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Key factors decomposed by LMDI to study carbon emissions in the transportation industry.

Public summary

m The variance analysis was used to investigate the influence factors of carbon emissions in the transportation industry in
Fujian Province.

m A mathematical regression model of carbon emissions was established by the stepwise method to reveal the influence of
the transportation industry on carbon emissions and the interaction mechanism of various factors on carbon emissions.

m This paper focuses on innovative energy-saving and emission-reduction technologies for transportation efficiency and
provides suggestions to promote the green and low-carbon development of the transportation industry.
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Abstract: The transportation industry has become an important source of carbon emissions with rapid economic develop-
ment and the acceleration of urbanization. Identifying the key factors of carbon emissions is crucial for energy conserva-
tion, emission reduction and green development in the transportation industry. Here, variance analysis was used to study
the influencing factors of carbon emissions in the transportation industry in Fujian Province, China. The results showed
that transportation efficiency have the most significant impact on carbon emissions, followed by carbon emission intensity
in transportation, and then the transportation structure. Meanwhile, there was a significant interaction between transporta-
tion efficiency and structure. Therefore, innovative energy-saving and emission-reduction technologies for transportation
efficiency should be studied as the focus for the green and low-carbon development of the transportation industry.
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1 Introduction from 24.765 billion person-kilometers in 1995 to 119.003 bil-
lion person-kilometers in 2019 (an increase of 4.81 times)
with economic development. Freight turnover increased from
60.861 billion ton-kilometers in 1995 to 829.663 billion ton-
kilometers in 2019, an increase of 13.63 times.

The situation of energy consumption and carbon emissions
become not optimistic with the rapid development of the
transportation industry. Fujian is the first national demonstra-
tion zone for ecological civilization. Although its ecological
construction has been at the forefront in China for many
years, there are still many shortcomings in energy savings and
emission (carbon) reduction. Therefore, the carbon emission
level of the transportation industry in Fujian Province should
be scientifically measured to explore the change law of the
carbon emission quantity and speed up the identification of
the influencing factors of carbon emissions . Formulating

The transportation industry, as a basic, leading, and strategic
industry in the national economy, is vital for controlling car-
bon emissions with economic development'!. The transporta-
tion industry has become the second-largest source of global
carbon emissions due to its high dependence on petrochemic-
al resources, accounting for approximately 50% and 25% of
the world’s oil consumption and carbon emissions, respect-
ively”. The total carbon emissions of the transportation in-
dustry account for approximately 15% of the national termin-
al emissions in China. The average growth rate, the fastest-
growing field in carbon emissions, remained above 5% from
2013 to 2019. As the largest greenhouse gas emitting country,
China has been playing an active role in reducing emissions'”.
In September 2020, China proposed to strive to achieve car-
bon peaking in 2030 and carbon neutrality in 2060. Therefore,

there is a long way to go in addressing climate change, en- effective green transportation policies and promoting a high-
ergy conservation and emission reduction in the future. quality economy in Fujian are of great practical significance.
As an economically developed province along the south- The transportation industry, as an important source of car-
east coast, the transportation infrastructure of Fujian Province bon emissions, is still in accelerated development™, which
has been increasingly improved in recent years. The national makes carbon emissions in transportation a hot spot in aca-
expressway network in Fujian has been basically completed, demic circles. Scholars have studied the relationship between
and three vertical and eight horizontal high-speed railway net- the transportation industry and carbon emissions” ", carbon
works have been formed. The province’s total highway emission efficiency!” ', and scenario predictions of carbon
mileage exceeded 110000 km, of which the highway mileage emissions'”'". These studies have provided scientific decision-
exceeded 6000 km by the end of 2021, and the comprehens- making support for relevant departments to manage transport-
ive road-network density ranked third in China (the data came ation carbon emissions. However, more studies focus on the
from the official website of the Fujian Provincial Department influencing factors of carbon emissions in the transportation
of Transportation). Meanwhile, passenger turnover by rail- industry.
ways, highways, water transportation, and aviation increased The factor-decomposition model has been widely used in
6-1 DOI: 10.52396/JUSTC-2022-0079
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carbon emissions in the transportation industry since 2000 due
to its low technical difficulty and strong persuasiveness'* .
Wu et al.” decomposed and analyzed the changes in energy-
consumption carbon emissions in transportation in Shanghai
from population, per capita GDP, transportation-carbon-emis-
sion intensity, energy intensity and structure in 2012. Zhuang
and Xia”" conducted an empirical analysis of the contribu-
tion rate of transportation carbon emissions in Guangdong
Province in 2017 from the transportation development level,
transportation structure, number of private cars, and energy
intensity based on the LMDI method. Guo and Meng"™” used
the LMDI decomposition method to decompose the carbon
emission factors into the transportation energy structure, eco-
nomic development level, energy intensity, industrialization,
etc., through an empirical study which is performed on trans-
portation carbon emissions in the Beijing-Tianjin-Hebei re-
gion in 2019. Yu et al.”? analyzed the changes in carbon emis-
sions between different modes of transportation in China’s
transportation industry based on the LMDI method. Solay-
mani®’ used the same method to compare the influencing
factors of carbon emissions in seven major transportation
carbon-emitting countries in 2019.

In summary, the decomposition research of transportation
carbon emission factors based on LMDI involves various
levels, such as cities or provinces, regions, and countries.
Most scholars are accustomed to incorporating macroscopic
factors of general significance into their research. Wu et al.™
selected per capita GDP and population to reflect the level of
economic development. Guo and Meng®? selected two
factors, the economic development level and industrialization,
while Zhuang and Xia®" fully considered the role of the
growing scale of private cars in carbon emissions. Yu et al.!”
and Solaymani®! analyzed the carbon emissions of the trans-
portation industry and compared the carbon emissions of dif-
ferent transportation modes and different countries, respect-
ively. The application research of LMDI is becoming increas-
ingly mature, but some deficiencies in factor decomposition
exist: when macro factors such as economic level, population
size, industrialization, and other macro factors are chosen to
explain the carbon emissions of specific industries, it is not
conducive to providing precise carbon emission reduction
measures for specific industries ™.

In addition to the choice of influencing factors, the LMDI
(logarithmic mean Divisia index) itself has some limitations.
For example, the LMDI model cannot contain relative and ab-
solute factors simultaneously, and decomposition depends on
the relationships between decomposed factors. To address
these shortcomings, some scholars have used the GDIM (gen-
eralized Divisia index model) to study the influencing factors
of carbon emissions in the transportation industry **. Some
studies have repeated interpretations in selecting influencing
factors, which are prone to multicollinearity'.

Therefore, econometric analysis methods have more ad-
vantages in studying carbon emissions in transportation”. Xu®
and Lin® used quantile econometric models to decompose
carbon emissions from transportation in China. In addition,
various methods have been combined to study the influen-
cing factors of transportation carbon emissions *”. With the
development of spatial-measurement research methods, there
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are an increasing number of studies on the spatiotemporal
characteristics or spatial correlation of carbon emissions. Li et
al.” combined the LMDI and geostatistical trend surface
method to analyze the influencing factors and spatial distribu-
tion patterns of transportation energy consumption and car-
bon emissions in Henan Province. Zeng et al.”’ used the
GWR model to study the spatial heterogeneity of factors af-
fecting carbon emissions in provincial transportation. Lyu®”
analyzed the spatial heterogeneity and correlation of the influ-
encing factors of automobile-transportation carbon emissions
in the Beijing-Tianjin-Hebei region.

The research on carbon emissions has been continuously
deepened with the increasing maturity of the decomposition
method of carbon emission factors and the increasing diversi-
fication of research methods, and many beneficial explora-
tions have been made for precisely managing carbon emis-
sions. However, there is no in-depth research on the influ-
ences of factors and their interactions on carbon emissions,
and the mitigation strategy of transportation carbon emis-
sions still lacks a perfect theoretical basis. Therefore, this
work used the LMDI factor decomposition model and vari-
ance analysis method to study the influencing factors of car-
bon emissions of transportation in Fujian Province. The chan-
ging law was revealed to provide a reference for reducing car-
bon emissions of transportation.

2 Research design and data sources

2.1 Carbon emission calculation method

At present, the methods for calculating carbon emissions from
energy consumption include the macromethods of the upbot-
tom input and output and the micromethods of bottom-up pro-
cess analysis. The bottom-up method needs to measure car-
bon emissions through the number of different vehicles in a
specific area, the amount of mileage, and the energy con-
sumption per mileage. In addition to difficult operations, the
data are difficult to obtain. Relatively, the upbottom method
only needs to obtain different energy consumption values and
their respective standard coal conversion coefficients and car-
bon emission coefficients to calculate carbon emissions,
which is relatively simple. Therefore, the work adopted the
updown estimation method as Eq. (1) in the IPCC Guidelines
for National Greenhouse Gas Inventories.

- - 44
ETC = Z(ETC) = ZCOEi XISC,xIEC,x . (1)
where ETC (emission of total CO,) is the carbon emission;
COE, (consumption of energy) is the consumption of the ith
energy; ISC; (index of standard coal) is the standard coal con-
version coefficient of the ith energy; IEC; (index of energy
consumption) is the carbon emission coefficient of the ith en-
ergy; and the molecular weights of CO, and carbon are 44
and 12, respectively. The standard coal conversion coeffi-
cients and carbon emission coefficients of various energy
sources adopt IPCC standards”” (see Table 1).

2.2 Identification of factors affecting carbon emissions

Carbon emissions involve many influencing factors. The
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Table 1. Standard coal conversion factors and carbon emission factors for various energy sources.

Energy type Standard coal conversion factor (kg) Carbon emission factor

Energy type Standard coal conversion factor (kg) Carbon emission factor

Crude oil 1.429 0.585
Gasoline 1.471 0.401
Fuel oil 1.429 0.618
Diesel 1.457 0.592

Kerosene 1.471 0.571
Coke 0.971 0.855
Raw coal 0.714 0.756
Natural gas 12.148 0.448

factor-decomposition model with rigorous mathematical-
logic relationships can be used for variable selections. At
present, there are many data processing methods related to the
decomposition of carbon emission factors. IDA (index de-
composition analysis) and SDA (structural decomposition
analysis) are commonly used methods. The LMDI in IDA has
thorough residual decomposition and excellent elasticity due
to using the exponential average weight equation. Therefore,
the LMDI was used to decompose the carbon emissions of the
transportation industry in the work (see Eq. (2)).

TT TT, ETC,
ETC = ETC, = GDPX —— X — X ——
ISR

)@
where ETC represents the total carbon emissions of transport-
ation; GDP is the economic development level; TT is the total
turnover of freight transportation; TT, is the freight turnover
of the ith transportation mode; and ETC, is the carbon emis-
sions of the ith transportation mode quantity. Based on the
above LMDI model, the functional forms of carbon emissions
of transportation are obtained: ETC = f(GDP, XN,JG, QD).
The economic development level (GDP), transportation effi-
ciency (XN), transportation structure (JG), and carbon emis-
sions intensity in transportation (QD) are important influen-
cing factors of the carbon emissions of transportation.

2.3 Analysis of influencing factors and selection of
indices

2.3.1 Economic development level

The transportation industry has been thought of as the “blood”
of the national economy. When the technical level remains
unchanged, economic development inevitably accelerates the
transportation turnover rate and the economic scale, which in-
creases the energy consumption and carbon emissions of the
transportation industry. Therefore, a linear correlation exists
between the level of economic development and transporta-
tion turnover, which will be further verified. The economic
development level was measured by the gross regional pro-
duction. The regional gross output values over the years were
comparable after excluding the impact of price fluctuations.
The nominal GDPs of the past years were deflated to obtain
the constant price of the gross regional production (real gross
regional production).

2.3.2 Transportation efficiency

Transportation efficiency generally refers to the capability
and efficiency of existing transportation equipment under spe-
cific transportation conditions. The index can be used to eval-
uate the costs of logistics or distribution enterprises. Gener-
ally, the greater the transportation efficiency is, the higher the

6-3

transportation efficiency, and vice versa. Transportation effi-
ciency, indicating transportation turnover per unit of the gross
regional product, was obtained by dividing total transporta-
tion turnover by the gross regional product in the work. The
passenger turnover of the same transportation mode (100 mil-
lion people/km) is multiplied by the conversion coefficient to
obtain freight turnover in transportation (100 million tons/km).
Then, transportation freight turnover is added to derive the
total transportation turnover.

2.3.3 Transportation structure

As the transportation industry is highly dependent on petro-
chemical energy, the development of the transportation in-
dustry is bound to accelerate energy consumption and gener-
ate more carbon emissions. At present, transportation mainly
includes railways, roads, water transportation, and aviation.
Significant differences exist in the energy consumption and
carbon emissions of different transportation modes. Accord-
ing to the statistics of the transportation department, the car-
bon emission intensity of highways, waterways (cruise ships),
and civil aviation is 7.1, 47.7, and 19.1 times that of railways,
respectively. In terms of freight, the carbon emission intens-
ity of highways, waterways, and civil aviation is 9.5, 1.9, and
88.2 times that of railways, respectively”. Rail transport is the
least carbon-intensive for both passenger and freight trans-
port. Although the carbon emission intensity of freight trans-
port by waterways is not large, that of passengers (cruises) is
very large, 47.7 times that of railways. The transportation
structure was measured by the proportion of passenger and
cargo turnover in railway transportation in the work.

2.3.4 Carbon emission intensity of transportation

The carbon emission intensity of transportation is obtained by
dividing the total carbon emissions of the transportation in-
dustry by total passenger and freight turnover in transporta-
tion, representing the carbon emissions per unit turnover. The
index can reflect the overall technical level of the transporta-
tion industry. A higher transportation technology level is
more conducive to the intensive use of energy resources,
which reduces the carbon emissions per unit turnover. In ad-
dition, different energy sources have different emission
factors. Therefore, carbon emission intensity is closely re-
lated to the energy structure, and increasing the proportion of
low-carbon energy can reduce carbon emission intensity.

2.4 Variance analysis

ANOVA is a hypothesis testing method proposed by Fisher.
The experimental data are analyzed to test whether multiple
normal population means with equal variance are equal and
judge whether the influences of each factor on the experi-
mental index are significant. The work used variance analysis
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to study the carbon emissions and influencing factors of the
transportation industry in Fujian Province from 2003 to 2019.
A multivariate quadratic regression model”” was established
based on carbon emission data to determine the impacts of
transportation efficiency, carbon emission intensity and trans-
portation structure on carbon emissions. Innovative technolo-
gies for carbon emission reduction were proposed for the
green and low-carbon development of the transportation
industry.

2.5 Data sources

The transportation industry in the work refers to the transport-
ation, warehousing, post and telecommunication industries
defined in the China Statistical Yearbook after 1991. The rel-
evant data come from the energy balance sheets of the Fujian
Statistical Yearbook and China Energy Statistical Yearbook
from 2003 to 2019. The reasons for data selection are as fol-
lows. @ The transportation industry did not include the data
of the warehousing industry before 1990, and the statistical
caliber before and after 1990 was inconsistent; therefore, the
sample data before 1990 were excluded. @ The related in-
dices of 1998-2002, 2020, and 2021 were missing, and the
carbon emissions of transportation could not be estimated
(only the carbon emissions data of 1999 were estimated);
thus, the data for these years were not included in the
samples. At present, the transportation industry mainly in-
cludes 8 types of energy, e.g., gasoline, fuel oils, kerosene,
diesel oils, crude oils, natural gases, raw coal and cokes (CO,
from the electricity and heat industry was not considered be-
cause electricity and heat did not directly emit CO,). Carbon
emissions were calculated according to the IPCC upbottom
method (see Table 2 for the specific processing method of the
data).

3 Empirical analysis

Multicollinearity existed between the economic development
level and the transportation efficiency according to the qualit-
ative analysis of the relationship between the economic devel-
opment level and transportation turnover. This was because
transportation efficiency was obtained by dividing transporta-
tion turnover by gross regional production. Variance inflation
factors (VIF) were used to judge the multicollinearity of the
influencing factors. The results showed that the VIF of the

Table 2. Index selection and data description for the transportation industry.

economic development level (gross regional production) was
13.29445. According the usual practice, once if VIF>10, it
means there is serious multicollinearity existing in the model.
Moreover, the index of XN can explain the carbon emissions
of the transportation industry more precisely than that of
GDP, which is a macroeconomic factor. Therefore, the GDP
index was excluded to ensure the reliability of the statistical
analysis. The previous carbon emission calculation methods
and selection of indices were used to obtain the carbon emis-
sions and influencing factors of the transportation industry in
Fujian Province from 2003 to 2019 (see Table 3).

A mathematical regression model is established (see Eq.
(3)) by the step-by-step regression modeling analysis of the
data. Table 4 shows the corresponding variance analysis.

ETC =15003 — 143324 x XN + 58730 x JG + 25749 x QD+
284834 x XN x XN+ 159056 x JG x JG—
28632 x QD x QD — 328451 x XN X JG.

3)

Table 4 shows that the p value of the carbon emission re-
gression model is < 0.001, indicating that the selected model
has high accuracy. Model R? is 0.9917, close to 1. The model
can predict the errors in the experimental values by compar-
ing the difference (0.0159 < 0.2) between adjusted and pre-
dicted R? in the table. Transportation efficiency has the most
significant impact on carbon emissions by comparing the P
value of each input variable, followed by carbon emission in-
tensity and transportation structure. In addition, a significant
interaction exists between transportation efficiency and trans-
port structure.

Fig. 1 shows that carbon emissions first decrease and then
increase with increased transportation efficiency and de-
crease with the increased transportation structure. The emis-
sions first increase and then decrease with the increased car-
bon emission intensity in transportation. The reasons are as
follows.

(I) Carbon emissions decrease slightly at the early stage
with improved transportation and increase at the later stage,
which is related to the rapid increase in passenger turnover at
the early stage. China has accelerated the modernization of
railways in an all-around way since 2003 and has improved
transportation technologies and equipment with remarkable
results to improve transportation capacity. The annual passen-
ger traffic in Fujian Province increased from 38.619 billion

Variable symbols Indices Index description and treatment
- z d 44

ETC Carbon emissions ETC = Z (ETC) = Z COE; xISC; XIEC; x D
According to the Fujian Statistical Yearbook and China Energy Statistical Yearbook, price

GDP Economic development level effects are excluded to ensure comparability. The constant GDP is obtained by deflating the
base period (1995).
It is obtained from the total passenger and cargo turnover of railroad/total passenger and
cargo turnover of transportation. First, the passenger turnover must be converted into freight

IG Transportation structure turnover according to the conversion factor; the total passenger and freight turnover of

transportation is calculated by summing up the passenger and freight turnover of different
modes of transportation.

XN Transportation efficiency Total passenger and cargo turnover of transportation/regional GDP (TT/GDP)

QD

transportation

Carbon emission intensity in Calculated from total transportation carbon emissions/total transportation passenger and
cargo turnover (ETC/TT)
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Table 3. Carbon emissions and influencing factors of the transportation
. o . XN 1G QD
industry in Fujian Province from 2003-2019. 2500
Vintage ETC XN \[€] QD B
2003 530.728 0.312 0.140 0.354 3 2000
Gy
2004 749.162 0.318 0.138 0.439 8
2005 713.958 0.318 0.115 0.375 T:é 1500 \/
2006 760.450 0.328 0.098 0.336 :
<
2007 898.500 0.313 0.093 0.362 § 1000
2008 1254.465 0.308 0.083 0.454 /
2009 1371.046 0.284 0.071 0.479 500 ! : :
028 030 032 0.05 0.10 0.150.3 0.4 0.5
2010 1517.743 0.293 0.063 0.451
2011 1595.833 0.295 0.058 0.420 Fig. 1. Main effect of the carbon-emission-ratio model.
2012 1653.716 0.299 0.051 0.386 the low carbon emissions of railway transportation. There-
2013 1662.220 0271 0.048 0385 fore, the tr_an§p0rtation stmctgre is negatively correlat(_:d With
carbon emissions. Transportation structures have low signific-
2014 1787.377 0.296 0.040 0.345 . . .
ance to carbon emissions, which may be related to changes in
2015 1870.619 0.303 0.033 0.323 transportation structures. The transportation structure of Fuji-
2016 1982.322 0.310 0.031 0.310 an Province (the proportion of railway-transportation passen-
. o) :
2017 2085.990 0317 0.030 0294 ger agd freight turnover) decreases”from 20:4A> in 1995 to
»o1 230 5 ) 5 3.2% in 2020. On the other hand, Fujian Province has opened
018 3.266 0.328 0.028 0.280 the Wenzhou-Fuzhou, Hefei-Fuzhou, Fuzhou-Xiamen, Xia-
2019 2399.384 0.329 0.032 0.280 men-Shenzhen, and other high-speed rail lines, basically
forming a relatively complete railway network extending in
Table 4. Vari i all directions. The construction of bullet trains and G-series
abed. varahce anaysis- high-speed trains has been stable, and the carbon emissions in
Project Source DF AdjSS AdjMS Fvalue pvalue railway transportation are small, so the transportation struc-
Regression 7 5238746 748392 153.54 <0.001 tures have a small impact on carbon emissions.
XN | 49416 49416 1014 0011 (III) In theory, ther§ .ShOl..lld be. a positive cor.relation
between the carbon emission intensity of transportation and
JG 1 19875 19875 4.08 0.074 .. .. .
carbon emissions. The reason why carbon emissions increase
QD 129726 29726 6.10  0.036 rapidly and decline at a certain point is that the pressure on
XN-XN 1 61360 61360  12.59  0.006 carbon emissions brought about by increased carbon intens-
ETC H ; H
1GIG 1 216389 216380 4439 <0.001 ity has forced the rele.ve‘mt departmel?ts to adopt st.rlcter envir-
onmental control policies. Meanwhile, the technical level of
Qb-QD 124325 24325 499 0052 energy conservation and emission reduction is improved by
XN-JG 1 56618 56618  11.62  0.008 increasing investment in research and development and en-
Error 9 43869 4874 - - couraging scientific and technological innovations. Thus, car-
Total 16 5282615 — B _ bon emissions decrease after increasing to a certain point. The
reasons are defined as follows.
2 0, . . .
R 99.17% @ Fujian Provincial Government has formulated and pro-
R*(adj) 98.52% mulgated the Fujian Ecological Functional Zoning, Decision
R(pred) 96.93% on Promoting the Construction of Ecological Civilization,

person-kilometers in 2003 to 119.003 billion person-kilomet-
ers in 2019, an increase of 4.8 times. The completion and op-
eration of public transportation infrastructures represented by
bullet trains and G-series high-speed trains has optimized the
transportation structure, which decreases carbon emissions.
Freight turnover has a greater positive effect on carbon emis-
sions in the long run, and that in Fujian Province is larger
with a faster growth rate. Therefore, traffic efficiency has a
more significant positive effect on carbon emissions.

(II) The proportion of railway passenger and freight
turnover selected for the transportation structure in the work
indicates that China has now formed a railway transportation
network dominated by bullet trains and high-speed rails with
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Special Plan of Fujian Province’s “Twelfth Five-Year Plan”
for Environmental Protection and Ecological Construction,
etc., at the institutional level since 2010. @) In terms of per-
formance appraisal, Fujian Province has canceled the single
GDP appraisal system for 34 counties and cities and imple-
mented the performance appraisal method of giving priority
to ecological protection and agriculture since 2014. 3 In
terms of the transportation infrastructure, Fujian Province has
successively opened many trains and railway lines since
2009, forming an increasingly perfect railway network. The
transportation structure and green and low-carbon transporta-
tion have been promoted. @ In terms of developing the new
energy vehicle industry, the number of new energy vehicles
in Fujian has grown rapidly. According to data from March
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2021, 14000 new-energy vehicles (NEV) were registered in
the first quarter, accounting for 7.62% of the total vehicle re-
gistrations. In addition, Fujian Province also issued the Fuji-
an Province New Energy Vehicle Industry Development Plan
(2017-2020) to support the development of the NEV
industry.

Fig. 2 shows that carbon emissions increase with increased
traffic efficiency and decreased transportation structure. In-
creased transport efficiency indicates the increased transport
turnover per unit of the gross regional product. The reduced
transportation structure means a decreased proportion of rail-
way passenger and freight turnover in total transportation
turnover. Increased turnover in transportation means
proved transportation at the same economic development
level, which consumes more petrochemical energy in turn.
Meanwhile, bullet trains and G-series high-speed trains have
the smallest carbon emissions among the major modes of
transportation. Therefore, the combined effect of improved
transportation efficiency and reduced transportation structure
inevitably generates more carbon emissions.

im-

4 Conclusions

This paper estimates the scale of carbon emission in the trans-
portation industry in Fujian province by using the IPCC meth-
od, and then conduct an empirical research on carbon emis-
sion in the transportation industry by combining the LMDI
and variance analysis. Based on the single-factor variance
analysis of the influencing factors of carbon emissions in the
transportation industry in Fujian Province, the constructed
model had high accuracy and could predict the errors in the
experimental values. Transportation efficiency had the most
significant impact on carbon emissions, followed by carbon
emission intensity and then transportation structure. Mean-
while, there is a significant interaction between transporta-
tion efficiency and structure. The green and low-carbon de-
velopment of the transportation industry should focus on en-
ergy conservation and emission reduction on transportation
efficiency (calculated from transportation passenger and
cargo turnover/gross regional production). With the un-
changed economic development level (gross regional produc-
tion), the larger the traffic passenger and freight turnover, the
higher the traffic efficiency, and vice versa. Passenger and
freight turnover reflected the vitality of the economy in a
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Fig. 2. Carbon emissions and surface of transport efficiency and
structure.
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sense. Therefore, CO, generated in the process of traffic
turnover, instead of the passenger and freight turnover of
transportation, should be reduced.

The specific measures mainly include the following
aspects:

( I) Continue to optimize the traffic structure. The trans-
portation structure represented by the proportion of railway
passengers and freight turnover has no significant effect on
carbon emissions. The carbon emission scale of railway trans-
portation is relatively small, but it does not mean that the
structural optimization of transportation modes is not import-
ant for carbon emissions. According to official statistics in
2019, the total carbon emissions in China’s transportation
sector were approximately 1.1 billion tons, of which roads ac-
counted for 74%, water transport accounted for 8%, railways
accounted for 8%, and aviation accounted for approximately
10%. Therefore, reducing the proportion of road transporta-
tion is still quite necessary. In terms of freight transportation,
the scale and intensity of carbon emissions in the process of
transportation turnover should be reduced as much as pos-
sible by utilizing road-to-railway and road-to-waterway.

(II') Vigorously develop smart transportation. Information
technology is used to create a smart transportation platform,
which improves the precise matching of supply and demand
and reduces the unoccupied ratio, empty-loading ratio, and
vacancy ratio of transportation. Transportation is improved to
minimize inefficient transportation turnover. Technologies
such as big data can be fully utilized to reduce the “three ra-
tios” of road freight. Improving the transportation system can
reduce the energy consumption and carbon emissions gener-
ated in the process of vehicle transportation turnover. It is es-
timated that if the idling rate of vehicles in China is reduced
from 45% to 25%, 147.2 billion kilometers of ineffective
mileage can be reduced every year, and 69.51 million tons of
carbon emissions can be reduced.

(IIT) Promote the low-carbon transformation of transporta-
tion equipment. The carbon emission reduction of transporta-
tion equipment is closely related to the carbon emission in-
tensity in transportation turnover. At present, the green and
low-carbon transformation of transportation has become a
major development trend in the world under the background
of global climate change. The Netherlands, Spain, Germany,
and other countries have proposed realizing the electrifica-
tion of all passenger vehicles before 2030, 2040, and 2050,
respectively; the United States proposed increasing the sales
ratio of new energy vehicles to 50% by 2030. Therefore, cor-
responding financial and legal policies should be formulated
to support the development of the NEV industry. R&D in-
vestment should be increased to innovate carbon emission re-
ductions. Energy alternatives are sought—gradually promot-
ing the application of new or clean energy such as electricity,
biodiesel, hydrogen, and natural gases in transportation.

(IV) Gradually raise vehicle emission standards. Vehicle
emission standards can control energy consumption and car-
bon emissions in transportation turnover. It is estimated that
the United States has reduced fuel consumption by 40% and
carbon emissions by 50% since it enacted the world’s strict-
est vehicle emission standards in 2011. According to the
standards, the United States will reduce greenhouse gas emis-
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sions by 770 million tons of carbon dioxide by 2030. The
possibility for China is provided to gradually improve vehicle
emission standards with the continuous and rapid develop-
ment of science and technology. At present, there is still a
certain gap between the technical level of automobile manu-
facturing in China and developed countries, and there is room
for improving vehicle emission standards. China has the most
populous emerging market, with great potential for auto-
mobile growth. Therefore, it is of great significance to con-
tinuously improve vehicle emission standards to reduce car-
bon emissions in transportation turnover.

Furthermore, the research method has a certain reference
value for the impacts of carbon emissions in the transporta-
tion industry in other provinces and even the whole country.
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