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Abstract: This study analyzed the greenhouse gas (GHG) emissions from the transportation sector
in Korea from 1990 to 2013 using Logarithmic Mean Divisia Index (LMDI) factor decomposition
methods. We decomposed these emissions into six factors: The population effect, the economic
growth effect due to changes in the gross domestic product per capita, the energy intensity effect due
to changes in energy consumption per gross domestic product, the transportation mode effect, the
energy mix effect, and the emission factor effect. The results show that some factors can cause an
increase in GHG emissions predominantly influenced by the economic growth effect, followed by the
population growth effect. By contrast, others can cause a decrease in GHG emissions, predominantly
via the energy intensity effect. Even though the transportation mode effect has contributed to a
reduction of GHG emissions, it remains relatively small compared to other factors. The energy mix
and emission factor effects contributed to the reduction of GHG emissions in the early 2000s, however
the effects have led to an increase of GHG emissions since the mid-2000s. Altogether, based on these
results, this study suggests some GHG mitigation policies aimed at achieving the national target for
this sector.

Keywords: emissions factors; transportation sector; Logarithmic Mean Divisia Index

1. Introduction

Transportation is one of the major sectors that emit greenhouse gas (GHG). World GHG emissions
from transportation sector accounted for one quarter of total emissions in 2016, a 71% increase
compared to 1990. The highest absolute increase was in road transportation with an overall 74%
increase in the share of road transport emissions. Most of the transportation sector’s GHG emissions
result from fossil-fuel combustion. In 2013, Korea’s GHG emissions from the transportation sector
accounted for 12.6% of total emissions—below the world average. However, their growth rate is higher
than those from the industrial or power sectors. This high growth rate is due to an increase in vehicle
use due to economic growth.

According to the Intended Nationally Determined Contributions (INDC) which was submitted to
the United Nations Framework Convention on Climate Change (UNFCCC) in 2015, Korea plans to
reduce its GHG emissions by 37% from the business as usual (BAU) level by 2030. According to the
2018 GHG reduction roadmap from the Korean government, the targets for reducing GHG emissions
by sector have been set. The target for GHG reduction in the industrial and transportation sectors
are 20.5% and 29.3% compared to BAU, respectively. The transportation sector has a higher potential
for GHG reduction than the industrial sector. In particular, the shift to eco-friendly vehicles, such as
electric, hydrogen, and hybrid vehicles, can lead to rapid reductions in GHG emissions. To meet GHG
emissions reduction goals in the transportation sector, the Korean government has introduced various
reduction regulations such as average fuel efficiency standard, average GHG emissions standard, and
the promotion of electric vehicles. However, for more efficient reduction in GHG emissions in the
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transportation sector, it is necessary to identify the factors that contribute to the increase in GHG
emissions from this sector.

Generally, factor decomposition analysis is widely used to analyze the factors that increase GHG
emissions. Despite vast research into this area, the factors involved have varied depending on the
objects of analysis. The main decomposition methods can be divided into two groups: The Laspeyres
and Divisia Indexes. The Logarithmic Mean Divisia Index (LMDI) method—a Divisia Index—is
overwhelmingly preferred due to its advantages in meeting the factor-reversal test, and that it leaves
no unexplained residual during decomposition. LMDI methods can be divided into either additive or
multiplicative decompositions. The former, introduced by Ang et al. [1], decomposes the difference in
the amount yielded at two points in time, while the latter, suggested by Ang and Liu [2], decomposes
the ratio of change with respect to the base year. Both additive and multiplicative methods were
applied to the decomposition analysis in this study.

Multiple studies have investigated factors influencing carbon emissions in the transportation
sector including those by Mazzarino [3], Kwon [4], Lu et al. [5], Timilsina and Shrestha [6],
Wang et al. [7], Zhang et al. [8], Mishalani et al. [9], Wang and Liu [10], Fan and Lei [11], and
Liang et al. [12].

Studies using the LMDI methodology include those by Timilsina and Shrestha [6], Wang et al. [7],
Zhang et al. [8], and Liang et al. [12], which analyze different countries and periods. Timilsina and
Shrestha [6] analyzed GHG emissions in selected Asian countries including Korea from 1980 to
2005. Whereas Wang et al. [7], Zhang et al. [8], and Liang et al. [12] all analyzed different factors
affecting GHG emissions in China, from 1985 to 2009, 1980 to 2006, and 2001 to 2014, respectively.
Timilsina and Shrestha [6] decomposed their analysis into six factors representing changes in fuel
mix, modal shift, gross domestic product, population, emission coefficients, and energy intensity.
Wang et al. [7] decomposed their analysis into six effects: Population, per capita economic activity,
transportation intensity, transportation modal shifting, transportation services share, and emission
coefficient effects. Zhang et al. [8] decomposed their analysis into four effects: The transportation
mode effect, the passenger-freight share effect, the energy intensity effect, and the transportation
activity effect. Liang et al. [12] decomposed their analysis into six influencing factors: Energy structure,
energy efficiency, transport form, transportation development, economic development, and population
size. Except for Zhang et al. [8], GHG emissions were decomposed into six factors, however, the
decomposition methods differed slightly for each study based on data availability and the differences
in Kaya identity.

So far, Timilsina and Shrestha [6] performed the only study analyzing LMDI factor decomposition
for GHG emissions from Korea’s transportation sector. The above studies mainly focused on GHG
emissions from China’s transportation sector. The LMDI factor analysis relating to Korea’s GHG
emissions, including the work by Oh et al. [13], Kim and Kim [14], Kim and Jeong [15], Kim and
Park [16], Lim and Kim [17], and Park and Kim [18] focused on the GHG emissions from industry
or electricity generation sector. Timilsina and Shrestha [6], in part, analyzed GHG emissions from
Korea’s transportation sector, but their study period was only extended to 2005. However, Korea’s
transportation sector has changed drastically since 2005, thus an extended analysis is necessary.
In addition, Timilsina and Shrestha’s [6] study is based on data from the International Energy Agency
(IEA) calculated according to the International Panel on Climate Change (IPCC) guidelines. However,
the current paper is based on the Korean national GHG inventory for further detailed analysis. To date,
LMDI decomposition analysis for GHG emissions of the transportation sector has mostly remained in
the form of additive methodology. However, the multiplicative methodology was also performed in
this study.

Therefore, this study decomposes GHG emissions in Korea’s transportation sector from 1990
to 2013 using the LMDI decomposition methodology. In particular, GHG emissions in Korea’s
transportation sector were decomposed into six factors: The population effect, the economic growth
effect (due to the changes in the gross domestic product per capita), the energy intensity effect (due
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to the changes in energy consumption of transportation sector per gross domestic product), the
transportation mode effect, the energy mix effect, and the emission factor effect. These results will
provide a baseline for establishing policies to achieve the GHG emission reduction target.

The remainder of this paper is organized as follows. Section 2 contains the applied LMDI method
and data. Section 3 diagnoses the current state of national GHG emissions in the transportation sector
and discusses the related factors influencing GHG emissions. Current GHG mitigation policies in the
transportation sector are also discussed. Section 4 includes the results of the decomposition analysis
of GHG emission impact factors on Korea’s transportation sector, and finally, Section 5 presents
the conclusions.

2. Materials and Methods

In the present study, characteristics of GHG emissions from Korea’s transportation sector were
analyzed using data corresponding to a time frame of 23 years (1990–2013). This is the first attempt
at conducting a decomposition analysis of the transportation-related GHG emission characteristics
in Korea. GHG emissions were decomposed into six factors: The population effect, the economic
growth effect (due to the changes in the gross domestic product per capita), the energy intensity effect
(due to the changes in energy consumption per gross domestic product), the transportation mode
effect, the energy mix effect, and the emission factor effect. Both additive and multiplicative LMDI
decomposition methods were used to analyze factors involved in the following equation:

C = ∑
ij

Cij = ∑
ij

P
G
P

E
G

Ei
E

Eij

Ei

Cij

Eij
= ∑

ij
PXISi MijUij (1)

where the subscript i represents the transportation mode and j represents fuel type; P denotes
population; X = G/P denotes the gross domestic product per capita, where G is gross domestic
product; I = E/G is the energy intensity, where E is the total energy consumption from the
transportation sector; Si = Ei/E denotes the share of the energy consumption of the i transportation
mode in the total transportation energy consumption; Mij = Eij/Ei is the share of the j fuel type in
the energy consumption of the i transportation mode; and Uij = Cij/Eij denotes the GHG emission
coefficient of j fuel type in the i transportation mode.

Here, the six factors explaining changes in GHG emissions within the transportation sector are
explore in more detail. The first factor, the “population effect”, denotes the increase in GHG emissions
in proportion to the population, P. The second factor, the “economic growth effect,” reflects the change
in GHG emissions in the transportation sector, according to the change in the gross domestic product
per capita (X = G/P). This effect implies that the energy consumption in the transportation sector
can change according to an increase in the gross domestic product (GDP) per capita. The third factor,
the “energy intensity effect,” reflects the change in energy consumption of transportation sector, in
accordance with the change in the energy intensity (I = E/G). This effect implies that the energy
consumption in the transportation sector can change according to the energy intensity.

The fourth factor, the “transportation mode effect,” indicates changes in the proportion of
energy consumption used in the i transportation mode relative to the total transportation energy
consumption (Si = Ei/E). In this case, the higher the proportion of the transportation mode with
high-carbon-containing fuel, the more marked the increase in GHG emissions is as a result of this effect.
The fifth factor, the “energy mix effect”, means the effect of an increase or decrease in the proportion
of the i fuel type energy consumption relative to the total j transportation energy consumption
(Mij = Eij/Ei), where the higher the proportion of high-carbon-containing fuel, the greater the
increase in GHG emissions becomes as a result.

The sixth factor is the effect caused by the emission coefficients (Uij = Cij/Eij). That is, the GHG
emissions of the i fuel type divided by i fuel type input in the j transportation type. Therefore, as this
effect increases, GHG emissions increase.
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In the multiplicative decomposition method, these factors can be decomposed using Equation (2):

Dtot = CT/CO = ∏ Dxk = DpopDecoDinsDstrDmixDem f (2)

where Dtot denotes the rate of increase in GHG emissions from time point 0 (C0) to time point t (Ct) that
can be decomposed into six effects (Dpop–Dem f ). Dxk denotes the rate of increase in GHG emissions
incurred by xk which is the kth factor (x1 = P, x2 = X, x3 = I, x4 = Si, x5 = Mij, x6 = Uij). Here,
Dpop, Deco, Dins, Dstr, Dmix, and Dem f represent the rates of increase in GHG emissions due to the
population, economic, energy intensity, transportation mode, energy mix, and carbon emission factor
effects, respectively. According to the LMDI method given by Ang [19], the general formulae for the
effect of the kth factor on the right-hand side of Equation (2) are:
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)
where L(a, b) = (a − b)/(lna − lnb). Each effect in the right-hand side of Equation (2) can be computed
as Table 1.

Table 1. Logarithmic Mean Divisia Index (LMDI) Formulae for decomposing changes in greenhouse
gas (GHG) emissions from the transportation sector.
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In the additive decomposition method, the same factors can be decomposed using Equation (3):

∆Ctot = CT − CO = ∑ ∆Cxk = ∆Cpop + ∆Ceco + ∆Cins + ∆Cstr + ∆Cmix + ∆Cem f (3)
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where ∆Ctot denotes the amount of increase in GHG emissions from time point 0 (C0) to time
point t (∆Ct), which can be decomposed into six effects (∆Cpop–∆Cem f ). ∆Cxk denotes the amount
of increase in GHG emissions incurred by xk. Here, ∆Cpop, ∆Ceco, ∆Cins, ∆Cstr, ∆Cmix, and ∆Cem f
represent the amounts of increase in GHG emissions due to the population, economic growth, energy
intensity, transportation mode, energy mix, and carbon emission factor effects, respectively. According
to the LMDI method given by Ang [19], the general formulae for the effect of the kth factor on the
right-hand side of Equation (3) are:

∆Cxk = ∑
ij

L
(

CT
ij − CO

ij

)
ln
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xk
T

xk
O

)
= ∑
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ij
ln
(

xk
T

xk
O

)
.

Each effect in the right-hand side of Equation (3) can be computed as Table 1.
The scope of this study is limited to the transportation sector. The data analyzed relate to the total

emissions in the transportation sector, energy consumption by the fuel type of each transportation
mode, GHG emissions by the fuel type of each transportation mode, energy consumption of each
transportation mode, gross domestic product, and population. The fuels considered include gasoline,
diesel, airplane diesel (JA-1, JP-4, AVI-G), liquefied petroleum gas (LPG), other petroleum products
(propane, butane, other products), city gas, bio diesel, and electricity. The electricity emissions were also
included in this decomposition analysis even though they were not included in national inventory data
because electricity is an indirect energy, mostly resulting from rail transportation. The electricity data
used in the transportation sector were obtained from the Yearbook of Energy Statistics [20] published
by Korea Energy Economics Institute and converted to the emissions data using a conversion factor
(GHG emissions from the generation sector divided by the amount of electricity generation).

All energy-related data used in this study stem from respective annuls of the Yearbook of Energy
Statistics published by the Korea Energy Economics Institute. Furthermore, GHG emissions data by fuel
type were extracted from the National Greenhouse Gas Inventory Report of Korea [21] published by
the Greenhouse Gas Inventory and Research Center of Korea. Population and gross domestic product
(GDP) were obtained from the Korean Statistical Information Service [22] (KOSIS, www.kosis.kr).

3. The Trend and Structure of GHG Emissions and Current GHG Mitigation Policies in the
Korean Transportation Sector

3.1. The Trend and Structure of GHG Emissions in the Korean Transportation Sector

Figure 1 presents the changes in GHG emissions in Korea’s transportation sector. For GHG
decomposition for the transportation sector, main factors for consideration were population, economic
growth, energy intensity, transportation mode, and emission factor effects. These factors can
be quantified in terms of population, gross domestic product (GDP) per capita, energy intensity,
transportation mode, and emission coefficients.

According to the National Greenhouse Gas Inventory Report of Korea [21], GHG emissions
from the transportation sector increased almost linearly from 35.492 million-ton CO2-eq in 1990 to
88.405 million-ton CO2-eq in 2013, equivalent to a 2.5-fold increase in GHG emissions. During the
same period, conversion into the average annual increase rate yielded an annual increase rate of 4.05%.
These data from transportation excluded emissions from electricity use, which would have otherwise
yielded a total of 35.832 million-ton CO2-eq in 1990 and increased to 90.487 million-ton CO2-eq in 2013.

www.kosis.kr
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Figure 1. GHG emissions in the transportation sector of Korea over time, unit: 1000-ton CO2-eq. Source:
2017 national Greenhouse Gas Inventory Report of Korea. Note: Electricity was excluded in national
GHG inventory.

Annual GHG emissions showed a continuously increasing trend (with the exception of 1998)
while the rates of increase were lower after 1999 relative to those before 1998. The decreased rate in
1998 reflects Korea’s negative economic growth and the ensuing decrease in energy consumption in
the transportation sector due to the Asian financial crisis of late 1997, resulting in decreased GHG
emissions (Figure 1). GHG emissions in the transportation sector have slowed since 2000.

Figure 2 shows GDP per capita and energy intensity which represents the transportation sector’s
energy consumption relative to GDP. GDP per capita showed steady increase except for 1998. Energy
intensity, however, increased before 1997, then declined from 1998 onwards. As the economy grew,
passenger and cargo traffic also increased proportionately. According to transportation sector statistics
of the Korean statistical information service, the number of passengers in Korea increased by an
average annual rate of 5.98% from 1999 to 2013, while domestic cargo traffic increased at an annual
average rate of 8.17% during the same period. In particular, the increase in passenger and cargo traffic
through roads was remarkable.
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Figure 2. Gross domestic product per capita and energy intensity, unit: billion won/1000 people (left
axis), 1000-ton of oil equivalent/trillion won (right axis). Note: The left axis shows GDP per capita and
the right axis shows energy intensity.

Figure 3 shows the proportional changes in GHG emissions by the transportation mode from
1990 to 2013. Since 1990, the proportion of GHG emissions in the road sector increased, while the
proportions of GHG emissions in other sectors decreased. The proportion of road transport in total
transportation GHG emissions increased from 87.3% in 1990 to 95.3% in 2013. The proportion of
marine transport, rail transport, and air transport decreased from 6.9% to 1.6%, 3.4% to 1.7%, and 2.3%
to 1.5%, respectively. The overall rapid increase in GHG emissions of the transportation sector over the
period is primarily attributed to the road transport.
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Figure 3. Changes in the proportions of GHG emissions by transportation mode from 1990 to 2013,
unit: %.

Road transport-related energy consumption by fuel type from 1990 to 2013 is shown in Figure 4.
The fuels considered for road transport were gasoline, diesel, LPG (liquified petroleum gas),
compressed natural gas (CNG), biodiesel, and other petroleum products—kerosene, B-A, B-B, B-C
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and other fuel oil. By 2013, diesel fuel had the largest proportion of fuel consumption, followed by
gasoline, LPG, and CNG. Gasoline consumption was steady since 1999, while the consumption of
diesel and LPG steadily increased. This increase in diesel consumption was due to the rapid expansion
of diesel-fueled passenger cars. In particular, diesel prices, which were lower than gasoline prices,
appear to be the main reason for the expansion of diesel-fueled passenger cars. Since 2005, diesel prices
have been at 85% of gasoline prices.
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Figure 4. Road transportation energy consumption by fuel type from 1990 to 2013, unit: 1000 Ton of oil
equivalent. Note: Other petroleum products include kerosene, B-A, B-B, B-C, etc. Source: Korea Energy
Economics Institute.

Expansion of LPG-fueled taxis and passenger cars for the disabled led to an increase in LPG
consumption. Since introducing CNG-fueled buses in 2000, most buses have been converted to this
mode, leading to a rapid increase in CNG consumption from 2001. Biodiesel consumption began
in 2002 and increased rapidly from 2006. The increase in diesel consumption led to an increase in
GHGs emissions, while the increase of LPG, CNG, and biodiesel contributed to the reduction of GHG
emissions in the road transportation sector.

Figure 5 shows energy consumption of rail transport by fuel type from 1990 to 2013. Diesel and
electricity are mainly used in rail transport. The most consumed fossil fuel was diesel, followed by
electricity. Energy consumption by other petroleum products was very small comparatively. Based
on the fossil fuel consumption trends by year, fossil fuels consumption declined rapidly since 2003,
mainly due to decrease in diesel-based railway transport shares since the introduction of Korea train
express (KTX). This reduction in diesel use appears to have contributed GHGs reduction in the context
of railway transport. In marine transport, diesel was mainly used, in addition to B-A, B-B, and B-C.
In air transport, aviation diesel (JA-1) is mainly used. It is therefore difficult to reduce GHG emissions
due to energy mix in marine and air transport because fuel conversion is difficult.
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3.2. The Current GHG Mitigation Policies in the Korean Transportation Sector

Major GHG mitigation measures in road transport include improving fuel efficiency of passenger
cars, expanding of eco-friendly vehicles, promoting public transport, and expanding biodiesel.
According to the second biennial update report of the Republic of Korea under the United Nations
Framework Convention on Climate Change [23], the average fuel efficiency and the average GHG
emissions standards are being strengthened for new passenger cars. The average fuel efficiency
standard in 2015 was 17 km/L, which will be reinforced to 24.3 km/L in 2020. The average GHG
emissions standard was 140 g/km in 2015, which will be strengthened to 97 g/km in 2020 (Table 2).
In addition, average fuel efficiency and GHG emissions standards will be introduced for large vehicles
such as vans, buses, and trucks in the near future.

Table 2. Standards on vehicle average fuel efficiency and GHG Emissions (2015–2020).

2015 2016 2017 2018 2019 2020

Average fuel efficiency standards of new vehicles (km/L) 17 18.4 19.9 21.3 22.8 24.3
Average GHG emissions standards of new vehicles (g/km) 140 127 123 120 110 97

Source: Second biennial update report of the Republic of Korea under the United Nations Framework Convention
on Climate Change, 2017.

According to the ‘third master plan for the development and distribution of eco-friendly vehicles’
which has been implemented since 2015, hybrid electric vehicles, electric vehicles, and hydrogen
fuel cell electric vehicles distribution is expanding through technology development and subsidies
(Table 3). According to the ‘the basic roadmap amendment to achieve 2030 national greenhouse gas
reduction targets’ established in 2018, hybrid electric vehicles, electric vehicles, and hydrogen fuel
cell electric vehicles are targeted for distribution of 4 million, 3 million, and 640 thousand units in
2030, respectively.
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Table 3. Eco-friendly vehicle distribution plan (2016–2020).

2016 2017 2018 2019 2020 Total

Hybrid electric vehicles 4.9 7.3 10.8 16.6 25.3 82
Electric vehicles 1 3 4 5 6.4 6.4

Fuel cell electric vehicles 0.01 0.03 0.25 0.26 0.39 0.9

Source: Second biennial update report of the Republic of Korea under the United Nations Framework Convention
on Climate Change, 2017. Unit: 10,000 vehicles.

In the long run, city buses using diesel and compressed natural gas (CNG) will gradually be
replaced by electric buses. Meanwhile, there is a plan to increase public transportation shares by
expanding the inter-city bus rapid transit (BRT), as well as designating a transit center and exclusive
district. The Korean government plans to achieve biodiesel 3.0 standard (diesel mixed with 3%
biodiesel) for diesel fuel of vehicles by 2020. In addition, remote work (telecommuting, smart work,
and center work) is encouraged, and public relations such as eco-drive education programs will
be strengthened.

Major GHG emissions mitigation measures in the rail transport include expanding urban
metropolitan railway such as great train express (GTX) and nationwide high-speed railway such
as KTX. Plans also in place to increase the proportion of railway transport relative to road transport.

GHG emissions in marine transport are reduced by improving energy efficiency and promoting
eco-friendly ships which are fueled by liquefied natural gas (LNG) or CNG. This type of new ship is
encouraged, and existing ships aim to improve their energy efficiency through facility improvements.
GHG emissions reduction in air transport is achieved through participating in the Korean Emission
Trading Scheme, enhancing energy efficiency of aircraft, as well as improving aviation control and
airport operation.

4. Results

This decomposition analysis is limited to GHG emissions from road, rail, marine, and air transport
sectors. GHG emissions from other sectors were excluded from this analysis. This was done to
examine the mutual structural changes in these sectors. Table 4 presents the results of the additive
decomposition analysis of GHG emissions for the Korean transportation sector from 1991 to 2013.
The results yielded for each year represent the values of the individual effects of the impact factors used
for the decomposition analysis of the increase in GHG emissions from 1990 to that year. For example,
the year 2000 results showed that GHG emissions during 1990–2000 increased by 29,306 Gg due to
the economic growth effect, 4665 Gg due to the population effect, 1412 Gg due to the energy intensity
effect, and 32 Gg due to the emission factor effect, and reduced 145 Gg due to the transportation mode
effect and 139 Gg due to the energy mix effect. This time-series analysis provides annual changes and
reduces discontinuity-related analysis errors.
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Table 4. Factor decomposition analysis results for GHG emissions in the transportation sector
(additive decomposition).

Year EGEffect
(∆Ceco)

PEffect
(∆Cpop)

EIEffect
(∆Cins)

TMEffect
(∆Cstr)

EMEffect
(∆Cmix)

EFEffect
(∆Cemf)

Total
Effect

1991 3271 365 −287 −82 −5 17 3278
1992 5439 799 2519 −96 2 16 8679
1993 8690 1363 10,248 −20 126 10 20,417
1994 12,405 1846 8182 −83 64 47 22,461
1995 17,164 2456 10,070 −121 150 12 29,732
1996 20,860 3005 9849 −131 175 28 33,786
1997 23,964 3578 10,878 −200 926 92 39,239
1998 18,191 3472 906 −136 −25 −64 22,345
1999 23,759 3967 125 −35 −161 −31 27,625
2000 29,306 4665 1412 −145 −139 32 35,130
2001 31,841 5163 1174 −152 −104 7 37,930
2002 36,690 5686 1170 −159 −64 −1 43,323
2003 38,710 6081 1500 −154 −4 −26 46,107
2004 41,106 6298 −932 −161 78 2 46,391
2005 43,269 6439 −2398 −155 111 −42 47,225
2006 45,851 6741 −4486 −160 176 −109 48,014
2007 49,060 7100 −6415 −131 386 364 50,364
2008 49,234 7380 −8996 −179 462 239 48,140
2009 49,384 7669 −8620 −226 627 165 48,998
2010 52,989 8006 −10,816 −241 843 −14 50,766
2011 54,425 8411 −13,045 −241 871 −16 50,405
2012 55,856 8774 −14,108 −202 832 594 51,746
2013 57,744 9115 −14,634 −76 875 612 53,635

Note: P: production; EG: economic growth; EI: energy intensity; TM: transportation mode; EM: energy mix; and EF:
emission factor. Unit: Gg.

The time-series results for the factor decomposition analysis are shown in Table 4 and Figure 6.
GHG emissions’ growth in the transportation sector was predominantly influenced by the economic
growth effect which is mostly due to the increase in transport demand. This factor caused a continuous
increase in GHG emissions over the period 1990–2013 except for 1998. Due to the Asian economic
crisis that began in 1997, the transportation sector’s GHGs declined for one year due to this effect.
GHG emissions were increased by 57,744 Gg from 1990 to 2013, representing 107.7% of the total GHG
emissions change. Thus, the GHG emissions change by this effect exceeds the total GHG emissions
change. This is due to the fact that GDP per capita growth rate exceeds GHG emissions’ growth
rate. The annual growth rate of GDP per capita was 4.6% while the rate of GHG emissions was 4.1%.
The population growth effect is another important contributor to GHG emissions’ growth rate in the
transportation sector increased by 9115 Gg from 1990 to 2013, representing 5.9% of the total GHG
emissions change during the same periods.

Reduction in GHG emissions is mainly influenced by the energy intensity effect which has
accelerated GHG reductions since the mid-2000s. Compared to 1990, GHG emissions in 2013 reduced
by 14,635 Gg due to this effect. This reduction by intensity effect is 27.3% of the total GHG emissions
change for the same corresponding period.
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Figure 6. Results of the factor decomposition analysis of GHG emissions in the transportation sector
(additive decomposition), unit: Gg.

GHG emissions were also reduced by the transportation mode effect. However, the amount of
reduction was very small compared to the energy intensity effect. During the period from 1990 to 2013,
the reduction by the transportation mode effect was only 0.5% of the reduction by energy intensity.

The energy mix and emission factor effects did not play a major role in reducing GHG emissions.
GHG emissions increased due to these effects since the mid-2000s, even though the GHG emissions
were temporarily reduced by these effects from the mid-1990s to mid-2000s. From 1990 to 2013,
GHG reductions from energy mix and emission factor effects amounted to 877 and 612 Gg, respectively,
representing only 1.6% and 1.1% of total change in GHG emissions.

Figure 7 shows that the increase in GHG emissions from 1990 to 2013 was 53,635 Gg, broken down
into six factors: Economic growth (by 57,744 Gg), population (by 9115 Gg), energy mix (by 875 Gg),
and emission factor (by 612 Gg) effects, with economic growth as the biggest contributor followed
by population growth. Whereas the effects from the emission factor and energy mix on GHG were
negligible. The energy intensity and transport mode change effects both played a role in reducing
GHGs during this period. The energy intensity effect led to the largest reduction in GHG emissions
(by 14,634 Gg), followed by the transport mode change effect (by 76 Gg).

Table 5 provides the multiplicative factor decomposition results of GHG emissions increase for
each year from 1990. A value of more than 1 indicated GHG emissions increase while a value of less
than one indicated GHG emissions decrease. Results in that year 2000 can be interpreted as follows:
GHG emissions increased by 99.28% compared to 1990. As decomposition, GHG emissions increased
by 77.75% due to the economic growth effect, 9.59% due to the population effect, 2.81% due to the
energy intensity effect, and 0.0006% due to the emission factor effect. However, GHG emissions
decreased by 0.0027% due to the energy mix effect and 0.0028% due to the transportation mode effect.
The total effect is calculated by multiplying the values of each individual effect.
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Figure 7. Results of the factor decomposition analysis of GHG emissions in the transportation sector
(additive decomposition, 1990–2013), unit: Gg.

Table 5. Factor decomposition analysis results for GHG emissions in the transportation sector
(multiplicative decomposition, base year 1990).

Year EGEffect
(Deco)

PEffect
(Dpop)

EIEffect
(Dins)

TMEffect
(Dstr)

EMEffect
(Dmix)

EFEffect
(Demf)

Total
Effect

1991 1.0924 1.0099 0.9923 0.9978 0.9999 1.0004 1.0926
1992 1.1474 1.0204 1.0657 0.9976 1.0001 1.0004 1.2453
1993 1.2139 1.0309 1.2569 0.9995 1.0028 1.0002 1.5770
1994 1.3119 1.0412 1.1961 0.9982 1.0014 1.0010 1.6348
1995 1.4220 1.0517 1.2295 0.9975 1.0031 1.0003 1.8402
1996 1.5126 1.0614 1.2158 0.9974 1.0035 1.0006 1.9548
1997 1.5773 1.0704 1.2298 0.9962 1.0178 1.0018 2.1089
1998 1.4896 1.0790 1.0201 0.9970 0.9994 0.9986 1.6315
1999 1.6426 1.0864 1.0026 0.9993 0.9966 0.9994 1.7807
2000 1.7775 1.0959 1.0281 0.9972 0.9973 1.0006 1.9928
2001 1.8433 1.1042 1.0228 0.9971 0.9980 1.0001 2.0719
2002 1.9681 1.1106 1.0218 0.9971 0.9988 1.0000 2.2243
2003 2.0145 1.1163 1.0275 0.9972 0.9999 0.9995 2.3030
2004 2.1007 1.1204 0.9833 0.9971 1.0014 1.0000 2.3110
2005 2.1745 1.1226 0.9579 0.9972 1.0020 0.9993 2.3346
2006 2.2676 1.1279 0.9230 0.9972 1.0032 0.9981 2.3569
2007 2.3684 1.1329 0.8934 0.9977 1.0068 1.0064 2.4233
2008 2.4070 1.1407 0.8517 0.9968 1.0083 1.0043 2.3604
2009 2.4011 1.1457 0.8582 0.9960 1.0112 1.0029 2.3847
2010 2.5314 1.1507 0.8273 0.9958 1.0149 0.9998 2.4347
2011 2.6019 1.1593 0.7952 0.9958 1.0154 0.9997 2.4245
2012 2.6450 1.1651 0.7822 0.9965 1.0146 1.0104 2.4624
2013 2.7000 1.1697 0.7775 0.9987 1.0152 1.0106 2.5158

Note: P: production; EG: economic growth; EI: energy intensity; TM: transportation mode; EM: energy mix; and EF:
emission factor.

The multiplicative factor decomposition time analysis is shown in Figure 8, showing a trend very
similar to that in Figure 6, except that the vertical axis represents the relative ratio. The increase in
GHG emissions in the transport sector was due to an economic growth effect, followed by a population
growth effect. The energy intensity effect contributed to GHG emissions reduction since 2004. Other
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factors did not show a specific trend. Figure 9 shows the cumulative results of multiplicative factor
decomposition results from 1990 to 2013.Sustainability 2019, 11, x FOR PEER REVIEW 14 of 16 
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(multiplicative decomposition, base year 1990).
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Figure 9. Factor decomposition analysis results for GHG emissions in the transportation sector
(multiplicative decomposition, 1990–2013).

Figure 9 shows the multiplicative decomposition results for changes in GHG emissions from 1990
to 2013. As decomposition, GHG emissions increased by 170.00% under the economic growth effect,
16.51% under the population effect, 1.52% under the energy mix effect, and 1.06% under the emission
factor effect. However, it decreased by 21.78% under the energy intensity effect and 0.35% under the
transportation mode effect. So far, the economic growth effect is predominantly responsible for the
increase for this sector.
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5. Conclusions

This study conducted LMDI factor decomposition for Korea’s transportation sector during the
period from 1990 to 2013 and presented both additive and multiplicative factor decomposition analyses
of the decomposition methods. Our findings are as follows. The increase in GHG emissions is
predominantly influenced by the economic growth effect, followed by the population growth effect.
Reduction in GHG emissions is mainly influenced by the energy intensity effect. Since the mid-2000s,
GHG reductions have been accelerated by this effect. The GHG emissions were also reduced by the
transportation mode effect. However, the amount of reduction by the transportation mode effect is
very small compared to the energy intensity effect. The energy mix effect and emission factor effect did
not play a major role in reducing GHG emissions. Rather, since the mid-2000s, GHG emissions have
increased due to these effects, even though the GHG emissions were temporarily reduced by these
effects from the mid-1990s to mid-2000s

In light of the above analysis, some policy transitions should be made in order to reduce GHG
emissions in this sector. First, energy intensity must be continuously improved in order to reduce
GHG emissions. Policy measures for improving energy intensity include improving the fuel efficiency
of various vehicles, improving the efficiency of the transportation system, and revitalizing public
transportation. Such fuel efficiency improvements should be made not only in road transport cars but
also in other transport equipment such as airplanes, railways, and ships. To improve fuel efficiency,
technological development of high-efficiency transport equipment must be accompanied with the
regulations such as fuel efficiency and GHG emissions standards. As shown in Section 3.2, the Korean
government has implemented policies in accordance with these policy directions.

Second, in the past, the transportation modes did not contribute significantly to the reduction
of GHG emissions. The share of road transport in the transportation sector’s total energy
consumption has consistently increased over years. It is therefore necessary to switch from road
transport to the environmentally friendly transportation modes such as high-speed railways and
subways. The accessibility to this railway should be improved and the railway network should be
continuously expanded.

Third, the energy mix effect did not play a major role in reducing GHG emissions, but rather in
recent years has led to an increase in GHG emissions. More specifically, after 2005, GHG emissions
increased due to the energy mix effect. In order to reduce GHG emissions due to these effects,
fuel conversion to environmentally friendly alternatives should be applied to road transport. We must
therefore reduce the share of diesel vehicles and increase the share of environmentally-friendly
vehicles such as electric, hybrid, and hydrogen cars. Currently, the Korean government is offering
tax benefits and subsidies for environmentally friendly vehicles. The Korean government has set
the year 2030 target of expanding environmentally friendly vehicles. To achieve this target, these
financial supports on environmentally friendly vehicles must be continuously maintained. As the
increase in diesel vehicles is due to the relatively low diesel prices, it is necessary to adjust the relative
prices between gasoline and diesel through tax reform. Especially, electricity should be produced in
an eco-friendly manner using non-fossil fuels to bring substantial GHG emission reductions from
electric cars. Although the current GHG mitigation policies in the transportation sector for Korea may
somewhat comply with policy suggestions, policy strength must be further discussed.

Funding: This work was supported by 2018 Hongik University Research Fund.

Acknowledgments: I thank three anonymous referees for their helpful comments and suggestions.

Conflicts of Interest: The author declares no conflict of interest. The founding sponsors had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, and in the
decision to publish the results.



Sustainability 2019, 11, 1986 16 of 16

References

1. Ang, B.W.; Zhang, F.L.; Choi, K. Factorizing changes in energy and environmental indicators through
decomposition. Energy Policy 1998, 23, 489–495. [CrossRef]

2. Ang, B.W.; Liu, F.L. A new energy decomposition method: perfect in decomposition and consistent in
aggregation. Energy Policy 2001, 26, 537–548. [CrossRef]

3. Mazzarino, M. The economics of the greenhouse effect: evaluating the climate change impact due to the
transport sector in Italy. Energy Policy 2000, 28, 957–966. [CrossRef]

4. Kwon, T.-H. Decomposition of factors determining the trend of CO2 emissions from car travel in Great
Britain (1970–2000). Ecol. Econ. 2005, 53, 261–275. [CrossRef]

5. Lu, I.J.; Lin, S.J.; Lewis, C. Decomposition and decoupling effects of carbon dioxide emission from highway
transportation in Taiwan, Germany, Japan and South Korea. Energy Policy 2007, 35, 3226–3235. [CrossRef]

6. Timilsina, G.R.; Shrestha, A. Transport sector CO2 emissions growth in Asia: Underlying factors and policy
options. Energy Policy 2009, 37, 4523–4539. [CrossRef]

7. Wang, W.W.; Zhang, M.; Zhou, M. Using LMDI method to analyze transport CO2 emissions in China. Energy
2011, 36, 5909–5915. [CrossRef]

8. Zhang, M.; Li, H.; Mu, H. Decomposition analysis of energy consumption in Chinese transportation sector.
Appl. Energy 2011, 88, 2279–2285. [CrossRef]

9. Mishalani, R.G.; Goel, P.K.; Westra, A.M.; Langraf, A.J. Modeling the relationships among urban passenger
travel carbon dioxide emissions, transportation demand and supply, population density, and proxy policy
variables. Transp. Res. Part D Transp. Environ. 2014, 33, 146–154. [CrossRef]

10. Wang, Z.; Liu, W.L. The Impacts of Individual Behavior on Household Daily Travel Carbon Emissions in
Beijing, China. Energy Procedia 2014, 61, 1318–1322. [CrossRef]

11. Fan, F.; Lei, Y. Decomposition analysis of energy-related carbon emissions from the transportation sector in
Beijing. Transp. Res. Part D Transp. Environ. 2016, 42, 135–145. [CrossRef]

12. Liang, Y.; Niu, D.; Wang, H.; Li, Y. Factors Affecting Transportation Sector CO emissions growth in China:
An LMDI decomposition analysis. Sustainability 2017, 9, 1730. [CrossRef]

13. Oh, I.; Wehrmeyer, W.; Mulugetta, Y. Decomposition analysis and mitigation strategies of CO2 emissions
from energy consumption in Korea. Energy Policy 2010, 38, 364–377. [CrossRef]

14. Kim, S.Y.; Kim, H.S. LMDI decomposition analysis for energy consumption of Korea’s manufacturing
industry. Korean Energy Econ. Rev. 2011, 10, 51–78.

15. Kim, S.Y.; Jeong, K.H. LMDI decomposition analysis of greenhouse gas emissions in the Korean
manufacturing sector. Energy Policy 2013, 62, 1245–1253.

16. Kim, S.Y.; Park, J.W. LMDI-based decomposition analysis of industrial sector energy consumption in Korea
and Japan. Korean Energy Econ. Rev. 2013, 12, 67–103.

17. Lim, J.G.; Kim, J.I. Decomposition analysis on the electricity and final energy consumption efficiency of
Korea’s industrial sector: Using the LMDI approach. Korean Energy Econ. Rev. 2014, 10, 121–143.

18. Park, S.J.; Kim, J.S. Comparative decomposition analysis of impact factors for the primary and final energy
consumption in Korea. Environ. Resour. Econ. Rev. 2014, 23, 305–330. [CrossRef]

19. Ang, B. The LMDI approach to decomposition analysis: A practical guide. Energy Policy 2005, 33, 867–871.
[CrossRef]

20. Korea Energy Economics Institute. Yearbook of Energy Statistics, Annuls; Korea Energy Economics Institute:
Ulsan, Korea, 2017.

21. Greenhouse Gas Inventory & Research Center of Korea. National Greenhouse Inventory Report of Korea, Annuls;
Greenhouse Gas Inventory & Research Center of Korea: Seoul, Korea, 2018.

22. Korean Statistical Information Service. Available online: www.Kosis,kr (accessed on 15 January 2019).
23. Korean Government. Second Biennial Update Report of the Republic of Korea under the United Nations Framework

Convention on Climate Change, 2017; Korean Government: Seoul, Korea, 2017.

© 2019 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1016/S0360-5442(98)00016-4
http://dx.doi.org/10.1016/S0360-5442(01)00022-6
http://dx.doi.org/10.1016/S0301-4215(00)00078-1
http://dx.doi.org/10.1016/j.ecolecon.2004.06.028
http://dx.doi.org/10.1016/j.enpol.2006.11.003
http://dx.doi.org/10.1016/j.enpol.2009.06.009
http://dx.doi.org/10.1016/j.energy.2011.08.031
http://dx.doi.org/10.1016/j.apenergy.2010.12.077
http://dx.doi.org/10.1016/j.trd.2014.08.010
http://dx.doi.org/10.1016/j.egypro.2014.11.1090
http://dx.doi.org/10.1016/j.trd.2015.11.001
http://dx.doi.org/10.3390/su9101730
http://dx.doi.org/10.1016/j.enpol.2009.09.027
http://dx.doi.org/10.15266/KREEA.2014.23.2.305
http://dx.doi.org/10.1016/j.enpol.2003.10.010
www. Kosis, kr
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	The Trend and Structure of GHG Emissions and Current GHG Mitigation Policies in the Korean Transportation Sector 
	The Trend and Structure of GHG Emissions in the Korean Transportation Sector 
	The Current GHG Mitigation Policies in the Korean Transportation Sector 

	Results 
	Conclusions 
	References

