0.0001. The value is
significant which means we have found evidence to
reject the null hypothesis. Therefore, a fixed effect
model can be used.

Second, SLM and SEM [21] models need to be tested
to determine which results are more suitable. Similarly,
this paper used the hypothesis test of spatial correlation
maximum likelihood estimation, LM hysteresis test,
LM error test, Robust LM hysteresis test and Robust
LM error test method to find which one is suitable. The
test results are shown in the Table 3.

LM test No space effect | Spatial fixation effect Time fixed effect Double fixed effect
LMHysteresis test 166.2231%%*%* 133.9811%*** 129.0921#** 77.7765%**
RobustLM Hysteresis test 5.0121%* 17.7671%%* 9.043 1*** 2.0871
LM Error test 128.2083*** 103.7761%** 115.7609%** 08.3873%**
RobustLMError test 8.9911#** 3.4568%* 5.0241%* 43.9128%**
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Table 4. Wald test.

Wald Hysteresis test 35.8872%**

Wald Error test 34.2231%**

It can be seen from Table 3 that the LM test and
the Robust LM test under the spatial fixed effect, the
time fixed effect and the double fixed effect mostly
pass the significance test. In addition, both the LM
hysteresis test and the LM error test are significant at
the 1% level. It indicates that the spatial lag model and
spatial error model which one from both can be used
to better analyze the problem. Lesage and Pace pointed
out that it is more appropriate to use an SDM model
with a universal form of the spatial panel model for
analysis. Moreover, to determine which model of SLM,
SEM and SDM is more suitable, Wald test [22] give
indication such as if the P values of the Wald lag test
and the Wald error test are significant, and then the
SDM model is used. In contrast, if the P values of
these two tests are insignificant, then the LM lag test
and the LM error test is applied. Significant results of
LM test indicate SLM model can be used. Otherwise,
if the LM error test gives a significant result, it means
SEM should be used. If the two test results point to the
opposite, SDM is used. The results of the test are shown
in the Table 4.

It can be seen from the results given in the
Table 4 that a spatial Dubin model with fixed effects
should be established. Similarly, we have established a
spatial Dubin model with fixed effects.

Analysis of Spatial Dubin Model under
Fixed Effect

Fixed-Effect SDM Model

This paper used MATLABR software for spatial
panel model analysis. According to the previous analysis
and discussion, the SDM model with fixed effect is
found to be suitable for this study. The estimated results
are shown in the Table 5.

As it can be seen from Table 5, the results of SDM
are more ideal due to several reasons. First, R? is
greatly improved compared to the non-spatial panel
model. Secondly, the degree of dispersion o2 of the
model is also reduced relative to the non-spatial panel
model. Finally, the significance of the space (W*dep.
var.) indicates that the space spillover effect is obvious.
Therefore, it can be stated that SDM can improve the
effectiveness of the estimate.

In the SDM analysis, the time fixed effect; the
spatial fixed effect and the two-way fixed effect are
compared. It can be seen that the two-way fixed effect
R? and o? are superior to the other two fixed effects.
Therefore, the two-way fixed effect model is adopted in
this paper. However, due to the spatial lag term of the
variable in the spatial Dubin panel model, the estimated
coefficient cannot explain the degree of influence of
the independent variable on the dependent variable. In
addition, the estimated coefficient is only effective for
the direction and significance level. Therefore, in order
to measure the degree of influence of the independent
variable on the dependent variable, it is necessary to
further estimate the direct, indirect and total effects

Table 5: Estimation results of spatial Dubin model under fixed effects.

Variable No space effect Spatial fixation effect Time fixed effect Double fixed effect
InPU -0.2013%** -0.0733 -0.3321%* -0.0431
InLU -0.0234 0.3045%** -0.0922 0.2112%**
InEU -0.0034%** 0.0003*** 0.0012 0.0214%***
InEC 0.1176%*** 0.1345%** 0.1213%** 0.1432%**
InFDI 0.0016*** -0.0032 0.0122 0.0121
InERI 0.1432 0.1865%*** 0.2122%** 0.2342%**

W#*InPU -0.0342 -0.3675%%* -0.1833

W*InLU -0.0421 -0.1532 -0.8521***

W*InEU -0.0012 0.0023 0.0016%**

WHInEC 0.0532 -0.0231 0.0066

WHInFDI -0.0015%* 0.0121 0.0404

WHInERI -0.0443 0.3016 0.3561***

W*dep.var -0.3533%* -0.3213%* -0.3321%*
R? 0.4344 0.8732 0.4532 0.9998
o’ 0.0451 0.0013 0.0566 0.0032
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Table 6. Two-way fixed effect SDM spatial effect decomposition.

Variable Direct effect Indirect effect Total effect
InPU 0.3422%** -0.0412%%* 0.3010%**
InLU 0.2223%** -0.3213%** -0.0990%**
InEU 0.0413%** -0.0521 -0.0108%**
InEC 0.1421%** -0.0134 0.1287***
InFDI 0.0115%* 0.0876 0.0991*
InERI 0.1633*** 0.4657*** 0.6290%**

of the model. The direct effect refers to the mean value
of carbon emission changes in the region caused by
changes in the factors affecting carbon emissions in the
region. The indirect effect refers to the impact of carbon
emissions influencing factors on carbon emissions in
neighboring provinces. The total effect is the sum of
direct and indirect effects.

SDM Model Spatial Effect Decomposition
Analysis

Based on the two-way fixed-effect SDM estimation,
this study spatially decomposes the effects of various
factors affecting carbon emission intensity. The results
are shown in the Table 6.

Furthermore, from the perspective of population
urbanization, the direct effect of population
urbanization is positive and significant at the 5%
level of significance. Therefore, it can be stated that
for every 1% increase in population urbanization, the
impact on carbon emissions in the region is 0.3422%.
It basically explains that the continuous expansion
of the population has increased the level of carbon
emissions. Moreover, the indirect effects of population
urbanization are significant with negative coefficient.
It indicates that urbanization has significant spatial
spillover effects on economically adjacent provinces.
The possible explanation is that if the urbanization of
the population in neighboring regions is rapid, it will
make the region industry’s development in neighboring
regions which may had curbed carbon emissions in the
region. In addition, we found that the urbanization of
the population mainly affects the intensity of carbon
emissions in the region through direct effects. The
overall effect is positive which indicates that the overall
urbanization of the population will exert excessive
pressure on carbon emissions.

From the perspective of land urbanization, the
results indicate that the direct effect of land urbanization
is 0.2223 and significant at the 1% level of significance.
The indirect effect is -0.3213, which is significant at
the 1% level of significance. The total effect is -0.099,
which is also significant at the 1% level. The direct
effect is positive, indicating that the urbanization of
land in the region has led to an increase in land use in
the region. On the one hand, the loss of green space and

the reduction of vegetation have led to an increase in
carbon emissions. On the other hand, based on the rise
of land urbanization, production, and living energy will
also increase further, leading to an increase in carbon
emissions. Moreover, it is found that the impact of land
urbanization on carbon emissions is still dominated
by indirect effects. Therefore, it can be stated that the
rapid advancement of land urbanization in a region will
attract population movements in neighboring regions
and, to a certain extent, slow down the urbanization
of neighboring regions, leading to decline in carbon
emissions in the region.

Next, from the perspective of economic urbanization,
the direct effect of economic urbanization is positive and
significant at the 1% level of significance. It indicates
that the higher the degree of urbanization, the lower the
proportion of the secondary industry and the tertiary
industry, which can reduce the carbon emission level of
the region. The indirect effect is not significant which
means the spatial spillover effect of economic growth
is not obvious, indicating that the economic growth
of neighboring regions has not affected the carbon
emissions of the region for the time being. From the
perspective of the total effect, the results are significant.
As the economic urbanization is the adjustment of the
industrial structure. Thus, it can be said that still it is
dominated by the secondary industry, and the level of
economic urbanization is at a low level.

From the perspective of control variables, first, the
direct effect of the energy consumption structure is
significantly positive. The indirect effect is negative
but not significant, and the total effect is significantly
positive. It is very intuitive to show that the more coal
consumption in a region, the greater the carbon intensity
of the region. But, due to the total amount of coal is
limited; therefore, an increase in coal consumption in
one region reduces coal consumption in neighboring
regions, and thus inhibits carbon emissions in the
immediate neighborhood.

Second, the direct effect of foreign direct investment
is positive, indicating that the current domestic use
of foreign capital is dedicated toward the quantity
not quality. Therefore, it can be argued that foreign
industries are high pollution driven, high energy
consumption and high emissions, leading to the
negative impacts of carbon emissions. Similarly, it
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creates severe environmental challenges. The indirect
effect is negative but not significant, indicating that the
negative impact of foreign investment has not affected
the carbon emissions in adjacent regions. The total
effect is positive, but the level of significance is low,
indicating that the introduction of foreign capital will
increase the local carbon emission level. Though, there
is a limited impact on the intensity of carbon emissions
in adjacent areas.

Third, under the 5% significance level of
environmental regulation, the direct effect of
environmental regulation is 0.1633, the coefficient
is significant. The indirect effect is 0.4657, which is
significant at the 1% level of significance. The total
effect is 0.6290, which is significant at the 1% level
of significance. We can see that the indirect effect
of environmental regulation dominates. Due to the
large size of China’s land area, in order to adapt to
local conditions, the environmental regulation policy
adopted by a region may be more inclined to emulate
the environmental regulation policies of neighboring
regions.

Conclusions

This paper used the panel data of 30 provinces
in China from 2006 to 2018 to measure the carbon
emissions of each province. The three dimensions of
urbanization, including land urbanization, population
urbanization and economic urbanization were selected
for empirical analysis. The study used the spatial Dubin
panel model to empirically analyze the effects of three
dimensions of urbanization on carbon emissions and
their spatial spillover effects.The main conclusions
obtained are as follows:

There is a positive spatial correlation between
carbon emissions in various provinces in China, and the
Moran’s I index is greater than 0.5. It indicates that there
is a significant and positive spatial correlation between
carbon emissions which means that carbon emissions
between adjacent provinces are mutually influential.
Whereas, it is seen from the analysis performed in this
study that economic factors contribute to the spatial
correlation. The said conclusion is consistent with other
scholars, and both have highlighted similar significant
spatial correlations [23-24].

Under the three dimensions of urbanization,
population urbanization is the most influential factor on
China’s carbon emissions. According to the empirical
relationship between income and carbon emissions,
China is in the rising phase of the environmental
Kuznets curve, China’s carbon emissions absolute
quantity and relative quantity will still increase. China
will still face greater pressure on energy conservation
and emission reduction in the future. It can be seen
that population urbanization has a positive relationship
with carbon emissions in general, which is consistent
with the results of other scholars [25-26]. Under

other conditions, the rapid urbanization of land has
increased carbon emissions, which is coordinated with
economic development and environmental protection
on a regional level. The relationship between the three
regions poses new challenges, which is different from
the results of other scholars. For example, Xu Hengzhou
and Zhang Wenjing (2016) [27] found that although
there are some differences between the provinces in
the eastern and central regions in terms of the quality
of land urbanization at this stage. However, from
the perspective of national development trends, the
quality index of land urbanization has an upward trend.
The reason for the difference may be that this study
considers the existence of spatial effects. The impact
between regions makes land urbanization significantly
important for carbon emissions. Economic urbanization
has a little impact on regional carbon emissions,
although significant impact, but the coefficient of
elasticity is small. But, the negative coefficient
indicates that it already has an impact, and the regional
governments need to emphasize on the development
of the economy. Therefore, it is necessary to pay
attention to the regional carbon emission problem. In
the past, scholars’ research mainly focused on land
urbanization and population urbanization. There are
only few researches on economic urbanization, and this
is the innovation of this paper. Such as domestic scholar
Wang Xing (2014) [28] found that urbanization will
also have a positive impact on the industrial structure,
increasing the proportion of the secondary industry,
thereby increasing the level of carbon emissions,
which is basically consistent with the results of this
paper. Moreover, the negative coefficient indicates that
China’s urbanization is currently promoting industrial
restructuring, still the secondary industry-based, so the
performance of carbon emission levels to rise.

Under the different urbanization dimensions, there
are obvious differences in the impact of various factors
on carbon emissions. From the point of view of the
direct effect, the population urbanization estimation
coefficient is significantly larger than the other two
dimensions. It indicates that the relevant factors of
population urbanization have greater impact on carbon
emissions. Compared with the other two dimensions,
the population size under the economic urbanization
dimension has the least impact on carbon emissions
which may be due to the fact that urbanization in this
dimension drives economic development to achieve
carbon reduction.

From the indirect effect, only in the economic
urbanization dimension, there is a negative impact
on the carbon emissions of neighboring provinces.
The indirect effects under the other two dimensions
have significant negative effects which mean there
is a significant spatial spillover effect. This further
emphasizes the importance of regional urbanization
coordinated development strategy and the necessity
of regional joint governance environment. Further, it
indirectly reflects the rationality of this paper using the
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spatial econometric model for estimation; this is also
consistent with other scholars’ research [29-30].

The direct effects of environmental regulation and
energy consumption structure as the control variables
are very obvious because the coefficient is high. The
total effect of the two is also tested and confirmed at
the 1% significance level. Therefore, it is needed to
control the area carbon emission process. Pay full
attention to the role of environmental regulation and
the adjustment of energy consumption structure to
achieve low carbon emissions. Whereas, foreign direct
investment and industrial structure factors have little
impact on carbon emissions, the impact is indeed there.
Therefore, it is necessary for the region to make full use
of its advantages in coordinated development to avoid
high carbon emissions. These results are also consistent
with previous studies [31-32].

Limitation and Outlook

Data is the basis of empirical research. Due to the
difficulty of data acquisition, this paper only employed
the provincial-level data as a research sample, which we
think the limitation of this research and it bounds the
study only at the provincial level. Therefore, exploring
the impact of urbanization on carbon emissions from
the municipal level will be an important aspect that
can be the prospective avenue for future research.
Further, due to the different effects of urbanization on
carbon emissions at different stages of development
in the regions, there are also differences in the role of
urbanization in carbon emissions in different periods.
This study only used data from year 2006-2018 which
we think is not comprehensive enough. Thus, expanding
the data set and retesting of results can be the avenue
for future research to enhance reliability for policy
formulation.

There are many factors affecting carbon emissions,
but because of the limitations of the model on the
number of variables, other indicators related to
population, economy, technology, and urbanization
process are not included while analyzing urbanization
in the paper. The impact of carbon emissions involves
the per capita GDP indicator, but there may be a certain
correlation between per capita GDP and urbanization,
which will have a certain impact on the results of
the analysis, and it is prone to endogenous problems.
Therefore, it is necessary to carry out subsequent
research using a more suitable method.
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