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Abstract
It is of great significance to understand the relationship between urbanization and carbon 
emissions and the impact mechanism, which can help formulate climate policies and pro-
vide insights into how to achieve lower emissions with the urbanization development. Uti-
lizing China’s provincial panel dataset during period 2003–2015, this study employed the 
“Threshold-STIRPAT” model to investigate the impact of urbanization on carbon emis-
sions under different urbanization thresholds, with the intermediate effect model combined. 
Initially, the results show that, once the urbanization development rate is less than 47.04%, 
each 1% increase in urbanization rate will increase the carbon emission by 0.23%, and 
while once the urbanization rate is greater than 47.04%, each 1% increase in urbanization 
rate will increase carbon emissions by 0.78%. Moreover, the intermediary transmission 
mechanisms, from the aspect of the improvement in resident consumption level, technolog-
ical progress, industrial restructuring and energy structure adjustment, account for 1.24%, 
0.78%, 0.05% and 0.02%, respectively. Ultimately, the resident consumption improvement 
and technological progress play the main transmission role through the empirical study 
of the whole sample and heterogeneous urban samples. The research results are expected 
to give inspiration to low carbon policies making in different urbanization stages, and to 
guide the direction how to optimize resident consumption and technology progress.

Keywords Urbanization · Carbon emission · Threshold-STIRPAT model · Mediating effect 
model

1 Introduction

In recent years, global warming problem is becoming more and more serious, which has 
brought many natural disasters like frequent extreme weather, threatening human survival 
and development (Bai et al., 2019). At the same time, the voice of building a "low-carbon 
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ecological city" is becoming stronger and stronger, and more attention has been paid to 
the relationship between urbanization and global warming (Sharma, 2011). Especially in 
developing countries facing the dual dilemma of urbanization and carbon emission reduc-
tion, carbon emission reduction is imperative in order to curb the deteriorating climate 
environment and achieve a high-quality and sustainable urbanization development.

After more than 40 years of reform and opening up, China has experienced wealth and 
prosperity and the urbanization level has improved significantly. The economic boom in 
turn has led to an increase in carbon emissions. The contradiction between ecological envi-
ronment and economic development is becoming increasingly acute.

China, as the world’s largest  CO2 emitter, is facing huge pressure of international car-
bon emission reduction obviously. Chinese central government has developed a ground-
breaking target to control greenhouse gas emission, deciding that the carbon emission 
intensity should be cut by 60–65% in 2030 above 2005 levels and the peak  CO2 emissions 
will be achieved by the latest 2030 (Fang et al., 2021). However, China’s urbanization has 
entered a critical period of in-depth development and some scholars predict that it will 
reach 80% in 2050, meaning that China’s urbanization rate has a high-speed growth trend 
for a long time in the future, and the rapid growth of high-carbon energy demand not been 
much change. It leads to an arduous task for the carbon emission mitigation. Therefore, 
taking the differences of urbanization development stages in various regions of China as 
the starting point, this study explored the relationship between urbanization and carbon 
emission and the specific mechanism of urbanization affecting carbon emission, which is 
a necessary prerequisite for formulating practical carbon emission reduction policies. It is 
extremely important to accelerate new urbanization construction in the pursuit of sustain-
able development at this stage. As people pay more and more attention to the interaction 
between urbanization and carbon emissions, there is increasing research in this field, such 
as the relationship between two and the impact mechanism of the two.

The existing research on the relationship between urbanization and carbon emissions 
has not reached a consensus on whether the process of urbanization and carbon emission 
reduction can reach a harmonious state. A large number of literature claim that urbaniza-
tion increases energy demand and produces more carbon emissions (Chen et al., 2020; Sun 
et al., 2018; Wang et al., 2021; Yao et al., 2018). Scholars who hold this view believe that 
the extensive expansion of cities has brought large-scale population aggregation and more 
intensive urban economic activities, resulting in an increase in energy demand and carbon 
emissions in the fields of residence, transportation, entertainment and so on. Moreover, 
some scholars further believe that it is impractical to reduce the total amount of carbon 
emissions because the urbanization process is still fully promoted at this stage. However, 
some studies argue that there is a negative relationship between urbanization and carbon 
emissions (Tang et al., 2021; Xu et al., 2018; Zhang et al., 2021; Zhou et al., 2021). Among 
them, Zhang et  al. (2021) found that urbanization reduces energy consumption and car-
bon emissions by improving the efficiency of people’s use of public infrastructure such as 
public transportation. What is more, many scholars believe that the impact of urbaniza-
tion on carbon emissions varies with the urbanization process and economic development 
stage of the research samples (Ponce de Leon Barido & Marshall, 2014; Sharma, 2011; Shi 
& Li, 2018; Tripathi, 2021; Wang & Su, 2019; Xie & Liu, 2019). For example, Tripathi 
(2021) tested samples from different countries and found that carbon emissions increased 
rapidly in the early and middle stages of urbanization, but in the late stage of urbaniza-
tion, although the total carbon emissions still increased, the speed and intensity of carbon 
emissions showed a downward trend. Furthermore, Wang and Su (2019) made it clear that 
in the late stage of urbanization, due to the role of scale effect and technological progress, 
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continuous urbanization will reduce the total carbon emission, and there is a U-shaped 
relationship between urbanization and carbon emission.

Obviously, there are completely diverse conclusions with regard to the effect of urbani-
zation on carbon emissions. Possible reasons are as follows. First, the effect of urbanization 
on carbon emissions depends on the country’s economic development level. The results 
are diverse when the sample intervals are different, that is, the research objects are in vari-
ous economic development stages (Martínez-Zarzoso & Maruotti, 2011). Second, different 
model specifications and indicators have a great influence on regression results, leading to 
uncertainty of final results.

In terms of the impact mechanism of urbanization and carbon emissions, the existing 
research focuses on some key factors. Ghazouani (2021), for example, studied that a coun-
try’s per capita GDP and the proportion of service industries are important factors affect-
ing the relationship between urbanization and carbon emissions. Additionally, many factors 
can influence carbon emissions, including technological progress (Sun & Huang, 2020), 
resident consumption level (Wang et al., 2018), human capital accumulation (Wu & Zhang, 
2021), industrial structure (Madlener & Sunak, 2010), energy consumption structure (Bai 
et al., 2019), energy efficiency (Perry, 2014), clean energy use (Ding & Li, 2017) and so 
on. To some extent, most existing studies concentrate on the influence path among the 
above factors. However, little attention has been paid to how the impact factors work and 
how much they work.

Therefore, there is a great need to explore and reveal the influence channels of urbani-
zation on carbon emissions from the perspective of heterogeneity and mechanism tests. 
This research constructs a "Threshold-STIRPAT" model and carries out empirical research 
based on the panel data of 30 Chinese provinces from 2003 to 2015. By judging the thresh-
old effect and threshold of urbanization, it depicts the heterogeneity pattern of urbaniza-
tion’s impact on carbon emissions. Furthermore, the corresponding intermediary variables 
are selected to clarify the specific size and comparative relationship of each intermediary 
factor, which help achieve a more effective and targeted analysis of urbanization and car-
bon emissions.

2  Theoretical mechanism

Serious carbon emission in China’s urbanization process mainly comes from economic and 
policy incentives (Yao et al., 2021). The research mainly analyzes the following four eco-
nomic factors: the improvement in resident consumption level, the progress of technology, 
the adjustment of industrial structure, and the adjustment of energy structure.

2.1  The promotion mechanism of resident consumption level

Urban resident consumption structure and level have been changing with the deepening 
of urbanization (Hao, 2014), which directly affects the total energy consumption and then 
carbon emissions. On the one hand, urban residents will directly increase their consump-
tion of coal, oil, natural gas and other essential energy for daily life. On the other hand, 
urban resident consumption demand will be biased toward housing, private cars, tourism 
and other aspects, which will also lead to the growth of energy consumption and carbon 
emissions (Li et al., 2021). Chinese low carbon report shows that the gap between rural and 
urban resident domestic energy consumption has been widening during 1996–2010 (Wu 
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et al., 2016). In the 15 years, the increase of residential energy generated by urban residents 
transformed from farmers has produced huge carbon emissions, reaching 447 million tons.

With the continuous improvement in urban consumption level, on the one hand, the 
environmental pollution caused by excessive consumption demand will force urban 
managers to actively seek clean energy to replace traditional fossil energy and promote 
the improvement in energy efficiency through technological innovation and environmen-
tal regulation policies, so as to curb the continuous growth of carbon emissions. On the 
other hand, compared with rural residents, urban residents tend to consume green products 
and low-carbon products, and their lifestyles prefer to be low-carbon and environmental-
friendly. As a result, cities and towns will have greater carbon emission reduction potential. 
To sum up, the effect of urbanization on carbon emissions through the improvement in 
consumption level is actually two-way.

2.2  The mechanism of technological progress

The process of urbanization and industrialization is always synchronous (Sun et al., 2022). 
The production technology is also improving rapidly in the process of rapid development 
of industrialization. As known, technological progress is a double-edged sword. Similarly, 
technological progress has two effects on carbon emissions: for one thing, technological 
progress will accelerate the upgrading of fossil energy and the use of clean energy, which 
is directly conducive to the improvement in energy efficiency and energy structure. What 
is more, it can promote the transformation of economic development to cleaner and more 
low-carbon and so as to reduce carbon emissions in the process of economic growth; For 
another, due to the improvement in production efficiency brought by technological pro-
gress, the material capital and human capital required for production will decrease and 
enterprises will reduce product prices as a result of the reduction of costs, which may stim-
ulate consumer demand. The expansion of consumer demand will further urge manufactur-
ers to expand production, which will eventually lead to an increase in carbon emissions. 
Therefore, the effect of urbanization on carbon emissions through technological progress is 
also two-way.

2.3  The mechanism of industrial structure adjustment

The development of urbanization is accompanied by the adjustment of industrial structure 
from the primary industry to the secondary and tertiary industries (Zheng et al., 2021). On 
the one hand, with the acceleration of the urbanization process, more and more rural labor 
forces will gather in cities, from agricultural production to industrial or service activities. 
Compared with low-carbon agriculture, the manufacturing industry inevitably will con-
sume a lot of fossil energy in the production process, which will result in a rapid increase 
in total carbon emissions (Huo et al., 2020). On the other hand, similar to the reverse inhib-
itory effect in the mechanism of resident consumption level, with the progress of urbaniza-
tion, the increasingly serious environmental problems will also force the government to 
optimize the industrial structure of the city, take corresponding measures to control the 
proportion of manufacturing industries with serious pollution, and encourage the develop-
ment of high-tech industries and other less-polluting tertiary industries, which will reduce 
the carbon emission in the production process (Liu & Liu, 2019).
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2.4  Energy structure adjustment mechanism

The energy consumption structure of urban and rural residents is naturally different. Rural 
product structure is usually self-sufficient and the energy consumption is relatively small. 
However, urban households not only consume more energy, but also mainly from fos-
sils, which will lead to more carbon emissions. What is more, the widening income gap 
between urban and rural residents should further widen the difference in energy structure 
(Li, 2021). The relatively high income of urban residents will stimulate consumer demand, 
and the demand for industrial manufactured goods will increase accordingly. As a result, 
with the prosperity and development of the manufacturing industry, urban energy con-
sumption structure will be dominated by fossil energy, which usually has the characteristics 
of high carbon emission. On the other hand, the urbanization level with sustained and rapid 
growth will also promote the transformation of production technology into a green and 
environmentally friendly type. Moreover, it can guide enterprises to use more green and 
clean energy in production to meet consumer demand, which will be achieved by changing 
consumer preferences. Then the growth of carbon emissions will be inhibited efficiently.

3  Model construction and index data selection

3.1  Threshold‑STIRPAT model

It has been proved that there is a nonlinear relationship between urbanization and carbon 
emissions (Adebayo et al., 2021; Hashmi et al., 2021). As mentioned in Sect. 1, different 
urbanization levels may have different impacts on carbon emissions. Hence, we use the 
threshold regression model (Hansen, 1999) which has been widely employed to analyze the 
influencing factors of carbon emissions to identify potential inflection point(s) at different 
urbanization stages under the condition of considering the influences of the control vari-
ables (i.e., the factors that may have important effects on the dependent variable except for 
the key independent variable). Combined with the practical problems to be studied in this 
research, the standard form of the STIRPAT model is extended to construct the following 
single Threshold-STIRPAT model:

where i and t represent provinces and years, respectively, Pc is per capita carbon emis-
sions, Ur is urbanization level, Con is per capita consumption level of urban residents, Ee 
is energy efficiency, Indp is the proportion of industrial added value in GDP, Fdip is the 
proportion of actually utilized foreign capital in GDP, Enstrp is the proportion of environ-
mental protection investment in GDP, � is the threshold value of urbanization level to be 
estimated and vit is the error term of the model. The model form of double threshold can be 
expressed as follows:

(1)
lnPcit =𝛼1 lnUrit(Urit ≤ 𝜂1) + 𝛼2 lnUrit(Urit > 𝜂1) + 𝛽 lnConit + 𝛾 lnEeit

+ 𝛿Indpit + 𝜆Fdipit + 𝜑Enstrpit + vit

(2)

lnPcit =𝛼1 lnUrit(Urit ≤ 𝜂1) + 𝛼2 lnUrit(𝜂1 < Urit < 𝜂2) + 𝛼3 lnUrit(Urit ≥ 𝜂2) + 𝛽 lnConit

+ 𝛾 lnEeit + 𝛿Indpit + 𝜆Fdipit + 𝜑Enstrpit + vit
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3.2  Mediating effect model

Pu et  al. (2020) summarized the causal relationship between urbanization and car-
bon emissions, including direct causal effect, mediated causal effect, and moderated 
causal effect. This study employs four mediating variables to investigate the relation-
ship between urbanization and carbon emissions based on the above idea. These four 
mediating variables are Con、Ee、Indp and Enstrp which have been introduced in 
Sect. 3.1.

The mediating variable is conducive to understanding the effect path of the inde-
pendent variable on the dependent variable (Hayes, 2009). Furthermore, it is necessary 
to incorporate more than one mediating variable, to more clearly explain the effect of 
the independent variable on the dependent variable under a complex condition. It is 
an appropriate approach to analyze the multiple mediating effect model through the 
structural equation model, which can simultaneously handle explicit variables and 
latent variables, as well as the relationships among multiple independent variables, 
multiple dependent variables, and multiple mediating variables (Cheng et  al., 2021). 
Moreover, the multiple mediating effect model can be classified into the single-step 
multiple mediating effect model and the multiple-step multiple mediating effect model 
according to whether there are any interactions between the multiple mediating vari-
ables (Wang et al., 2019). In this study, we assume that there is no interaction between 
Con、Ee、Indp and Enstrp. Therefore, the single-step multiple mediating effect model 
is employed to test the mediating effects of related factors on the relationship between 
urbanization and carbon emissions.

Scholars generally use the sequential test method proposed by Baron and Kenny 
to test the mediating effect (Yao et  al., 2021). This research improves the domestic 
scholars’ research on this method by combining sequential test and bootstrap method. 
We will test the four coefficients c, a, b, c′ in (3)–(6) in turn, if they are all significant, it 
indicates that there is a mediating effect. If a or b is not significant, bootstrap test can 
be used. If the test result is significant and the confidence interval does not contain 0, 
then there is a mediating effect.

In the above formulas, X and Y, respectively, represent Ur and Pc, M1、M2、M3

、M4 represent Con、Ee、Indp and Enstrp, respectively, and the coefficients 
a1, a2, a3, a4 represent the impact of X on each intermediary variable, while the coeffi-
cients b1、b2、b3、b4 represent the impact on per capita carbon emissions of each 
intermediary variable when the urbanization rate is controlled. The single mediating 

effect is aibi , and the total mediating effect is 
4
∑

i=1

aibi(i = 1, 2, 3, 4) . The sum of the total 

mediating effect and the direct effect is the total effect.

(3)Y = cX + �1

(4)Mi = aiX + �2i

(5)Y = c�
i
X + biMi + �3i

(6)Y = c�X + b1M1 + b2M2 + b3M3 + b4M4 + �4
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3.3  Data and sources

The data used in this research is the panel data of 30 provinces in China from 2003 to 2015. 
Due to the lack of data, Hong Kong, Macao, Taiwan and Tibet are not included. The data 
of coal, oil and natural gas used to calculate carbon emissions and total energy consump-
tion are from Chinese energy statistical yearbook (2004–2016), the data of urbanization 
rate, the consumption level of urban residents, industrial added value and environmental 
protection investment are from Chinese Statistical Yearbook (2004–2016), and the data of 
actually utilized foreign investment are from the statistical yearbooks of various provinces. 
The missing data in the Yearbook can be supplemented by the compilation of 60 years of 
new China and the government statistical bulletin. In order to avoid the impact of price 
changes, the price is adjusted according to the constant price in 2003. At the same time, 
Indp, Enstrp, Fdip and Envirop are not in %, but take values between (0, 1) to avoid a great 
difference in model coefficients. The descriptions and descriptive statistics of variables are 
shown in the following Tables 1 and 2.

4  Analysis of empirical results

4.1  Threshold effect of urbanization on carbon emission

According to the Threshold-STIRPAT model, stata13 software was used for data process-
ing. The fixed-effect model was selected for the reason that the Hausman test rejected the 
random effect model. Tables 3 and 4 show the results of the threshold test and threshold 
regression. It can be seen from Table 3 that it is appropriate to choose the single threshold 
model, and the corresponding threshold value is 47.04%.

According to Table 4, when the urbanization rate is less than 47.04%, urbanization pro-
motes carbon emissions; when the urbanization rate is more than 47.04%, urbanization 
enhances the promotion of carbon emissions. In summary, urbanization promoted carbon 
emissions in the whole sample period.

The promotion effect of urbanization rate on carbon emissions is closely related to 
the four mediators. The impact of these variables on carbon emissions is as follows: 
(1) Consumption level: Con has a positive and significant effect on Pc, Pc will increase 
by 1.02% for every 1% increase in consumption level of urban residents. That is to say, 
the higher the per capita consumption level of urban residents, the larger the per cap-
ita carbon emissions scale. The improving consumption level of urban residents means 
an increase in the consumption of durable consumer goods such as televisions and 
refrigerators, which are also high carbon emission products, leading to the expansion 
of energy consumption and the growth of carbon emissions. (2) Energy efficiency: the 
improvement in energy efficiency can inhibit the growth of carbon emissions. Every 1% 
increase in energy efficiency will reduce carbon emissions by 0.82%. The positive effect 
of technological progress is reflected in the model. The improvement in energy utiliza-
tion and the increase of clean energy use can reduce carbon emissions accordingly. (3) 
Industrial structure: for every 1% increase in the proportion of industrial output value, 
carbon emissions will increase by 0.87%. With regional advantages, urban areas con-
stantly attract labor and industrial agglomeration, and the rapid development of the sec-
ondary industry is bound to be accompanied by the high consumption of energy and 
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the rapid increase of carbon emissions. (4) Energy structure: for every 1% increase in 
the proportion of coal consumption in the total energy consumption, per capita carbon 
emission will increase by 0.67%. As can be seen from Fig. 1, although China’s energy 
structure has been improving, the total consumption of coal is still rising. It reflects 
that the change of energy structure is still promoting carbon emissions. The relative 
abundance of coal resources affects China’s energy consumption pattern. At present, 
we should accelerate the improvement in energy efficiency and increase the use of clean 
energy to curb the increase of carbon emissions caused by energy disadvantage effec-
tively. (5) Foreign direct investment: the proportion of actually utilized foreign invest-
ment has a certain inhibitory effect on China’s carbon emissions, but it is not significant. 
Foreign investment is a double-edged sword. On the one hand, it brings the spillover of 
technical management experience. On the other hand, it brings resource consumption 

Table 2  Descriptive statistics of variables

Variable Unit Mean value Standard deviation Minimum Maximum

Pc T/person 7.87 5.34 1.36 30.37
Ur % 49.01 15.71 15.58 89.6
Con Yuan 1.5e + 04 7619.35 493 4.9e + 04
Ee 104/T 1.02 0.59 0.14 3.86
Indp % 0.40 0.08 0.05 0.56
Enstrp % 0.61 0.16 0.14 0.91
Fdip % 0.02 0.02 0.00 0.11
Envirop % 0.01 0.008 0.002 0.09

Table 3  Threshold effect test

*, **, ***, respectively, represent passing the significance test of 10%, 
5%, 1%
Data source: Based on Stata software

Ur threshold F value P

Single threshold 47.04 19.717*** 0.007
Double threshold 47.69 6.363 0.12
Triple threshold 39.31 6.671* 0.07

Table 4  Results of Threshold-STIRPAT model with fixed effects

Same as Table 3

Variable name Coefficient estimation Standard error T value

Lnur (Ur ≤ 47.04%) 0.227*** 0.0617 3.68
Lnur (Ur ≥ 47.04%) 0.783*** 0.274 2.86
Lncon 1.015*** 0.105 9.67
Lnee -0.824*** 0.134 -6.15
Indp 0.878*** 0.244 3.60
Enstrp 0.672* 0.348 1.93
Fdip -0.577 1.032 -0.56
Envirop 0.507 0.844 0.60
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and environmental deterioration. In the future, foreign investment should be strictly 
screened and only high-tech and green-friendly foreign investment can be encouraged to 
enter the market. (6) Environmental investment: the effect of this item on carbon emis-
sions is positive but not significant, indicating that China’s increase in environmental 
investment leads to an increase in per capita carbon emissions. The possible explana-
tion is that the focus of China’s environmental governance at the present stage is to 
control the emission of traditional pollutants, and there is not enough attention paid to 
the greenhouse gas emission represented by  CO2. Therefore, the effect of environmental 
investment on inhibiting carbon emissions is very little.

4.2  The test of intermediary mechanism

A combination of sequential test and bootstrap test was used to test the mediating mech-
anism. According to the steps of (3) to (6) above, this research tested the mediating 
effects of urbanization on resident consumption level, technological progress, industrial 
structure and energy structure in turn.

Fig. 1  Energy consumption structure and coal consumption trend

Table 5  Test results of mediating 
effect of resident consumption 
level

Same as Table 3

Lnpc Lncon Lnpc

Lnur 0.965*** 1.349*** 0.544***
(0.0861) (0.0954) (0.135)

Lncon 0.312***
(0.0895)

Control variable Yes Yes Yes
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4.2.1  The empirical results of resident consumption level

From the test results in Table 5, urbanization has a significant role in promoting car-
bon emissions, the Lnur coefficient is 0.965, the correlation coefficient between the 
consumption level of urban residents and urbanization is 1.349, and all coefficients 
pass the 1% significance test. Urbanization still shows good significance when the con-
sumption level of urban residents is added, indicating that the intermediary effect of 
the consumption level of urban residents is significant. Therefore, urbanization pro-
motes the increase of carbon emissions by improving the consumption level of urban 
residents and the mechanism proposed above is verified.

4.2.2  Empirical results of technological progress

From the test results in Table  6, urbanization has a significant promoting effect on 
energy efficiency, with a correlation coefficient of 0.948, which is significant at the 
significance level of 1%. After adding energy efficiency, the coefficient of urbanization 
on carbon emissions is still significant and becomes larger. The coefficient of energy 
efficiency on carbon emissions is negative, which is consistent but not significant and 
a bootstrap test is needed as a result. Stata test shows that the test P-value of indirect 
effect is 0, and the confidence interval is [− 0.7991, − 0.5206], excluding 0, which 
passes the test. Therefore, it can be concluded that energy efficiency plays a mediating 
role between urbanization and carbon emissions, and the mediating effect is signifi-
cant. In other words, urbanization suppresses carbon emissions through technological 
progress and the above mechanism is verified.

Table 6  Test results of mediating 
effect of technological progress

Same as Table 3

Lnpc Lnee Lnpc

Lnur 0.965*** 0.948*** 1.030***
(0.0861) (0.0931) (0.146)

Lnee − 0.0683
(0.121)

Control variable Yes Yes Yes

Table 7  Test results of 
intermediary effect of industrial 
structure

Same as Table 3

Lnpc Indp Lnpc

Lnur 0.965*** 0.0603*** 0.913***
(0.0861) (0.0182) (0.0847)

Indp 0.870*
(0.489)

Control variable Yes Yes Yes
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4.2.3  The empirical results of industrial structure

As can be seen from Table 7, the correlation coefficient between urbanization and the pro-
portion of industrial added value is 0.0603, which passes the significance test with the sig-
nificance level of 1%. After adding the proportion of industrial added value, the correla-
tion coefficient between urbanization and carbon emissions is 0.913, and passes the 1% 
significance test, which shows that the industrial structure has a mediating effect between 
urbanization and carbon emissions. Therefore, urbanization promotes carbon emissions 
by increasing the proportion of industrial added value and the third mechanism above is 
verified.

4.2.4  Empirical results of energy structure

It can be seen from Table 8 that the situation is similar to the second mechanism. Urbaniza-
tion has an inhibitory effect on energy structure. The coefficient is -0.0397 and passes the 
significance test of 10%. The improvement in urbanization level will not only lead to the 
increase of fossil energy consumption, but also promote the unitization of clean energy. 
The result reflects the role of the latter. After adding the energy structure, the effect of 
urbanization on carbon emissions is still significantly positive and passes the 1% signifi-
cance test, but the effect of energy structure is not significant. The promotion of carbon 
emissions is reflected in the fact that despite the decline in the proportion of coal con-
sumption, the total coal consumption is still rising (Fig. 1). Therefore, the bootstrap test 
is needed. The test result shows that P-value is 0 and the confidence interval is [−0.3393, 
−0.145]. It indicates that urbanization increases carbon emissions by affecting the energy 
structure and the last mechanism is verified.

Same as Table 3

4.2.5  The proportion of each mediating effect

As shown in Table  9, the mediating role of each intermediary variable in the effect of 
urbanization on per capita carbon emissions is obtained: First, the coefficient of Con  (a1b1) 
is 1.3692, which indicates that under other conditions unchanged, every 1% increase in 
urbanization rate will increase per capita carbon emissions by 1.3692% through the 
improvement in consumption level. The explanations for Ee, Indp and Enstrp are similar to 
it. Second, among the four mediating variables, the improvement in resident consumption 
level and technology progress play a major role. Third, the direct effect of urbanization on 
carbon emissions (c’) is 0.351, the total mediating effect (ab) is 0.6143, and the total effect 

Table 8  Test results of mediating 
effect of energy structure

Lnpc Enstrp Lnpc

Lnur 0.965*** -0.0397* 1.006***
(0.0861) (0.022) (0.0963)

Enstrp 1.041
(0.677)

Control variable Yes Yes Yes
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(c) is 0.965. It shows that 63.66% of the total effect is mediated by mediating variables, and 
the total mediating effect is 1.75 times of the direct effect.

To sum up, the results of Tables 4, 5, 6, 7, 8, and 9 show that the resident consump-
tion level, technological progress, industrial structure, and energy structure can conduct 
the impact of urbanization on carbon emissions. In addition, the proportion of total medi-
ating effect in the total effect is higher than that of direct effect in the total effect, in other 
words, most of the promoting effect of urbanization on per capita carbon emissions is 
realized through mediating variables. Of course, we cannot rule out the existence of other 
intermediaries.

5  Conclusion and discussion

5.1  Main achievements

In order to clarify the relationship between urbanization and carbon emissions and the spe-
cific role of the mediating transmission path, this research starts from the coupling per-
spective of heterogeneous urbanization and mediating mechanism, and conducts empirical 
research based on the STIRPAT-Threshold model and multiple intermediary effect model. 
The Threshold model is used to study the causal relationship between urbanization and 
carbon emissions, and the mediating effect model is adopted to identify the influence chan-
nel of urbanization on carbon emissions. We find that in different stages of urbanization 
development with 47.04% as the dividing point, urbanization promotes carbon emissions.

In addition, this research explores the impact of heterogeneous urbanization on carbon 
emissions through four mediating variables: urban resident consumption level, technologi-
cal progress, industrial structure and energy structure. The results show that urbanization 
can mitigate per capita carbon emissions through improving the energy structure and tech-
nology level, while the improvement in residential consumption level and the adjustment 
of industrial structure can lead to the rise of per capita carbon emissions. In particular, 

Table 9  Test results of multiple 
mediating effects of urbanization 
on carbon emissions

Same as Table 3

Influence Coefficient Coefficient value

Direct effect
Ur → Con (a1) 1.349***
Ur → Ee (a2) 0.948***
Ur → Indp (a3) 0.0603***
Ur → Enstrp (a4) − 0.0397*
Con → Pc (b1) 1.015***
Ee → Pc (b2) − 0.824***
Indp → Pc (b3) 0.878***
Enstrp → Pc (b4) 0.672*
Ur → Pc (c’) 0.351***
Mediating effect
Ur → Pc (ab) 0.6143
Total effect
Ur → Pc (c) 0.965***
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the promotion effect of resident consumption level and industrial structure is greater than 
that of technological progress and energy structure improvement. Although the research 
results cannot lead us to the conclusion that China’s industrial structure adjustment was 
invalid or in the wrong direction during the sample period, it enlightens us that a harmoni-
ous relationship between urbanization process and carbon emission abatement can come 
true if policy-makers attempt to enhance the positive mediation roles of such factors when 
formulating relevant policies.

5.2  Policy implications and limitations

China is experiencing rapid urbanization. It is challenging to realize the coordinated devel-
opment of urbanization and carbon emission reduction. An integrated effort should be 
made on the basis of some policy implications.

Firstly, the Chinese government needs to implement some market-driven policies to 
facilitate the positive role of urbanization in energy saving and emission reduction. This 
is because urbanization is a necessary experience of China’s economic development, 
yet, the abatement effect of urbanization on carbon emissions may be overshadowed by 
the disadvantages of the rapid expansion of urbanization. Fortunately, we are pleased to 
see that China is stepping toward such a goal. For one thing, China officially levied an 
environmental tax in 2018. Such a policy will effectively correct the distortion in fossil 
energy prices, enhance green technological progress, promote renewable energy use, and 
improve industrial structure. Hence, the introduction of an environmental tax is expected 
to reduce the negative impact of urbanization on carbon emission reduction, to facilitate 
the coordinated development of urbanization and environment, as well as the “win–win” 
of economic growth and carbon emission reduction. For another, China’s national carbon 
emission trading market was officially launched on July 16, 2021. The government has 
been actively promoting the overall operation of the carbon trading market and providing 
it with financial, information and technical support. The carbon trading market is expected 
to mitigate China’s pressure of carbon emission reduction caused by rapid urbanization and 
industrialization.

Secondly, the Chinese government needs to treat the adjustment of industrial structure 
with deliberation. This is because the upgrading of industrial structure is a sword with two 
blades in lowering carbon emissions. The development of manufacturing industry can lead 
to an increase in carbon emissions, although the reverse inhibitory effect will promote gov-
ernment control of highly polluting manufacturing industries and have a negative impact 
on carbon emissions. Therefore, the upgrading of industrial structure does not necessarily 
alleviate total carbon emissions. Policy-makers should focus on the development of low-
carbon industries, rather than merely emphasize the manufacturing industry that promotes 
economic growth. In addition, regarding international industrial transfer, it is important for 
developing countries to avoid introducing advanced industries from developed countries in 
the name of climate change mitigation, but actually for promoting economic growth that 
may cause the increase in carbon emissions.

This study reveals the nonlinear relationship between urbanization and carbon emission 
at China’s provincial level, which is conducive to promoting the related research on the 
environmental effects of urbanization. However, our study is limited by data unavailability 
at micro-level. Future research is suggested to investigate a wide range of issues by using 
more abundant data with more comprehensive independent variables, longer time span and 
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more mediating variables, so as to provide a more reasonable explanation for the relation-
ship between urbanization and carbon emissions.

Acknowledgements We are grateful for support from the fund projects: National Natural Science Founda-
tion of China (72074107&71603111), National statistical scientific research projects of China (2020LY062), 
the China Postdoctoral Science Foundation (2017M620207), and a Project Funded by the Priority Academic 
Program Development of Jiangsu Higher Education Institutions.

References

Adebayo, T. S., Awosusi, A. A., Odugbesan, J. A., Akinsola, G. D., Wong, W.-K., & Rjoub, H. (2021). 
Sustainability of energy-induced growth nexus in Brazil: Do carbon emissions and urbanization 
matter? Sustainability, 13, 4371. https:// doi. org/ 10. 3390/ su130 84371

Bai, Y. P., Deng, X. Z., Gibson, J., Zhao, Z., & Xu, H. (2019). How does urbanization affect residential 
 CO2 emissions? An analysis on urban agglomerations of China. Journal of Cleaner Production, 
209, 876–885. https:// doi. org/ 10. 1016/j. jclep ro. 2018. 10. 248

Chen, J., Wang, L. J., & Li, Y. Y. (2020). Research on the impact of multi-dimensional urbanization on 
China’s carbon emissions under the background of COP21. Journal of Environmental Management. 
https:// doi. org/ 10. 1016/j. jenvm an. 2020. 111123

Cheng, K., Hsueh, H. P., Ranjbar, O., et al. (2021). Urbanization, coal consumption and  CO2 emissions 
nexus in China using bootstrap Fourier Granger causality test in quantiles. Letters in Spatial and 
Resource, 14, 31–49. https:// doi. org/ 10. 1007/ s12076- 020- 00263-0

de Ponce Leon Barido, D., & Marshall, J. D. (2014). Relationship between urbanization and  CO2 emis-
sions depends on income level and policy. Environmental Science & Technology. https:// doi. org/ 10. 
1021/ es405 117n

Ding, Y., & Li, F. (2017). Examining the effects of urbanization and industrialization on carbon dioxide 
emission: Evidence from China’s provincial regions. Energy, 125, 5–542. https:// doi. org/ 10. 1016/j. 
energy. 2017. 02. 156

Fang, K., Zhang, Q. F., Song, J. N., Yu, C., Zhang, H. R., & Liu, H. M. (2021). How can national ETS 
affect carbon emissions and abatement costs? Evidence from the dual goals proposed by China’s 
NDCs. Resources, Conservation & Recycling. https:// doi. org/ 10. 1016/j. resco nrec. 2021. 105638

Ghazouani, T. (2021). The effect of FDI inflows, urbanization, industrialization, and technological inno-
vation on  CO2 emissions: Evidence from Tunisia. Journal of the Knowledge Economy. https:// doi. 
org/ 10. 1007/ s13132- 021- 00834-6

Hansen, B. E. (1999). Threshold effects in non-dynamic panels: Estimation, testing, and inference. Jour-
nal of Econometrics, 93(2), 345–368. https:// doi. org/ 10. 1016/ S0304- 4076(99) 00025-1

Hao, S. (2014). China’s path to the construction of low-carbon cities in the context of new-style urbani-
zation. China Finance and Economic Review, 2, 3. https:// doi. org/ 10. 1186/ 2196- 5633-2- 3/

Hashmi, H. S., Fan, H. Z., Habib, Y., & Riaz, A. (2021). Non-linear relationship between urbanization 
paths and  CO2 emissions: A case of South, South-East and East Asian economies. Urban Climate, 
37, 100814. https:// doi. org/ 10. 1016/j. uclim. 2021. 100814

Hayes, A. F. (2009). Beyond Baron and Kenny: Statistical mediation analysis in the new millennium. 
Communication Monographs, 76(4), 408–420. https:// doi. org/ 10. 1080/ 03637 75090 33103 60

Huo, T. F., Li, X. H., Cai, W. G., Zuo, J., Jia, F. Y., & Wei, H. F. (2020). Exploring the impact of urbani-
zation on urban building carbon emissions in China: Evidence from a provincial panel data model. 
Sustainable Cities and Society., 56, 102068. https:// doi. org/ 10. 1016/j. scs. 2020. 102068

Li, J. B., Huang, X. J., Chuai, X. W., & Yang, H. (2021). The impact of land urbanization on carbon 
dioxide emissions in the Yangtze River Delta, China: A multiscale perspective. Cities. https:// doi. 
org/ 10. 1016/j. cities. 2021. 103275

Li, X. Y. (2021). Study on the impact of energy rebound effect on carbon emission reduction at differ-
ent stages of urbanization in China. Ecological Indicators. https:// doi. org/ 10. 1016/j. ecoli nd. 2020. 
106983

Liu, F. Y., & Liu, C. Z. (2019). Regional disparity, spatial spillover effects of urbanisation and carbon 
emissions in China. Journal of Cleaner Production, 241, 118226. https:// doi. org/ 10. 1016/j. jclep ro. 
2019. 118226

https://doi.org/10.3390/su13084371
https://doi.org/10.1016/j.jclepro.2018.10.248
https://doi.org/10.1016/j.jenvman.2020.111123
https://doi.org/10.1007/s12076-020-00263-0
https://doi.org/10.1021/es405117n
https://doi.org/10.1021/es405117n
https://doi.org/10.1016/j.energy.2017.02.156
https://doi.org/10.1016/j.energy.2017.02.156
https://doi.org/10.1016/j.resconrec.2021.105638
https://doi.org/10.1007/s13132-021-00834-6
https://doi.org/10.1007/s13132-021-00834-6
https://doi.org/10.1016/S0304-4076(99)00025-1
https://doi.org/10.1186/2196-5633-2-3/
https://doi.org/10.1016/j.uclim.2021.100814
https://doi.org/10.1080/03637750903310360
https://doi.org/10.1016/j.scs.2020.102068
https://doi.org/10.1016/j.cities.2021.103275
https://doi.org/10.1016/j.cities.2021.103275
https://doi.org/10.1016/j.ecolind.2020.106983
https://doi.org/10.1016/j.ecolind.2020.106983
https://doi.org/10.1016/j.jclepro.2019.118226
https://doi.org/10.1016/j.jclepro.2019.118226


4828 F. Tan et al.

1 3

Madlener, R., & Sunak, Y. (2010). Impacts of urbanization on urban structures and energy demand: 
What can we learn for urban energy planning and urbanization management? Sustainable Cities 
Society, 1(1), 45–53. https:// doi. org/ 10. 1016/j. scs. 2010. 08. 006

Martínez-Zarzoso, I., & Maruotti, A. (2011). The impact of urbanization on  CO2 emissions: Evidence 
from developing countries. Ecological Economics. https:// doi. org/ 10. 1016/j. ecole con. 2011. 02. 009

Perry, S. (2014). The effect of urbanization on  CO2 emissions in emerging economies. Energy Econom-
ics, 41, 147–153. https:// doi. org/ 10. 1016/j. eneco. 2013. 11. 007

Pu, Y. R., Wang, Y. Y., & Peng, W. (2020). Driving effects of urbanization on city-level carbon dioxide 
emissions: From multiple perspectives of urbanization. International Journal of Urban Sciences. 
https:// doi. org/ 10. 1080/ 12265 934. 2020. 18031 05

Sharma, S. S. (2011). Determinants of carbon dioxide emissions: Empirical evidence from 69 countries. 
Applied Energy, 88(1), 376–382. https:// doi. org/ 10. 1016/j. apene rgy. 2010. 07. 022

Shi, X. C., & Li, X. Y. (2018). Research on three-stage dynamic relationship between carbon emission 
and urbanization rate in different city groups. Ecological Indicators. https:// doi. org/ 10. 1016/j. ecoli 
nd. 2018. 03. 056

Sun, J. Q., Shi, J., Shen, B. Y., Li, S. Q., & Wang, Y. W. (2018). Nexus among energy consumption, 
economic growth, urbanization and carbon emissions: Heterogeneous panel evidence considering 
China’s regional differences. Sustainability. https:// doi. org/ 10. 3390/ su100 72383

Sun, W., & Huang, C. C. (2020). How does urbanization affect carbon emission efficiency? Evidence 
from China. Journal of Cleaner Production. https:// doi. org/ 10. 1016/j. jclep ro. 2020. 122828

Sun, Y. P., Li, H. N., Andlib, Z., & Genie, M. G. (2022). How do renewable energy and urbanization 
cause carbon emissions? Evidence from advanced panel estimation techniques. Renewable Energy, 
185, 996–1005. https:// doi. org/ 10. 1016/j. renene. 2021. 12. 112

Tang, W., Xu, Y. J., & Li, S. Y. (2021). Rapid urbanization effects on partial pressure and emission of 
 CO2 in three rivers with different urban intensities. Ecological Indicators, 125, 107515. https:// doi. 
org/ 10. 1016/j. ecoli nd. 2021. 107515

Tripathi, S. (2021). How does urbanization affect the human development index? A cross-coun-
try analysis Asia-Pacific. Journal of Regional Science, 5, 1053–1080. https:// doi. org/ 10. 1007/ 
s41685- 021- 00211-w

Wang, Q., & Su, M. (2019). The effects of urbanization and industrialization on decoupling economic 
growth from carbon emission – A case study of China. Sustainable Cities and Society, 51, 101758. 
https:// doi. org/ 10. 1016/j. scs. 2019. 101758

Wang, S. J., Zeng, J. Y., Huang, Y. Y., Shi, C. Y., & Zhan, P. Y. (2018). The effects of urbanization 
on  CO2 emissions in the Pearl River Delta: A comprehensive assessment and panel data analysis. 
Applied Energy, 228, 1693–1706. https:// doi. org/ 10. 1016/j. apene rgy. 2018. 06. 155

Wang, W. Z., Liu, L. C., Liao, H., & Wei, Y. M. (2021). Impacts of urbanization on carbon emissions: 
An empirical analysis from OECD countries. Energy Policy. https:// doi. org/ 10. 1016/j. enpol. 2021. 
112171

Wang, Y. A., Li, X. B., Kang, Y. Q., Chen, W., Zhao, M. J., & Li, W. (2019). Analyzing the impact 
of urbanization quality on  CO2 emissions: What can geographically weighted regression tell us? 
Renewable and sustainable. Energy Reviews, 104, 127–136. https:// doi. org/ 10. 1016/j. rser. 2019. 01. 
028

Wu, S. J., & Zhang, K. L. (2021). Influence of urbanization and foreign direct investment on carbon 
emission efficiency: Evidence from urban clusters in the yangtze river economic belt. Sustainabil-
ity. https:// doi. org/ 10. 3390/ su130 52722

Wu, Y. Z., Shen, J. H., Zhang, X. L., Martin, S., & Lu, W. (2016). The impact of urbanization on car-
bon emissions in developing countries: A Chinese study based on the U-Kaya method. Journal of 
Cleaner Production. https:// doi. org/ 10. 1016/j. jclep ro. 2016. 06. 121

Xie, Q. C., & Liu, J. X. (2019). Combined nonlinear effects of economic growth and urbanization on 
 CO2 emissions in China: Evidence from a panel data partially linear additive model. Energy, 186, 
115868. https:// doi. org/ 10. 1016/j. energy. 2019. 115868

Xu, Q., Dong, Y. X., & Yang, R. (2018). Urbanization impact on carbon emissions in the Pearl River 
Delta region: Kuznets curve relationships. Journal of Cleaner Production. https:// doi. org/ 10. 
1016/j. jclep ro. 2018. 01. 194

Yao, F., Zhu, H. S., & Wang, M. J. (2021). The impact of multiple dimensions of urbanization on  CO2 
emissions: A spatial and threshold analysis of panel data on China’s prefecture-level cities. Sustain-
able Cities and Society, 73, 103113. https:// doi. org/ 10. 1016/j. scs. 2021. 103113

Yao, X. L., Kou, D., Shao, S., Li, X. Y., Wang, W. X., & Zhang, C. T. (2018). Can urbanization process 
and carbon emission abatement be harmonious? New evidence from China. Environmental Impact 
Assessment Review. https:// doi. org/ 10. 1016/j. eiar. 2018. 04. 005

https://doi.org/10.1016/j.scs.2010.08.006
https://doi.org/10.1016/j.ecolecon.2011.02.009
https://doi.org/10.1016/j.eneco.2013.11.007
https://doi.org/10.1080/12265934.2020.1803105
https://doi.org/10.1016/j.apenergy.2010.07.022
https://doi.org/10.1016/j.ecolind.2018.03.056
https://doi.org/10.1016/j.ecolind.2018.03.056
https://doi.org/10.3390/su10072383
https://doi.org/10.1016/j.jclepro.2020.122828
https://doi.org/10.1016/j.renene.2021.12.112
https://doi.org/10.1016/j.ecolind.2021.107515
https://doi.org/10.1016/j.ecolind.2021.107515
https://doi.org/10.1007/s41685-021-00211-w
https://doi.org/10.1007/s41685-021-00211-w
https://doi.org/10.1016/j.scs.2019.101758
https://doi.org/10.1016/j.apenergy.2018.06.155
https://doi.org/10.1016/j.enpol.2021.112171
https://doi.org/10.1016/j.enpol.2021.112171
https://doi.org/10.1016/j.rser.2019.01.028
https://doi.org/10.1016/j.rser.2019.01.028
https://doi.org/10.3390/su13052722
https://doi.org/10.1016/j.jclepro.2016.06.121
https://doi.org/10.1016/j.energy.2019.115868
https://doi.org/10.1016/j.jclepro.2018.01.194
https://doi.org/10.1016/j.jclepro.2018.01.194
https://doi.org/10.1016/j.scs.2021.103113
https://doi.org/10.1016/j.eiar.2018.04.005


4829The impact of urbanization on carbon emissions: both from…

1 3

Zhang, S. X., Li, Z. F., Ning, X., & Li, L. (2021). Gauging the impacts of urbanization on  CO2 emis-
sions from the construction industry: Evidence from China. Journal of Environmental Manage-
ment, 288, 112440. https:// doi. org/ 10. 1016/j. jenvm an. 2021. 112440

Zheng, S. N., Wang, R., Mak Tiffany, M. W., Shu-Chien, H., & Tsang Daniel, C. W. (2021). How energy 
service companies moderate the impact of industrialization and urbanization on carbon emissions 
in China? Science of the Total Environment. https:// doi. org/ 10. 1016/j. scito tenv. 2020. 141610

Zhou, Y., Chen, M. X., Tang, Z. P., & Mei, Z. (2021). Urbanization, land use change, and carbon emissions: 
Quantitative assessments for city-level carbon emissions in Beijing-Tianjin-Hebei region. Sustainable 
Cities and Society. https:// doi. org/ 10. 1016/j. scs. 2020. 102701

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

https://doi.org/10.1016/j.jenvman.2021.112440
https://doi.org/10.1016/j.scitotenv.2020.141610
https://doi.org/10.1016/j.scs.2020.102701

	The impact of urbanization on carbon emissions: both from heterogeneity and mechanism test
	Abstract
	1 Introduction
	2 Theoretical mechanism
	2.1 The promotion mechanism of resident consumption level
	2.2 The mechanism of technological progress
	2.3 The mechanism of industrial structure adjustment
	2.4 Energy structure adjustment mechanism

	3 Model construction and index data selection
	3.1 Threshold-STIRPAT model
	3.2 Mediating effect model
	3.3 Data and sources

	4 Analysis of empirical results
	4.1 Threshold effect of urbanization on carbon emission
	4.2 The test of intermediary mechanism
	4.2.1 The empirical results of resident consumption level
	4.2.2 Empirical results of technological progress
	4.2.3 The empirical results of industrial structure
	4.2.4 Empirical results of energy structure
	4.2.5 The proportion of each mediating effect


	5 Conclusion and discussion
	5.1 Main achievements
	5.2 Policy implications and limitations

	Acknowledgements 
	References




