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Abstract
We estimated the CO, emissions from aviation associated with more than 40 thousand
international flights of major airline companies in Japan (Japan Airlines (JAL) and All Nippon
Airways (ANA)), and identified the driving forces of these CO, emissions by using index
decomposition analysis during the study period between 2005 and 2015. The results show that
introducing the Boeing 787 with a better fuel efficiency than those of conventional models, led to
CO; emissions reductions by both companies between 2005 and 2015, amounting to 1.6 million
tonnes-CO,. However, the Boeing 787 reduction effect was completely canceled out by both total

number of flights effect and distance effect for airline operations of both companies. We conclude
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that an environmental and business strategy of introducing greener aircrafts such as the Boeing
787 with a better fuel efficiency was not enough for climate mitigation.

Keywords: CO, emissions, aviation sector, international flights, index decomposition analysis

1. Introduction

The IPCC 4 Assessment Report (2007) explained that CO, emissions by the aviation industry
account for approximately 2% of global greenhouse gas emissions, and the amount of annual CO»
emissions from aviation is rapidly increasing by 3-4%/yr. In Japan, the transportation sector
emitted 200 million tonnes-CO,, accounting for 20% of total CO, emissions, in 2015 (MLIT,
2015). Although the CO; emissions from air transportation are a mere 5% of transport emissions
in Japan, these values include only CO, emissions associated with domestic flights, not
international flights (MLIT, 2015). Therefore, the CO, emissions from aviation reported by the

Japanese government were considerably underestimated.

The International Civil Aviation Organization (ICAO) decided to introduce a global market-
based measures (GMBM) scheme called the "Carbon Offsetting and Reduction Scheme for
International Aviation (CORSIA)" to complement the Global Carbon Reduction Target (ICAO,
2018). During the first phase from 2021 to 2026, airlines have to reduce CO, emissions relative
to the average baseline emissions for 2019 and 2020. If they exceed the amount of CO, emissions
set as their upper limit, then they have to buy an allowance (ICAO, 2018). During the second
phase from 2027 to 2035, all member states of ICAO except for countries with only low levels of
CO; emissions and developing countries have to participate in this scheme (ICAQO, 2018). Japan
is a participant in this scheme from the first phase (ICAO, 2018). In summary, the scheme sets an

upper limit on the CO, emissions associated with international flights, so to reduce CO; emissions,
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the airlines have to operate in an environmentally friendly manner.

From the demand-side perspective, it is important to note that the World Tourism
Organization (UNWTO) estimated that the tourism industry contributed 7% to the global GDP in
2018, and global tourism will continue to grow hereafter at a rate of 3-5% annually (UNWTO,
2017). With this background, previous studies analyzed the environmental burdens associated
with the increasing tourism demand (Peeters and Dubois, 2010; Gossling and Peeters, 2015;
Lenzen et al. 2018). In a recent important study, Lenzen et al. (2018) estimated the carbon
footprint of global tourism and revealed that the global demand for tourism drove 8% of global
greenhouse gas (GHG) emissions in 2013. In particular, the aviation industry was identified as
one of the most critical contributors to the carbon footprint triggered by the tourism demand

(Lenzen et al., 2018).

The previous studies at the industry level (Peeters and Dubois, 2010; Gossling and Peeters,
2015; Lenzen et al. 2018) limited themselves to addressing the important question of how airline
companies can mitigate CO, emissions under their actual flight schedules with currently operated
aircraft. Meanwhile, Schefczyk (1993) and Carlos and Nicolas (2009) analyzed airline operational
performance by using data envelopment analysis (DEA) (Farrell, 1957; Charnes et al., 1978).
Arjomandi and Seufert (2014) and Liu et al. (2017) analyzed the performance of airlines by using
an environmental DEA approach which considers the outputs of CO; emissions as undesirable. In
the case of Liu et al. (2017), the performance of 12 Chinese airlines was analyzed from 2007 to
2013 and the amount of CO, emissions was found to have decreased by about 12% through

technological innovation.
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Previous studies estimated the CO, emissions from the passenger transport sector and freight
transport sector (Scholl et al., 1996; Kveiborg and Fosgerau, 2007; Jiyong et al., 2012; Cristen et
al., 2013) and examined the factors for change for the CO, emissions from these sectors
(Lakshmanan and Han, 1997; Lee et al., 1997; Mazzarino, 2000; Kwon, 2005; Lu et al., 2007;
Timilsina and Shrestha, 2009; Papagiannaki and Diakoulaki, 2009; Wang et al., 2011; Andreoni
and Galmarini, 2012; Achour and Belloumi, 2016; Fan and Lei, 2017). For an important study,
Andreoni and Galmarini (2012) identified the drivers for the change in the CO, emissions
associated with aviation activities for both passenger and freight in 27 European countries from
2001 to 2008. According to their study, the expansion of the market scale of the aviation sector is

the most important factor for the increase in CO, emissions (Andreoni and Galmarini, 2012).

Andreoni and Galmarini (2012, p. 596) stated, "Unfortunately, since Eurostat data are not
disaggregated by the passenger and freight transports, the decomposition analysis presented in
this paper cannot disaggregate between travelers and goods." However, in order to recommend
a valid method for reducing the CO, emissions from the aviation sector, the most important thing
is to estimate CO; emissions disaggregated according to origin between travelers and goods. The
number of travelers tends to increase, and setting the upper limit on the CO, emissions associated
with international flight will start in 2021, so the aviation sector, especially airlines, need to

participate in reduction activities targeted at international aviation.

To the best of our knowledge, although there have been many studies on the CO, emissions
from all activities of the aviation sector and the operational performances of individual airlines,
there have been few studies that estimated the amounts of CO, emissions from individual

airlines or considered the effect of the operational situation, for example, the number of flights.
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In this study, focusing on the two major Japanese airlines, Japan Airlines (JAL) and All Nippon
Airways (ANA), we first create a detailed database of the direct flights of the international
passenger transport sector departures and arrivals in Japan in terms of the numbers of flights
and aircraft in 2005, 2010, and 2015. We estimate the amount of the direct CO, emissions from
the airlines activities. Second, using a new decomposition analysis framework, we analyze the
change factors for direct CO, emissions. Finally, we discuss what the individual airlines should

do in order to decrease CO, emissions by the aviation sector.

The remainder of this paper is organized as follows: Section 2 explains the methodology
proposed in this study, Section 3 presents the data used in this study, Section 4 discusses the results,

and finally Section 5 offers a conclusion.

2. Methodology

This study estimates the CO, emissions associated with the international flights of travelers
between Japan and all other countries and analyzes the driving factors of change in the CO,
emissions by employing the index decomposition method (Ang and Choi, 1997; Ang ef al., 1998;

Ang and Zhang, 2000; Ang et al., 2003; Ang and Liu, 2007).

The amount of direct CO, emissions in year t associated with jet fuel combustion due to

international flights to a specific region i operated by airline company s is calculated as

Qf(t)=QiS(t) ff@® di@®)  bi®) Xzbi(t)
k

5O GO b0 Tebi®
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= EI(t) X FE](t) X AD(t) X RS{(t) X TN*(t) (1)

where s is either JAL or ANA in this study and i indicates a region in which the company is
operating (1. Asia, 2. North America, 3. Oceania, and 4. Europe in this study). Regarding the other
notation used in Eq. (1), EIf(t) isthe CO, emission intensity (t-CO»/L) at the region level, which
indicates the CO, emissions per unit of aviation fuel consumption associated with international

flights to region i. FE;(t) = 2"5—8 represents the fuel efficiency (L/km), that is, the amount of
i

aviation fuel consumption (f;*(t)) per flight distance for region i (df(t)). It should be noted that
we used the "catalog-based" fuel efficiency (L/km) of aircraft models flying between international
airports in Japan and international airports in the specific region and estimated the annual total jet
fuel combustion (L) for each air route by multiplying catalog-based fuel efficiency by cumulated
round-trip flight distance for the air route within one year. The annual total aviation fuel
combustion for each region i was estimated by summing up jet fuel combustion over all air
routes between international airports in Japan and the international airports in the region. We
finally defined the region-specific average fuel efficiency, FE;(t), by dividing the annual total
aviation fuel combustion for region i by the annual total of all cumulated round-trip flight
distances for the air routes between international airports in Japan and the international airports
in the region. If the airline company introduces a greener aircraft with better fuel efficiency (i.e.,
a lower value of FE[(t)) for air routes to the region, then the aviation fuel combustion for the

region will decrease.

di (1)

Continuing, in Eq. (1), we defined the variable AD{(t) = 50

,where bj(t) represents the
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number of flights for international air routes to region i in year t. Note that if the total of the
cumulated round-trip flight distances for the air routes for region i is shortened by changing the
configuration of destination cities within the region, then this will affect aviation emissions. For
example, if a company decreases the number of shorter flights to Beijing and conversely increases
the number of longer routes to Delhi, then the aviation emissions within the region (i.e., Asia in

b (t)

SR’ where

this study) will increase. In Eq. (1), we further define the variable RS7(t) =

Y bp(t) sums over all flights for the international air routes for all regions operated by airline
company s in year t. Accordingly, RS;](t) indicates the relative importance of the air routes

for region i among those for all regions.

Thus, the total CO, emissions for airline company s can be estimated by using the following
five factors: emission intensity (EI), fuel efficiency (FE), average distance (AD), regional share

of all flights by number (RS), and total number of flights (TN).

Q*(t) = X; QF (t) = X EIf ()FE; ()AD; (O)RS{ ()TN*(t) 2

Noting that the emission intensity for jet fuel combustion is fixed over time, the decomposition
analysis framework for the change in the aviation emissions between years 0 and ¢ can be
formulated by using the logarithmic mean Divisia index (LMDI) method (see Ang et al., 1998)

as follows.

AQF = Q7 (D) — Q7 (0)
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= w;In —FEis(t) w;In —ADiS(t) w; In —RSiS(t) + w; n—ANiS(t)
"FEF(0) ' ADF(0) ' U RSE(0) "UANE(0)
= Qire + Qiap + Qirs + Qirs (3)
where w; = —% = _UOZUO 44 opouid be noted that w; = Q5 (t) = Q7 (0) if QF(t) is
l [ l l l

AlnQ§  InQ(t)-InQs(0)
equivalent to Q;’(0). The four terms on the right-hand side of Eq. (3) represent the influences of

the four drivers affecting the change in the aviation CO; emissions of the airline company.

3. Data

For this study, we collected the following detailed data of the international flights and aircraft
models for two Japanese airline companies (JAL and ANA) and the three years of 2005, 2010,

and 2015.

(1) Number of international flights per week (JTB Corporation, 2005, 2010; MLIT, 2015)

(2) Aircraft models used in the international flights (JTB Corporation, 2005, 2010; MLIT, 2015)

(3) Round-trip distance between each departure city and arrival city (ICAO, 2018)

(4) Fuel efficiency of each aircraft model (The Boeing Company, 2018; Airbus, 2018; The
Douglas Aircraft Company, 2018)

(5) Emission intensity of jet fuel combustion (Ministry of the Environment, Japan, 2018)

The database used in this study is provided in the supporting Excel file. It should be noted
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that the fuel efficiency of each aircraft model in liter per kilometer was calculated by dividing
catalog-based maximum fuel capacity (L) by catalog-based maximum range of the aircraft (Km)
(SI). The emission intensity of jet fuel combustion is 2.46 (t-CO»/L) (Ministry of the Environment,
Japan, 2018). Using the database, we estimated the direct CO, emissions of two Japanese airline
companies (JAL and ANA) associated with international flight activities for the three years of

2005, 2010, and 2015.

The number of flights data is provided in per-week form, and the timetable of each airline
company is revised twice a year. Therefore, we convert the per-week values into annual values
while assuming that the summer timetable from April to October has 30 weeks and the winter

timetable from November to March has 22 weeks.

4. Results

4.1 Present situation in Japanese aviation sector

The sales for international passenger flights of JAL and ANA in 2005 were 690 billion yen
and 230 billion yen, respectively (JAL, 2005; ANA, 2005), whereas their sales in 2015 were 45
billion yen and 52 billion yen, respectively (JAL, 2015; ANA, 2015). These figures show the
following: (1) total sales for the two airlines increased by 5.4% during the study period between
2005 and 2015, (2) market share for international passenger flights of ANA increased from 25%
to 53% during the study period, whereas that of JAL sharply decreased from 75% to 47% due to
a business bankruptcy in January 2010. It should be noted that the market share is calculated by
dividing the sales for international passenger flights of each airline company by total sales for the

two airlines.
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The primary reason for the rapid decline in the market share for JAL is the following: the total
number of flights has changed from 577 flights per week in 2005 to 457 flights per week in 2010
and 482 flights per week in 2015 (Figure 1). Thus, there was a decreasing trend over the ten years
because of the business bankruptcy in January 2010 and since then has been working to improve
its management; for example, unprofitable routes have been abandoned or had their numbers of
flights decreased (JAL, 2015). On the other hand, over the same ten years, the total number of
flights by ANA has increased from 225 flights per week in 2005 to 329 flights per week in 2010

and 511 flights per week in 2015 (Figure 1).

It is important to see how the changes in the market shares for JAL and ANA have affected
overall CO, emissions for the aviation sector in Japan. As a result, CO, emissions from their
international flights slightly decreased by 0.4 Mt-CO, during the period between 2005 and 2015,
accounting for 3% of the aviation emissions in 2005 (Figure 2). Subsequently, we evaluated
environmental efficiency at sector level defined by dividing the total sales for the aviation sector
in billion JPY by the CO, emissions for the aviation sector in Mt-CO,. We found that a rapid
change in the Japan's aviation market has consequently contributed to increasing the
environmental efficiency by 9% during this decade, implying that the aviation sector in Japan has
changed toward producing more with less CO, emissions since 2005 and achieved 'decoupling'

of outputs and energy-related CO, emissions.

To discuss why the decoupling has been achieved in the aviation sector of Japan, it is
important to looking at the changes in CO, emissions at company level. The CO, emissions
associated with international flights of JAL decreased about 4.11 Mt-CO, in 2015 relative to 2005

(Figure 2). This decrease is also assumed to be an effect of the total number of flights being
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decreased by the bankruptcy. On the other hand, the CO, emissions associated with the
international flights of ANA increased 3.75 Mt-CO, in 2015 relative to 2005 due to an increase in
the number of international flights since 2010 (Figure 2). The number of departures and arrivals
for Narita International Airport increased and also the Tokyo International Airport (i.e., Haneda
International Airport) close to Tokyo metropolitan area opened its new international terminal in
2010 and the facility factors became tailwind for the increase in the number of international flights

for ANA.

[INSERT FIGURE 1 ABOUT HERE]

[INSERT FIGURE 2 ABOUT HERE]

4.2 Decomposition analysis
Using a decomposition analysis, we identify the contribution of each fechnological factor to
the change in CO; emissions at company level and further argue why the decoupling in the

aviation sector of Japan has been achieved during the study period.

4.2.1 Fuel efficiency (FE) effect

Looking at the fuel efficiency (FE) effect for JAL between 2005 and 2010, FE was a factor
that contributed to the decrease in CO, emissions in Asia, North America, and Oceania (Figure
3). In particular, the Asia region had a decrease in CO; emissions of about 0.7 Mt-CO; due to the
FE effect of improving the fuel efficiencies of aircraft between 2005 and 2010. Before bankruptcy
in January 2010, JAL mainly used jumbo jets, as represented by the Boeing 747, which uses a

large amount of fuel in each flight and has poor fuel efficiency of 16.6 (L/Km), resulting in higher
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CO; emissions. However, after bankruptcy in January 2010, JAL introduced relatively fuel

efficient aircraft, for example, the Boeing 767, so they could decrease CO, emissions per flight.

Between 2010 and 2015, JAL introduced a new aircraft model, the Boeing 787, which has an
about 50% better fuel efficiency of 8.4 (L/Km) relative to conventional aircraft (e.g., Boeing 747)
for North America and Europe. These regions have long-distance routes, so the reduction of CO,
emissions associated with international flights to North America and Europe during the five years

(i.e., Boeing 747 effect) was significant, amounting to one million tonnes-CO; (Figure 4).

[INSERT FIGURE 3 ABOUT HERE]

[INSERT FIGURE 4 ABOUT HERE]

For ANA, FE was a factor that contributed to the decreases in CO;, emissions in Asia and
Europe, whereas there was an increase in North America between 2005 and 2010 (Figure 5). In
this paper, we are considering four regions (Asia, North America, Europe, and Oceania); however,
ANA did not have any flights to Oceania in 2005 and 2010, so we are analyzing only three regions
for this section. The increase of CO, emissions in North America reflects changes to aircraft. In
contrast, JAL introduced larger aircraft in 2010 than those used in 2005. These new aircraft had

20% poorer fuel efficiency, which induced an increase in CO; emissions.

Similarly, between 2010 and 2015, FE contributed to an increase of CO, emissions in Asia
and decreases in North America and Europe (Figure 6). For ANA, Oceanian routes were not

operated in 2010, however they were operated only in winter in 2015, so the CO, emissions from
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Oceanian routes in 2015 were allocated to the other four change factors equally (Ang and Liu,
2007) (Figure 6). Unlike the results for between 2005 and 2010, the results for Asia and North
America were opposite in sign (Figures 5 and 6). It is assumed that the reduction of CO; emissions
from North America was due to introducing the Boeing 787 for North America, whereas FE
contributed to an increase in Asia. This new relatively fuel-efficient aircraft was also introduced
on these routes, but its fuel efficiency was worse than that of the Airbus 320, which was being
used on those routes. However, because the Boeing 787 has many more seats than conventional
aircraft and its flight range is quite long, ANA decided to gradually retire the Airbus 320 (ANA,

2012).

[INSERT FIGURE 5 ABOUT HERE]

[INSERT FIGURE 6 ABOUT HERE]

4.2.2 Average distance (AD) effect

The AD effect reflects the flight structure of the region. If the AD effect is positive, then the
average distance in the region is longer; similarly, if the AD effect is negative, then the average
distance in the region is shorter. For example, a positive AD effect means that the number of long

flights in the region increases.

The average distance (AD) effect for JAL between 2005 and 2010 contributed to decreases of
CO; emissions in Asia and Europe and to increases in North America and Oceania (Figure 3). In
North America, routes which did not exist in 2005 were later added (MLIT, 2015). The biggest

reason for this positive effect was the Haneda to San Francisco route, which is the longest in this
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region. On the other hand, in Asia, the AD effect is negative; this result was brought about by
reducing the numbers of flights along the Singapore and Denpasar routes, which are relatively
long routes in Asia. Therefore, the average distance in Asia decreased, making the AD effect

negative.

The average distance (AD) effect for JAL between 2010 and 2015 is a factor that contributed
to a decrease of CO, emissions in Europe and increases in other regions (Figure 4). In Asia and
North America, the biggest reason for the positive effects was the introduction of new long-
distance routes. For example, in Asia, a Jakarta route and a Singapore route, both of which are
relatively long, were added. In North America, a Boston route which became one of the longest

routes flown by JAL was added, so CO, emissions due to the AD factor increased.

In the case of ANA between 2005 and 2010, AD is a factor that contributed to increases in
Asia and North America and a slight decrease in Europe (Figure 5). Like JAL, ANA added new
long-distance routes, for example, Mumbai and Kuala Lumpur routes in Asia and a Chicago route,
which has a round-trip distance of more than 20 thousand kilometers, in North America. Similarly,
between 2010 and 2015, AD contributed to an increase of CO» emissions in Asia, larger than in

any other regions (Figure 6).

4.2.3 Regional share (RS) effect
Next, we assess the regional share of all flights by number (RS) effect for JAL and ANA. It
should be noted that RS, as the percentage share of number of flights for a particular region,

captures the relative importance of the region.
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RS for JAL between 2005 and 2010 is a factor that contributed to an increase of CO, emissions
in Asia and decreases in North America, Europe, and Oceania (Figure 3). Thus, the obtained
results show that the importance of Asian routes increased in 2010 relative to 2005. Comparing
numbers of flights, Asia had a decrease from 358 flights per week in 2005 to 322 flights per week
in 2010. However, the total number of flights for JAL decreased from 577 flights per week in
2005 to 457 flights per week in 2010, resulting in the percentage of Asian routes increasing. In
contrast, in 2010, European routes constituted about half of all routes in 2005. However, by 2010,

not only did the total number of flights decrease, but the percentage of European routes decreased.

Looking at the regional share (RS) effect for JAL between 2010 and 2015, RS is a factor that
contributed to increases of CO, emissions in North America and Europe and decreases in Asia
and Oceania (Figure 4). The numbers of flights increased in the regions other than Oceania, with

the percentage of North America routes increasing about 1.2-fold relative to 2010.

In the case of ANA between 2005 and 2010, all regions had increases in numbers of flights in
2010 relative to 2005, but the increases in Asia and North America were relatively large compared
to the increase in Europe, so the RS effect for Europe was negative. On the other hand, between
2010 and 2015, RS contributed to a decrease in Asia and increases in North America and Europe
(Figure 6). The numbers of flights increased in all regions, but North America and Europe
increased about 2-fold compared to 2010. This increase was bigger than the increase of the total

number of flights, so the RS effect was positive.

4.2.4 Total number of flights (TN) effect

Finally, we assess the total number of flights (TN) effect for JAL. TN is a factor that
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contributed to decreases of CO- emissions in all regions between 2005 and 2010 (Figure 3). After
the bankruptcy in 2010, the non-profitable routes of JAL were abandoned or their numbers of
flights were decreased. Therefore, the total number of flights for all regions for international
routes decreased in 2010 relative to 2005. This result shows that a reduction of CO, emissions for
this period was brought about by the TN effect. On the other hand, in the case of ANA, TN is a
factor that contributed to increases of CO» emissions in all regions between 2005 and 2010 (Figure
4). The total number of flights for all regions for international routes increased in 2010 relative to

2005, so CO; emissions also increased.

It is assumed that the increase in the total number of flights by ANA was caused by the
decrease of the total number of flights by JAL due to that latter's bankruptcy in 2010. The total
number of flights by JAL decreased from 577 flights per week in 2005 to 457 flights per week in
2010, whereas the total number of flights by ANA increased from 255 flights per week in 2005 to
329 flights per week in 2010. This change shows that ANA had to make up for the deficit in the
supply due to the decrease by JAL. Therefore, the increase of the total number of flights by ANA
was caused by ANA maintaining the supply of the Japanese aviation industry, as well as a change

in management to focus on international flights.

The total number of flights by JAL greatly decreased from 2005 to 2010, but it increased by
about 30 flights per week from 2010 to 2015. In 2015, JAL was still under monitoring, but they
were able to increase the total number of flights little by little in accordance with the increasing
demand. Similarly, in the case of ANA, TN contributed to increases in all regions (Figure 6). The
numbers of flights in the four regions increased by 1.5- to 2-fold, and the total number of flights

increased by about 200 flights per week. Therefore, TN is the biggest factor explaining the
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increases of CO, emissions from ANA.

5. Discussion and Conclusions

This study estimated the CO, emissions from aviation associated with the international flights
of Japan Airlines (JAL) and All Nippon Airways (ANA), and identified the driving forces of these
CO; emissions by using index decomposition analysis. From the results, we found that changes
in aircraft models and the total number of flights affected the total CO, emissions from aviation.
Introducing the Boeing 787, which has a better fuel efficiency than those of conventional models,
led to remarkable CO, emissions reductions by both companies between 2005 and 2015,

amounting to 1.6 million tonnes-COs.

However, CO; emissions from ANA increased by 3.17 million tonnes-CO, during the period
from 2005 to 2015, due to an increase of the total number of flights, which was the largest driving
force. On the other hand, the average-distance effect was dominant in the increase of CO,
emissions in the case of JAL during the period from 2005 to 2015 and it amounts to 0.56 million
tonnes-COs». It is important to note that the Boeing 787 reduction effect was canceled out by the

both TN and AD effects in the Japanese aviation industry.

It is estimated that Tokyo International Airport (Haneda Airport) has the capacity to increase
the number of international flights handled 1.7-fold for 2020, the year that the Tokyo Olympic
Games will be held, compared with 2015 (MLIT, 2017), which would boost the number of

international flights in Japan and the CO, emissions from aviation associated with it.

However, Japanese airline companies have to mitigate their CO, emissions from international
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flights because the Japanese government decided to participate in the Carbon Offsetting and
Reduction Scheme for International Aviation (CORSIA) (MILT, 2016). Considering the
increasing demands for aviation, a decrease in the total number of flights is not a practical policy
(Figure 1). Importantly, in this study, we also found that an environmental and business strategy
of introducing greener aircrafts such as the Boeing 787 with a better fuel efficiency was not

enough for reducing CO; emissions.

The Japanese government has suggested improving aircraft and their greener operations,
utilizing market mechanisms such as carbon emission trading, and introducing bio-jet fuel in order
to mitigate CO, emissions from international flights (MLIT, 2016). Furthermore, the International
Air Transport Association (IATA) has also emphasized the importance of bio-jet fuel for CO,
emission reduction (IATA, 2018). Bio-jet fuel is actually commercialized in European countries
and the U.S., and the EU established the EU-ETS framework, which offsets CO, emissions from
the combustion of bio-jet fuel. According to NASA, bio-jet fuel enables CO, emissions from the
aviation industry to be reduced by approximately 50 to 70%, which will accelerate the
implementation of biofuel in the aviation industry. In the case of Japan, both JAL and ANA have
invested in R&D for the utilization of bio-jet fuel and conducted test flights powered by bio-jet
fuel (JAL, 2008; ANA, 2012). Thus, the utilization of bio-jet fuel would be crucial for reducing

the aviation emissions with safety of passengers.



427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

References

ANA, Press release, 2010. https://www.ana.co.jp/pr/10_0103/10-008.html

ANA, Press release, 2012. https://www.ana.co.jp/pr/12_0103/11a-150.html

ANA, Annual securities report, 2016.

http://v4.eir-

parts.net/v4Contents/View.aspx?template=ir_material for fiscal ym&sid=25763&code=9202

Andreoni, V. and Galmarini, S., European CO» emission trends: A decomposition analysis for

water and aviation sectors, Energy, vol.45, pp.595-602, 2012.

Ang, B.W. and Choi, K.H., Decomposition of aggregate energy and gas emission intensities for

industry: a refined Divisia index method, The Energy Journal, vol.18, pp.59-73, 1997.

Ang, B.W,, Zhang, F.Q. and Choi, K.H., Factorizing changes in energy and environmental

indicators through decomposition, Energy, vol.23, pp.489-495, 1998.

Ang, B.W. and Zhang, F.Q., A survey of index decomposition analysis in energy and

environmental studies, Energy, vol.25, pp.1149-1176, 2000.

Ang, B.W.,, Liu, X.Q. and Chew, E.P., Perfect decomposition techniques in energy and

environmental analysis, Energy Policy, vol.31, pp.1561-1566, 2003.


https://www.ana.co.jp/pr/10_0103/10-008.html
https://www.ana.co.jp/pr/12_0103/11a-150.html
http://v4.eir-parts.net/v4Contents/View.aspx?template=ir_material_for_fiscal_ym&sid=25763&code=9202
http://v4.eir-parts.net/v4Contents/View.aspx?template=ir_material_for_fiscal_ym&sid=25763&code=9202

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

Ang, B.W. and Liu, N., Handling zero values in the logarithmic mean Divisia index

decomposition approach, Energy Policy, vol.35, pp.238-246, 2007.

Arjomandi, A. and Seufert, J.H., An evaluation of the world’s major airlines’ technical and

environmental performance, Economic Modeling, vol.41, pp.133-144, 2014,

Barros, C.P. and Peypoch, N., An evaluation of European airlines’ operational performance,

International Journal of Production Economics, vol.122, pp.525-533, 2009.

Cristea, A., Hummels, D., Puzzello, L. and Avetisyan, M., Trade and the greenhouse gas
emissions from international freight transport, Journal of Environmental Economics and

Management, vol.65, pp.153-173, 2013.

Eom, J., Schipper, L. and Thompson, L., We keep on truckin’: Trends in freight energy use and

carbon emissions in 11 IEA countries, Energy Policy, vol.45, pp.327-341, 2012.

Fan, F. and Lei, Y., Decomposition analysis of energy-related carbon emissions from the
transportation sector in Beijing, Transportation Research Part D: Transport and Environment,

vol.42, pp.135-145, 2016.

Achour, H. and Belloumi, M., Decomposing the influencing factors of energy consumption in
Tunisian transportation sector using the LMDI method, Transport Policy, vol.52, pp.64-71,

2016.



475

476

477

478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

ICAO UNITING AVIATION, “Historic agreement reached to mitigate international aviation

emissions”’, 2016.
https://www.icao.int/Newsroom/Pages/Historic-agreement-reached-to-mitigate-international-

aviation-emissions.aspx.

ICAO What is CORSIA and how does it work?

https://www.icao.int/environmental-protection/pages/a39 corsia faq2.aspx

ICAO Carbon Emission Calculator

https://www.icao.int/environmental-protection/CarbonOffset/Pages/default.aspx

IATA, Sustainable Aviation Fuels, 2018.

https://www.iata.org/whatwedo/environment/Pages/sustainable-alternative-jet-fuels.aspx

JAL, JAL Group NEWS, 2010. https://www.jal.co.jp/other/press2010_0428ja.pdf

JAL, Annual securities report, 2016.

http://v4.eir-parts.net/v4Contents/View.aspx?cat=yuho pdf&sid=2367709

JAL, JAL Press release, 2018. http://press.jal.co.jp/ja/release/201801/004574.html

JTB Corporation, 2005,2006,2010,2011. JTB timetable.

Kwon, T.H., Decomposition of factors determining the trend of CO, emissions from car travel


https://www.icao.int/Newsroom/Pages/Historic-agreement-reached-to-mitigate-international-aviation-emissions.aspx
https://www.icao.int/Newsroom/Pages/Historic-agreement-reached-to-mitigate-international-aviation-emissions.aspx
https://www.icao.int/environmental-protection/pages/a39_corsia_faq2.aspx
https://www.icao.int/environmental-protection/CarbonOffset/Pages/default.aspx
https://www.iata.org/whatwedo/environment/Pages/sustainable-alternative-jet-fuels.aspx
https://www.jal.co.jp/other/press2010_0428ja.pdf
http://v4.eir-parts.net/v4Contents/View.aspx?cat=yuho_pdf&sid=2367709
http://press.jal.co.jp/ja/release/201801/004574.html

499

500

501

502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

in Great Britain (1970-2000), Ecological Economics, vol.53, pp.261-275, 2005.

Kveiborg, O. and Fosgerau, M., Decomposing the decoupling of Danish road freight traffic

growth and economic growth, Transport Policy, vol,14, pp.39-48, 2007.

Lakshmanan, T.R. and Han, X., Factors underlying transportation CO, emissions in the U.S.A.:
A decomposition analysis, Transportation Research Part D: Transport and Environment, vol.2,

pp.1-15, 1997.

Lenzen, M., Sun, Y.Y., Faturay, F., Ting, Y.P., Feschke, A. and Malik, A., The carbon footprint of

global tourism, Nature Climate Change, vol.8, pp.522-528, 2018.

Ministry of the Environment, Carbon dioxide emissions and carbon-energy production of the

current situation in Japan, 2017. https://www.env.go.jp/press/conf cp02/mat03.pdf

Ministry of Land, Infrastructure and Transport, The regeneration of Japan Airlines, 2012.

http://www.mlit.go.jp/common/000987884.pdf

Ministry of Land, Infrastructure and Transport, The utilization of bio-jet fuel in the 2020 Tokyo
Olympic and Paralympic, 2015.

http://www.meti.go.jp/committee/kenkyukai/energy environment/biojet/pdf/001 04 00.pdf

Ministry of Land, Infrastructure and Transport, The situation of international flight, 2015.

http://www.mlit.go.jp/koku/koku_fr19 000005.html.


https://www.env.go.jp/press/conf_cp02/mat03.pdf
http://www.mlit.go.jp/common/000987884.pdf
http://www.mlit.go.jp/koku/koku_fr19_000005.html

523

524

525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

Ministry of Land, Infrastructure and Transport, Press release, 2016.

http://www.mlit.go.jp/common/001146134.pdf

Ministry of Land, Infrastructure and Transport, The amount of CO2 emission in the
transportation sectors, 2016.

http://www.mlit.go.jp/sogoseisaku/environment/sosei_environment tk 000007.html.

Ministry of Land, Infrastructure and Transport, The Tokyo International Airport in future, 2017.

http://www.mlit.go.jp/koku/haneda/international/increase.html.

Ministry of Economy, Trade and Industry, 2006. http://elaws.e-
gov.go.jp/search/elawsSearch/elaws_search/Isg0500/viewContents?lawld=418M 60001400003

20161001_000000000000000

Liu, X., Zhou, D., Zhou, P. and Wang, Q., Dynamic carbon emission performance of Chinese
airlines: A global Malmquist index analysis, Journal of Air Transport Management, vol.65,

pp.99-109, 2017.

Loo, B.P.L. and Li, L., Carbon dioxide emissions from passenger transport in China since 1949:

Implications for developing sustainable transport, Energy Policy, vol.50, pp.464-476, 2012.

Lu, LJ., Lin, S.J. and Lewis, C., Decomposition and decoupling effects of carbon dioxide
emission from highway transportation in Taiwan, Germany, Japan, and South Korea, Energy

Policy, vol.35, pp.3226-3235, 2007.


http://www.mlit.go.jp/common/001146134.pdf
http://www.mlit.go.jp/sogoseisaku/environment/sosei_environment_tk_000007.html
http://www.mlit.go.jp/koku/haneda/international/increase.html
http://elaws.e-gov.go.jp/search/elawsSearch/elaws_search/lsg0500/viewContents?lawId=418M60001400003_20161001_000000000000000
http://elaws.e-gov.go.jp/search/elawsSearch/elaws_search/lsg0500/viewContents?lawId=418M60001400003_20161001_000000000000000
http://elaws.e-gov.go.jp/search/elawsSearch/elaws_search/lsg0500/viewContents?lawId=418M60001400003_20161001_000000000000000

547

548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

Mazzarino, M., The economics of the greenhouse effect: evaluating the climate change impact

due to the transport sector in Italy, Energy Policy, vol.28, pp.957-966, 2000.

NASA, NASA Study Confirms Biofuels Reduce Jet Engine Pollution, 2017.

https://www.nasa.gov/press-release/nasa-study-confirms-biofuels-reduce-jet-engine-pollution

Papagiannaki, K. and Diakoulaki, D., Decomposition analysis of CO, emissions from passenger

cars: The cases of Greece and Denmark, Energy Policy, vol.37, pp.3259-3267, 2009.

Peeters, P. and Dubois, G., Tourism travel under climate change mitigation constraints, Journal

of Transport Geography, vol.18, pp.447-457, 2010.

Schefczyk, M., Operational performance of airlines: An extension of traditional measurement

paradigms, Strategy Management Journal, vol.14, pp.301-317, 1993.

Schipper, L., Scholl, L. and Price, L., Energy use and carbon emissions from freight in 10
industrialized countries: An analysis of trends from 1973 to 1992, Transportation Research Part

D: Transport and Environment, vol.2, pp.57-76, 1997.

Scholl, L., Schipper, L. and Kiang, N., CO; emissions from passenger transport, Energy Policy,

vol.24, pp.17-30,1996.

Timilsina, G.R. and Shrestha, A., Transport sector CO, emissions growth in Asia: underlying

factors and policy options, Energy Policy, vol.37, pp.4523-4539, 2009.


https://www.nasa.gov/press-release/nasa-study-confirms-biofuels-reduce-jet-engine-pollution

571

572

573

574

575

576

577
578

Timilsina, G.R. and Shrestha, A., Factors affecting transport sector CO» emissions growth in
Latin America and Caribbean countries: An LMDI decomposition analysis, International

Journal of Energy Research, vol.33, pp.396-414, 2009.

Wang, W.W., Zhang, M. and Zhou, M., Using LMDI method to analyze transport sector CO>

emissions in China, Energy, vol.36, pp.5909-5915, 2011.



579  Figures

1200

1000

800

600

400

200

Number of international flights per week

2005 2010 2015
HJAL mANA

580
581 Figure 1. Total number of international flights per week

582



583

Gy 14000

(o]

(%]

5

2 12000

©

=

=)

S 10000

£Ex

v O

g4

~ £ 8000

£ o

s 2

T T 6000

-© ©

v O

8 E

Q

° % 4000

®

(%)

S 2000

2

S

r 0

38 2005 2010 2015

HJAL HANA

584
585 Figure 2. CO, emissions associated with the international flights of the two airlines
586

587



Asia E North America B Oceania & Europe

1 1
o o o o o
[=] o

™M

o o
o o [=] o o
[¥a] i - (42} N I~

(202-P1) S3Y31)4 |euoneuIaul 3Y3 YUM
P331BI20SSEe SUOISS|Wa ¢Q) 2Y3 U0 S323}43 uollisodwoda(q

-900

588

Figure 3. Decomposition effects of changes in CO; emissions associated with international

589

flights of JAL between 2005 and 2010

590

591

592



1000

o

% Asia E North America M Oceania & Europe

§ 800 |

s

8=

€2 400 }

Y ®

SE 200

v

=2

SE o '

29

o €

£ = -200

c S

£ = -400

g 3

[o8

E  -600

(S}

a

-800

593
594 Figure 4. Decomposition effects of changes in CO emissions associated with international
595 flights of ANA between 2010 and 2015
596

597



500

o
% 1 Asia = North America  Oceania & Europe
‘S
2 300 |
8
@ o
< 100
w X -
ﬂ ~—
'GEJ E — % % I WE
~ 20 FE AD RS TN
S =-100
1+
v
=2
5 £-300 |
o]
Q £
© 25500 f
o c
g%
[o8 - -
£ 700
o
(S}
a
-900
598
599 Figure 5. Decomposition effects of changes in CO» emissions associated with international
600 flights of ANA between 2005 and 2010
601

602



603

604
605

606

607

608
609

< 1000
% 2 Asia = North America B Oceania H Europe
S 800 |
A
i)
a =
E 8 400
-
SZ 200
v c
s 0
se O
28
% = 200
< =
5 £ -400
g =2
3
5 -600
Q
a
-800

Figure 6. Decomposition effects of changes in CO, emissions associated with international

flights of ANA between 2010 and 2015



