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Abstract: Due to increased global carbon dioxide emissions, the greenhouse effect is being aggravated,
which has attracted wide attention. China is committed to promoting the low-carbon development
of all industries. This paper analyzed the influencing factors of carbon emissions in the Chinese
logistics industry, so as to identify the key factors that influence carbon emissions. Based on the
carbon emission data of China’s logistics industry in 2000-2019, this paper applied the carbon
emission coefficients issued by the Intergovernmental Panel on Climate Change. For the first time,
the Generalized Divisia Index Method was used to analyze the degree of influence of the factors
on carbon emissions. This method considered more variables and their relationships. The results
showed that (1) the carbon emissions of the logistics industry were increased by 3.22 times from 2000
to 2018, and showed negative growth for the first time in 2019; (2) the added value of the logistics
industry is the most important factor in increasing carbon emissions (with a contribution ratio of
65.45%), energy consumption and practical population size are the main factors in carbon emissions.
The promotion of this industry is subjected to decreased per capita carbon emissions, which have a
large impact on total carbon emissions; (3) the intensity of carbon output is the most important factor
in the reduction of carbon emissions (with a contribution ratio of —29.1%), where the energy carbon
intensity and per capita added value are the main influencing factors with regard to the reduction of
carbon emissions, while energy intensity has a negative inhibitory effect on carbon emissions, and
(4) the influencing factors have negative effects on the cumulative inhibition of carbon emissions in
the logistics industry, to an extent that is far less than the integral promotion of carbon emissions.
Finally, according to the research conclusions of this paper, it is feasible to make recommendations
for the carbon reduction of the logistics industry.

Keywords: logistics industry; carbon emissions; Generalized Divisia Index Method; influencing factors

1. Introduction

Since the 21st century, the concentration of greenhouse gases such as carbon dioxide in
the atmosphere has continued to increase, leading to the deterioration of global warming [1].
Climate change has become an urgent problem to be solved in the field of sustainable
development around the world. The International Energy Agency (IEA) [2] in 2020 reported
that global energy-related carbon dioxide (CO,) emissions tended to stabilize in 2019 at
33 Gt [3]. In 2006, China’s carbon dioxide emissions (6378 Mt CO,) surpassed those of the
United States (6050 MtCO;) for the first time, causing the country to become the world’s
largest carbon dioxide emitter [4]. In 2018, the world’s total carbon dioxide emissions were
36,573 MtCO,, while China’s carbon dioxide emissions were 10,065 MtCO,, accounting for
27.52% of the global total—nearly twice that of the United States (5416 MtCO,). China has
become the largest country in terms of carbon dioxide emissions in the world [5].

The logistics industry accounts for a large proportion of China’s carbon dioxide emis-
sions [6]. According to statistics, carbon dioxide emissions from China’s logistics industry
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reached 180.65 million tons in 2019. As an important source of energy consumption and
carbon emissions in China, the logistics industry is still in the stage of rapid development
and will become a key industry to achieve carbon emission reduction targets in the next
few years [7]. Therefore, the influence of the main factors of scientific research on the
carbon emissions of the logistics industry will play a positive guiding role for China to
achieve peak carbon in 2030 and carbon neutralization in 2060. Shipper was the first
scholar to analyze carbon emissions in the transportation industry [8]. Subsequently, many
scholars have conducted research on low-carbon logistics and carbon dioxide emissions
in the logistics field. Huang stated that environmental issues in the logistics industry will
affect many logistics decisions throughout the supply chain [9,10]. Shi took IKEA as an
example to study the impact of low-carbon concepts on the logistics model of the furniture
industry [11]. Lee discussed the field of maritime logistics [12].

In the study of logistics carbon emissions, the analysis of influencing factors is an
important factor. The research in China and abroad mainly includes the Laspeyres decom-
position method, Arithmetic Mean Divisia Index (AMDI) method, and Logarithmic Mean
Divisia Index (LMDI) method. Of these, Riistemolu et al. used the Laspeyres decompo-
sition method to analyze the effects of economic activity, employment, energy intensity,
and carbon intensity on carbon emissions in Brazil and Russia [13]. Hatzigeorgiou et al.
used the AMDI method to decompose and analyze energy-related carbon emissions in
Greece [14]. It is concluded that the income effect is the most important factor promoting
the increase of carbon emissions, and the energy intensity effect is the main reason for
the reduction of CO; emissions [15]. However, the AMDI model contains residuals, and
when the value in the data is zero, the model is invalidated [16]. The LMDI method solves
the problems present in the above two exponential decomposition methods. Timilsina et
al. considered the factors affecting carbon emissions in the transportation sector in some
countries using LMDI [17]. Zhang used the LMDI technique to determine that the effect of
economic development is the most important driving factor for the sustained and rapid
growth of carbon dioxide emissions in the logistics industry [18]. Wang [19] explored the
potential factors affecting changes in carbon dioxide emissions in China’s transportation
sector. Ang discussed some methodology and application problems of decomposing na-
tional industrial energy consumption into changes related to the total industrial production
level, production structure, and sector energy intensity [20]. Liu used the LMDI model to
decompose the carbon emissions of the logistics industry at the regional level [21], then
dividing China into eastern, central, and western regions, and determining the differences
of influencing factors of carbon emissions in the three regions by the LMDI model [22].
Many scholars analyzed the factors affecting the carbon emissions of the logistics industry
based on the LMDI method, but there are still some defects. First, the LMDI model can
only contain one absolute factor and cannot consider multiple relative factors at the same
time. Second, it does not consider the relationship between the influencing factors.

The above methods have achieved very important and remarkable results in terms of
solving the problem of carbon emissions. However, in some cases, there are some problems
that cannot be solved and answered by these methods. Therefore, solving and avoiding
related problems has become the content of recent research. Vaninsky [23] proposed a new
index decomposition model: the Generalized Divisia Index Method (GDIM). This model
can consider the effects of multiple absolute variables and relative variables on carbon
emissions at the same time, analyzing and discussing the contribution of different factors to
the change of carbon emissions accurately and scientifically. Some scholars have used the
GDIM to study related problems. Ma used the GDIM to decompose the drivers of China’s
industrial carbon emissions and determined that the output scale effect, technological
progress effect, energy consumption scale effect, and per capita carbon emission effect were
the main factors leading to the increase of industrial carbon emissions [24]. Li used the
GDIM to study the influence of eight driving factors on URE [25]. Wang used GDIM to
study the impact of renewable energy on CO; emissions [26]. Sun analyzed the influencing
factors of carbon emissions from China’s tourism industry based on the GDIM and found
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that the added value is the largest factor affecting the increase in carbon emissions [27].
Li used GDIM to explore the impact of different factors on the consumption of urban
residents [25]. Wang used the GDIM to analyze the driving factors of carbon emissions
in China’s transportation sector for the first time. Chu decomposed the driving factors
of agricultural carbon emissions in China using the GDIM and found that the scale of
fiscal expenditure was the primary factor causing carbon emissions [28]. Dias used GDIM
to analyze the economic impact on the U.S. carbon dioxide emissions [29]. Shao and Li
used the GDIM to examine the drivers of manufacturing carbon emission evolution in
China and Shandong Province [30,31]. The GDIM is used to analyze the main factors of
energy-related PM2.5 emissions changes [32]. The GDIM is also used to study the main
influencing factors of carbon emissions in the Beijing-Tianjin-Hebei region of China and to
quantify their contributions [33,34]. The GDIM was applied to decompose greenhouse gas
emissions from the agricultural sector in European countries [35].

In this paper, an attempt is made to analyze the influencing factors of carbon emissions
in Chinese logistics industry using GDIM. Compared with AMDI and LMD, this method
takes into account more absolute variables and relative variables. The GDIM can avoid
relevant problems and reaching more advanced and optimized result. The method of
this paper is the Generalized Divisia Index Method. The research idea of this method is
to use the GDIM to study the relationship between carbon dioxide released by energy
consumption and various influencing factors. Its advantage is that it breaks the interde-
pendence of different influencing factors in form and makes the results more accurate
and comprehensive, and can make up for the shortcomings of residual errors in previous
research methods and the interdependence among influencing factors. It puts forward a
new example for the analysis of influencing factors of carbon emission in logistics industry.
Finally, according to the research results, this paper provides feasible suggestions for the
low-carbon development of China’s logistics industry.

In brief, this paper proposes the use of the GDIM to study the carbon emissions of
China’s logistics industry. This paper collects several years of data from the National
Bureau of Statistics of China by finding materials related to transportation, warehousing,
and the postal industry. These data reflect the impact of the added value of the logistics
industry, energy consumption, the size of the working population, and other influencing
factors on the carbon emissions of the logistics industry. In this paper, the GDIM is used to
study the carbon emissions of China’s logistics industry, and relevant research conclusions
are put forward. The structure of the remainder of this paper is as follows: Section 2
describes the method, Section 3 introduces the influencing factors, Section 4 presents the
result analysis, Section 5 shows the next step, and Section 6 concludes the paper.

2. Methods
2.1. Calculation Method of Carbon Emissions

At the end of the 20th century, the logistics industry began to grow in China, but
there are very few statistics specifically regarding the logistics industry in the statistical
data of countries around the world; even the most advanced North American industrial
classification system does not include the statistical category of the logistics industry.
Through the analysis of the data in the Statistical Yearbook of China’s Tertiary Industry
published by the National Bureau of Statistics in 2006, it’s easy to find that warehousing,
transportation and postal industry account for more than 83% of the logistics industry.
To a large extent, this can reflect the development of the logistics industry. For example,
Zhang [18], Liu [21,22], and Cao [36] all use this method to study the carbon emissions of
the logistics industry. Therefore, this paper also uses this method to select the statistical
data of China’s transportation, warehousing, and postal industry from 2000 to 2019 to
replace the logistics industry.

Carbon emissions refer to the general term for greenhouse gases, which mainly in-
clude carbon dioxide, nitrous oxide, methane and other carbon oxides. Among them,
CO; emissions account for more than 60% of greenhouse gas emissions [37]. For lacking
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comprehensive statistics of the latest global carbon emissions, most scholars apply the
methods, provided by IPCC. Then adopt the data of energy consumption to calculate carbon
emissions [38]. From the angle of source of data, a “top-down” method was often adopted
to calculate carbon emissions of logistics activities. In the “top-down” calculation, the total
carbon emissions of researched object are calculated based on comprehensive macro data
of a region. In this method, the energy consumption of logistics activities is multiplied by
the carbon emission coefficient of all kinds of energy to calculate the total carbon emissions.
This method has a merit of direct utilization of the national or local governments’ statistical
data to simplify the process and complexity of research and is suitable for research of carbon
emissions in a larger spatial scale such as a country or a province. The results of the IPCC
(2007) show that more than 95% of carbon dioxide emissions come from traditional fossil
fuel combustion, so carbon dioxide emissions can be estimated by converting and summing
the energy consumption of the logistics industry.

According to the measurement caliber of the China Energy Statistical Yearbook, this
paper finally selects nine types of energy sources—coke, coal, gasoline, crude oil, kerosene,
diesel, fuel oil, natural gas, and electricity—and converts them all into standard coal.
Wang et al. [39], Zhao et al. [40], and Ma et al. [41] also use this method to test and calculate
carbon dioxide emissions. The final carbon dioxide emissions of the logistics industry
represent the consumption of these nine types of energy multiplied by their respective stan-
dard coal coefficients and then multiplied by their respective carbon emission coefficients,
as shown in Equation (1) [39-41]:

19 9
CO, =YY Eijaip; )

i=0j=1

where CO; is the total carbon dioxide emission of the logistics industry in units of 10° tons
from 2000 to 2019;i =0, 1, 2, ...19 indicates the year (2000-2019); j = 1, 2, ...9 indicates the
type of energy; Ej; is the consumption of type j energy in the ith year in units of 10° tons,
«; is the reference coefficient of converted standard coal of type j energy in units of kg/kg
or kg/m3, and B; is the carbon emission coefficient of type j energy in units of tons/ton.
In the calculation, the carbon emission coefficient of primary energy and the conversion
coefficient of standard coal published in the IPCC National greenhouse Gas inventory 2006
are used to calculate the carbon emissions of the logistics industry. The carbon emission
coefficient f; and standard coal conversion coefficient ajcorresponding to various energy
sources are listed in Table 1.

Table 1. Reference coefficient and carbon emission coefficient of standard coal converted from various

energy sources.

Reduced Standard Coal Coefficient Carbon Emission Coefficient
Energy

(Kg/Kg or Kg/m?) (t/t)
Coal 0.7143 0.7476
Coke 0.9714 0.1128
Crude oil 1.4286 0.5854
Petrol 14714 0.5532
Kerosene 14714 0.3416
Diesel oil 1.4571 0.5913
Fuel oil 1.4286 0.6176
Natural gas 1.33 0.4479
Power 0.1229 2.2132

Notes: Data from Intergovernmental Panel on Climate Change of the UN (IPCC) and China Energy Statisti-
cal Yearbook.
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2.2. Generalized Divisia Index Method Based on Extended Kaya Identity (GDIM)

The Kaya identity is an index model proposed by Yoichi Kaya [42] in 1989 for en-
vironmental research. This model established the relationship between CO; emissions
and energy, economic and demographic factors, analyzed the factors that affect CO,
emissions, and measures the contribution of each factor. It represents the total carbon
dioxide emissions as the product of energy carbon intensity (CO;/E), the energy intensity
of economic activity (E/GDP), per capita GDP (GDP/P), and population (P), as shown in
Equation (2) [23]:

CO, = (CO,/E) x (E/GDP) x (GDP/P) x P @)

In Equation (2): CO; is the total carbon emission of China’s logistics industry, in units
of 10° tons; GDP is the added value of the logistics industry, in units of 10° yuan; E is the
energy consumption of the logistics industry, in millions of tons of standard coal; P is the
size of the logistics industry staff, in units of 10° people.

Although the Kaya identity has been applied in the fields of energy consumption,
population, environment, economy, and others, it also has its own limitations. First of all, it
only considers population indicators based on the population environment. In the model,
neither the energy index (E) nor economic index (GDP) are taken into account. Thus, some
special cases will arise; for example, with other influencing factors unchanged, if energy
consumption decreases, the model shows that CO, emissions have not increased, which is
obviously not in line with the actual situation. In addition, the model only considers one
absolute variable (P) and three relative variables (CO,, E/GDP, GDP/P), covering a limited
number of variables. Therefore, this paper uses the extended Kaya identity to include
two absolute variables, the energy index (E) and economic index (GDP), and two relative
variables, the output carbon intensity (CO,/GDP) and per capita carbon emission (CO,/P),
into the model to study the influencing factors of carbon dioxide emissions. The GDIM
is a decomposition model established by Vaninsky [23] through the deformation of the
Kaya identity to reveal the internal motivation of the change of carbon emissions. On the
basis of previous scholars’ research into the influencing factors of the logistics industry,
this paper adds variables such as output carbon intensity, industrial energy consumption
carbon intensity, energy intensity, and others in the model. GDIM is applied to decompose
the factors affecting carbon emissions in China’s logistics industry. The decomposition
steps are as follows:

Step 1: Establish the relationship between carbon emissions and its influencing factors
in China’s logistics industry, as shown in Equations (3)—(5):

CO, = GDP x (CO,/GDP) = E x (CO,/E) = P x (CO,/P) ®)
GDP/P = (CO,/P)/(CO2/GDP) )
E/GDP = (CO,/GDP)/(CO,/E) ®)

where CO,/GDP indicates that the logistics industry produces a carbon intensity of a
certain number of tons per thousand yuan; CO,/E represents the logistics industry’s energy
consumption carbon intensity in tons per ton of standard coal; CO,/P represents the per
capita carbon emissions of the logistics industry, in tons per person; GDP/P represents
the per capita added value of the logistics industry, as 1000 yuan per person; and E/GDP
represents energy intensity, in tons per thousand yuan. Our goal is to include these aspects
symmetrically in factor analysis. To facilitate the derivation, we use the following terms:
C =CO0Oy, X1 =GDP, X, = (CO,/GDP), X3 = E, X4 = (CO2/E), X5 = P, X¢ = (CO2/P), X7 =
(GDP/P), and X3 = (E/GDP).

Step 2: Based on the above assumptions, the variables are substituted into the equa-
tions and further transformed into Equations (6) and (7):

X; = (CO,/P)/(CO2/GDP) = X¢/X» ©6)
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Xg = (CO,/GDP)/(COy/E) = Xp/ X4 @)

Step 3: To make better use of the GDIM, we convert Equations (3)-(7) into the following
Equations (8)—(12):

C=X1 xXp (8)

X1 xXo—Xz3xX4=0 )
X1 xXp—XsxXe=0 (10)
X1 —X5xX;=0 (11)
X3— X1 x Xs =0 (12)

For the influencing factors X, the function C(X) is used to express the contribution of
the influencing factors. A Jacobian matrix ®x is constructed from Equations (8)—(12), as
shown in Equation (13).

T

(13)

—Xg 0 0 0 0 0 -Xy

Step 4: Measure changes in carbon emissions and the contribution of various influ-
encing factors. Use GDIM to decompose changes in carbon emissions into the sum of
contributions from influencing factors in the following Equation (14):

AC[X|®] = /VCT(I—¢X®§)dX (14)
L

where L denotes the time span VC = (Xj, X;,0,0,0,0,0, O)T, I is the unit matrix, and “+”
is the calculation symbol of the generalized inverse matrix. When the column vectors in

the Jacobian matrix ®x are linearly independent, @, = (®Ldx) _1¢)T( ; the elements in the
row vector AC[X|®] represent the eight influencing factors that have been decomposed.

The change of carbon emissions in the logistics industry can be divided into eight
effects: ACgpp, ACg, ACp, ACccpp, ACcg, ACcp, ACgppp, and ACggpp. Of these, ACspp,
ACg, and ACpindicate that the three absolute factors reflect the impact of the change
of added value, the change of energy consumption, and the change of personnel scale
on the change of carbon emissions in the logistics industry, respectively. Among the
relative factors, ACcgpp reflects the low-carbon degree of the development of the logistics
industry—that is, the impact of the change of output carbon intensity on carbon emissions—
ACcr reflects the low-carbon degree of energy use—that is, the comprehensive impact of
the change of carbon intensity of energy consumption on carbon emissions—and ACcp
reflects the low-carbon intensity of the size of employees—that is, the impact of per capita
carbon emissions on carbon emissions. ACsppp reflects the low-carbon degree of individual
output—that is, the impact of per capita added value of the logistics industry on carbon
emissions—while ACg¢pp reflects the dependence of the output process on energy—that
is, the impact of energy intensity on carbon emissions.

2.3. Data Source

As the data for 2020 have not yet been released, this paper selects the data of China’s
logistics industry from 2000 to 2019 as the research sample [43]. According to Equation (1)
regarding the consumption and use of each type of energy, the carbon dioxide emissions
are calculated, and the carbon emissions of various kinds of energy consumption of China’s
logistics industry from 2000 to 2019 are shown in Table 2. To make the data comparable to
each other, the added value of the logistics industry is adjusted according to the price in
2000 to eliminate the impact of price fluctuations.
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It can be seen from Table 2 that the energy consumption is still dominated by diesel,
gasoline, fuel oil, kerosene, and other fuels, and the carbon dioxide emissions of diesel,
gasoline, and kerosene all show an increasing trend. Of these, carbon dioxide from gaso-
line and kerosene maintained an increasing trend in 2019, at 50.8323 million tons and
18.5431 million tons, respectively, representing an increase of 308.76% and 588.41% com-
pared with 2000; carbon dioxide emitted by diesel oil continued to surge in 2000-2012,
from 28.3789 million tons to 92.4223 million tons, and the growth rate of emissions was
relatively slow in the following years, increasing by 239.03% compared with 2000 in 2012.
Carbon dioxide emitted by fuel oil rose from 7.4996 million tons in 2000 to 15.5281 million
tons in 2007, fell to 10.0827 million tons in 2008, and rose to its original peak in subsequent
years. According to the analysis of the reasons behind this, the transportation work of
China’s logistics industry is mainly road transportation, and the means of transport have a
great demand for fuel energy; furthermore, the rapid development of e-commerce in China
in recent years has led to a surge in logistics business, resulting in a substantial increase
in energy consumption. In addition, although the carbon dioxide emissions of coal, coke,
and crude oil increased and decreased in the middle years of the studied period, they all
showed a downward trend as a whole. From 2000 to 2019, carbon dioxide emissions from
coal decreased by 63.61% from 4.71 million tons to 1.5113 million tons, carbon dioxide
emissions from coke decreased by 67.91% from 12,100 tons to 4400 tons, and carbon dioxide
emitted from crude oil decreased by 94.75% from 1.4639 million tons to 76,900 tons. Com-
pared with traditional fossil fuels, the amount of carbon dioxide emitted by electricity and
natural gas has increased year by year, indicating that the demand for the logistics industry
has increased significantly, which indirectly leads to an increase in carbon emissions.

Table 2. Calculation of carbon dioxide released by each kind of energy consumption.

Year Coal Coke Crudeoil Petrol Kerosene Dieseloil Fueloil  Naturalgas Power
(10* tons)  (10* tons)  (10* tons)  (10* tons)  (10* tons)  (10* tons)  (10* tons)  (10°m®)  (10° KWh)
2000 471.00 1.21 146.39 1243.58 269.36 2837.89 749.96 5.25 76.49
2001 449.25 1.28 142.01 1273.36 281.82 2947 .48 754.37 6.53 84.14
2002 454.96 1.25 147.14 1305.21 360.26 3157.54 751.81 9.75 82.42
2003 511.76 1.18 124.03 1558.88 372.79 3562.82 829.62 11.21 110.69
2004 442.16 0.20 103.55 1900.20 462.27 4295.20 1015.05 15.58 122.31
2005 433.08 0.11 106.10 1978.01 478.72 5315.46 1059.66 22.64 117.05
2006 411.16 0.09 136.87 2110.13 507.93 5641.06 1306.35 28.14 127.13
2007 392.97 0.06 136.87 2127.08 567.96 6189.93 1552.81 27.93 144.68
2008 355.34 0.03 138.54 2515.54 590.38 6590.52 1008.27 42.62 155.54
2009 342.30 0.02 128.31 2345.55 660.58 6885.74 1104.33 54.25 167.83
2010 341.23 0.01 132.14 2665.71 804.75 7459.21 1170.51 63.56 199.79
2011 344.97 0.01 88.15 2908.77 827.51 8172.29 1186.84 82.42 230.77
2012 327.88 0.01 99.85 3075.24 898.25 9242.23 1221.05 92.04 248.98
2013 32842 0.22 124.38 3566.69 1004.35 9408.95 1260.80 104.71 27225
2014 297.98 0.33 37.51 3797.22 1113.84 9514.29 1271.73 127.73 288.12
2015 262.73 0.33 29.98 4319.45 1259.03 9617.68 1270.07 141.55 306.17
2016 215.74 0.33 18.68 4485.96 1414.87 9536.43 1333.50 151.77 340.41
2017 188.51 0.66 7.25 4638.48 1595.00 9627.06 1562.86 169.60 385.69
2018 171.42 0.44 7.38 493891 1740.37 9621.23 1584.35 170.49 437.52
2019 151.13 0.33 7.69 5083.23 1854.31 8501.51 1786.94 203.42 476.64
Summary 6893.98 8.09 1862.82 57,837.21 17,064.35 138,124.51  23,780.86 1531.21 4374.60

Notes: Data from China National Bureau of Statistics.

Through analysis and comparison, the results show that there is a high correlation
between carbon emissions, energy consumption and energy consumption structure. At
present, there is still a situation that the structure of energy consumption is unreasonable
and the use of clean energy is relatively small. To realize the low-carbon development
of the logistics industry, it is necessary to adjust the energy consumption structure of the
logistics industry, reduce the use of traditional high-polluting energy, and increase the
utilization rate of clean energy.

3. Variable Description and Statistics

The raw data used in the analysis are given in Table 3. Relative variables are converted
from absolute variables. This chapter describes all influencing factors.
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The CO; emissions of the logistics industry increased from 58.01 million tons in 2000
to 18.65 million tons in 2019—an increase of 211.41%. To measure the contribution of
influencing factors to carbon emissions, this section selects three absolute factors and five
relative factors and analyzes their dynamic changes.

Table 3. Four absolute variables of carbon emissions in the logistics industry.

Year CO, GDP Energy Population
(Million tons) (Billion RMB) (Million Tons) (Million People)
2000 58.01 616.19 114.47 4.06
2001 59.40 687.13 116.13 3.86
2002 62.70 749.43 123.13 3.80
2003 70.83 791.48 141.16 4.84
2004 83.57 930.65 166.42 4.77
2005 95.11 1066.88 191.36 4.65
2006 102.69 1218.63 202.84 4.63
2007 111.40 1460.51 219.59 4.68
2008 113.97 1636.76 229.17 4.66
2009 116.89 1652.24 244.60 5.01
2010 128.37 1878.36 271.02 494
2011 138.42 2184.20 296.94 5.21
2012 152.06 2376.32 325.61 6.40
2013 160.71 2604.27 348.19 8.14
2014 164.49 2853.44 363.43 8.29
2015 172.07 3051.95 385.10 8.22
2016 174.98 3302.87 398.83 8.19
2017 181.75 3712.19 421.40 8.14
2018 186.72 4033.72 436.17 7.86
2019 180.65 4246.63 439.09 7.74

Notes: CO,—carbon dioxide emissions; GDP—value of the logistics industry; Energy—the energy consumption
of the logistics industry converted into standard coal; Population—the number of people employed in the
logistics industry.

3.1. Current Situation of Carbon Emissions in China’s Logistics Industry

The total carbon emissions of China’s logistics industry from 2000 to 2019 is calculated
using Equation (1). As can be seen from Figure 1, the total CO; emissions of China’s logistics
industry increase year by year; that is, from 58.01 million tons in 2000 to 180.65 million
tons in 2019—an increase of 3.11 times—with an average annual growth rate of 10.57%.
From 2001 to 2013, the average annual growth rate was as high as 13.12%, but from 2014 to
2018, the average annual growth rate dropped to 2.70%. This shows that the growth rate of
carbon dioxide emissions varies greatly in different periods of time. In 2019, the logistics
industry’s carbon emissions were 180.65 million tons—6.07 million tons lower than in 2018.

This is mainly because China’s economy developed rapidly from 2000 to 2013, with
an average annual growth rate of 24.62%. With the popularity of mobile Internet and
e-commerce, the demand for logistics business continues to increase, and the total carbon
emissions of the logistics industry continue to grow at a high speed. After 2012, China’s
economic development has entered a new normal, from the pursuit of rapid growth to the
pursuit of a high-quality growth model. As a result, economic growth has slowed. In the
medium-and long-term Plan for the Development of the Logistics Industry (2014-2020) [44]
issued by the State Council in 2014, it was pointed out that it is necessary to speed up the
application of advanced operation and management concepts, vigorously develop green
logistics, and promote carbon emission reduction, as well as reduce energy consumption
and traffic pressure. The document places a certain constraint and guidance for the
development direction of China’s logistics industry. From 2014 to 2019, the output of the
logistics industry grew at an average annual rate of 8.14%. This was due to the optimization
of China’s industrial structure, the accelerated transformation of traditional enterprises,
the realization of electronic informatization, and the continuous improvement of logistics
efficiency. As a result, the growth rate of carbon emissions from China’s logistics industry
slowed down from 2014 to 2019, and carbon dioxide emissions from the logistics industry
showed negative growth for the first time in 2019.
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Figure 1. Carbon dioxide emissions of China’s logistics industry from 2000 to 2019.
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3.2. Decompose Variables

In response to the eight influencing factors of the logistics industry, the variation law is
described along with the motivation behind it. These variables are divided into three parts:
the first part is the increased value-related variables in the logistics industry, including the
increased value of the logistics industry, the production of carbon intensity, and the per
capita value of the logistics industry; the second part is energy-related variables, including
energy consumption, energy intensity, and energy consumption carbon intensity; the third
part is the employment of the relevant variables, including the size of the staff, per capita
CO, emissions, and the per capita logistics industry. These are discussed in detail below.

3.2.1. Increased Value-Related Variables

The added value of the output of the logistics industry includes the added value of
transportation, warehousing, and postal services. It can be seen from Figure 2 that the
GDP of China’s logistics industry continues to increase. From 2000 to 2019, the GDP of the
logistics industry increased by 6.89 times, reaching 4246.6 billion yuan in 2019, with an
average annual growth rate of 34.46%. During the study period, the total output in 2008 and
2009 was 1636.8 billion yuan and 1652.2 billion yuan, with a change of only 0.95% between
the two years. This was due to the impact of the international financial crisis and the facts
that China’s domestic economy was in a state of recovery and the value-added output of
the industry was relatively small. After that, in the environment of international financial
turmoil, logistics warehousing has become a safe haven for real estate investment. With the
increase of corporate financing and the introduction of relevant policies by the government,
the logistics industry gradually recovered after 2009 and continued to maintain rapid
growth. We measure the logistics maturity of a country through the added value of the
logistics industry accounts for the proportion of GDP. As can be seen from Figure 2, the
ratio of logistics in the national GDP has declined year by year, from 6.14% in 2000 to
4.25% in 2019, which shows that the logistics industry is maturing while maintaining
rapid development.
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Figure 2. Added value and carbon intensity of China’s logistics industry in 2000-2019.

The output carbon intensity is the ratio of carbon dioxide emissions to the added value
of the logistics industry output, indicating the amount of carbon dioxide released for each
additional unit of output. This reduced from 0.0941 tons of carbon dioxide per thousand
yuan in 2000 to 0.0425 tons per thousand yuan in 2019—a decrease of 54.81%—with an
average annual reduction of 2.74%. This was because the new technology and process
transformation of the logistics industry not only improved operational efficiency but also
reduced carbon dioxide emissions.

3.2.2. Energy-Related Variables

Energy consumption is the total consumption of coke, coal, gasoline, crude oil, fuel
oil, kerosene, diesel, natural gas, and electricity in the logistics industry. Figure 3 shows
that the energy consumption increased from 114.67 million tons to 439.09 million tons of
standard coal from 2000 to 2019—an increase of 283.59%—with an average annual growth
rate of 14.18%. In the first three years, the growth of energy consumption was relatively
slow, with an average annual growth rate of only 2.52%. Energy demand increased rapidly
from 2003 to 2018, and energy consumption reached relative saturation in 2018. Compared
with 2018, energy consumption in 2019 increased by only 2.92 million tons of standard
coal—an increase of 0.67%. Since the start of the 21st century, China’s logistics industry has
developed rapidly, and the volume of business has increased sharply, which has brought
about an increase in energy consumption year by year.

The energy intensity presented in this paper is the ratio of the energy consumption to
the added value of the output of the logistics industry (constant price in 2000), in units of
1000 yuan per ton of standard coal. During the 20 years of the study, the energy intensity of
China’s logistics industry showed an overall downward trend, from 0.19 tons of standard
coal per thousand yuan in 2000 to 0.10 tons of standard coal per thousand yuan in 2019, with
an average annual decrease of 2.37%. In the first 10 years, the energy intensity decreased
first and then increased, decreased and then increased, and then continued to decline after
2019. This is mainly because, with the rapid development of the logistics industry, new
technologies and new equipment continue to emerge, shortening the working time and
improving the work efficiency under the condition of the same workload. The result is a
reduction in energy consumption with the same output.
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Figure 3. Energy consumption, energy intensity, and carbon intensity of energy consumption in the
logistics industry in 2000-2019.

The carbon intensity of energy consumption in the logistics industry is the ratio of
carbon dioxide emissions to energy consumption; that is, the amount of carbon dioxide
released per unit of energy consumption. It showed an overall downward trend during
the study period, increasing slightly from 2005 to 2007 and then decreasing year by year
from 0.51 tons of carbon dioxide per ton of standard coal in 2000 to 0.41 tons of carbon
dioxide per ton of standard coal—a decrease of 19.61%—with an average annual decline of
0.98%. With the development of the logistics industry, the carbon dioxide released per unit
of energy consumption has been reduced. Part of the reason is that the consumption of
traditional fuels such as coke and coal has decreased, and the use of clean energy such as
electricity and natural gas has increased. In the past, due to technical conditions and other
reasons, traditional fossil fuels such as coal and coke were widely used, but with the use of
new technology and new equipment, traditional fossil fuels were replaced and switched to
clean energy.

3.2.3. Population-Related Variables

The logistics industry employees calculated in this paper include railway transport,
road transport, water transport, air transport, pipeline transport, handling and other
transport service, and post employees. Compared with 2000, the number of logistics
employees increased by 3.69 million to 7.74 million at the end of 2019, with an average
annual growth rate of 4.54%. The indicators related to the population size of China’s
logistics industry are shown in Figure 4. The population size grew rapidly in 2002-2003
and 2011-2013, and remained relatively stable in other years. The per capita carbon
emission of the logistics industry is the ratio of carbon dioxide emissions to the employed
population; that is, the carbon dioxide emissions of each employee. During the period of
the study, it was “W” as a whole, reaching the lowest point of 14.63 tons per person in
2003 and the highest point of 26.57 tons per person in 2011. Compared with 14.30 tons
per person in 2000, it was 23.33 tons per person in 2019—an increase of 63.18%—with an
average annual growth rate of 3.16%.

The per capita added value is the ratio of the total output value to the number of
employees; that is, the added value of the logistics industry output per person. During the
study period, compared with 151.87 thousand yuan per person in 2000 and 548.45 thousand
yuan per person in 2019, the per capita added value increased and decreased alternately,
with an increase of 396.58 thousand yuan per person—an increase of 261.14%—with an
average annual growth rate of 13.06%. The maximum growth rate was 19.42% in 2003-2004,
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and the maximum decline was 17.15% in 2002-2003. It should be noted that, as can be
seen from the chart, the per capita added value increased, and so did the per capita carbon
emission, and while the per capita added value decreased, so did the per capita carbon
emission. The change trends of per capita carbon emission and per capita added value
tended to be consistent.
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Figure 4. Added value and carbon intensity of China’s logistics industry in 2000-2019.

4. Result Analysis

In this paper, the R language was used to program the algorithm. According to the
generalized Di exponential decomposition method, Rversion 4.0.5 was used to calculate the
contribution of eight influencing factors to the CO, emissions of China’s logistics, such as
the added value of logistics output, energy consumption, the scale of logistics employees,
and so on.

4.1. Decomposition Results of Total Carbon Emissions from China’s Logistics Industry

This paper studies the influencing factors of CO, emissions in China’s logistics indus-
try from 2000 to 2019. As the period of the study saw financial fluctuations such as the
global financial crisis, the growth of various industries in China has slowed significantly
since 2012. To compare the contribution of driving factors in different periods, the research
period from 2000 to 2019 is divided into three stages: 2000-2006, 2007-2012, and 2013-2019.
This paper uses the GDIM and calculates the results of factor decomposition according to
Equations (8) and (14), as shown in Figure 5.

It can be seen that during the period from 2001 to 2019, the added value of the logistics
industry, energy consumption, staff size, and per capita carbon emissions played a positive
role in driving the change of carbon emissions; the output carbon intensity of the logistics
industry and the per capita added value of the logistics industry played a negative driving
role; and the carbon intensity of energy consumption in the logistics industry appeared to
be both a positive and negative driver.

Among the positive driving factors of the change of carbon emissions in the logistics
industry, the driving effect of the output added value of the logistics industry increased
from 18.3249 million tons in 2001-2006 to 27.9437 million tons in 2007-2012, and then to
33.9965 million tons in 2013-2019. Its driving effect was the strongest in the three time
periods. This shows that the current development model of China’s logistics industry is
reliant on the energy demand, and if the mandatory carbon dioxide emission reduction
policy is implemented at this time, it will be at the expense of the development of the
logistics industry. The positive driving effect of energy consumption in the logistics industry
first increased from 14.9055 million tons in the first stage to 19.5909 million tons in the
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second stage and then decreased to 16.8031 million tons in the third stage, with an increase
of 31.43% and a decrease of 14.23%. This shows that the logistics industry has changed
from relying on energy consumption to relying on energy efficiency, while maintaining the
development of growth; furthermore, energy consumption has been reduced, and the use
of new equipment and the popularity of electric vehicles have greatly reduced the energy
consumption in the industry, and the whole industry is changing from energy consumption
to energy conservation.
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Figure 5. Staged factor decomposition results of carbon emission evolution of the logistics industry.

The size of the employed population positively promoted carbon dioxide emissions
in all three stages, which is consistent with the impact of energy consumption, showing a
trend of first increasing and then decreasing. The positive driving effect of per capita carbon
emissions on carbon emissions gradually decreased, from 12.8384 million tons in 2001-2006
to 2.279 million tons in 2007-2012, and then to 862,500 tons in 2013-2019—-a decrease
of 93.28% in 20 years. This is because, in recent years, with the Chinese government’s
long-term promotion of the concept of conservation, the people have generally begun to
accept the reality of climate change, low-carbon awareness has gradually taken root in the
hearts of the people, and changes in people’s way of life have also made great progress in
terms of lowering carbon use, leading to a reduction in per capita carbon emissions year
by year.

Among the negative drivers of the change of carbon emissions in the logistics industry,
the effect of output carbon intensity is the strongest, and its effect increased gradually,
from 2.5465 million tons in 2000-2006 to 10.1304 million tons in 20072012 and then to
23.14 million tons in 2013-2019. This can be attributed to the commitment made by the
Chinese government during the 11th Five-Year Plan (2011-2015) to achieve the target of
reducing carbon intensity by 45% in 2020. In 2017, China’s carbon intensity decreased by
about 46% compared with 2005, reaching the 2020 carbon intensity target ahead of schedule.
Therefore, with the development of new technologies in the logistics industry and with
attention paid to the development model of the low-carbon economy; it is expected that the
negative driving effect of the carbon intensity of logistics output will be further enhanced
in the next few years.

The negative driving effect of per capita added value in the logistics industry was
relatively stable in three periods, with a minimum of 1.8435 million tons and a maximum
of 2.0749 million tons. Energy intensity had a less negative driving effect on carbon
dioxide emissions, from 143,800 tons in 2001-2006 to 232,700 tons in 2007-2012, and then to
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222,500 tons in 2013-2019, but it accounted for a very small share of overall carbon dioxide
emissions of no more than 1%.

The carbon intensity of energy consumption in the logistics industry was driven in
both directions, increasing carbon emissions by 111,000 tons in 2001-2006 and reducing car-
bon emissions by 3.1915 million tons and 7.4096 million tons in 2007-2012 and 2013-2019,
respectively. The transformation from an initial positive driving role to a negative driving
effect shows that the energy utilization efficiency of China has gradually improved and the
energy structure has been optimized to a certain extent. This is affected by the shift from
rapid economic development to high-quality development proposed by China in recent
years, as well as the government’s attention to ecological civilization and the prevention
and control of air pollution, and the logistics industry is also constantly promoting the
adjustment of the industrial structure and energy structure. Energy conservation and car-
bon reduction are being vigorously carried out, as well as the construction of an ecological
civilization, thus promoting the carbon emission reduction of the transportation industry.
Therefore, speeding up the adjustment of the energy structure and reducing the carbon
intensity of energy consumption is very important for the logistics industry to achieve the
goal of energy saving and emission reduction.

4.2. Analysis of the Main Driving Factors of Carbon Emission

The analysis in this section is based on the statistical information of China’s logistics
industry’s GDP, energy consumption, and the logistics population from 2000 to 2019
provided by the website of the National Bureau of Statistics of China [44]. This paper used
GDIM to decompose the influencing factors of China’s logistics CO; emissions. In this
paper, the GDIM decomposition method is used to decompose the influencing factors of
carbon emissions in China’s logistics industry. The contribution value and contribution rate
of each influencing factor are calculated. Tables 4 and 5 showed the results of decomposition.
The results are shown in Tables 4 and 5.

Table 4. Contribution ratio of CO; emissions of each decomposing factor. Unit: %.

Year GDP E P CO,/GDP CO,/E CO,/P GDP/P E/GDP SUM
2001 0.0387 0.0046 —0.0162 —0.0272 0.0034 0.0258 —0.0043 —0.0008 0.0240
2002 0.0305 0.0200 —0.0054 —0.0109 —0.0015 0.0247 —0.0019 0.0000 0.0556
2003 0.0185 0.0493 0.0885 0.0251 —0.0054 —0.0409 —0.0050 —0.0007 0.1296
2004 0.0611 0.0602 —0.0053 0.0012 0.0004 0.0690 —0.0067 0.0000 0.1798
2005 0.0504 0.0503 —0.0087 —0.0025 —0.0037 0.0578 —0.0055 0.0000 0.1381
2006 0.0481 0.0198 —0.0010 —0.0186 0.0066 0.0286 —0.0032 —0.0005 0.0797
2007 0.0664 0.0273 0.0034 —0.0326 0.0007 0.0259 —0.0051 —0.0009 0.0849
2008 0.0399 0.0143 —0.0018 —0.0295 —0.0068 0.0098 —0.0024 —0.0005 0.0230
2009 0.0031 0.0222 0.0249 0.0055 —0.0133 —0.0158 —0.0005 —0.0004 0.0256
2010 0.0465 0.0359 —0.0047 —0.0117 —0.0031 0.0391 —0.0039 0.0001 0.0982
2011 0.0538 0.0313 0.0182 —0.0253 —0.0056 0.0077 —0.0016 —0.0004 0.0783
2012 0.0289 0.0322 0.0736 0.0035 0.0006 —0.0378 —0.0024 0.0000 0.0985
2013 0.0309 0.0228 0.0842 —0.0127 —0.0041 —0.0603 —0.0036 —0.0002 0.0569
2014 0.0315 0.0143 0.0060 —0.0224 —0.0066 0.0018 —0.0008 —0.0002 0.0235
2015 0.0233 0.0198 —0.0027 —0.0074 —0.0044 0.0185 —0.0010 0.0000 0.0461
2016 0.0272 0.0117 —0.0013 —0.0204 —0.0062 0.0071 —0.0011 —0.0002 0.0169
2017 0.0412 0.0186 —0.0020 —0.0257 —0.0059 0.0155 —0.0026 —0.0003 0.0387
2018 0.0290 0.0116 —0.0113 —0.0183 —0.0026 0.0214 —0.0024 —0.0001 0.0273

2019 0.0172 —0.0271 0.0022 —0.0131 —0.0049 —0.0060 —0.0007 —0.0002 —0.0325




Energies 2021, 14, 5742 15 of 23
Table 5. Contribution of CO, emissions of each decomposition factor. Unit: 10* tons.
Year GDP CO,/GDP E CO,/E P CO,/P GDP/P E/GDP
2001 224.44 —157.94 26.80 19.46 —93.71 149.81 —24.97 —4.76
2002 181.45 —64.73 119.02 —9.09 —31.81 146.67 —-11.37 —0.04
2003 116.20 157.61 309.37 —-33.72 555.22 —256.46 —31.15 —4.41
2004 432.60 8.25 426.09 2.86 —37.75 488.96 —47.31 —0.14
2005 420.76 —20.63 420.55 —31.03 —72.61 483.23 —45.69 —0.25
2006 457.03 —177.21 188.72 62.62 —9.49 271.63 —30.50 —4.79
2007 681.38 —334.59 279.86 6.75 34.60 266.02 —52.85 —9.67
2008 444,51 —328.80 159.08 —75.95 —19.87 109.19 —26.40 —5.28
2009 35.22 62.86 252.94 —151.09 283.38 —180.31 —6.08 —4.79
2010 543.09 —136.34 419.42 —35.83 —54.94 457.62 —45.64 0.65
2011 690.73 —324.23 402.11 —71.34 233.63 98.58 —20.08 —4.55
2012 399.45 48.06 445.69 8.30 1018.51 —523.19 —33.30 0.38
2013 469.43 —193.86 347.06 —62.66 1281.05 —916.86 —55.22 —3.74
2014 506.98 —359.72 229.82 —106.39 96.62 28.29 —13.60 —3.99
2015 384.05 —122.42 326.02 —72.32 —45.11 305.02 —17.26 0.28
2016 468.69 —350.53 201.00 —105.89 —22.83 122.71 —-19.53 —2.92
2017 720.65 —450.37 325.14 —102.58 —35.01 270.37 —45.40 —5.36
2018 527.80 —332.44 210.97 —46.51 —205.16 388.75 —43.81 —2.62
2019 322.04 —505.38 40.31 —244.61 —90.68 —112.04 —12.66 —3.90

4.2.1. The Influence of Output Added Value of the Logistics Industry

From the data in Tables 4 and 5 (GDP), the added value of the output of the logistics
industry can be seen to make a positive contribution to carbon emissions and has an
obvious promoting effect on carbon emissions, with a cumulative contribution rate of
68.62% and a contribution of 80.2651 million tons, respectively. The contribution rate of the
output added value to the carbon emissions of the logistics industry is greater than other
factors, which shows that the output added value is the most important factor affecting the
carbon emissions of the logistics industry.

From 2001 to 2019, the contribution of industrial added value to the logistics industry
fluctuated up and down, but the overall trend was upward. The contribution of the
added value of the output of the logistics industry to carbon emissions increased from
2.2444 million tons in 2001 to 3.2204 million tons in 2019, and the contribution rate decreased
from 3.87% to 1.72%. The contribution value in the middle year of the period was in a
state of fluctuation, and the decomposed carbon emissions reached the maximum value
of 7.2065 million tons in 2017, with a contribution rate of 4.12%. Affected by the world
financial crisis, the contribution of the output scale to carbon emissions decreased sharply
from 2008 to 2009, with carbon emissions of only 352,200 tons in 2009, but carbon emissions
gradually returned to normal after 2010, indicating that the logistics industry gradually
recovered after the economic crisis. This is because, in recent years, with the development
of e-commerce and mobile Internet, online shopping has become a new consumption
pattern, and express logistics has developed rapidly. A large number of express companies
and the disorderly development of urban distribution have also led to the increase of
carbon dioxide emissions in the logistics industry to a certain extent.

After disorderly development, the government began to carry out regulation and
control at the national level, such as the “medium-and long-term plan for the Development
of the Logistics Industry (2014-2020) [44]” initiated by the State Council of China. It was
clearly pointed out that, by 2020, a modern logistics service system with reasonable layout,
advanced technology, convenience, efficiency, environmental protection, safety and order
should be basically established. This requires the use of energy-saving and environmental
protection technology and equipment, the improvement of the level of organization and
networking of logistics operation, and a reduction in the overall energy consumption and
pollutant emission level of the logistics industry. The contribution of the added value of
output in 2019 was 3.2201 million tons—an increase of only 43.49% compared with 2001—
and the contribution still showed a downward trend, indicating that the development of
the industry is consistent with the policy designated by the Chinese government and is
developing in the direction of energy conservation and emission reduction.
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4.2.2. The Influence of Energy Consumption in the Logistics Industry

The contribution rate of energy consumption (E, Table 4) to carbon dioxide emis-
sions varies from year to year. Overall, from 2001 to 2019, the contribution of energy
consumption to carbon emissions showed a “W” type, first increasing and then decreasing,
increasing, and then decreasing. The cumulative contribution rate was 43.92%, representing
an important positive driver.

From 268,000 tons in 2001 to 2.1097 million tons in 2018, the contribution rate increased
from 0.46% to 1.16%. In 2019, the contribution rate of energy consumption to carbon
emissions was negative for the first time, and the contribution value also dropped to
403,100 tons. The reason behind this may be the great improvement of the living standards
of the Chinese people since the start of the 21st century; furthermore, the popularity of the
mobile Internet has driven people’s demand for materials and services, and the logistics
industry has purchased a large number of new means of transportation to meet the needs of
customers, resulting in an increase in energy consumption in the whole industry. With the
continuous promotion of the national energy conservation and emission reduction policy,
as well as the improvement of people’s low-carbon awareness and the increase in the use
of clean energy, the contribution of energy consumption to carbon emissions gradually
decreased from a positive high contribution rate to a land contribution rate and then turned
to a negative contribution rate, showing an inhibitory effect on carbon dioxide emissions.

4.2.3. The Influence of the Size of Staff in the Logistics Industry

The contribution value of staff size (P, Table 5) in different years was mostly positive,
and the cumulative contribution rate and contribution value were 24.06% and 27.8405 mil-
lion tons, respectively, indicating that personnel size can promote the increase of carbon
emissions in China’s logistics industry.

Overall, there were several extremes in the contribution of staff size to the carbon
emissions of China’s logistics industry from 2001 to 2019, in 2012, 2009 and 2013, respec-
tively. The contribution rates and contribution values were 8.85%, 2.49%, 7.36%, and 8.42%
and 5.5522 million tons, 2.8338 million tons, 10.1851 million tons, and 12.8105 million tons,
respectively. In other years, the contribution rates and contribution values were mostly
negative, indicating that the promoting effect of staff size on the carbon emissions of the
logistics industry is mainly reflected in these four years, and the other years are more
likely to restrain carbon emissions. The reason is probably that, at these three time points,
major events occurred, such as the SARS epidemic, the global financial crisis and other
major emergencies, which had a significant impact on the transfer of goods and personnel.
The national experience of the SARS epidemic greatly increased the demand for materials
and personnel, while the wave of economic recovery after the financial crisis drove the
development of the real economy, thus promoting the increase of logistics carbon emissions.

4.2.4. Carbon Intensity of Logistics Industry

The contribution rate of carbon intensity of logistics output (CO, /GDP Table 4) was
both positive and negative within the period of the study. However, the total contribution
rate and contribution value were —24.3% and —35.8241 million tons, respectively. This
had an inhibitory effect on carbon dioxide emissions from the logistics industry, and the
cumulative inhibition of carbon intensity from 2001 to 2019 exceeded the sum of other
influencing factors, making it the most important negative factor.

Carbon emissions per unit of output are reducing over time, which is related to the
development of logistics technology. Since 2012, the Chinese government has advocated
the improvement of logistics technology, upgrading logistics equipment and speeding
up the research and application of key technologies and equipment. Thus, companies
must enhance the level of informationization and intelligence of the logistics industry,
innovate the mode of operation and management, and improve the level of supply chain
management and logistics services to create new advantages for the coordinated devel-
opment of the logistics industry and the manufacturing industry, commerce and trade
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industry, and financial industry. The contribution rate and contribution value of the carbon
intensity of the output of the logistics industry from 2013 to 2019 were negative, proving
that this factor has a significant inhibitory effect on carbon emissions and also showing that
technological progress is an important decisive factor to solve carbon emissions; the results
of this analysis are consistent with the research report released by the IPCC.

4.2.5. Carbon Intensity of Energy Consumption in Logistics Industry

The contribution value of the carbon intensity of energy consumption to carbon
emissions appears to alternate, and the total contribution value is negative, indicating that
the carbon intensity of energy consumption has an inhibitory effect on the carbon emissions
of the logistics industry.

Within the period of the study, the contribution rate was positive and negative from
2001 to 2012, but since 2013, the contribution rate and contribution value have remained
negative, and the absolute values of the contribution rate and contribution value reached a
peak in 2019, indicating that the inhibitory effect on carbon emissions is increasing. This is
because, in 2012, China’s State Council issued the 12th Five-Year Plan for energy saving and
emission reduction, which set a target of reducing the energy consumption per 10,000 yuan
of GDP to 0.869 tons of standard coal by 2015—down 16% from 2010. This requires the joint
efforts of various industries, and the industrial structure of the logistics industry has been
optimized and the energy consumption structure has been improved to a certain extent
through the efforts of the logistics industry in recent years. In response to the policies
designated by the Chinese government, the logistics industry continues to improve new
technologies and increase the proportion of clean energy use, and the carbon intensity of
energy consumption shows a stable inhibitory effect.

4.2.6. Impact of Per Capita Carbon Emissions in Logistics Industry

As can be seen from Tables 4 and 5, the contribution rate and contribution value of
per capita carbon emissions have been positive in most years and negative in a few years,
proving that per capita carbon emissions can promote the increase of carbon emissions.
Overall, from 2001 to 2019, per capita carbon emissions contributed a large amount of
carbon dioxide to China’s logistics industry, accounting for 15.9799 million tons, with
a contribution rate of 19.19%. This is mainly because a considerable part of the carbon
emissions of the logistics industry comes from the flow of people. China has been seeking
rapid development in recent years. Behind this economic development is the cooperation
between people, and the mobility of people has led to the increase of traffic demand, thus
promoting the increase of carbon dioxide emissions. It may also be true that, with the im-
provement of people’s income level, while the demand for public transport travel increases,
a large number of people are buying private cars, which increases energy consumption,
thus promoting the increase of carbon dioxide emissions.

4.2.7. The Impact of Per Capita Value Added in the Logistics Industry

The per capita added value of the logistics industry shown in Table 4 (GDP/P) had an
inhibitory effect on CO, emissions within the period of the study. The total contribution
value and total contribution rate were 5.83 million tons and 5.48%, respectively. The
absolute value accounts for a relatively small proportion of the total, which seems to be
counterintuitive. It can be seen that the contribution rate of this factor to carbon dioxide is
different in different years, and the increasing and decreasing trend appears alternately,
but the value of the contribution rate is not very different. In Figure 5, the inhibition of the
per capita added value of the logistics industry tends to be consistent in three time periods,
and there is no difference in the time periods.

Vaninsky [23] pointed out that per capita added value is a relative index, which is the
ratio of the added value to the size of the employed population. The fluctuation of these
two absolute indicators affects their respective carbonization, which is likely to be out of
sync. Secondly, the per capita added value of the logistics industry is related to several
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other indicators, and other indicators are affected by Equation (14). In this way, the change
in per capita value added is distributed among all these indicators. Only part of its change
is caused by this, which is included in the impact on changes in CO; emissions, and the rest
is included in the images of several other indicators. Therefore, the interconnected nature
of per capita added value means that it shows a negative driving effect. The inhibitory
effect of per capita added value on the carbon emissions of the logistics industry implies
that the driving force of people’s welfare lags behind the economic development of China’s
logistics industry.

4.3. The Influence of Energy Intensity

Energy intensity (Tables 4 and 5, GDP/E)—that is, energy consumption per unit
output—showed a significant inhibitory effect on carbon dioxide emissions within the
period of the study, but because the absolute value of its contribution rate was significantly
lower than other indicators every year, the contribution value of this factor was far less
than other indicators, and the cumulative contribution rate of carbon emission reduction
from 2001 to 2018 was only 0.53%. The energy consumption per unit output of the logistics
industry gradually decreased, and the energy use efficiency increased, but on the whole, it
had little inhibitory effect on carbon dioxide emissions.

4.4. Analysis of Cumulative Contribution of Influencing Factors

It can be seen from Tables 4 and 5 that the impact of various factors on the carbon
emissions of the logistics industry fluctuated to either a large or small extent in different
years, and some indicators changed their direction within the period of the study. With
this in mind, Figure 6 shows the result analyzed from the average data.
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Figure 6. Cumulative contribution rate of carbon dioxide level change rate in China’s logistics
industry from 2000 to 2019.

As can be seen, the most significant factors leading to the increase in CO, emissions
from the logistics industry were the added value of output (65%), energy consumption
(41.83%), the size of the employed population (22.7%), and per capita carbon emissions
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(13.03%). The key factors leading to the decline in carbon dioxide emissions were output car-
bon intensity (—29.21%), energy carbon intensity (—8.55%), and energy intensity (—0.49%).
Considering the correlation between the per capita added value and other indicators, it is
not advisable for this factor to reduce the carbon emissions of the logistics industry.

In the development of China’s logistics industry, we should give full play to the
specific role of output carbon intensity and energy consumption carbon intensity in the de-
velopment of China’s low-carbon, peak-carbon, or carbon neutralization efforts, constantly
improve logistics facilities and equipment, and upgrade logistics technology. Energy con-
sumption per unit output should be reduced and the low-carbon and clean development
of energy structure should be achieved as far as possible, and the overall carbon emissions
of the logistics industry should be reduced.

5. Next Step

This article provides a good example for the use of GDIM, and the method can also be
applied to the economic and technical fields. Logistics is a complex system composed of
people, goods and transportation. The selection of influencing factors can be appropriately
changed to expand the model so as to study the impact of other factors on carbon emissions
in the logistics industry. In addition, China has a large land area, and there are certain
differences in economic development between regions. So do the same influencing factors
have the same impact in different provinces or regions? What are the differences in the
analysis of influencing factors in different regions? Research in this area is currently rare.
Other scholars can conduct research in this field.

6. Conclusions and Suggestions
6.1. Conclusions

The logistics industry is an important part of China’s energy consumption and carbon
emissions. To achieve China’s ambitious goal of peaking carbon in 2030 and being carbon
neutral by 2060, the logistics industry must assume the important mission of carbon emission
reduction; strive to find an effective way to save energy and reduce emissions; as well as
coordinating development and reducing carbon. This will determine whether China will be
successful in reaching the goals of the Third Paris Peace Forum on 12 November 2020.

In this paper, carbon emission coefficient method is used to calculate the carbon
dioxide emissions, followed by a comparison of carbon emissions among 9 categories of
energy. Compared with previous researches, it’s the first time that Generalized Divisia
Index Method is used for factoring carbon emissions in Chinese logistics industry during
2000-2019. This method takes into account more absolute variables and their interrelations,
thus making up the deficiencies of Arithmetic Mean Divisia Index and Logarithmic Mean
Divisia Index. The growth of CO, emissions in logistics industry was decomposed into
GDP, energy consumption, size of population in the industry, output carbon intensity;,
energy consumption carbon intensity, carbon emission per capital, added value per capital
and energy intensity. Subsequently, the paper measured the evolution of carbon emissions
and the contribution of different influencing factors. The results reveal the main factors
driving carbon dioxide emissions and provide wise suggestions for changing economic
activities to improve environmental performance. The following conclusions are reached
based on the research result:

(1) The total carbon emissions in China’s logistics industry are still increasing. The
carbon emissions increased from 58.01 million tons in 2000 to 186.72 million tons in 2018,
with an annual growth rate of 16.9%. In 2019, there was a negative growth for the first time,
with 180.65 tons of carbon emissions. This indicates that the structure of logistics industry
is being constantly optimized, with a gradual transition to low-carbon and environment-
friendly development.

(2) In the decomposition of the staged factors of carbon emissions in the logistics
industry, carbon dioxide emissions first increase and then decrease. Upon analysis of the
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performance of each influencing factor in the staged and cumulative contributions, it is
found that the performance of the factors is basically the same.

(3) In terms of accumulative contribution of carbon emissions, the added value of
logistics industry was the most important factor of increased carbon emissions, with an
accumulative contribution ratio of 65.45% and an accumulative contribution of 80.27 mil-
lion tons. The rapid development of the logistics industry has caused a large amount
of energy consumption, and the carbon emissions brought about by economic growth
accounted for the largest proportion of the total. Therefore, energy consumption is the
main factor of increased carbon emissions (41.83%), but its role in promotion is gradually
declining. This indicated that the development is no longer based on energy consump-
tion as the main driving force for development. The cumulative contribution rate of the
employed population is 22.7%, which has an obvious promotion effect. Per capita carbon
emissions have a positive impact on carbon emissions. The output carbon intensity is
the most important factor leading to the reduction of carbon emissions. The cumulative
contribution rate is —29.21%, and the cumulative contribution value is —35.82 million tons.
It shows that with the development of the logistics industry, the carbon dioxide released
per unit of output is showing a decreasing trend. Part of the reason is that technological
progress has reduced the energy consumption of production activities. The energy carbon
intensity has a restraining effect on carbon emissions, with a cumulative contribution
rate of —8.55%. Per capita value-added has a restraining effect on carbon emissions, but
considering the correlation between this indicator and other indicators, its restraining effect
is not considered.

(4) The cumulative inhibitory effect of negatively-acting factors on carbon emissions
is much smaller than the cumulative effect of positively-acting factors. Therefore, in
recent years, the logistics industry’s carbon emissions still show an increasing trend, but
the growth trend has been significantly weakened. The logistics industry is developing
towards a low-carbon saving model.

6.2. Policy Suggestion

Based on the above research results, regarding the continued growth of carbon emis-
sions in China’s logistics industry, the following suggestions are made to policy makers:

(1) Change the economic growth mode to achieve high-quality development. The
increased value of the logistics industry is the most important factor in promoting the
increase in carbon emissions. Carbon emission reduction is not advisable at the expense
of economic development, but it is possible to transform the development mode, adjust
the industrial structure, and gradually introduce high-tech, reasonable planning to build
a low-carbon logistics park, and transform from rapid development to a high-quality
development model.

(2) Improve the energy efficiency of the logistics industry and promote the use of new
facilities. As can be seen from Figure 6, energy consumption is the second largest factor in
promoting carbon emissions growth. Gasoline, kerosene, and fuel oil are accounted for
in the total energy, which is mainly due to the energy demand of transportation vehicles
and handling equipment. Furthermore, the use of clean energy such as natural gas and
electricity is still not very common. Therefore, the government should formulate relevant
policies from source governance, reduce high-energy consumption, retract high emission
facility equipment from the market, guide the logistics industry to update old equipment,
and encourage special equipment and green energy-saving equipment using cleaning
energy. Furthermore, the government should develop public transportation, engage in the
reasonable planning of urban traffic network layouts, minimize energy consumption, and
reduce total CO, emissions.

(3) Adjust the structure of energy and increase the proportion of clean energy usage.
From Table 4, it can be seen that, from 2000 to 2019, the proportions of coal, coke, crude oil,
and fuel oil in total energy consumption were greatly reduced, but the consumption rates
of gasoline, kerosene, and diesel in 2019 were still as high as 88.46%. The energy carbon
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intensity is a main factor in reducing carbon emissions. In the future, the government
should adopt the following policies: optimize the energy structure of the logistics industry,
reduce the use of traditional high pollution energy, and improve the use of clean energy. For
example, new energy vehicles should be used instead of previous high-emission vehicles,
while the government should encourage the research and development of low-carbon
environmental protection logistics facilities; for example, using electric forklifts instead of
fuel trucks.

(4) Improve the low-carbon awareness of logistics practitioners. As can be seen from
Table 5 and Figure 6, developing the size of the economy and per capita carbon emissions
are positive ways to promote carbon emissions. Therefore, in the carbon reduction initiative
of the Chinese logistics industry, people are very important. Low-carbon conservation
awareness should be popularized and the propaganda to enterprises and the people
should be strengthened; the former to save energy consumption, and the latter to reduce
cost spending and obtain more profits. Excellent low-carbon logistics enterprises can be
screened to play demonstrative roles in society for other enterprises. The government can
also give appropriate policy advantages to excellent environmentally friendly companies.
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