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ABSTRACT
The continuous growth of the transport sector and the increase
in transportation carbon emissions attract policymakers’ attention.
It is of great importance to understand the determinants of pollu-
tion from transportation. This study explores the dynamic nexus
between transportation, growth, and environmental degradation
in China. The QARDL approach is used for the empirical investiga-
tion of data series from 1995 to 2018. The findings exposed
mixed results in both the long and short run. The result for
freight transportation only improves the environment at upper
extreme quantiles, while the results are insignificant in the short
run. The results show that passenger transportation reduces CO2
emissions at the lower bottom quantiles in the long run, while
the results are significant at upper extreme quantiles in the short
run. In the case of GDP, the results endorsed the EKC hypothesis
in the long run, while in short-run dynamics, the results for GDP2
are found insignificant, which elaborates that China’s economic
growth enhances the CO2 emissions. Besides, the quantile causal-
ity test showed a bi-directional causality between all variables.
The findings of this study provide concrete evidence to the poli-
cymakers of China to strengthen the sustainable transportation
system by promoting eco-friendly and energy-efficient modes of
transportation.
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1. Introduction

The transportation sector is considered to be an important engine of economic
growth and contributes greatly to the socio-economic development of countries. It
enables the mobility of people and goods from one place to another (Berg &
Ihlstr€om, 2019; Umar et al., 2020). According to (Ozkan et al., 2019), a safe and
environment-friendly transportation system is essential for sustainable economic
growth. Although transportation is inevitable for globalization, it is also one of the
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biggest sources of environmental degradation (Liu et al., 2020; Umar et al., 2021).
Especially in the cities, pollutant emissions produced by the transportation are a big
concern for the environmentalists. The transportation sector is one of the largest con-
sumers of fossil fuels, and such energy consumption makes a significant contribution
to greenhouse gas emissions (C.-W. Su et al., 2022; Xu et al., 2020; Yan et al., 2022).
(J. Zheng et al., 2018) argued that transportation is necessary for economic growth,
but conversely, its impact on the environment cannot be ignored.

In 2011, the World Energy Commission (WEC) report unveiled that the transpor-
tation system consumed almost 19% of global energy and consequently has a share of
23% of carbon emissions worldwide. Another report released by UNCTAD
(Development (UNCTAD),), 2015) stated that 64% of the world’s oil and fossil fuel is
used for transportation. All sorts of modern transportation mean, including road, rail,
air, and sea transport, have an adverse impact on the environment as they depend on
energy from fossil fuels (Guo et al., 2022; Talbi, 2017; Q.-S. Wang et al., 2021).
According to (Organization & W. H, 2006) report, more than 2 million people die
prematurely due to air pollution each year, and the burning of fossil fuels in trans-
portation contributes the most. In addition, the same reference data shows that 98%
of residents in developing countries are exposed to environments with high levels of
air pollution (Ji et al., 2021; R. Wang et al., 2020). To this extent, policymakers are
increasingly aware of finding effective policy tools to solve traffic-oriented environ-
mental pollution problems.

In this study, we emphasized China, one of the country’s leading carbon emissions
globally. China has witnessed unprecedented economic growth in the previous
40 years since the reforms of 1978. As per the International Monetary Fund (IMF)
data, China continues to become the largest economy worldwide after surpassing the
United States in 2014 (Boumphrey, 2014; Monaghan, 2014; C. W. Su et al., 2022).
With rapid economic development, China has also experienced accelerated urbaniza-
tion, resulting in an increased number of vehicles on the road (Reddy et al., 2021; K.-
H. Wang et al., 2022). By 2013, more than 50% of China’s population lived in urban
areas. (Darido et al., 2014) evidenced that the car ownership average growth rate per
capita is 10 to 25 percent annually. The fast growth in automobile ownership and
usage related to urbanization cause to increase in global warming and other allied
issues (Beaudoin et al., 2015; Brownstone & Golob, 2009; Kahn, 2000; Lin & Zeng,
2014; Si et al., 2021; Van Heddeghem et al., 2014). Along with the economic growth,
China is the largest emitter of CO2, with 28% of carbon emissions reported in 2017
globally (Lobato et al., 2021; Shan et al., 2018). From 1978 to 2017, China’s per capita
CO2 emissions amplified from 1.53 metric tons to 7.53 metric tons (Bank, 2019).
Under such circumstances, policymakers and researchers must effectively analyze
transportation-induced environmental pollution factors in China. Considering envir-
onmental pollution in China, a sustainable emission-free transportation system has
become a crucial phenomenon (K.-H. Wang et al., 2021). Even though China has
insisted on using legal carbon technology, its transportation system relies on fossil
fuels. Even modern transportation technology provides many advantages, but it is not
environmentally sustainable.
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Many former studies have looked at the dynamic link between transportation and
the environment using various economic estimation methods. (Huang et al., 2021)
used the new cross-sectionally augmented autoregressive distributed lags (CS-ARDL)
methods to look at the link between transportation, economic growth, urbanization,
and emissions of greenhouse gases in the countries of ASEAN from 1995 to 2018
(Tao et al., 2022). According to the study, emissions grow with mobility, economic
expansion, and urbanization but fall with the introduction of environmental levies
(C.-W. Su et al., 2020; X.-T. Zhang et al., 2020). Similarly, (Shahbaz et al., 2015) used
a Vector error correction model to assess the association between transportation and
carbon emissions in Tunisia. They discovered a decoupling association of energy con-
sumption with carbon emissions. (Neves et al., 2017) utilized the autoregressive dis-
tributed lag model (ARDL) to illustrate that fossil fuels in transport represent a
significant contributor to economic development in 15 OECD nations (C.-W. Su
et al., 2022). Similarly, Saidi and Hammami (Saidi & Mbarek, 2017) utilized a sample
of 75 nations to examine the connection between GDP, transportation, and environ-
mental deterioration from 2000 to 2014. In the countries of low, middle, and
high-income countries, a two-way link is found between GDP and environmental
degradation, and a one-way link is found between the transportation sector and
environmental degradation that appears only in economies of high income (Umar
et al., 2021). In contrast, reverse weaker causality is found in low and middle-income
economies (Kaiser & Welters, 2019; Umar et al., 2022).

However, because research on China’s transportation, growth, and environmental
degradation is relatively scarce, the current study focuses on the dynamic interplay
between transportation, growth, and environmental degradation in China. With
growing CO2 emissions from transportation and residential sources, China is one of
the most important global emerging markets (Ielasi et al., 2018). This is due to sev-
eral Chinese areas’ fast growth that requires energy. Consequently, establishing poli-
cies for China and other emerging countries can help them to rethink their strategies
to stimulate sustainable growth without damaging the environment (Ji et al., 2021).
In addition, an appropriate policy framework requires an appropriate methodological
approach. Therefore, unlike traditional methods, the current study uses the Quantile
Autoregressive Distribution Lag (QARDL) developed by (Cho et al., 2015) to design
robust conclusions. The advantage of this method is that it simultaneously refers to
the association between multiple time series of conditional quantiles of multiple
quantile points.

The paper’s organization is as follows: Section 2 encloses the literature review;
Section 3 explains the methodology. Section 4 discourses the outcomes, and Section 5
offers conclusions and policy suggestions.

2. Literature review

This section provides prior literature that identifies the relationship between transpor-
tation, economic growth, and carbon emissions in different contexts and prospects.
Researchers and economists discussed the causal relationship between transportation-
related energy consumption and environmental degradation. Such as (Georgatzi et al.,
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2020; Gonz�alez et al., 2019; Nasreen et al., 2018; Saidi & Mbarek, 2016; Sasana &
Aminata, 2019) demonstrate that CO2 emissions from the transportation sector grad-
ually increase with travel, energy use, and oil imports (Umar et al., 2021). In addition,
it is argued that the use of transportation energy has accelerated environmental deg-
radation without any restrictions or effective countermeasures. (N€aslin &
Sverrisdottir, 2020), considering the problem of structural fracture and cross-section
dependence, it studied the causal relationship between transportation energy con-
sumption, environmental degradation, and economic growth in 18 Asian countries
from 1980 to 2017. The authors conclude that there is a two-way long-term Granger
causality between transportation energy consumption and carbon dioxide emissions.
(Banister & Stead, 2002) examine the affiliation between transportation and economic
activities and carbon emissions. They confirmed that transportation and economic
activities extensively amplified energy demand and eventually increased CO2 emis-
sions (Neves et al., 2017; Tongwane et al., 2015) revealed that in South Africa, trucks
and cars generate 70.6% of whole road transport pollutants.

The empirical study of (Ridhosari & Rahman, 2020) shows that transportation is
ranked as the second-largest contributor to carbon emissions. (Georgatzi et al., 2020)
use various econometric methods to investigate the main determinants of carbon
emissions caused by traffic activities in 12 European economies from 1994 to 2014.
They argued that transportation-linked carbon emissions are considerably affected by
environmental regulations, new technologies, and the value addition of the transpor-
tation sector. (Gonz�alez et al., 2019) employed a dynamic panel data model to investi-
gate the main determinants of CO2 emissions in European countries from 1990 to
2015. The study found that 92% of carbon emissions are directly linked to road trans-
portation. (Li et al., 2020) applied autoregressive distribution lag and the VECM
method to analyze the long-term relationship between China’s (1985-2013) carbon
dioxide emissions and various transportation modes. They found that the expansion
of China’s domestic road, aviation, and waterway infrastructure has experienced a
long-term increase in environmental degradation. Similarly, (Li et al., 2020) compare
the main determinants of carbon dioxide emissions in the United States and China
from 1993 to 2013. They found that China’s transportation, power, natural gas, and
construction industries significantly impact carbon dioxide emissions.

In the case of ASEAN, (Huang et al., 2021) reported that greenhouse gas emissions
upsurge with transportation, economic expansion, and urbanization but decline with
environmental-related levies. From 1995 to 2017, (Shafique et al., 2021) utilized
multi-variate panel data analysis to evaluate the long-run connection between varia-
bles in ten Asian economies. From 1995 to 2017, they utilized ARDL and panel pool
means group model to assess the link between economic growth, transportation, and
environmental deterioration in ten Asian economies with CO2 emissions. The find-
ings reveal that transportation, economic growth, and CO2 emissions have an
endogenous link and that economic expansion and the transportation sector are pri-
marily involved in environmental deterioration. In the United States, (Tiwari et al.,
2021) looked at the Granger-causality between the transportation sector and CO2
emissions. Across all periods, they identified a weak link between traffic pollution
and transportation infrastructure. Similarly, (Alam et al., 2021) examined the
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relationship between transportation infrastructure and economic development in
Pakistan from 1971 to 2017. They utilized the ARDL and VECM methods. The
results imply a long-term causal link between transportation infrastructure and eco-
nomic progress.

Furthermore, take Pakistan and India as examples. (Tariq et al., 2017) used OLS
regression to study the link between total capital formation, carbon dioxide emissions,
and growth. Their research results show that energy use, real growth, and total capital
formation positively impact carbon dioxide emissions (Berger, 2022; Hmaittane et al.,
2019; Rauf et al., 2018) consider the ‘Belt and Road’ initiative and used the panel
ARDL method to study the link between energy use, CO2 emissions, and growth. It
turns out that energy usage and actual growth positively impact carbon emissions
(C.-W. Su et al., 2020; C.-W. Su et al., 2022). This is primarily because economic
growth accumulates resource consumption and increases people’s demand for envir-
onmental quality and technology change. (Dinda et al., 2000) apprehend the up grad-
ation and optimization of the industrial structure, so it improves the environmental
quality. (Stern & van Dijk, 2017) considered the impact of economic growth on
PM2.5 pollution and institute that economic growth condensed the concentration of
pollutant emissions and enhanced the environment. (Dong et al., 2019) argued that
economic growth might be a vast driving force in recovering haze pollution.

Based on the preceding literature, it is noticeable that further research is needed in
China on the link between economic growth, transportation, and CO2 emissions.
Several studies examined various relationships between economic growth, transporta-
tion, and pollution emissions for various countries. Furthermore, a range of empirical
estimating approaches has been applied by several scholars. To the authors’ know-
ledge, no research has looked at the entire dynamic link of transportation and eco-
nomic growth with CO2 emissions by employing the unique Quantile Autoregressive
Lagged (QARDL) technique, especially in the case of China. The study by (Sharif
et al., 2020) also used QARDL to examine the impact of non-renewable and renew-
able energy consumption on the ecological footprint in Turkey, finding that the con-
sumption of renewable energy decreases the ecological footprint on each quantile in
the long run. Economic expansion and non-renewable energy, on the other hand,
have a long-term and short-term positive influence on the ecological footprint at all
quantiles. (Godil et al., 2020) used QARDL to look at the link between transportation
services (i.e. passenger and freight) and carbon emissions in the US economy.
However, because research on China is still few, the current study fills the gap by
determining the dynamic relationship between transportation and economic growth
with CO2 emissions in China.

3. Data and methods

3.1. Data and variables

This study explores the dynamic relationship between China’s transportation, growth,
and environmental degradation. The variable Transportation is measured by including
passenger transport (PT) and freight transport (FT). The economic growth measured
as total nominal GDP and environmental degradation is proxied by CO2 emissions.
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The data is collected from the World Development Indicators (WDI) spanning the
years 1995 to 2018. The annual data of the variables are converted into quarterly data
through the quadratic matching and summation method, which is in line with (Arain
et al., 2020; Aziz et al., 2020; Sharif et al., 2020). The above method effectively trans-
forms low-frequency data and solves periodic divergence by discarding end-to-end
data deviation.

3.2. Estimations

There is a need for a robust methodological approach as orthodox methods such as
the Ordinary Least Squares (OLS) technique is only efficient in assessing the effects
of variables only at the median. Besides, the relationship among variables may not be
symmetric as claimed by the OLS. Since variables do not always exhibit a linear
trend, a methodological adaptation is required to ameliorate the deficiencies of previ-
ous studies. Therefore, to achieve the objective of this study, the QARDL model is
utilized to explore the dynamic nexus between transportation, economic growth, and
environmental degradation in China. Introduced by (Cho et al., 2015), the QARDL is
superior to the ARDL model, mainly due to its ability to expose asymmetries between
key variables (such as FT, PT, GDP, and CO2 in our case). In many respects, the
QARDL theory is compelling. For example, it enables locational asymmetries, which
implies that the variables can be decided by the location of the dependent variable,
which is enclosed by its conditional distribution. Second, the QARDL method can
manage the long-term connection and past and present dynamics at different quan-
tiles. Finally, classic econometric approaches have shown that time series variables do
not co-integrate. This may be explained by the manifestation of cointegration coeffi-
cients varying at quantiles throughout prior and present dynamics, even while the
parameters are moving together in the long run (X.-P. Zhang & Cheng, 2009)? The
cointegration coefficient might diverge over the new quantiles created by shocks using
this method. Other non-linear models, such as (Shin et al., 2014)NARDL model, in
which nonlinearity is demarcated exogenously as the cutoff is fixed at zero rather
than being formed through a data-driven method, so these characteristics make the
QARDL the critical and most precise tool for detecting nonlinearity and asymmetries
in China’s transportation, economic development, and carbon emissions. Further, the
Wald test associated with the QARDL procedure gives information on the time
period-varying integration association and the steadiness of integrating coefficients
throughout the quantiles. The latter will ease the estimation of short and long-run
symmetry. By moving from general to specific, the ARDL model associated with this
study is given as:

C02t ¼ lþ
Xp

i¼1
kiC02t�1 þ

Xq

i¼0
wiFTt�i þ

Xr

i¼0
CiPTt�i

þ
Xs

i¼0
niGDPt�i þ et (1)

Where s, r, q, and p are the various lag orders based on the Schwarz information
criteria (SIC), while et is the error term. (Cho et al., 2015) modified Eq. (1) to include
quantiles. As such, the QARDL (t, s, r, q, pÞ form of Eq. (1) is given as:
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QC02t ¼ l sð Þ þ
Xp

i¼1
ki sð ÞC02t�1 þ

Xq

i¼0
wi sð ÞFTt�i þ

Xr

i¼0
Ci sð ÞPTt�i

þ
Xs

i¼0
ni sð ÞGDPt�i þ et sð Þ (2)

From Eq. (2), et sð Þ ¼ C02t � QC02tðs=dt�1Þ: Also, the range 0 > s < 1 indicates
quantile. It is necessary to generalize the QARDL displayed in Eq. (2) due to the
probability of serial correlation. As such, Eq. (3) is presented as;

QDC02t¼ lþqC02t�1þ kFTFTt�1þ kPTPTt�1þ kGDPGDPt�1þ
Xp�1

i¼1
kiDCEt�1

þ
Xq�1

i¼0
wiDFTt�1þ

Xr�1

i¼0
wiDPTt�1þ

Xs�1

i¼0
niDGDPt�1þ# sð Þ (3)

Now, to account for the QARDL-ECM model, Eq. (3) needs to be reformulated
into the generalized form shown in Eq. (4) below:

QDC02t¼ l sð Þþq sð Þ C02t�1�bFT sð ÞFTt�1� bPT sð ÞPTt�1� bGDP sð ÞGDPt�1ð Þ
þ

Xp�1

i¼1
ki sð ÞDC02t�1þ

Xq�1

i¼1
wi sð ÞDFTt�1þ

Xr�1

i¼1
Ci sð ÞDPTt�1

þ
Xs�1

i¼1
ni sð ÞDGDPt�1þet sð Þ (4)

The cumulative short-run impact of the preceding degradation on contemporary
degradation via the delta method is determined by k� ¼

Pp�1
i¼1 dkj, the same goes

for FT, PT, and GDP, represented by w� ¼
Pp�1

i¼1 dwj, C� ¼
Pp�1

i¼1 dCj, and n� ¼Pp�1
i¼1 dnj, respectively. Now, the long-run parameters of FT, PT, and GDP are cal-

culated as:

bFT� ¼ �bFT
q

, bPT� ¼ � bPT
q

, and bGDP� ¼ �bGDP
q

, respectively:

It is expected for q (ECM parameter) to be significantly negative. Thereafter, as
early mentioned, there is a need for a Wald test to evaluate the long and short-run
asymmetric influence of FT, PT, and GDP on CO2. Therefore, Eq. (5) has been speci-
fied to explore the null hypotheses q� parameter, while Eq. (6) presents the alternative
hypothesis.

H0 : q� 0:05ð Þ ¼ q� 0:1ð Þ ¼ q� 0:2ð Þ ¼ q� 0:3ð Þ ¼ q� 0:4ð Þ ¼ . . . . . . . . . ¼ q� 0:95ð Þ
(5)

H0 : 9i 6¼ j=qðiÞ 6¼ qðjÞ (6)

In a similar vein, these hypotheses are examined on the remaining parameters
(w, C, and nÞ and also on bFT , bPT, and bGDP : Be that as it may, the QARDL
technique is not infallible. The only known weakness of the method is that the
QARDL cannot analyze parameters at the quantile-on-quantile level. However, this
does not reduce the quality of our study since we are only interested in non-linear
inter-quantile analysis, not quantile-on-quantile analysis.
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4. Results and discussions

4.1. Descriptive statistics

The descriptive statistical results of urbanization, carbon dioxide emissions, ecological
innovation, trade opening, and renewable energy are shown in Table 1. From the
results, the mean of all variables is positive. The average value of CO2 is 1.234, and
the minimum and maximum values are 0.684 and 2.001, respectively. In addition, the
average value of FT is 0.739, the minimum value is 0.400, and the maximum value is
1.202. The maximum value of PT is 2.002, the minimum value is 1.130, and the max-
imum value is 3.020. Except for transportation, GDP has the second-highest average
value at 1.630, and the maximum and minimum values are 2.03 and 0.20, respect-
ively. Finally, from Table 1, the Jarque-Bera statistics show that the variables are not
normally distributed, which confirms the asymmetry and fat tails in the data series.
Now, these justify the reasons for adopting QARDL technology.

4.2. Unit root test

The non-stationarity of the time series is an important prerequisite for testing the
long-term relationship between variables. In this study, we used the traditional unit
root test (ADF) and unit root test and the (Zivot & Andrews, 2002) unit root test
with a structural fracture to study non-stationarity. Using the traditional unit root
test, the results show that all variables are non-stationary. However, the enhanced
Dickey-Fuller (ADF) test in Table 2 shows that it becomes stable in the first-order
difference that is, all variables are integrated at the first-order difference according to
the enhanced dickey fuller test. As many studies have shown, these traditional unit
root tests may provide biased and false results because they do not consider the out-
age date information that appears in the time-series data. The interruption years in
the data series are estimated using the ZA test. The results demonstrate that none of
the variables is stationary but stable at the first difference. In addition, the ZA unit
root test results showed strong evidence of structural fracture in all variables.

4.3. QARDL results

Table 3 presents the QARDL results showing the interactions between freight transport,
passenger transport, economic growth, and CO2 emissions. Statistically, q (representing
the speed of adjustment) is expected to be negative; however, it is highly significant at
lower to medium quantiles, 0.05 to 0.70 but turns insignificant at higher quantiles. The
long-run nexus of FT-CO2 is positively significant at lower quantiles to upper quantiles

Table 1. Results of descriptive statistics.
Variables Mean Min. Max. Std. Dev. J-B stats

CO2 1.234 0.684 2.001 0.123 28.021���
FT 0.739 0.400 1.202 1.010 11.019���
PT 2.002 1.130 3.020 0.302 20.011���
GDP 1.630 0.208 2.030 1.401 24.130���
Note: The asterisk ���, �� and � represent level of significance at 1%, 5% and 10% respectively.
Source: Author’s Estimation.
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but becomes negatively significant at the upper extreme quantiles that inferring that the
increase in freight transport in China deteriorates the environment unfavorably at the
lower to medium quantiles. Exhaustion from freight transport is the major composition
of pollutants that give rise to CO2 emissions. Freight transport is mainly reliant on con-
suming fossil fuels that dominate the energy mix in China, and China is not only the
largest coal producer but also the leading fossil fuel consumer globally (Ahmed et al.,
2020). While on the other side, the negatively significant results at the upper extreme
quantiles reflect that China has been adhering to clean technology in freight transport to
amend the environment. It suggests that increasing the consumption of clean energy will
assist in declining CO2 emissions in the long run. Besides, this confirms that clean energy
consumption is a veritable tool to curb environmental deterioration and the threat associ-
ated with climate change in China. Environmental rules and technologies have been intro-
duced to clean the environment and make the ecosystem carbon-free due to China’s
attempts to achieve sustainability. The result contradicts the study of (Godil et al., 2020),
which showed that freight transportation is not advantageous to environmental protection
in the United States at the highest quantile levels.

Table 2. Results of unit root tests.
Variables ADF (Level) ADF (D) ZA (Level) Break Year ZA (D) Break year

CO2 �0.131 �4.012��� �1.101 2003 Q1 �9.001��� 2011 Q1
FTR �1.062 �6.031��� �2.011 2009 Q4 �7.021��� 2016 Q4
PTR 0.124 �3.013��� 1.010 2016 Q2 �8.010��� 2008 Q4
GDP �1.042 �5.073��� �2.020 2011 Q1 �6.023��� 2012 Q1

Note: The values in the table specify the statistical values of the ADF and ZA test. The asterisks ���, ��, and � rep-
resent the level of significance at 1%, 5%, and 10%, respectively.
Source: Author’s Estimation.

Table 3. Results of quantile autoregressive distributed lag (QARDL) for CO2 emission.

Quantiles Constant ECM
Long-run estimation Short-run Estimation

(s) a*(s) q*(s) bFTR(s) bPTR(s) bGDP(s) bGDP2(s) u1(s) x0(s) k0(s) h0(s) �e0(s)

0.05 0.012 �0.136��� 0.361��� �0.261��� 0.226 �0.042 0.137 0.057 �0.078 0.041��� �0.036
(0.030) (�3.253) (2.991) (�3.697) (1.656) (�0.035) (0.973) (0.075) (�1.031) (3.024) (�0.064)

0.10 0.003 �0.127��� 0.350��� �0.254��� 0.272 �0.051 0.153 0.048 �0.069 0.038��� �0.027
(0.026) (�3.140) (3.001) (�3.756) (1.637) (�0.039) (1.590) (0.061) (�1.062) (3.033) (�0.050)

0.20 0.009 �0.113��� 0.358��� �0.241��� 0.256 �0.091 0.167� 0.044 �0.083 0.032��� �0.022
(0.010) (�3.233) (2.992) (�3.662) (1.649) (�0.031) (1.756) (0.053) (�0.989) (3.325) (�0.044)

0.30 0.016 �0.130��� 0.341�� �0.260��� 0.278� �0.082 0.150� 0.051 �0.072 0.047��� �0.032
(0.020) (�3.044) (2.899) (�3.759) (1.650) (�0.042) (1.883) (0.060) (�1.575) (3.120) (�0.052)

0.40 0.010 �0.137��� 0.336�� �0.247��� 0.267� �0.072 0.171�� 0.060 �0.042� 0.058� �0.010
(0.028) (�3.167) (2.718) (�2.939) (1.799) (�0.076) (1.970) (0.089) (�1.670) (1.822) (�0.078)

0.50 0.019 �0.134��� 0.435�� �0.158� 0.258�� �0.040 0.140�� 0.057 �0.054� 0.049 �0.020
(0.023) (�3.146) (2.450) (�1.877) (1.966) (�0.664) (1.995) (0.068) (�1.862) (0.837) (�0.067)

0.60 0.008 �0.141��� 0.340�� �0.068 0.270�� �0.063 0.172�� 0.062 �0.043� 0.063 �0.031
(0.011) (�3.037) (2.099) (�0.796) (1.999) (�0.883) (1.965) (0.062) (�1.920) (0.723) (�0.051)

0.70 0.011 �0.128��� 0.324� �0.056 0.262��� �0.083 0.164�� 0.040 �0.071�� 0.040 �0.026
(0.005) (�2.998) (1.966) (�0.931) (2.991) (�1.272) (1.980) (0.041) (�2.001) (0.643) (�0.038)

0.80 0.018 �0.121 0.338� �0.071 0.276��� �0.052�� 0.157�� 0.042 �0.062�� 0.079 �0.015
(0.009) (�1.440) (1.935) (�0.892) (3.001) (�2.249) (2.010) (0.052) (�1.991) (0.435) (�0.047)

0.90 0.022 �0.145 �0.344� �0.067 0.268��� �0.070�� 0.148�� 0.066 �0.041��� 0.057 �0.025
(0.002) (�1.221) (�1.953) (�0.580) (2.992) (�2.730) (1.978) (0.043) (�2.991) (0.557) (�0.032)

0.95 0.013 �0.138 �0.332� �0.190 0.289��� �0.055��� 0.163�� 0.056 �0.052��� 0.070 �0.017
(0.003) (�0.811) (�1.964) (�0.765) (3.010) (�3.059) (2.001) (0.033) (�3.002) (0.134) (�0.019)

Note: The table reports the quantile estimation results. The t-statistics are between brackets. ���, �� and � indicate
significance at the 1%, 5% and 10% levels, respectively.
Source: Author’s Estimation.
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On the other side, the results in the case of passenger transport in china are nega-
tively significant at the lower half quantile but turn insignificant at the upper quan-
tiles. The results infer that passenger transport is efficient in abating emissions in
China. This outcome is appealing; it exposes the efficacy of the existing energy sour-
ces employed in passenger transportation to curb environmental degradation.
Moreover, it has been found that the consumption of renewable will help curb envir-
onmental deterioration. This corroborates the earlier findings of (Adedoyin et al.,
2021; Aziz et al., 2020; Aziz et al., 2020; Y. Cheng & Yao, 2021; Tiba & Belaid, 2021;
X. Wu et al., 2021). The insignificant results at the later quantiles infer that the rising
population and expansion of urbanization in China increased the number of vehicles
dramatically. The traffic jams during rush hours also cause vehicles to emit more
gases, further exacerbating pollutants (Z. Cheng et al., 2020). The insignificant find-
ings contradicted the conclusions of (Godil et al., 2020), who stated that passenger
transportation in the US reduces carbon emissions more efficiently and considerably
at quantiles 0.50 to 0.80. According to the research, the US transportation policies
and environmental agencies are well prepared to protect and sustain the
environment.

Except for freight and passenger transportation, the results of GDP infer that GDP
is significantly positive in the upper extreme quantile, while GDP2 is negative and
significant, supporting EKC and revealing the expansion of economic output.
Expanding GDP compels resource-intensive industries to use more energy, increasing
pollutant emissions. Contrarily, an increase in the population size could lead to a
congestion effect, which might intensify electronic pollution. It reflects that the
technological level at the early stage of development is not enough to support the
improvement of energy efficiency or the effective use of clean technology, which
ultimately leads to serious environmental problems. Though the economic growth
enters the later phase, the marginal efficacy of environment quality continues to
climb, recognizing future sustainable and green development. The up-gradation and
optimization of the manufacturing structure speed up and increase energy efficacy.
Also, the swift growth of the high-tech industry encourages the improvement of
cleaner production technology, which eventually leads to a better environment. This
indicates that China’s economic growth has increasingly accomplished structural and
technological shifts to improve the environment. The results of the study are similar
to those of previous studies. Prior studies also indicate there is an inverted U-shaped
association between economic growth and the environment in China (Z. Wang et al.,
2021; W. Wu et al., 2020; Xie et al., 2019). Sharif et al. (2020) observed higher signifi-
cant coefficients in the upper quantile in Malaysia, indicating that economic expan-
sion impacts on emissions are more robust. The long-run coefficient for squared
GDP, on the other hand, found a negative association with CO2 emissions, confirm-
ing the integrity of the EKC relationship and implying that a GDP growth first harms
the environmental quality of the area before finally improving it.

For transportation, (Ozkan et al., 2019) confirmed a similar result. Considering the
EKC, the result for the transportation sector reveals the effect of China’s income level
on the sector’s environmental impact. The economic cost of sustainable investment
focusing on the transportation sector is directly related to income level. In addition,
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it is understood that in China, the transportation industry, like many industries in
the early stages of development, is dependent on fossil fuels. In the later stages of
development, the consciousness of sustainable development of freight and passenger
transportation is expected to be appeared. Moreover, biofuel is a vital substitute that
will help countries achieve their carbon neutrality targets to improve the environ-
ment. Biofuel will replace traditional oil products in the United States and China by
2050; as per (X. Zheng et al., 2016), biofuels, fuel cell technologies, and decreasing
the cost of low-carbon power generation should all be given more attention to min-
imize transportation-related emissions.

Turning to the short-run dynamics, it is found that the variations in current CO2

are positively and significantly affected by their own past across all quantiles. Also,
the results for freight transportation are insignificant across all quantiles. Unlike
freight transportation, the results of passenger transportation effectively decline CO2

emissions from medium to higher quantiles. It reflects that most passenger vehicles
use clean-based energy that halts the noxious substances emitting into the surround-
ings. Moreover, private cars are also inevitably clean, and energy exhaust less emis-
sions and eventually improving China’s environmental quality. The results show that
the intensive consumption of clean energy helps regenerate the environment of
China. In GDP, the results are positively significant at lower quantiles, while results
for GDP2 are unexpectedly insignificant. The results provide insight that GDP2 can-
not sustain a good quality environment in China over short-run dynamics.

4.4. Wald test

Table 4 shows the corresponding Wald tests’ outputs and suggests that the constancy
of parameters, null of linearity of the speed of adjustment parameter, is rejected.

Table 4. Results of the Wald test for the constancy of parameters.
Variables Wald-statistics [P-Value]

q 12.418���
[0.000]

bFT 6.010���
[0.000]

bPT 7.808���
[0.000]

bGDP 4.982���
[0.000]

bGDP2 0.224
[0.843]

u1 3.031���
[0.000]

x0 4.919���
[0.000]

k0 2.179��
[0.045]

h0 3.013���
[0.000]

�e0 0.207
[0.956]

The p-values are between square brackets. ���, �� and � indicate significance at the 1%, 5% and 10% levels,
respectively.
Source: Author’s Estimation.
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Also, the hypotheses of the parameter constancy across all quintiles for the long-run
integrating parameters of bFT, bPT, and bGDP are not accepted. These results show
that the co-integrating parameter between CO2 emissions and freight transport, CO2
emissions and passenger transport, CO2 emissions, and economic growth is dynamic
in all quantiles, affirming asymmetry. The results could be justified on the grounds
that the Chinese economy has undergone distinct changes in freight transportation,
passenger transportation, and economic growth. Correspondingly, the Wald test in
the lower portion of Table 4 rejects the null hypothesis of linearity of the short-run
influence of the past levels of CO2 emissions around the grid of considered quantiles.

4.5. Granger causality

The Granger-causality test results are presented in Table 5. The probability values
suggest a two-way causality between all the variables such as FT and CO2, PT and
CO2 emissions, GDP, and CO2 emission exist at a 1% significance level. The results
infer that all variables granger causes each other. Thus, it is inevitable that a change
in freight transport, passenger transport, and economic growth affect the CO2 emis-
sion, and the CO2 emission, in turn, influences these variables.

5. Conclusions and policy suggestions

Transportation is considered to be a key economic sector that promotes the socio-
economic development of a country. Although it is an important contributor to eco-
nomic growth, it plays an important role in generating carbon emissions, which is a
major obstacle to promoting a sustainable transportation system. This study uses
QARDL technology to investigate the dynamic relationship between China’s transpor-
tation, growth, and environmental degradation. The findings exposed mixed results in
both the long run and short run. The findings exposed that freight transportation
only improves the environment at upper extreme quantiles while the results for
freight transportation are insignificant in the short run. The results in passenger
transportation show that passenger transportation reduces the CO2 emissions at the
lower bottom quantiles in the long run, while in the short run, the results are

Table 5. Granger causality in Quantile test results.

Quantiles

DCO2t
#

DFTt

DFTt
#

DCO2t

DCO2t
#

DPTt

DPTt
#

DCO2t

DCO2t
#

DGDPt

DGDPt
#

DCO2t

DCO2t
#

DGDP2t

DGDP2t
#

DCO2t
[0.05–0.95] 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
0.05 0.000 0.000 0.000 0.000 0.009 0.000 0.000 0.000
0.10 0.000 0.000 0.000 0.000 0.014 0.000 0.000 0.000
0.20 0.000 0.000 0.000 0.000 0.005 0.000 0.000 0.000
0.30 0.000 0.000 0.000 0.000 0.009 0.000 0.000 0.000
0.40 0.000 0.000 0.000 0.000 0.015 0.000 0.000 0.000
0.50 0.000 0.000 0.000 0.000 0.019 0.000 0.000 0.000
0.60 0.000 0.000 0.000 0.000 0.016 0.000 0.000 0.000
0.70 0.000 0.000 0.000 0.000 0.013 0.000 0.000 0.000
0.80 0.000 0.000 0.000 0.000 0.017 0.000 0.000 0.000
0.90 0.000 0.000 0.000 0.000 0.008 0.000 0.000 0.000
0.95 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Source: Authors Estimation.
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significant at upper extreme quantiles. In the case of GDP, the results endorsed the
EKC hypothesis in the long run, while in short-run dynamics, the results for GDP2
are found insignificant, elaborating that China’s economic growth cannot reduce
CO2. Besides, the quantile causality test showed a bi-directional causality between
all variables.

Considering that convenient transportation is an integral part of the quality of life
and being fast, reliable, and diverse, sustainability is also an important point.
However, as technology advances, every step that may be taken to enhance the quality
of the environment is possible, especially for transportation. Based on empirical find-
ings, it is confirmed that transportation is a high energy consumption sector and sig-
nificantly contributes to China’s carbon emissions. It is needed to reinforce the
sustainability of the transportation system by encouraging energy-saving and environ-
ment-friendly modes of transportation. Though China is moving towards electric
vehicles, this is still a fraction considering the size of the country. In addition, neces-
sary measures should be taken to increase people’s environmental awareness and the
use of clean energy for transportation to create a clean environment. The future stud-
ies can further examine the transport system of China, considering provincial data
with regard to the environment.

This paper has some shortcomings that point to a future research direction. In this
study, we exclusively used freight and passenger transportation data. Other variables
could be included in future research to estimate the overall influence of transporta-
tion on carbon emissions in China. For instance, future studies could include trans-
portation infrastructure, energy prices, and road energy use. Moreover, future
research could go deeper into China’s transportation system by considering provincial
environmental statistics.
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