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1 Introduction

Over the past thirty years, air ffc has been steadily increasing with growth rates drambtisape-
rior to world’s GDP growth rates, respectively 6.6% and 3.386cording to the International Civil
Aviation Organization (ICAO (2007)), the wedge between ¢éhgowth rates has been even higher
during 1960-1980. Thus, it is clearly established thatraingport sector has encountered during the
second half of the 20th century a growth strictly superiomimst sectors in the economy. In a scarce
energy resources context, this development may appealeprabc during the 21st century (IPCC
(1999, 2007), RCEP (2002), ECI (2006), IEA (2009)), leading noirecreased interest for policy
makers. The classical example is the integration of thetiaviaector in the EU Emissions Trading
Scheme (EU ETS) in January 2012

Hence, forecasting and modeling demand for atfittdnas become more and more a central issue
for public policy, that this reports aims at pursuing. Thganaontribution of this study is to provide
air traffic and then Jet-Fuel projections at the worldwide level @@25. Several studies have already
proposed aviation Jet-Fuel demand forecasts, either oardrgregion basis or on a more global scale
(BTE (1986), Gately (1988), Schafer (1998), Vedantham anpe@peimer (1998), Graham (2000),
Abed Seraj et al. (2001), Battersby and Oczkowski (2001),dtesd. (2001), Olsthoorn (2001), Lim
and McAleer (2002), Bhadra (2003), Wickrama et al. (2003),drad Lu (2005), Bhadra and Kee
(2008), Mazraati and Faquih (2008), Dft (2009)).

The general methodology followed by these studies is ugila# same. Since it is now well
accepted, it will be also applied in this study. To synthesilie general methodology may be summa-
rized into two steps. First, total air ffac flows and their growth rates (per year) have to be forecast.
Second, these tfidc forecasts are converted into a quantity of Jet-Fuel.

To understand the past evolution of airffra and anticipate its evolution, iffectively appears
necessary to examine the specific characteristics of demahi$ sector. As any demand relative to a
transportation means, air ffic demand is specific because it does not satisfy a need girbutked,
consumers rarely purchase plane tickets to satisfy theid ne fly. They choose this transportation
means in order to satisfy another need: going from point AciatB; whatever the reason (private or
business) of their motivation. Thus, airftia demand is driven by passengers’ needs for other goods
and services in the economy. Therefore, airline comparmipsar quite limited concerning their abil-

1The amending Directive 20¢87/EC highlights that "emissions from all flights arriving atchdeparting from Com-
munity aerodromes should be included™. Compared to otéetoss included in the EU ETS, this requirement introduces
a major specificity when estimating aviation €émissions concerned by the EU ETS. Indeed, somgeissions from
airlines that are not registered in one of the 27 Member ${Al&) need also to be estimated.
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ity to move the market. They can only react to the demand wisielildressed to the aviation sector.
This situation explains why the evolution of air fiia depends mainly on the drivers of demand, and
not on the drivers of supply, in the aviation sector. That g/wvinost studies model first the demand
for mobility in air transportation, and second deduce Jedtdemand from these estimates.

Concerning the first step (modeling of the demand for mobhititthe aviation sector), tfac fore-
casts are estimated using econometric methods. Thus,dbktgetes are derived from the historical
relationship between air tfizc and its main drivers. According to Gately (1988), Vedantleand Op-
penheimer (1998), Macintosh and Wallace (2008), MazramtiFeaquih (2008), air tfic drivers are
mainlyi) GDP growth rates — by far its most important drive) ticket prices — which may be proxied
by Jet-Fuel prices for instancii) alternative transport modes —such as train; aj)dome external
shocks such as the September 11 terrorist attacks in 20@&Linflhence of these drivers depends on
two criteria: on the one hand shgrtsedium hauls. long haut, on the other hand air transport market
maturity?. Once estimated from historical data, the model is then tsgdnerate air tifiic forecasts.
To take into account the two latter criteria, the modelingeialized for eight geographical zofies
within each two sectors are estimated separately: domestga proxy for shortsiedium hauls —
and international — as a proxy for long hauls fia It is thus possible to obtainféierent air tréfic
forecastsscenarii; depending on assumptions made on the evolution of dfidrdrivers previously
identified. These air tfc projections are required for estimating the demand foFJel.

Regarding the second step (estimation of Jet-Fuel demdmed}pnversion of air tféic projections
into quantities of Jet-Fuel is accomplished using theffic&fficiency’ method developed previously
by UK DTI to support the IPCC (1999). The intuition behind thiethod may be summarized as
follows. An increase of 6% per year of air fii@ does not imply a corresponding Jet-Fuel demand
increase of 6%. Indeed, the rise of Jet-Fuel demand regutm air trafic demand rise can be mit-
igated by energyféiciency improvements. Over the past twenty years for ingtathe large increase
in aviation in air traéfic has been accompanied by dramatic improvements into thigyed@ciency
of the aviation task (Greene (1992), Greene (2004)). As aemuence, Jet-Fuel demand has widely
increased during this period, but at average growth rateggse largely lower than those of air ffi@
demand. Thus, one of the major tasks of the second step ahttisodology will consist in exam-
ining the expected rates, expressed per year, of endligieacy improvements. To do so,fidirent
scenarios of both load factor (i.e. aircraft are using mdrheir capacity) and energyfeciency im-

2Long hauls are less sensitive to both ticket prices and tistemce of alternative transport modes.

3Growth rates of domestic air transport market of indusiréal nations (USA and Europe) are lower than those of
some emerging nations.

“Projections are thus estimated for the following regionsnt@al and North America, Latin America, Europe, Russia
and CIS (Commonwealth of Independent States), Africa, tiaeld East, Asian countries and Oceania. The eighth region
is China, in order to have a specific focus on this rapidly thgiag country.
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provements will be investigated. Concerning the potentialee of energy ficiency improvements,
Greene (2004) identifies likely improvementsipfAir Traffic Management (ATM)ji) existing air-
crafts (such as upgrades); amndl aircraft and airfram@ngine design (which is linked to fleet renewal
rates).

The report is organized as follows. The first section presdascriptive statistics for world’s air
traffic during 1980-2007. The second section introduces a newaudeltbgy to investigate energy
efficiency improvements in the aviation sector. The third sectiontains projections of Jet-Fuel
demand until 2025. The last section concludes.
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2 Descriptive Statistics on Air Traffic

Air Traffic data for 1980 to 20G7have been obtained from the International Civil Aviation &ng
zation (ICAO). This specialized agency of the United Natipngvides the most complete air traf-
fic databast international and domestic, passenger and freigifficréboth for scheduled and non-
scheduled flights).

The ICAO database used in this report is the ‘Commercial Air i€esr- Trdlic’ database. As
detailed on the ICAO websitét contains, on annual basis, operationalfficaand capacity statistics
of both international and domestic scheduled airlines a$ agenon-scheduled operators. Where
applicable, the data are for all services (passengerhftraigd mail) with separate figures for domestic
and international services, for scheduled and non-schddsgrvices, and for all-freight serviées
One of the interest of this database consists in providirig b country, and not by pre-aggregated
regions. Thus, it allows to recompose any kind of regions mnsaenarii. Within the database by
country, statistics are provided for airlines registemed igiven country on a yearly ba%isAnother
advantage lies in the possibility to account for freightpassenger, and for domestg international
air traffic within each zone. There exists however one limit with the efssuch data for international
air traffic. When re-aggregating the data by zone, one considers thatrtine which declared the
flights as ‘international air tfeic’ has not registered international flights outside the tiguwithin
which it is registered, and thus outside of the region witkimch it has been re-aggregated.

When required, Jet-Fuel consumption statistics are alsodqed for each region. This information
is drawn from the ‘World Energy Statistics and Balances’ das of the International Energy Agency
(IEA), which provides Jet-Fuel consumptions during 198IB& Due to a one-year delay between
the ICAO and IEA database, air ffi@ data are presented for the 1980-2006 period , when they are
compared with Jet-Fuel consumption. Unless otherwiseatdd, all descriptive statistics presented
below are thus valid during 1980-2007. Also note that aiffitratatistics are not available before
1983 for Russia and CIS (Commonwealth of Independent Statesjdér to account for this gap, we
present the descriptive statistics only during 1983-2006.

Cargo trdfic is measured in Revenue Ton Kilometers (RTK) whereas passtuafjic is expressed

SAir traffic data for the year 2008 are already available, but only femarhonths. Last accessed in June 20009.

SNote the International Air Transport Association (IATA)high represents about 230 airlines comprising 93% of
scheduled international air tiec, also provides Air Triic data, but this source is less detailed to our best knowledge

"http: /Avww.icaodata.com

8These data are not provided on air routes basis.

SWith such statistics, air tfc data of a given airline cannot be provided in twéfelient tables. Thus, it avoids the
problem of double-counting.
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both in Revenue Passenger Kilometers (RPkhd RTK!L. The decomposition in geographical zones
follows a classical representation: thus we obtain affitréor eight distinct regions (Central and North
America, Latin America, Europe, Russia and CIS, Africa, thddle East, China, Asian countries and
Oceania), and on a worldwide basis (computed as the sum efgheregions). The first part presents
in great details the air tfac database from the ICAO, and the fuel consumption database tfie
International Energy Agency (IEA).

2.1 Evolution of Air Tra ffic during 1980-2007

Figure 1 shows the evolution of world air ffi@ from 1980 to 2007.

700 +

SARS

600 +

Gulf crisis
Asian crisis

WTC attack

500 +

400 +
(0.32%)

10° RTK
US restrictive monetary policy

300 +

2001 (~3.7%)

100 { (0.31%)

O I I | I | I | I | | I | I | | | | —] | | | {
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Figure 1: Evolution of World Air Tréic (1980-2007) expressed in RTK (billion). Source: ICAO.

Two major remarks may be inferred from this graph. First,nitpdasizes the strong increase
of this sector, with a variation growth o#340% during the period. Second, the aviation sector -
cyclical in nature - has encountered some specific shocksegented with gray solid bars) that all
had downward impacts on the demand for air travel (Masongp0€igures in brackets represent the
variation of activity of the aviation sector during thesemts. The terrorist attacks in New York and
Washington had a major impact on airline industry (Alderigid Cento (2004), Ito and Lee (2005)).
The attacks caused many travelers to reduce or avoid aeltsan resulted in a transitory, negative

10A passenger kilometer is equal to one passenger transpmréeekilometer.
1IA ton kilometer is equal to one ton of load (passenger or dargasported one kilometer.
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demand shock in addition to an ongoing negative demand(éhgifada and Rey (2004), Guzhva and
Pagiavlas (2004), Ito and Lee (2005)). The recovery pattelearly vary across countries and regions
(Gillen and Lall, 2003). Airlines were alsdfacted by macro shocks such as the Asian financial crisis,
SARS (Severe Acute Respiratory Syndrome) and Gulf War.

Table 1 describes air tffac statisticd?, along with Jet-Fuel consumption, expressed in levels, for
each zone and the world. Data are presented within two stbese 1983-1996 and 1996-2006
(1996-2007 when air tfac data is not compared with Jet-Fuel data). Note that affi¢crdata are
expressed in two élierent units: RTK and ATK. RTK measures actual aifiica whereas ATK is a
unit to measure the capacity of an aircfaifline. The link between these two units is the Weight Load
Factor (WLF):RTK = WLF « ATK with WLF the percentage of an aircraft’s available téfeetively
occupied during a flight. Then, if airline companies fill thaircrafts at the maximum available load
(WLF = 100%), RTK is strictly equal to ATK. Because airlines nevdhftill their aircrafts, ATK
> RTK. Note that in this report air tfAc is measured in ton kilometer (as opposed to passenger
kilometer). This explains why there is typically a 10 peregye points dierence between the WLF
value presented in Table 1 and the usual WLF as read in thatlirer which are rather expressed in
passenger kilometer (thereafter called Passenger LoadrE4PLF)).

As a stylized fact, Table 1 shows that during the whole peaidthe companies’ WLF values have
rather increased. For instance, at the world level, WLF mesaly growth rates for the first sub-
period is equal to 0.07% (last line, fourth column) — thusstging a constant WLF — and to 0.65%
(last line, fifth column) during the second sub-period — tteggstering a steady WLF increase of 0.6%
per year. This evolution is common to the most part of regiemsept in China and Asian countries
and Oceania regions where the mean yearly growth rate of Winégstive in the first sub-period.
Globally, we still notice the stylized fact that on averagerafts are less filled in the first sub-period
compared to the second one).

Yearly mean growth rates are provided in the three last cotumi\ccording to this table, world
air traffic (expressed in RTK) has registered a mean growth rate peof/6ai% on the whole period.
Note that this mean growth rate is higher during the first gaebed (7.28%) than during the second
sub-period (5.34%). Various yearly means growth rates neagliserved within each zone, which
explains the evolution of each zone’s weight in total aifficaas depicted in Table 2. Figure Zers
an alternative view of this evolution.

Table 2 highlights a few stylized facts. The share of USA antbie in total air tréic represents
around two thirds. This share appears stable over the p@€3% in 1983 compared to 62.61% in
2006). It is due to the fact that the share of USA has decre@gduda mean variation growth during

12For the sake of clarity the tables and the majority of graphspaesented in the appendix.
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Figure 2: An alternative view of the air tifec (expressed in RTK) (Maps generated using ScapeToad)
Note: These cartograms size the zones according to their relative weigbtlthair trefic (expressed in RTK),

offering an alternative world view to a regular map. Thus, for example, zaudsas China (1983 and 1996)
and Russia become smaller next to Central and North America and Europe.
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the whole period of -11.90%), while the share of Europe haseesed (with a mean variation growth
during the whole period 0+21.25%). With its strong economic growth and large popaoiasize,
China is becoming a major player in air transportation (Shaal.e(2009)). The share of China in
total air trdfic has skyrocketted during the second sub-period, going #ai#%% in 1996 to 8.57%

in 2006. Its mean variation rate represen&)% for a yearly mean growth rate ef11.89% (Table

1). In order to diversify their traditionnally oil- and gadependent economies some Middle Eastern
countries - such as the United Arab Emirates and Qatar - pwsghbstantial investments into their
aviation sector (Vespermann et al. (2008)). The share doffidelle East in total air triic represents
4.66% in 2006. Africa plays a minor role in the global air spart pattern (Mutambirwa and Turton
(2000)).

10° RTK Mtoe
700 +

%
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Figure 4: Evolution of air tréiic (left panel, expressed in RTK (billion)) and Jet-Fuel Consumptiontpghel,
expressed in Mtoe) by zone during 1983-2007 and 1983-200&ategly. Source: Authors, from ICAO data.

(Note that China starts declaring some of its aifficadata in 1993. Russia and CIS presents some inconsistertiog in
data until 1991. Thus, some statistics must be interpretdtgreat care.)

Figures 3, 4 and 5 present the same information as in Tablégyur@-3) and Table 2 (Figures 4
and 5) displayed in dierent ways. Actually, Figure 5 contains some additionanimiation: in each
panel, WLF values and evolution of each zone may be directiypawed to the world’s values and
evolution. It then indicates how the zone performs compswede world.

Again, ICAO provides highly detailed data for freight, pasgers, domestic and international air
traffic. It allows us to present the evolution of airftrafor each zone in dierent ways: freights. pas-
sengers, and domestis. international, presented respectively in Tables 3 and 4 décomposition
will be further studied.

Table 3 shows that passengerstii@predominates freight tfiac at the world level with a share of
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91.93% in 1983 and 85.07% in 2007. Even if passenger§idnepresent the most part of air ftia,
freight has widely increased during the period. Indeedsligre has almost doubled. This comment
applies for most cases, except in Russia and CIS, Africa, GeamtdaNorth America. The repartition
is globally more in favor of passengers' fita in the two former zones. In North America however,
freight trafic has relatively more increased than in other zones, goorg 8.12% in 1983 to 18.49%
in 2007.

As shown in Table 4, at the world’s level, the repartition ofteaffic between international and
domestic has always been more favorable to internationaédaffic. Moreover, this share has greatly
increased, going from 55.33% in 1983 to 70.77% in 2006, nmegathat globally international air
traffic has more grown than domestic airffra Actually, at the regional level, this share is even more
in favor of international air trfic (around 95% in 2006 in Europe for instance). In fact, thela®r
statistic appears biased by the repartition between iatemal (43.84% in 2008)s domestic (56.16%
in 2006) air trdtic in Central and North America. This region is the only one tatdee a repartition
more favorable to domestic air ffec, even if international air tfic has increased during the period
(32.79% in 1983, 43.84% in 2006). This analysis confirms the played by(i) the domestic market
for air transport in the USA; ani) the weight of the North American zone in total airffra (about
36% in 2006 according to Table 2).

Figures 6 and 7 illustrate, respectively, the results prieskin Tables 3 and 4. By comparing these
figures at the world level (bottom right panel), the evolntaf the repartition between freight and
passengers’ tfAc appears to be more stable than the repartition of domestinternational tréic
during the period.

Tables 3 and 4 have shown in twofférent ways the evolution of air fitec: first, freightvs.
passengers; second, domesscinternational.

The next subsections explore in greater details these ta@ngigositions between the evolution of
air traffic. The first one focuses on domest& international air triiic, while the second focuses on
freightvs. passengers’ air tfc.

2.2 Domesticvs. international air tra ffic

Compared to Table 2, Table 5 presents the share of each zomérafiec but at a more disaggregated
level. Indeed, the latter table presents the share of eashindoth domestic and international world
air traffic. For instance, in Table 2, 36.38% (first line, third columm®ans that the Central and North
American air tréfic represents 36.38% of the world airftrain 2006. In Table 5, 66.39% (first line,
third column) means that the Central and North American daomaes traffic represents 66.39% of
the world domestic air tfic. Similarly, in Table 5, 21.85% (second line, third colunméans that
the Central and North American international aiffiarepresents 21.85% of the world international

Réf formulaire: -12 -
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air traffict.

As may be seen in Table 5, when compared to Table 2, the Centd&llarth American domestic
market predominates other domestic aifficamarkets (by representing around two thirds). On the
contrary, whereas this region represents 36.38% of thedvadrtrefic, its share in world international
air traffic is ‘only’ equal to 21.85% in 2007. Regarding the Europearoregt appears that its share in
domestic world air triiic is dramatically low. This region indeed represents 26.23%orld aggre-
gated (domestieinternational) air tréic (Table 2), while it only represents 4.56% of world domestic
air traffic. As a consequence, the share of the European region in intelthational air tréic is rela-
tively more developed (34.92% in 2007). The relative sypresentation of the international air fia
market also applies for the Asian (without China) and Ocearggion.

Figure 8 presents the same information as in Table 5.

2.2.1 Focuson domestic air traffic

This section investigates air ffec data at the disaggregated domestic level.

Compared to Table 1, Table 6 describes domestic diidrstatistics expressed in levels for each
zone and the world. Given the very detailed level of the dpsee statistics, each disaggregated table
is not compared to its corresponding aggregated tabler(aince here Tables 6 and 1), but comments
only focus on the disaggregated table (Table 6 here). Thrament applies in the remainder of this
section.

At the world level, domestic air tfAc has increased at the rate of 4% per year on average.
Domestic air tréfic has thus encountered a less dynamic development than ghegated (domes-
tic+international) air tréic (6.44%, Table 1). Because the domestic market in the CemidaNarth
American region represents around two thirds of the worlchelstic market (Table 5), its evolution
dictates the world evolution. It appears that generallgptkgions have had higher growth rates than
the world’s evolution. In asian countries, air transpoartigularly within domestic markets, appeared
to be booming in the first period. In most Asian countries px&hina, the financial crisis hafected
people’s willingness to travel. Since 1997, airffimgrew more slowly than in other aviation regions
(Rimmer (2000)). The most dynamic zone was Chinag.24% during the second sub-period, Table
6). Regarding WLF values, the evolution of mean yearly groaths is similar to previous comments
at the aggregated level (Table 1).

13To summarize,

36.38% = Central and North American aggregated (domestiternational) air tréic
g 0= World aggregated (domestiternational) air tréic

0/ — Central and North American domestic airftra
66.39% = World domestic air tréiic

0/ — Central and North American international airftra
21.85%= World international air tréic
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EU-VRi

10° RTK
200 T

R
,.------ullllli S

A B BRI
IRRRES LERRRKS

R
19090960900 %% < S0
0.0‘0’:.:‘0‘0‘00 Q

1983 1985 1987 1989 1991 1993 1995 1997 1999 2001 2003 2005 200
B centraland [ | LatinAmerica [__| Africa -gﬂgnocc%%%%es

North America

[T Europe - Russia and CIS - The Middle Eas China

Figure 9: Evolution of Domestic Air Tific (expressed in RTK (billion)) by zone during 1983-2007. Source:
Authors, from ICAO data.

(Note that China starts declaring its domestic aiffitadata in 1993. Russia and CIS presents some inconsisteriog in
data until 1991. Thus, some statistics must be interpretddgreat care.)

Figures 9 and 10 present the same information as in Table 6.

Table 7 shows the repartition of domestic aifliabetween passenger and freight. At the world
level, passengers’ (freight) air fiic represents 90.01% (9.99%) of domestic aiffiitan 2007, to be
compared with 85.07% (14.93%) of aggregated (domestternational) air tréic (Table 3). Thus,
the share of passengers is more important in domestic fiictitaan in aggregated (domestiaternational)
air traffic. This stylized fact observed at the world level applies alsthe regional level.

Next section focuses on international airfi@

2.2.2 Focuson international air traffic

This section investigates air ffac data at the disaggregated international level. The sap® df
analysis as in the previous section is developed.

Compared to Tables 1 (aggregated) and 6 (domestic), Tabls@ibles international air tfiac
statistics. At the world level, international air fii@ has increased at the rate of 7.49% per year on
average. International air ffec has thus encountered a more dynamic development than ilomes
— 4%, Table 6 — and aggregated (domesdtiternational) — 6.44%, Table 1 — air ffi@. The most
dynamic zones were China10.44% during the second sub-period) and the Middle Ea84¢8.
during the whole period). The former Soviet bloc had re&yiwindeveloped international air transport
prior to 1989 (Button (2008)). Regarding WLF values, the evoiubf mean yearly growth rates
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Figure 11: Evolution of International Air Tfac (expressed in RTK (billion)) by zone during 1983-2007.
Source: Authors, from ICAQO data.

(Note that China starts declaring some of its aifficadata in 1993. Russia and CIS presents some inconsistetiog in
data until 1991. Thus, some statistics must be interpretddgreat care.)

is very diferent from the aggregated level (Table 1): the stylized fmeviously identified at the
aggregated (domestimternational) level is not valid at the world level and fordge zones.

Figures 11 and 12 present the same information as in Table 8.

Table 9 shows the repartition of international airfliabetween passenger and freight. At the
world level, passengers’ (freight) air ffi@ represents 83.05% (16.95%) of international aiffica
in 2007, to be compared with 85.14% (14.93%) of aggregatethéstic-international) and 90.01%
(9.99%) of domestic air tfic (Table 3). Thus, the share of passengers appears to benjesdant
in international air tréic than in both aggregated (domesiiaternational) and domestic air ffe.
This stylized fact observed at the world level applies alstha regional level. While for domestic
air traffic the superiority of passengers has been observed at the el and globally within each
zone, another pattern is observable for internationakaiid¢. Passengers (as opposed to freight) are
indeed less represented in international aifficaboth at the world level and within each zone, than
in aggregated (domestmternational) and domestic air ffe.

Next section focuses on passengerfreight air trafic.

2.3 Freightvs. passengers’ air trefic

Similarly to Table 5, Table 10 presents the share of each mosie traffic but at another disaggregated
level: freightvs. passengers. As may be seen in Table 10, when compared ® Zatwlo regions
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exhibit notable dferent patterns in their freights. passenger repartition. First, the Central and
North American freight market predominates other freighrkets (by representing 43.07%). On the
contrary, whereas this region represents 36.38% of thedvaorltrafic, its share in world passenger
traffic is equal to 33.32% in 2007. Second, in the European rediappiears that its share in freight
traffic is 6 percentage points lower than its share in world aggedgdreight-passenger) air tfac
(26.23%, Table 2). It represents indeed 20.35% (Table 1@joold freight trefic. Compared to their
repartition at the aggregated (freigipassenger) level (Table 2), other regions do not exhibabilet
different patterns in their freighs. passenger repartition.

Figure 13 presents the same information as in Table 10.

2.3.1 Focuson freight air traffic

This section investigates air ffic data at the disaggregated freight level.

Compared to Table 1, Table 11 describes freightitratatistics expressed in levels for each zone
and the world. At the world level, freight tifac has increased at the rate of 9.14% per year on av-
erage. The key influence on air freight demand is world econ@md trade growth. The air cargo
volume has grown at between 1.5 and 2 times the rate of waltkel@DP growth (Zhang and Zhang
(2002)) during the nineties. Freight fii@ has played a increasingly important role in world trade
(Kasarda and Green (2005)) and has thus encountered a muamitydevelopment than the aggre-
gated (freightpassenger) air tfac (6.44%, Table 1). Globally, other regions have a similarette
opment, except China which registered the highest meanyyganth rate (12.62% for the second
sub-period). This spurt is mainly due to the China’s rapidustdalization and the development of
its manufacturing industries that export commodities angadrt components that are needed to keep
factories working (Button (2008)). Regarding WLF values, thel@tion of mean yearly growth rates
is very diferent from the aggregated level (Table 1): the stylized paetviously identified at the ag-
gregated (domestignternational) level is not valid at the world level (same@atve values for both
sub-periods: -0.13%) and for five zones.

Figures 14 and 15 present the same information as in Table 11.

Table 12 shows the repartition of freight between domesitt iaternational air tific. At the
world level, domestic (international) air ffec represents 19.42% (80.58%) of freighffii@in 2007,
to be compared with 29.23% (70.77%) of aggregated (freigassenger) air tfhc in 2006 (Ta-
ble 4). Thus, the share of international airfi@is more important in freight than in aggregated
(freight+passenger) air tfc. This stylized fact observed at the world level applies althe regional
level. This statistic is logical given the nature of freigiansport, which is inherently international
(Gardiner and Ison (2007)).

Next section focuses on passengers’ aiffica
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Figure 14: Evolution of Freight Tfac (expressed in RTK (billion)) by zone during 1983-2007. Source:
Authors, from ICAO data.

(Note that China starts declaring some of its aifficadata in 1993. Russia and CIS presents some inconsistertiog in
data until 1991. Thus, some statistics must be interpretddgreat care.)

2.3.2 Focuson passengers air traffic

This section investigates air ffew data at the disaggregated passengers’ level. This squtoides
tables labelled in both RTK and RPK. To conserve space, we aoyment RTK values, as it is
directly comparable with previous sections. However, beegassengers’ air ffix data are usually
provided in RPK units, descriptive statistics expressed iK R also included in this repdft
Compared to Tables 1 (aggregated) and 11 (freight), Tablee$8ribes passengers’ air fiia
statistics. At the world level, passengers’ aitfli@ahas increased at the rate of 6.04% per year on
average. Passenger’s airffrahas thus encountered a less dynamic development thahtfre®g14%,
Table 11 — and roughly the same as aggregated (frefgtssenger) — 6.44%, Table 1 — aifffi@ The
most dynamic zones are Chinal2.13% during the second sub-period). Note that passeérgers
traffic in the Central and North American zone has registered a Ign®vth rate than the world’s
average growth rate, both for the whole period and the cporeding sub-periods. In Asian countries
(except China), as was the case with the freight market, pgesérdfic dipped in 1998. Recall that
to compare results throughout the report passengers’ Wlikesare given in RTK instead of RPK,
which explains some fference with the values usually found in the literature. Besighassengers’
WLF values in RPK are given in the Appendix. Regarding WLF valties evolution of mean yearly
growth rates is slightly dierent from the aggregated level (Table (L);passengers’ WLF mean yearly

14The comments of RPK figures is left to the reader.
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Figure 16: Evolution of passengers’ airftia (expressed in RTK (billion)) by zone during 1983-2007. Source:
Authors, from ICAO data.

(Note that China starts declaring some of its aifficadata in 1993. Russia and CIS presents some inconsistertiog in
data until 1991. Thus, some statistics must be interpretddgreat care.)

growth rates are positive within each sub-period; éndthese mean growth rates are higher during
the second sub-period. Note that passengers’ WLF stylizegtd éae not valid for two zones: Europe
and the Middle East.

Figures 16 and 17 present the same information as in Table 13.

Table 14 shows the repartition of passengers’ afifitrdoetween domestic and international. At
the world level, domestic (international) air fiia represents 30.71% (69.29%) of passengerfidra
in 2007, to be compared with 29.23% (70.77%) of aggregatety(ft-passenger) air tfac in 2006
(Table 4). Contrary to freight (Table 9), the same patterndimmesticvs. international applies for
both passengers’ — Table 14 — and aggregated (frepgissenger) — Table 4 — air fiia.

Note that the same kind of descriptive statistics for pagsen air trdfic are also provided in RPK
units (instead of RTK) in the Appendix.

World air tra ffic grew by 6.44% per year according to ICAO data.Figures show that air tfic
(expressed in RTK) has quadrupled between 1983 and 2007ghFEtesafic showed 9.14% yearly
average growth over the period 1983-2007 while passergféctgrew at 6.04%.

Regional variations in traffic are pronounced.Between 1983 and 2007, air fiia in China grew
at a much faster rate than the rest of the world, i.e. 17.13®4hé same time, Central and North
America, which is the only region with a huge domestic markat their passenger ffi@ increase
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per year by 5.14% with freight growing 8.78%. Europe follohwbe same trend with freight tifec

up 9.18% while passenger lagged behind at 7.01%. In Asiaydiabcrisis slashed demand for busi-

ness and leisure air travel. In this region, aifficadipped in 1998 and then continued to grow at a
slower pace than previously. Both domestic and internati@iné&raffic has increased in Russia and the
CIS by 10 percent over the past 10 years. RTK of the airlines@Middle East region increased at

arate of 13.02 percent over the 1996-2006 period, subaligrttigher than the world average (5.34%).

There are important links between economic growth and iaviafThus, macroeconomic condi-
tions and external shocks had a significant impact on thegreaear growth rates of the air ffi.
The 1991 Gulf War had a strong impact on internationdtitaMoreover, the terrorist attacks on 11
september 2001 were followed in 2002-2003 by the invasiohfghanistan, the Iraq War, the Severe
Acute Respiratory Syndrome (SARS) epidemic in Asia. They hdwenatic &ect on the demand for
air travel.

Next section develops the methodology to compute Eneffigi€ncy (EE) cofficients.
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3 Traffic Efficiency Improvements and Energy Hiciency Codfi-
cients

Jet-Fuel is not consumed for itself but to power aircraftieag which depend on the demand for mo-
bility in air transportation. Thus Jet-Fuel forecasts ané lmased directly on Jet-Fuel consumptions
time-series but need to be computed from aiffitaforecasts. As a consequence, Jet-Fuel demand
forecasts are obtained following a two-step methodologgt,Rotal air trdfic flows and their growth
rates have to be forecast. Second, thesBdrf@arecasts are converted in a quantity of Jet-Fuel to obtain
Jet-Fuel demand forecasts.

This section deals with converting air traffic projections into quantities of Jet-Fuel. That is to
say, one of the major tasks of this report consists in linkiregmethodology first and second steps. To
do so,it relies on the ‘Traffic Efficiency’ method developed previously by UK DTI to support the
IPCC (1999) to deduce the amounts of Jet-Fuel demand prajsdtiom air tréfic forecasts estimated
during the first step.

Basically,the ‘Traffic Efficiency’ methodology allows to obtain Energy Hiciency (EE) codfi-
cients(called ‘EE codicients’ in the remainder of the repott) convert one amount of air transport
—usually expressed in RTK or ATK (see above for more detaiisjo one amount of Jet-Fuel- usu-
ally expressed in billion ton of oil equivalent (Mtoe). Inghreport:

(1)

with EE;; the abbreviation for EE cdiécient in zond at timet!®. Thus defined, EE may be inter-
preted as the quantity of Jet-Fuel (expressed in ton of del}Fequired to power the transportation of
one ton over one kilometer (ATKS.
The intuition behind this method may be summarized as falothe rise of jet-Fuel demand re-
sulting from air tra ffic demand rise can be mitigated by energyfeiciency improvements. For
instance, an increase of 6% per year of aiffitadoes not mean a strictly corresponding increase of
6% in Jet-Fuel demand. According to Greene (1992, 2004)atige increase in aviation titec has

51t would be natural to have RTK instead of ATK in this equatiddowever, before converting RTK into Jet-Fuel
guantities, itis first necessary to convert RTK into ATK. Tim& between RTK and ATK is the Load Factor (LF), expressed
in percentage. The latter may be defined as the percentageaifcaaft available tonféectively occupied during a flight.
Thus for one flightRTK = LF x ATK. Once RTK converted into ATK, it becomes possible to dedheddtal amount of
Jet-Fuel demand projections from airffraforecasts estimated during the first step by using the Equatt EE codficients.
16Jet-Fuel consumption is obtained from IEA, while ATK areeagisby ICAO. See below for more details.
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been accompanied by dramatic improvements into the endligieacy of the aviation task over the
past 30 years.

Thus, one of the major tasks of the second step of the genetabahology consists in examining
the expected rates, expressed per year, of EE improvenmmngsponding to the evolution of air
traffic energy gains.

According to previous literature (Gately (1988), Green@9@, 1996, 2004), Vedantham and Oppen-
heimer (1998), Lee et al. (2001, 2004, 2009), Olsthoorn 120Byers et al. (2004), Whitelegg and
Cambridge (2004), Macintosh and Wallace (2008), MazraatiFaquih (2008), Lee (2010)iaffic
efficiency improvements depend on(i) load factors improvements(aircraft are using more of their
capacity);(ii) energy dficiency improvements Note that in the former case (load factors improve-
ments) no technological progress is achieved: airlinesrutam their Jet-Fuel consumption by filling
more their aircrafts. However, in the latter case (eneffjgiency improvements) there may be some
opportunities for technological progress to happen. Bnefiiiciency improvements depend on a wide
variety of factors, some of which are not linked to technalabprogress (such as Air Titec Man-
agement), while others do. In the latter category, which esttikely predominant in the evolution
of energy diciency, the factors concern first the upgrade of existingraits, and second changes in
aircraft and airframngine design which are conditioned to the fleet renewal rate

As a consequence, and regarding the objective of this sedtm pieces of information are re-
quired to convert air tfdic projections into quantities of Jet-Fuel: first, value(EE& codficients;
second, a rule for the evolution of EE dbeients.

To obtain this information, previous literature uses a gmamethodology called ‘bottom-up’ in the re-
mainder of the reporfThe major contribution of this section consists in proposinga new method-
ology to obtain EE codficients based on modeling at the macro-level.

The first subsection summarizes previous ‘bottom-up’ maéhagies. It also explains why these

methodologies have not been retained here. The secondctiobs@troduces the new macro-level
methodology. The third subsection contains the results fite new methodology.

3.1 Methodologies used in the literature: the ‘Bottom-up’ approaches

Previous literature features two ways of modeling air tpansmobility. First, modeling by routes
(gravity models), and second modeling without routes (fntime-series analysis). In the former
modeling, air tréfic is estimated for various routes. At a more aggregated,léadlows to forecast
traffic flows between two regions, for instance between Europe anal An the contrary, the latter
modeling does not allow to forecastftiia flows, but the expansion of various regions. In other words,
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the latter methodology provides spheres instead of routes.

To convert air transport tfac into Jet-Fuel demand, researchers generally use a ‘batrap-
proach to(i) obtain EE co#icients, andii) deduce an evolution rule for EE d@ieients (see for in-
stance IPCC (1999), Gately (1988), Greene (1992, 1996, 208dantham and Oppenheimer (1998),
Eyers et al. (2004)). This ‘bottom-up’ approach is mosthedisor modeling by routes. In his
econometric estimation of demand for air travel in the US, dag2003) defines ‘top-down’ and
‘bottom-up’ approaches. When demand is determined ecommait by GDP, among other things,
the estimated relationship is then allocated from the tapdio the terminal areas, taking into consid-
eration the historical shares of the airport, master plang,expert opinion, to derive ffa forecasts.
By contrast, when econometric relationships are estimatedawer level (i.e., between origin and
destination travel), they may be called a bottom-up apgrodhile trdfic forecasts are primarily
designed to serve as a terminal area planning tool, the Eieroach focuses on market routes and
flows (i.e., passengers and aircraft) within. Thus, ‘botigmhapproaches appear especially useful for
network flow aspects. Several studies may be cited in ti@saliire. Bhadra and Kee (2008) analyze
the structure and dynamics of the origin and destinatiorocé air travel market demand using 1995-
2006 US quarterly time-series data. They show that passdioge between origin and destination
travel markets have exhibited strong growth in recent yddexintosh and Wallace (2008) document
international aviation emissions to 2025. They remarktimatuel éficiency gains associated with the
latest generation of aircraft are unlikely to befgiient to dfset the increases in international demand,
and conclude that the slow rate of turnover in the fleet wilidar progress on curbing emissions
growth. Mazraati and Faquih (2008) model aviation fuel dedhim the case of the US and China.
By estimating Jet-Fuel demand in these two extremes of a maeaotor versus a fast growing one,
they confirm that mature sectors tend to be more sensitivedtutitions in fuel prices and economic
growth, as opposed to the fast growing regions where the gifiect is less pronouncéd

The so-called 'bottom-up’ approach starts with the obg@wmaof aircrafts’ energy ficiency (ex-
pressed in Mto#\SK, liter/ASK or Mjoule/ASK). Aircrafts’ energy #iciencies are published by man-
ufacturers. By replacing aircrafts’ models by their vintggar, one can obtaift) approximations of
the values of Jet-Fuel consumption for a typical aircraft] @i) an idea of the evolution rule of EE
codficients overtime (IPCC (1999), Gately (1988), Greene (1992612004), Vedantham and Op-
penheimer (1998), Eyers et al. (2004)).

Such a representation is given in Figure 18. The first poiptegents the average Jet-Fuel con-
sumption of the Comet 4 aircraft model issued in 1958. Thepasit represents the average Jet-Fuel

1"Besides, they show that the Chinese aviation sector anBugteonsumption will continue to outpace that of the
United States, but growth in both regions will reach a stestdye as the Chinese economy cools down and approaches
maturity.
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Figure 18: Evolution of average Jet-Fuel Consumption by aircraft vintagpressed in Mjoul&SK (1955-
2007) (based on manufacturers’ data)

consumption of the A380-800 aircraft model issued in 200V Figure 18, notice that due to tech-
nological innovations aircrafts’ energyfieiency has been improved by a factor nearly equal to 3.50
between 1958 and 2007.

Having detailed the 'bottom-up’ methodology, one underdsawhy it is usually used in the litera-
ture due to its intuitive appeal. However, this approactoanters several important empirical limits.

First, it relies on a few assumptions which may be seen aggiactive. Indeed, once the 'bottom’
step has been realized (as illustrated by Figure 18), sosuergions need to be made in order to ob-
tain EE codicients at the aggregated level. These assumptions inchgledtly: i) the composition
of the aircrafts’ fleet, and) an evolution rule for this fleet concerning the renguadrade policy of
existing aircrafts. This underlying information about flebaracteristics and their evolution appears
hard to investigate in practice, since researchers lackdhess to detailed and reliable databases on
this topic. The need for such data is all the more complic#tatlit is required by routes. Based on
these restrictive assumptions, average aircrafts’ Jet-€ansumption are used to obtain aggregated
EE cosficients and their evolution rule.

Second, besides relying on restrictive assumptions, gpsoach is very time-consuming in terms
of data management. Modeling by routes adds another laymoplexity, since this approach neces-
sitates to obtain aggregated EE fiagents for each route.

Third, recall that there exist two main factors to increasffit eficiency: load factors improve-
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ments on the one hand, and enerdlyceency improvements on the other hand. The latter factor
contains three possible sources of improvements: ATMrai€ upgrades, and fleet renewal. Re-
garding energyf@iciency improvements, the ‘bottom-up’ approach relies amyhe last two sources.
No improvements stemming from ATM can thus be accounted f@mwusing this methodology.

Fourth, the last drawback concerns data availability. Rebat (i) EE;; = T jet;/ATK;, and
(ii) ‘bottom-up’ approaches are mostly used with modeling bytasu ICAO provides air tféic by
routes only for international scheduled airffi@(not for domestic air tféic)'8. IEA does not provide
Jet-Fuel consumption by routes, but by countries. Wherea%tttom-up’ approach leads to obtain
Jet-Fuel consumption by routes, results cannot be comddoiat actual data. Even if the ‘bottom-up’
approach is not used for modeling by route, it supposes & iidt-Fuel consumption data which is
then adjusted to match historical data, as provided by IEA.

Given these various limits, an alternative methodologyadmpute directly aggregated EE d¢he
cients is presented in the next section based on deductimmsempirical data.

3.2 Macro-level methodology proposal used in this report

This section proposes another approach to reconstruct &kotents values and their evolution rule.
It departs from the previous one ly providing directly aggregated EE déieients; and?) deducing
them directly from empirical data.

As defined in eq():
ATK;

The new methodology proposed to obtain EE cdcients is to directly compare the Jet-Fuel
consumption and the evolution of air traffic (see Figure 19)As straightforward as it may look like,
this methodology has not been implemented before to ourdnestledge.

EEi,t =

Again, Jet-Fuel consumption is obtained from IEA, whiletaatic is given by ICAO. More pre-
cisely the ‘World Energy Statistics and Balances’ databdsleeolnternational Energy Agency (IEA)
provides Jet-Fuel consumption (expressed in ktoe) for 8942006 period, while the ‘Commercial
Air Carriers - Trdfic’ database of the ICAO provides Air tiec (expressed in ATK) data during 1980
2007. Both databases provide these data by country. It isréagly possible to re-aggregate these

BWhen forecasting Jet-Fuel demand at the worldwide leves, diita limitation generates some incoherence in the
methodology used: international airfiia may be modelled by route, while domestic air transport oanrhis limitation
involves to use another type of dataset.
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two data time-series for each of the eight geographicabregpreliminary defined.
This macro-level methodology allows then to obtain the ‘aggrgated’ EE codficients — as

opposed to ‘bottom-up’ EE codficients — and their growth rates from 1980 to 2006 This idea is
summarized for a typical region in Figure 19.

EE Codficients

I I I I I I I I I I
1980 1985 1990 1995 2000 2005 1980 1985 1990 1995 2000 2005

Figure 19: lllustration of the macro-level methodology to compute ‘aggtedr&E codficients and their yearly
growth rates: ATK and Tjet (left panel) and EE ¢ioaents (right panel). Source: Authors, based on manufac-
turers’ data.

In Figure 19 (left panel), the solid black line representgraific (expressed in ATK) and the dot-
ted black line represents Jet-Fuel consumption (exprassdde) for a given region. As defined in
eq(1), EE cofficients for each year may be obtained by dividing k&« (right panel).

Thus defined, EE correspond to the quantity of Jet-Fuel requb power the transportation of
one ton over one kilometer-or a given region EE;,; < EE; means that quantities of Jet-Fuel
required to power the transportation of one ton over one kilaneter have decreased. Thus, a
negative growth rate of EE codficients, as it is expected, indicates the realization of engy effi-
ciency improvements in air traffic for the region under consideration.As it may be deduced from
the illustrative Figure 19, EE c@i&cients negative growth rates arise when, in a given yeaf; ueit
consumption growth rates are slower than aiffitanes.

By following this methodology, first for each zone the valuéref EE coéicients until 2006 is ob-
tained. Second, an evolution rule for these EEfitcoents in the future may be derived for each zone
by observing the evolution of their growth rates between0l&&d 2006. Actually, both datasets are
available at an even more disaggregated level for each zendpmesticvs. international. Following
the same methodology for each region, it becomes thus pedsilobtain not only the ‘aggregated’
EE codficients, but also EE cdéiécients corresponding to both international and domestitarels.
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This methodology allows to investigate three issuedrirst, by comparing the evolution of EE
codficients overtime, one may observe the realization (or naghefgy éiciency improvements over
the last 30 years. Second, by comparing the values foundgfynregated EE cdgcients, one may
deduce which zone is more enerdgli@ent compared to others. Third, by comparing ‘domestic an
‘international’ EE coéicients within each zone, one may observe if domestic aietiawdtectively
less dficient than international air travél These questions are investigated in-depth in the next sub-
section.

The new methodology proposed seems promising. Howeves, atso characterized by some
limitations.

First, EE codicients obtained cannot be used in a modeling by routes. €hktdgation supposes
a modeling without routes, as done in this report. This @poads to an output loss compared to
the ‘bottom-up’ approach, which does not prevent from ugitiger of the two modeling types of air
transport mobility.

Second, even if all potential sources of enerfficeency improvements are covered by the macro-
level methodology, it is not possible to disentangle tifeats from which improvements in energy
efficiency are obtained. Recall that it could come from ATM, afts’ upgrades, aircraft and air-
framgengine design (which is linked to fleet renewal rates). Harehis drawback is relatively less
important than the corresponding limitations of the ‘bottap’ approach, which cannot account for
the ATM source of possible energsfieiency improvements.

Overall, each methodology (‘bottom-ugs. macro-level) involves numerous assumptions. For

various reasons presented above, it has been chosen t@usacdio-level methodology in this report.
Results of this methodology are given in the next section.

3.3 Results of the Macro-level methodology

As already explained, the macro-level approach to recoleedsfficients is summarized in eq(1):

T ety

ATK;

where EE cofficients for tha-th region and datecorrespond to the ratio of Jet-Fuel consumption

(T jetiy) over air trdfic (ATK;;). Again, the ‘World Energy Statistics and Balances’ databafsthe
International Energy Agency (IEA) provides Jet-Fuel canption (expressed in ktoe) for the 1983—

EEi,t =

19As highlighted in the literature (Gately (1988), Vedanthand Oppenheimer (1998)), domestic aiffiais supposed
to be more energy intensive than international aifficalue to more frequent takefand landing of aircrafts, the most
energy-intensive component of a flight.
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2006 period, while the ‘Commercial Air Carriers - Tiia’ database of the ICAO provides Air tie
(expressed in ATK) data during 1983—-2007. Both databaseg\ae by country. Thus, for each zone,
EE codficients are computed over the period going from 1983 to 2006.

These mean values are presented for two sub-periods (1¥83dhd 1996-2006) and the whole pe-
riod. Databases are first re-aggregated by region. ThenpBEaents are computed for each region.
Countries do not necessarily start declaring their datalsameously. For instance, China has started
to declare its air tific data to ICAO since 1993. As a consequence, exogenous simablesavolution

of EE codficients values may be wrongly interpreted, as they only reflecentrance of a new data
source €.g. a country starts declaring either its Jet-Fuel consumptioits air trafic data). Thus,

to smooth these potential biases in the data, EHictents are presented in mean values during two
sub-periods: 1983-1996 and 1996-2006, besides the whotepe

Despite the fact that data are globally available since 19&SR started to declare its airftia data

in 1983 only. Besides USSR, some other countries did not deei#lner air tréfic data or Jet-Fuel
consumption during the first years of the 1980’s. Thus, itheen chosen to start the first sub-period
in 1983, in particular to allow comparisons of the Russia arfsl i@gion with other regions.

EE mean values during the first sub-period are not providetixfo regions: China, and Russia and
CIS. Again, China starts declaring its airffra data in 1993. Russia and CIS presents some inconsis-
tencies in the data during 1991-1992, since this region b&e re-aggregated.

This section presents results from the macro-level metloggoA three-step analysis is conducted
here.
First, EE coéicients values for each zone and the world and their resgegtiowth rates are pre-
sented and analyzed. By comparing the evolution of EHhcbents overtime, one may observe the
realization (or not) of energyfleciency improvements over the last 30 years. Thus, both resea
guestions are answereice. what the level of the EE cdicients values for each zone, and what is
their respective evolution rule. These fio®ents are given for international and domestic traveld, an
at the aggregated (domestidnternational) level.
Second, EE cd#cients values are compared in order to assess which regioares energy ficient
compared to the world’s average.
Third, within each zone, domestic EE d¢heients are compared with international EE méents.
This is done in order to test if domestic air travel is leSgnt than international air travel, as under-
lined in the literature.

Note that to our best knowledge this report provides for thet fime EE co#ficients at such a
detailed level{(i) by region; andii) by type of travel (domestigs. international).
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3.3.1 How do EE coefficients evolve overtime? An analysis for each zone and worldwide

EE codficients mean values, their yearly mean growth rates for suiogbs and the whole period, and
the rate of change during the whole period are provided ineTab. These cd&cients are presented
for domestic travel, international travel, and aggregdtkunestie-international) travel, and for each
region and the world.

Comments are not provided for the mean value of each zoneg @sthal figures obtained are not
meaningful. However, the comparison of theseffioents between and within regions yields signif-
icant economic insights. These comments are presentee itwthnext subsections (respectively in
Tables 16 and 17).

In what follows, only yearly mean growth rates are commenigon. As explained above, one
may observe the realization (or not) of enerdfyogency improvements over the last 30 years by com-
paring the evolution of EE cdicients overtime. EE cdicients indicate the quantities of Jet-Fuel
required to power the transportation of one ton over onenielier (recall eq(1)). Hence computed, a
decrease in EE cdigcients indicates that less Jet-Fuel is needed to power the gait of air transport.
Thus, negative growth rates of EE ¢eents shall be interpreted as energiyogency improvements.

All regions have registered energy fficiency improvements during the whole period at the
aggregated (domestig¢international) level. Effectively, all yearly mean growth rates are negative
(Table 15, sixth column), ranging from -0.80% (Africa) ta88% (the Middle Eastj. At the world
level, energy éficiency improvements have been equal to 2.88% per year durinthe whole pe-
riod (Table 15, sixth column, last lines). These values rank dtarally higher than usual estimates
obtained by the ‘bottom-up’ approach, which are around 2%heatigher end (Greene (1992, 1996,
2004), Eyers et al. (2004)). What comes to mind immediatelyterpret this diference between
the macro-level and ‘bottom-up’ approaches may be expiaasefollows. Recall that macro-level
estimates integrate potential improvements from ATM, Wheannot be done with the *bottom-up’
approach. This argument may indicate that ATM has a reahgiatan explaining energyféciency
improvements.

The next sections present the comparison between and wibions of these EE céiecients
values.

2ONote the presence of two outliers at the domessicinternational level: Africa registers a yearly mean gtowdte
of +3.50% at the domestic level during the whole period (thisoregecords however negative yearly mean growth rates
during the second sub-period); and Latin America regiséep®sitive growth rate 0#0.14% at the international level
during the whole period.
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3.3.2 Which region is more energy efficient?

To compare EE cdicients between regions, three kinds of ratios between EHicieats are com-
puted. Results are presented in Table 16.

In Table 16, aggregated (domesticinternational), domestic and international EE ftagents
mean values of each region are compared to the world onefiédowhole and the corresponding
sub-periods. To do so, ratios presented in the first (resdctsecond and third) line of theth
region correspond to, for the period under consideratio®a,aiggregated (respectively domestic and
international) EE ca@cient mean value of thieth region over the aggregated (respectively domestic
and international) EE cdicient mean value of the world. In other words, these ratiescamputed
as follows:

EEi ik

EEwk

whereEE;x represents the EE cfirient mean value of region at timet={1983-1996; 1996-

2006;1983-2006}, and for kind of travek={aggregated; domestic; international} andEE,;x repre-

sents the EE cdicient mean value of the world, at tinte{1983-1996;1996-2006; 1983-2006}, and
for kind of travelk={aggregated; domestic; international}.

)

For instance the value in the first line of the first column §).Bepresents the relative energy
efficiency mean value of the Central and North American regiomdut983-1996, when compared
to the world’s energyféciency. It corresponds to the ratio aP3E-0.7/4.17E-0.7, where 3.93E-0.7
is equal to the Central and North American region EEficcient value during 1983-1996 (Table 15,
first line, first column), and 4.17E-0.7 is equal to the W&IBE codficient value during 1983-1996
(Table 15, third to last line, first column).

Again, according to eq(1), EE cfirients mean values shall be interpreted as the quantityt-of Je
Fuel required to transport a given quantity (ton) over amigstance (kilometer). A ratio superior to
one means that one needs more quantity of Jet-Fuel to trdrap®ton kilometer in a given region
compared to the world’s average. Thus constructed, a rdt9 1 means that the region’s energy
efficiency is inferior (superior) to the world’s energffieiency.

During the whole periott (Table 16, column 3), aggregated (domestimternational) EE ratios
are less than one for four regions (Central and North AmeEoappe, China, Asia and Oceania), and
greater than one for the four others (Latin America, AfriBaissia and CIS, the Middle East). This
result means that, for aggregated (domesticternational) travelthe former regions are in average

2lComments apply only for the second sub-period for RussiaGigd and China. See above in Section 3.3 for more
details.
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more energy dficient during the whole period than the world’s benchmark. In the contrarythe
four latter regions are less energy fficient than the world’s average during 1983-2006Accord-
ing to previous literature (Gately (1988), Greene (1998612004), Vedantham and Oppenheimer
(1998), Eyers et al. (2004)), these results appear quitetirg except for the Middle East region.
Indeed, according to the results, the Middle East seems th@& more energy-intensive than the
world’s benchmark (Table 16, sixteenth line, third colummis particular case is further investigated
below by a visual inspection of the data. Comments are nodudbveloped at the domestis inter-
national level, since they follow the trends observed aatigregated (domesticinternational) level.

Figure 20 provides a visual representation of the evolubBEE codficients. It compares each
region’s aggregated EE ciieients against the world’s benchmark (left panel).

EE codficients correspond to the ratio of two time-series: Jet-Eaakumption over Air tric.
To understand EE cdigcients evolution (Figure 20, left panel), one needs thusitawkthe evolution
of the two time-series. That is why they are also represantadddle and right panels.

By looking at Figure 20, one may observe the results commentddble 16. EE cofcients
(solid black curve) of Central and North America (first lineftlpanel), Europe (second line, left
panel), Asia and Oceania (seventh line, left panel) and Cleiigdth line, left panel) are globally be-
low the EE world’s benchmark (dashed black curve). Oneawets indeed the result that these regions
are the less energy-intensive in the world. Similarly, tame patterns as in Table 16 are observable
for the four more energy-intensive regions.

Figure 20 provides an additional information compared told4.6: all EE trends are decreasing
globally. These globally decreasing trends illustrate &zech region has achieved energyfficiency
improvements, as it has been already highlighted in Table 16.

As explained above, the middle and right panels of Figurelvao understand the evolution
of EE codficients by representing the evolution of its constituentreggtes: Jet-Fuel consumption
(expressed in Mtoe, middle panel) and aiffia(expressed in ATK, right panel).

This representation is convenient, since it may explainatipeiori counter-intuitive results ob-
served in the Middle East. Indeed, Table 16 indicated thatrégion is less energyfeient than the
world’s benchmark. It is common knowledge that the MiddlestEarline companies are currently
purchasing a lot of new aircrafts. Thus, they have a highet fienewal rate than other airlines. One
may deduce that in this region the performance in terms afygreficiency should be relatively better
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than the world’s benchmark. By looking at the left panel ofufegg20, EE cofficients are ffectively
always above the world’s benchmark during the period, bey thave dramatically decreased since
2001 to be below this benchmark in 2006. When looking at thiet piganel of Figure 20, a strong
increase of the tféic registered in this region may be noted since 2001. Howewer,cannot notice

an equivalent increase in the consumption of Jet-Fuel duhia same period in the middle panel of
Figure 20, which means that energ§i@ency improvements must have occurred through the use of
newer aircrafts.

To summarize, it has been identified tlsaime regions appear ffectively more energy #icient
than others. This result is not neutral when realizing Jet-Fuel demamddasts.Ceteris paribus, a
relatively less energyfgcient region which encounters a dramatic increase of itsatiic will lead to
corresponding higher Jet-Fuel demand forecasts thantavedyanore energy £icient region.

3.3.3 Aredomestic air travels less energy efficient than international ones?

To reply to this question, one proposes to compare EHicants within regions. To do so, three
kinds of ratios between EE cfigients are computed. Results are presented in Table 17.

In Table 17, within each zone, domestic and internationac&&icients mean values are com-
pared to respectively aggregated (domestiaternational) and international ones for the whole and
the corresponding sub-periods. To do so, ratios presentttifirst (respectively second and third)
line of thei-th region correspond to, for the period under considematibe domestic (respectively
international and domestic) EE d@eient mean value of thieth region over the aggregated (respec-
tively aggregated and international) EE fia@ent mean value of the same region. In other words,
these ratios are computed as follows:

Ei,t,dom

) i E
First Ratio =

Ei,t,agg

Second Ratio = ——" (3)
E Ei,t,agg

E Ei,t,alom

Third Ratio =
EEitint

where:
EEiq4om represents the EE cfircient mean value of regian at timet={1983-1996; 1996-2006; 1983-
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2006} for domestic air travel,

EEi ag represents the EE cfiient mean value of region at timet={1983-1996; 1996-2006; 1983-
2006} for aggregated (domesticinternational) air travel,

EE;i.in represents the EE cficient mean value of regioin at timet={1983-1996; 1996-2006; 1983-
2006} for international air travel.

For instance the value in the last line of the third columi33) represents the domestic relative
energy éiciency mean value of the world during the whole period, whangared to its international
energy diciency. It corresponds to the ratio of36E — 0.7/3.28E — 0.7, where 4.36E-0.7 is equal to
the world’s domestic EE cdicient value during the whole period (Table 15, second-sbiiae, third
column), and 3.28E-0.7 is equal to the World’s internatidia codficient value during the whole
period (Table 15, last line, third column).

Again, according to eq(1), EE cfiients mean values shall be interpreted as the quantityt-of Je
Fuel required to transport a given quantity (ton) over amgistance (kilometer). Thus constructed, a
ratio>(<) 1 means that the energtfieiency of the kind of travel in numerator is inferior (Supejito
the kind of travel in denominator. These ratios aim at conmgarvithin each region(i) the domestic
vS. aggregated (domestimternational) EE co@icients mean valuesii) the international vs. aggre-
gated (domestieinternational) EE coicients mean values, ar{di) the domestiass. international
EE cosdficients mean values.

Hence, the value 1.33 indicates that there is a ratio of o3#he between world’s international
and domestic energ¥fteciencies for the whole period. Thus, at the world level, dsticeenergy &i-
ciency appears to be lower than the international one. Tdnsneent applies in all regions: domestic
energy diciency appears to be inferior to international enerficiency whatever the region con-
sidered (third line for each zoneThis result confirms the intuition that domestic air travels are
more energy intensive than international air traffic. One of the main reasons advanced in previous
literature is that domestic flights are more energy intendive to more frequent takéf@nd landing.

Figure 21 clearly illustrates this stylized fact. At the Vablevel, international air travels (black
dashed line) are more energieient than domestic air travels (gray dashed line), ovelasigtwenty
years. Indeed, the domestic EE flusents curve is above the one for international EEfitcients?.
Thus, this figure illustrates previous results presentetalie 17. Moreover, the decreasing trend of
the three curves illustrates the results presented in THhldoth international and domestic air

22As a consequence the aggregated (domestitternational) EE caiicients curve (solid black line) is between the
two other ones.
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Figure 21: Comparison of the evolution of (i) aggregated (domesiiaternational), (i) domestic and (iii)
international EE caficients at the world level from 1990 to 2006. Source: Authors, from |G&@ IEA data.

travels — and as a consequence aggregated (domestiternational) air travel too have encoun-
tered energy dficiency improvements during 1983-2006 at the world level.

The same kind of figures may be obtained at the regional |&¥ey are not provided here as they
would exhibit exactly the same kind of pattern and stylizacf?.

The two precedent remarks lead then to the follonshgized fact: even if both international
and domestic air travels have encountered energyflgciency improvements from 1983 to 2006,
international air travels appear to be less energy intensig than domestic air travels.The macro-
level approach proposed in this report conducts then to sameusions drawn from previous liter-
ature, but obtained with ‘bottom-up’ approaches. Applieair trafic at the world level, the macro-
level approach allows to quantify this stylized fact: amflic eficiency gains have been equal to
+4.08% per year and1.00% per year during the whole period, respectively faenmational and do-
mestic air travels (see Table 15, last lines, sixth colurBii)l at the world leveldomestic air travels
are 1.33 less energyflicient than international ones during the whole period(see Table 17, last
line, third column).

Compared to previous literature (Gately (1988), Greene4 12996, 2004), Vedantham and Op-
penheimer (1998), Lee et al. (2001, 2004, 2009), Olsthod@0X), Eyers et al. (2004), Whitelegg
and Cambridge (2004), Macintosh and Wallace (2008), MazzaadtFaquih (2008)), energyieiency

ZThese figure may be obtained upon request.
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gains drawn from the macro-level approach are relativegéi.

To conclude, this section allows us to obtain ’aggregatdei’cBeticients and their growth rates
from 1980 to 2006Central and North America, Europe, China, Asia and Oceania ae in average
more energy dficient than the world’s benchmark. At the world level,domestic energy #ficiency
appears to be lower than the international one.This comment applies in all regions. One of the
main reasons advanced in previous literature is that dacrféghts are more energy intensive due to
more frequent takefband landing. Thugnternational air travels appear to be less energy inten-
sive than domestic air travels. Regarding energy policy issues, these results indicateathagher
development of international air ffac compared to domestic air ffic yields, ceteris paribus, to a
less important increase of Jet-Fuel demand.

In the next section EE cdiécients obtained by our ‘'macro-level’ methodology are usecbinvert
air traffic projections into quantities of Jet-Fuel.
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4 Econometric Analysis of Air Traffic Determinants and Jet-Fuel
Demand Forecasts

This section presents first the econometric analysis ofafiid determinants. Combined with those
of the previous section, these results are then used togpdge Fuel demand in the mid-term (2025).

As explained in the introduction, Jet-Fuel demand cannainbdelled directly. A preliminary
step is required by modelling air ttec mobility. Indeed, Jet-Fuel is not purchased for itself; fiou
the services that it provides: flying for leisure or businasd transportation of goods and services.
Thus it appears necessary to first examine the specific dbastics of demand in the aviation sector
to understand the past evolution of airffiet, and second anticipate its evolution before deducing
Jet-Fuel demands. That is why most studies model first theaddrfor mobility in air transporta-
tion, and second deduce Jet-Fuel demand from these esti(Bat& (1986), Gately (1988), Schafer
(1998), Vedantham and Oppenheimer (1998), Graham (20@@)] Seraj et al. (2001), Battersby and
Oczkowski (2001), Lee et al. (2001), Olsthoorn (2001), Lind aMcAleer (2002), Bhadra (2003),
Wickrama et al. (2003), Lai and Lu (2005), Bhadra and Kee (20@&zraati and Faquih (2008), Dft
(2009)).

In a first step, the influence of air traffic determinants is estimated using econometric anal-
ysis. This analysis supports an interpretation of world aifficagrowth in which GDP and Jet-Fuel
price play a central role. The former has a positive influesrcair trafic whereas the influence of the
latter is negative.

Depending on assumptions made on the evolution of dlidrdrivers we obtain dierent air tréfic
projections. According to outbusiness as usual’ scenario, at the world level, air tfitc (expressed
in RTK) should increase with a yearly average growth ratebaiud 4.7%. These air tfiac forecasts
differ from region to region. At the regional level yearly averggowth rate range from 3 % in North
America to about 8.2 % in China.

In a second step, EE coficients and their growth rates (corresponding to the evolution of en-
ergy gains) obtained in SectioraBe applied to these air traffic projections to deduce the evolution
of Jet-Fuel demand until 2025.As traffic (and energy)féciency difer among regionslet-Fuel de-
mand projections are given at a regional levetoo.

24Recall that the evolution of air tfiac depends mainly on the drivers of demand in the aviatiorosect
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The section is organized as follows. The first subsectionrte@nd discusses the econometrical
results. It also presentsftérent air tréfic scenarii. In the second subsection thesedtitaforecasts are
converted into a quantity of Jet-Fuel to obtain Jet-Fuel @®hprojections.

4.1 First step: Econometric analysis and forecasts of air trific

First, the econometric analysis is conducted, and secanfibtbcasts of air tféic are performed.

4.1.1 Air Traffic Econometric Analysis

Gravity models appear to be the most intuitive modelingsesih represents a way to model journeys
by following specific routes (Jorge-Calderon (1997), Gralia@®9), Wojahn (2001), Becken (2002),
Swan (2002), Bhadra (2003), Jovicic and Hansen (2003), Nggg(2006), Wei and Hansen (2006),
Grosche et al. (2007), Bhadra and Kee (2008), DfT (2009)). élew this approach is not adopted
here for diferent reasons. The first reason is linked to data accesatioms. Recall that ICAO pro-
vides air trdfic by routes only for international scheduled airffia(not for domestic air tréc)?.
Second, even if all routes data could be accessed, therelwemlain the problem of re-aggregating
journeys by route which can be extremely time consuming sTHgravity models appear to be more
appropriate at first glance, they do not necessarily fit wakmone wants to model jet-Fuel demand
at the worldwide level.

For all these reasons, a more parsimonious approach issablogte by modeling air tfiac demand
based on panel-data econometric techniques. Before piregéime estimates, the potential explana-
tory variables of air triic are detailed (Gately (1988), Greene (1992, 1996, 2004)anMbham and
Oppenheimer (1998), Lee et al. (2001, 2004, 2009), Eyers €2@G04)).

4.1.1.1 Analysis of potential determinants

This section presents the main drivers of aifficademand. As recalled in the introduction, the lit-

erature identifies broadly three categories of aifficalrivers. The first type is represented by GDP
growth rates, the second deals with ticket price, and thrd toncerns exogenous shocks. Besides,
the magnitude of the influence of these aifficadeterminants depend on Regions’ market maturity.

25When forecasting Jet-Fuel demand at the worldwide leves$, daita limitation generates some incoherence in the
methodology used: international airfiia may be modeled by route, while domestic air transport canirtas limitation
involves to use another type of dataset.
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Figure 22 presents the respective growth rates of world @®Rvorld air trafic (measured in
RTK).
201,
15 +

Figure 22: Comparison of GDP (solide line) and world aiffica(dashed line) growth rates during 1981-2007.
Source: Authors, from ICAO and Thomson Financial Datastream Data.

Figure 22 confirms that world air tifac has been increasing at 6.4% on average during 1980-2006
(see Table 1), while world’s GDP growth rates with a mean ealti3.3%. When comparing GDP
growth rates and the rate of growth of the variation sectwe, may conclude that the aviation sector is
characterized by a dynamic growth compared to other seictdine economy. GDP constitutes by far
the most important determinant of air fiia (Gately (1988), Greene (1992, 1996, 2004), Vedantham
and Oppenheimer (1998), Lee et al. (2001, 2004, 2009), Esteak (2004)). Moreover, we notice
a high variability in the range of world’s air tfiec growth rates, going from20% in 1983 to -6% in

2001.

Ticket Prices
Dresner (2006) and Graham and Shaw (2008) show that thests exnegative elasticity between

ticket prices and air tific: the higher ticket prices, the lower the demand for fligMere particularly,
Dresner (2006) indicates that leisure passengers dispjagihelasticities of demand and lower val-
uations for travel time compared to business travélessccording to Graham and Shaw (2008), the
escalating desire and propensity to fly is driven by the gngvelfordability of air travel, which stems
from increased disposable income and the growth of low-ainkhes. Low fares allow customers to
fulfill derived demand in a much wider variety of ways and mofen while also stimulating latent

26Thus, the percentage of leisure to total passengers iy likdéhcrease as low-cost air carriers increase their market

share.
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demand at regional airports. This is satisfied with rel&gigenall aircraft flying short sectots

Besides taxes, the two other main components of plane tieket$irst wage costs and second
Jet-Fuel prices. Prices variation of these two inputs imibgeunitary costs, and thus ticket prices fixed
by airline companies. Apart from wage costs, the strongemee in Jet-Fuel prices between 2002 and
July 20088 has fostered numerous debates, more especially abouttthectarge to be paid in order
to cope with Jet-Fuel prices increases. Airline comparée® introduced an extra-charge for Jet-Fuel
since its strong increase was impacting negatively thearagng costs. Thus, the share of Jet-Fuel
in airline companies’ operating costs has risen from 13%0022to 36% in 2008, according to the
ICAO. When crude oil brent prices have been remarkably high(gbsitive) impact of Jet-Fuel prices
on airline companies’ ticket prices has become quite frge

At least in the short term and for relatively modest pricasaten, it seems that ticket prices has
a limited impact on demand in the aviation sector. This faay e illustrated as follows. Figure 1
shows that air tréic has increased dramatically between 2002 and 2007. In tatmee, average
ticket prices have been increasing due to crude oil brenépnicreases (see Figure 23 for a represen-
tation of the Jet-Fuel Price evolution between 1980 and ROYese arguments lead to minimize (not
eliminate) the negative impact of tickets’ price levels @mtnd in the aviation sector. Indeedieris
paribus, other drivers seem to have a stronger impact on demand iavieéon sector. However,
when ticket prices reach a given threshold (top or bottomytoen they are characterized by signifi-
cant (positive or negative) variation levels, demand eqaite rapidly. The introduction of low-cost
airlines in Europe since the middle of the 1990s, and thestral changes that it caused on demand,
is a good example of such phenom&ha

Exogenous Shocks

With respect to Figure 1, one may observe a strong increastigity in the aviation sector, which
corresponds to the evolution of GDP analyzed above. Thaigeolof air trdfic seems to over-react
to exogenous shockKs It is important to distinguish between two types of exogenshocks. The
first type corresponds to a slow-down in economic activiighsas the influences of the restrictive

2"Note however that this industry has changed the socialtsieiof air travel, but has also accelerated the growth rates
of a mode that is the fastest-growing cause of transportigritmution to atmospheric emissions.

28Jet-Fuel prices appear to be strongly correlated with imerte oil prices.

29This impact may be captured with a delay to airline comparfiesl hedging’ behavior, which aims at avoiding the
negative impacts due to rapid increases in crude oil brecgeqr

3ONote, to our best knowledge, there is no study that attenopisiantify the impact of low cost airline companies on
increased air tiféic.

31See for instance Gately (1988), Alperovich and Machnes4)L 8itt and Witt (1995), Oppermann and Cooper (1999),
Hatty and Hollmeier (2003), Lai and Lu (2005), Koetse andWRikel (2009) for specific analysis offéiérent shocks on air
traffic.
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monetary policy led by the U.S. in 1982 (with correspondirigFGand air tréic growth rates respec-
tively equal to 0.88% and 0.3%), the first Gulf-War in 1991tfweorresponding GDP and air fii@
growth rates respectively equal to 1.47% and -3.7%), and#mn financial crisis in 1997 (with cor-
responding GDP and air titec growth rates respectively equal to 2.5% and 0.3%). Thensktype
corresponds to exogenous shocks specific to the aviatidorssach as the/21 World Trade Center
Attack (with a corresponding air tffé&c growth rate equal to -5.99%), and the epidemic of SARS in
2003 (with a corresponding air titec growth rate equal to 4.26%).

Influence of regions’ market maturity and short/medium haulsvs. long hauls

The main drivers of demand in the aviation sector have betmnlel@. \While not exhaustive, this
description shows that the number of these drivers is guntieedd. Their influence varies depending
on two criteria. Indeed, demand in the aviation sector - Ardrtfluence of its drivers - is not the same
depending orfi) shorfmedium haulsss. long hauls, andii) the maturity of the market in the region
considered.

Short/medium hauls vs. long hauls
Compared to shafhedium hauls, long hauls are less sensitive to competitmm flternative trans-
portation means. This situation explains why the (negatffect of ticket prices on demand in the
aviation sector is less important for long hauls. To syn#teed ong hauls are less sensitive to ticket
prices because of the lack of alternative transport modehése kind of travels.

Air transport market maturity of geographical regions
The degree of maturity of the aviation sector, and thus tleevthr rate of the trlic, is linked to the
level of economic development of a given regional zone (semétance Vedantham and Oppenheimer
(1998)). Globally, the growth rate of air ff&c is higher in developing countries like India and China
than in OECD countries. At a certain point in time, the marleetrss to reach maturity and its growth
rate decreases towards the GDP growth rate. Regarding thegeiggraphical regions exhibited in
this report, the air transport market of both Europe and @éatrd North America appear to be the
more mature. Following the typology proposed by Vedanthath@ppenheimer (1994, p.17) Africa
seems to remain in th@ransition’ stage of {Aviation] Market Life Cycle’ whereas the five other re-
gions are in its ‘Growth’ Stage. According to the authors, ltitter stage corresponds to the period of
the aviation market life cycle in which air tifec growth rates are likely to be the highest. Besides, the
most part of countries composing ‘China’ and the ‘Asian caestand Oceania’ regions are rapidly
developing economies. Thus, the perspectives of growthdraviation sector are more in Asia than
in Europe or the U.S.
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We turn now to the presentation of the econometric spedificat To take into account the lat-
ter criteria @ir transport market maturity of geographical regions), the modeling is realized for the
following eight regions: Central and North America, Latin Anta, Europe, Russia and CIS (Com-
monwealth of Independent States), Africa, the Middle EAstan countries and Oceania. As already
explained, the eighth region is China, in order to have a fipdotus on this rapidly developing coun-

try.

4.1.1.2 Data and econometric specification
This section presents first the data used, and second theraetnit specifications.

Data

Air Traffic data are the same as used in Section 2. It spans the timel g@ilng from 1980 to
2007, and has been obtained from the International Civil #dseOrganization (ICACG¥Y.
As explained above, one of the interest of this databasastems providing data by country, and not
by pre-aggregated regions. Thus, it allows to recomposeiaayof regions on angcenarii. Within
the database by country, statistics are provided for asliregistered in a given country on a yearly
basis. Another advantage lies in the possibility to accéamfreightvs. passenger, and for domestic
vs. international air tréic within each zone.
Air traffic data have been re-aggregated for each of the eight gedcmbpgions. These data cor-
respond to the total amount of air fiig of these regiori$ (such as those presented in Table 1 for
instance), and are expressed in RTK. Indeed, as explairagabargo tréic is measured in RTK
whereas passengerfiia is expressed both in RPK and RTK.

Data for GDP time-series (expressed in 2000 constant USD)aken from Thomson Financial
Datastream. Series have been obtained for all countrieshemdre-aggregated by region. Thus, 9
series of GDP are computed: one for the world and one for ead. z

Jet-Fuel price is expressed in 2000 constant USD per tonofigimal series, expressed in current
terms, have been obtained from Platts. Figure 23 displayswblution of Jet-Fuel prices during 1980-
2007, which may be used as a proxy of ticket prices. Indeemhrding to the literature (Abed Seraj
et al. (2001), Battersby and Oczkowski(2001), Bhadra (2008)and Lu (2005), Bhadra and Kee
(2008)), the time-series of tickets prices is unobservailat least hard to investigate empirically.

32The ICAO database used in this report is the ‘Commercial Airriérs - Trdfic’ database.
330ne do not discriminate anymore neither between domediiagrnational travels nor between freight and passenger
air traffic.
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The time-series of Jet-Fuel prices exhibits a wide vaiiigtiluring the period, going from 143%n
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Figure 23: Evolution of Jet-Fuel prices during 1980-2007. Expregs@000 constant USD per ton. Source:
Authors, from Platts.

in 1998 to 730fton in 1980. During 1980-1986, the price of Jet-Fuel has brapidly decreasing
as a reboundftect of the second oil crisis. Until 2003, the time-seriestflated in the range of
150-300%on. Due to its strong correlation with the brent crude oirkes Jet-Fuel prices have been
rapidly increasing since 2004 (up to 6@@#), mainly due to dramatic increases in worldwide energy
demand.

Econometric specifications

According to the discussion presented in Section 4.1G0PR, Jet-Fuel prices (used as a proxy
of ticket prices) and some exogenous shocks should have aflience on air traffic. But the mag-
nitude of the influence of these air trdfic determinants seems also to depend on air transport
market maturity which vary widely among the eight geographical regions previously identi-
fied34.
Following this discussion, and to take into account thféedent regional air transport market matu-
rities, the role played by these variables on aiffitas estimated usinganel-data modeling As
detailed below, cross-sectional units of the panel-datapsa correspond to the eight zones. More-
over, our panel-data sample is closer to time-series data ¢hoss-sectional data as it contains, in
particular, Jet-Fuel price and the eight geographicaloregjiair trdfic and GDP time-series. It ap-
pears thus suitable to include the lagged dependent vargabhbng regressors.

34These arguments have already been presented in Sectitri4 3ee this section for more details.
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Then it comes that theconometric specificationretained in this report to test the influence of
previously identified air tidic determinants is the following dynamic panel-data model:

Irtkj’t = 'y|l"[ki,t_1 + Xi,,tﬁ + Qi t + €t (4)

with t={1980, ..., 2007} the period on which air tfAc data have been obtained ard Central
and North America, Europe, Latin America, Russia and CIS Africa, the Middle East, Asian countries
and Oceania, China} the eight regions considered.

Irtk; ¢ is the log of the-th region’s air tréfic (expressed in RTK) at timeand, as usualof; + €;)
is the composite error term.

X; . is the vector of explanatory variables.
X, = {lgdpit, sgrowth, csgrowth, sair, csair, | jetprice} wherelgdpi; is the log of thei-th region’s
GDP at timet, sgrowth is a dummy variable for slow-downs in GDP activigggrowth is a dummy
variable for counter GDP activity shocksair is a dummy variable for shocks specific to the avia-
tion sectorcsair is a dummy variable for counter-shocks specific to the auegiector, andljetprice
corresponds — to simplify — to the log of the Jet-Fuel priee(selow for a more detailed description
regarding the latter variable specifications).

Regardingexogenous shocksas explained above, two kinds of variables may be compuigd:
slow-down activity shocks, anfi) aerial-specific shocks. For each category, two kinds of dymm
variables have been computed. The first orsgsofvth and sair) are equal to 1 the year the shock
occur, and 0 otherwise. According to previous literatura @nd Lu (2005)), air tidic may over-react
after these shocks. To test this hypothesis, a second cgtefjdummy variables is useaggrowth
andcsair) which are equal to 1 the two years following the shock, andh@mvise. Following what
have been explained in Section 4.1.Xdrowth is equal to one for the years 1982, 1991 and 1997 and
sair is equal to one for the years 2001 and 2003.

Regarding thelet-Fuel price variable,l jetprice, two different specificationsare investigated to
uncover the influence of Jet-Fuel price on aiffiademand. As a consequence, ltfetprice variable
can be decomposed in two ways: eithptprice = {ljetp}, orljetprice = {l jetpup;_1, | jetpdown}.
ljetp; is simply the log of the Jet-Fuel price at timel jetpup,_; is the log of the upward Jet-Fuel
price lagged one period ahgdjetdowny is the log of the downward Jet-Fuel price at tim&he former
specification(jetprice = {l jetp}) is the most straightforward approach, while the lattecgmation
(Ijetprice = {ljetpup;_1, | jetpdown}) takes into account thresholdfect of Jet-Fuel price changes
(respectively above and below 300 US$).
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This leads us to express and estimate, see beloveg.(4) in two different ways, depending the
way Jet-Fuel price is modeling.
The first specification of eq.(4) is:

Irtki; =ylrtki .1 + B1lodpi; + nal jetpy

(5)
+ B2Sgrowth + Bscsgrowth + B4sair + BsCsair + ai + €t
The second specification of eq.(4) is:
Irtki e =ylrtki;_1 + B1lgdpis + n2l jetpupe_1 + 173l jet pdowny (6)

+ B2Sgrowth + Bscsgrowth + B,Sair + BsCsair + aj + €t

Concerning the second specification of the Jet-Fuel pricablar(eq.(6)), two kinds of variables
have been computedljetpup;_, andl jetpdown.
As explained in Section 4.1.1.1, above a given thresholkh(as 300%&on), Jet-Fuel prices constitute a
significant part of airline companies’ operating cé3t3hus,Jet-Fuel prices may have a non-linear
effect on air traffic: this variable may have dfectively a negative impact on air trafic, but only
above a given price threshold.To test this hypothesis, one variable is computed as a ashict
of a dummy variable — equal to 1 when Jet-Fuel prices’ valabm/e 30080on*® and zero otherwise
—and of the Jet-Fuel price series. Hence computed, the-prodsict variable is equal to the Jet-Fuel
price, but only when the latter is above 3@@®. To be clear, this cross-product variable takes the
value of 0 whenever Jet-Fuel prices are below the thresH@0@ston.

Moreover, previous literature indicates thlais non-linear effect may differs depending on the
existence of an upward — or downward Jet-Fuel price trend.Indeed, on an upward (downward)
Jet-Fuel price trend, airline companies anticipate irgirgp(decreasing) Jet-Fuel prices. As a con-
sequence, on an upward price trend (above 866% airline companies purchase Jet-Fuel through
forward contracts to limit the anticipated increase in thegof Jet-Fuel. This does not hold neces-
sarily however on a downward price trend.

To test for this potential asymmetric non-linedieet, and similarly to the methodology used for
the cross-product variable described above, two crossugto/ariables are computed.

First,| jetpup,_; is computed as a cross-product of a dummy variable — equatteh Jet-Fuel prices’

35According to ICAO (2007), the share of Jet-Fuel price inia@lcompanies’ operating costs has skyrocketed from
about 13 % in 2002 to 36 % in 2008. Whereas in the meantime, the pf a ton of Jet-Fuel has risen from about 200
(2000 constant) USD to more than 600 (2000 constant) USDrigeee 23.

36This threshold has been fixed considering the average léulgteFuel prices variation over the whole period (see
Figure 23). After experimenting for other thresholds, srpsoduct variables were only found to be significant as such
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value is above 300%n on an upward trend (see Figure 23) and zero otherwise — and of the Jet-Fuel
price series. Hence computed, the cross-product varialegual to the Jet-Fuel price, but only when
the latter is above 30@%n on an upward trend. Note that this variable is lagged one period to take
into account the airline companies’ forward contractingdaeor.

Second] jetpdown; is computed as a cross-product of a dummy variable — equaidoeh Jet-Fuel
prices’ value is above 30@®n on an downward trend (see Figure 23) and zero otherwise — and of
the Jet-Fuel price series. Hence computed, the cross-gredtable is equal to the Jet-Fuel price,
but only when the latter is above 3Q@$ on an downward trend. Contrary tol jetpup,_1, | jetpdown,

is not lagged because airline companies do not purchasarfdmontracts in a context of downward
Jet-Fuel prices.

Note that the first letter ' — figuring at the beginning dfetpup;_; andl jetpdown, indicates that one
have taken the log of these two variables when introduciegitin eq. (6), as it is usual in panel-data
models.

The econometric specification has been explained in ddtiad.next section presents estimates of
these two specifications.

4.1.1.3 Estimation results and interpretation

The panel-data sample used in this report to estimate ean(beq. (6) is a long-panel data¥et
Moreover, the econometric specifications of eq.(5) andbgds(characterized by a dynamic structure
that specify the dependent variable for an individuetk(;) to depend in part on its values in previ-
ous periods. As a consequentraditional panel-data estimation approaches (fixed and radom
effects models) are not appropriateand then not presented here. Indeed, if the lagged dependent
variable is included among regressors, the fixfdats needs to be eliminated by firstfdrencing
rather than mean-fierencing®.

Our generic econometric specification (Eq. (4)) becomes then

A|I‘tkm = ’)/Alrtki’t_l + Axil,t ﬁ + AGi,t (7)

whereg;; is now supposed to be serially uncorrelated (this assumggitestable, see below).

37Long-panel dataset are characterized by a relatively smatiber of individuals and a relatively long time peridd (
is small andl — o).
38For a general presentation of dynamic panel-data moda&s;ameron and Trivedi (2005).
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The descriptive statistics of variables used in eq. (7) arengin Table 18°.

Estimates results are presented in TableB§. (5) and eq. (6) in first-differencesare estimated
using the Anderson—Hsiao (Anderson and Hsiao (1981 column (1), Table 19 -and the GMM
(Arellano and Bond (1991))- columns (2) and (3), Table 19estimators Note that these estimates
results are only presented in reduced form.

As explained in Cameron and Trivedi (2005), Anderson anddi&i@81) proposed IV estimation
usinglrtk;;_»*°, which is uncorrelated with¢;, as an instrument foklrtk,;_; in eq. (7). The regres-
sorsx;; are used as instruments for themselves as they are stixcifyeaeous.

As explained in the previous paragraph, the first column oleld9 reports the Anderson—-Hsiao es-
timator for eq. (5) and eq. (6) in firstderences. The null hypothesis of the endogeneity test is
‘variables are exogenous. According to theP — value of this test P — value = 0.03 < 0.05), one can

not accept this hypothesis when using this estimator.

According to column (1), no explicative variables, excepk;_;, are statistically significantdrtk; ;
seems thus to follow an AR(1) process when the model is estighasing the Anderson—Hsiao es-
timator. This result holds whatever the econometric sptifin of the Jet-Fuel price variable (esti-
mates of either eq. (5) or eq. (6) lead to the same reduced dstimate presented in column (1)).
Unsurprisingly, the ca&cient of Irtk;;_; IS positive, indicating a positive influence of previous air
traffic level of thei—th region (rtki;_1) on its current air tréic level (rtk;;).

The two last columns of Table 19 report the estimates restifsspectively eq. (5) — column (2),
Table 19 — and eq. (6) — column (3), Table 19 — from the (ong}sEMM estimator.

This estimator is also called the Arellano—Bond estimattarairellano and Bond (1991), who
detailed implementation of the estimator and proposed tefsthe assumption thaf; are serially
uncorrelated (Cameron and Trivedi (2005)). This estimasor loe thought as an extension to the
Anderson—Hsiao estimator. Indeed, the approach of Areléard Bond (1991) is based on the notion
that the estimator proposed by Anderson and Hsiao (198F nlaieexploit all the information avail-
able in the sample. Compared to the former estimator, the Gslivhator proposes to make a more
efficient use of the information in the dataset by using additidengs of the dependent variable as an
instrument. By using additional instrument variables, thdNGestimator proposed by Arellano and
Bond (1991) leads to mordfieient estimates.

For a largeT (relatively to cross-sectional units), the Arellano—Bonethod generates many in-

3%The first-diference of a variable expressed in logarithm may be appraearzy its growth rate. This reason explains
why Table 18 summarizes descriptive statistics of the gnaates of the explanatory variables of airffia

40As indicated in the last line of Table 19. This line indicaties both estimators, which instruments have been used for
Alrtki,t,l.

“IThis may explained why the Anderson—Hsiao estimator do ass$ phe endogeneity test.
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Variable Mean (%) Std. Dev. (%) Min. (%) Max. (%)
Air tra ffic growth rates (RTK)
Central and North America 5.22 4.89 -8.06 14.13
Europe 6.83 6.43 -5.74 27.04
Latin America 7.90 22.91 -34.92 84.80
Russiaand CIS -0.64 18.39 -39.82 39.99
Africa 5.81 23.38 -22.68 99.46
The Middle East 9.94 25.22 -31.76 85.08
Asian countries and Oceania 8.17 9.20 -12.81 35.23
China 12.30 6.91 3.02 30,00
World 6.64 5.09 -5.99 19.75
GDP growth rates (2000 constant USD)
Central and North America 3.02 1.65 -1.95 6.89
Europe 2.17 1.13 -0.69 4.26
Latin America 2.54 2.34 -2.55 6.21
Russiaand CIS -2,08 16.05 -72.83 9.54
Africa 3.19 1.53 0.06 5.78
The Middle East 2.85 291 -2.03 9.60
Asian countries and Oceania 8.21 2.07 2.25 11.33
China 9.89 1.58 7.60 13.10
World 3.33 1.12 0.88 5.15
Jet-Fuel Price growth rate (2000 constant USPon)

1.66 22.98 -40.23 62.00

Table 18: Descriptive statistics
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struments, leading to potential poor performance of asgtigptesulté?. This argument explains why
the number of instruments have been restrictddtkp,_, andlrtk;;_s, as shown in the last line of Table
19.

The quality of regressions presented in column (2) and (3)able 19 is verified through two
specification tests: the serial correlation teslsandm2 and a test of overidentifying restrictions (the
Sargan Test).

ml andm? are tests for respectively first-order and second-ordéal seorrelation, asymptotically
N(0,1). The null hypothesis of these tests is tBai/(Ae, A6i—k) = O fork = 1,2 is rejected at a
level of 0.05 ifP — value < 0.05. If ¢, are serially uncorrelated, we expect to reject at order hbtit
at order 2 (or higher orders). According®o- values of ml andm?2 tests, this is indeed the case for
both column (2) and (3) of Table 19. In each case,Rhevalue of ml is equal (or very closed) to
0.05. Thus we reject at order 1 at the level of 0.05. At ordé¥eZ,andAe;_, are serially uncorrelated
becausd® — values are both superior to 0.0%(— values of them2 test are equal to 0.78 and 0.90).
Regarding the second specification test, the Sargan stasistsed to test the validity of the overiden-
tifying restrictions. The null hypothesis of the SargantTssoveridentifying restrictions are valid’.
TheP — values of this test are equal to 0.19 for column (2) and 0.09 for cai§B). Thus the null hy-
pothesis that the population moment conditions are coisauit rejected because— values > 0.05.
Thus, there is no evidence either from the serial correidgts or from the Sargan test that reduced
forms estimates results presented in columns (2) and (RETLI are misspecified.

We turn now to the interpretation of these estimates.

Column (2) — Table 19 — presents the reduced form estimate.ofgn first-diferences from the
(one-step) GMM estimator. As in column (1)tki;_; is statistically significant and its cigient is
positive. Again, this indicates that tloairrent air tra ffic level of thei—th region (Irtk;;) depends
positively on its previous level [rtki;_;). Compared to column (1), thgdp;, variable is now sta-
tistically significant. Its cofficient is positive:the more the GDP of thei—th region is growing,
the more its air traffic is growing too. The growth shocks and sectorial shocks variables are both
statistically significant and their clicients are negative. This indicates thattra ffic (Irtk;;) effec-
tively overreacts to(i) slow-down activity shocks (thegrowth shocks variable) and (ii) (negative)
aerial-specific shocks gectorial shocks). The P — value of the test for equality of these two latter
variables (see Table 19, third-to-last line, column (2Bdsial to 0.001. Thus, one can not group these
two dummy variables in a single one. Both slow-down activitgcks and aerial-specific shocks have
a negative influence on air tiec but one should not confound these two kind of shocks. Fintie
price of Jet-Fuel, lagged or not (respectivejgtp,_, andljetp,), seems to have no influence on air
traffic as the coicients of these two variables are not statistically sigaific Contrary to Dresner
(2006) and Graham and Shaw (2008), our eq. (5) estimate tksg not indicate a negative elasticity

42See Cameron and Trivedi (2005) for more details on this stibje
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Anderson-Hsiao Arellano & Bond First-Differenced
First-Differenced GMM estimator
2SLS estimator
Reduced Form Reduced Form Reduced Form
First kind of modeling Second kind of modeling
of Jet-Fuel Price of Jet-Fuel Price
(€] ()] 3
Irtkit—1 1.019%** 0.868*** 0.666***
(0.065) (0.112) (0.135)
lgdpi ¢ 0.276** 0.363*
(0.132) (0.209)
ljetpt -
ljetpr-1 -
ljetpupt_1 - 0.014*
(0.008)
| jet pdowny - -0.015%**
(0.002)
growth shocks -0.059* -
(0.035)
growth counter-shocks -
sectorial shocks -0.116*** -
(0.030)
sectorial counter-shocks -
shocks (growth or sectorial) - -0.152%**
(0.039)
counter-shocks (growth or sectorial) -
constant - -4.518** -2.162
(1.979) (3.392)
Endogeneity Test (P-value) 6.52 (0.03) - -
m1 (P-value) - -1.8393 (0.06) -1.8997 (0.05)
m2 (P-value) - -0.27987 (0.78) -0.1219 (0.90)
Sargan Test (P-value) - 58.68 (0.19) 63.2889 (0.09)
Test for growth shocks céie = sectorial - 14.56 (0.001) 0.68 (0.41)
shocks cof. (P-value)
Test for ljetpup(t-1) cof. = ljetpdown cod. - - 10.34 (0.001)
(P-value)
Instruments Irtkit—2 Irtki 2, Irtki 3 Irtki¢_o, Irtki 3
Notes:

Sample: 8 geographical regions; 1980-2007.

Dependent variabldrtk; , the log of thei-th region’s air tréfic (expressed in RTK) at timie The variables used in the regressions are built
with the logarithms of the data described in Section 4.1.1.2.

The standard errors (reported into brackets, unless otberindicated) are robust standard errors that permit tiierlying errore ¢ to be
heteroskedastic but do not allow for any serial correlaitiog ¢, because then the estimator is inconsistent.

*+x % and * indicate 1%, 5% and 10% significance levels, respively.

The null hypothesis of the endogeneity tesivariables are exogenous'.

ml andm2 are tests for first-order and second-order serial cotvalaasymptoticallyN(0, 1). These test the first{iierenced residuals.

Sargan test is a test of the overidentifying restrictiondtie GMM estimator, asymptoticaljvz.

Table 19: Reduced form estimates results of eq. (5) and eq. (6) in ififstahces from the Anderson—Hsiao
(column (1)) and the Arellano—Bond (column (2) and (3)) estimators.
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between ticket prices (proxied by the Jet-Fuel price) antratic.

Before concluding to the non-existence of such an elastioitg may wonder if this latter result is
not due to a wrong specification of the influence of the Jet-puee variable on air tridic. Eqg. (6)
proposes another way to specify the influence of the Jet{piie# variable by taking into account
price thresholdsféects (see Section 4.1.1.2 for more details). Column (3) —€Ta®}- presents the re-
duced form estimate of eq. (6) in firstfirences from the (one-step) GMM estimator. ficents of
Irtki;_s1, lgdpi; and ‘shocks variables are not commented as the same comments thangressnted
in the previous paragraph apply Regarding the new way to specify the influence of Jet-Fuekpri
on air trdfic, | jetpup;_; andl jetpdown; are both statistically significants. This result tends tovpr
that Jet-Fuel prices have a non-linear ffect on air traffic**. Moreover the negative cfiggient of

| jetpdown indicates thatabove a given price threshold, Jet-Fuel prices havefkectively a nega-
tive impact on air traffic. The positive sign of jetpup;,_; seems then counter-intuitive, indicating a
positive elasticity between ticket prices (proxied by teeBuel price) and air tfac. The following
reason may explain this seemingly counter-intuitive residecall that the jetpup,_; variable is the
log of the upward Jet-Fuel price lagged one peribgtpup;_; is computed as a cross-product of a
dummy variable — equal to 1 when Jet-Fuel prices’ value ival30$ton on an upward trend and
zero otherwise — and of the Jet-Fuel price series. Thusrdiogpto Figure 23| jetpup,_; was equal to
the Jet-Fuel price serie (lagged one) during the periodggimom 2003 to 2008. This particular period
is characterized by an important increase of energy demaunsirgg a rapidly increase of all energy
prices. Thus, the positive sign bktpup,_; may actually just reflects this very particular period.

Econometric results of eq. (5) and eq. (6) and their intégpiens have been presented in this
section. As detailed in the next section, these resulthareused to build dierent air tréfic forecasts
scenarii. We turn now to the presentation of these aifficsforecasts.

“3Note however the relatively stability of these fibgients between column (2) and column (3), which tends togrov
the robustness of our results.

44This statement is also confirmed by fRevalue of the test for equality of the céigcients ofl jetpup_, andl jet pdown,
(see Table 19, second last line, column (3)). Tiis value is equal to 0.001, indicating that one can not accept the null
hypothesis that these two d&ieients are equals.
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4.1.2 In-sample prediction and air traffic forecasts

Following the discussion developed in Section 4.1.th8 reduced form estimate of eq. (6) in first-
differences from the (one-step) GMM estimator (Column (3), Tablel9) is used to generate air
traffic forecasts until 2025.The modeling presented in previous sections has beeneddbz eight
geographical zonegAir tra ffic projections are thus estimated for the following regions:Central
and North America, Latin America, Europe, Russia and CIS, Africa, the Middle East, Asian
countries and Oceania, and ChinaBefore presenting these forecasts, in-sample predictiafrat
presented in order to assess how well our model fit histodiatd.

4.1.2.1 In-sample predictions

After estimating eq. (6) by a dynamic panel-data estimatog, can compute the predicted values
of this model. Computing predicted values allows us to geaaerasample predictions: the values of
the response variable generated by the fitted model usitgyics data. Because cross-sectional units
of our panel-data sample correspond to the eight geogralpleigions already presented, the modeling
has been realized for each of these eight zones. The respamegle of our model itrtk;;, the log of
thei-th region’s air tréfic (expressed in RTK) at tim&® (recall eq. (6)). It is thus readily possible to
compute our model’ s predicted values of (the log of) aiffitgexpressed in RTK) for each of these
eight regions during the period 1981-2007.

Predicted values estimate average values of the depenaieable for given value of the regressors.
The precision of these estimates depends on the ‘qualitthe@imodel used and is measured by the
variances of the predicted values. Thus, in order to assegsvell our model fits historical data, we
provide interval predictions to complement point predios by obtaining their bounds. An interval
prediction is simply a confidence interval for the predictatlies. Thus, using the variance of pre-
dicted values yields to obtain a prediction interval forstgredicted values. One then obtains an
upper and lower bounds that contain predicted values witliengprobability?®.

Figure 24 (see Appendix) provides 95 % interval predictitmrgredicted values of (the log of)
air traffic (expressed in RTK) for each of the eight regions during taeopl 1981-2007. By com-
paring these interval predictions with (the log of) eachiorig air trdfic ‘true values, it is possible
to judge the ‘quality’ of our model. A well-specified modelaghd generate reasonable in-sample
predictions, that is predicted values relatively closeitdmnical data. A simple visual inspection of

4SWith, as already explainet{1980, ..., 2007} the period on which air tfac data have been obtained dr4 Central
and North America, Europe, Latin America, Russia and CIS, Africa, the Middle East, Asian countries and Oceania, China}
the eight regions considered.

46See Wooldridge (2006) for more about forming and interpgetnterval predictions.
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Figure 24 yields to conclude that, globally, in-sample prtdi values of our model fits historical data
rather well. Indeed,tfue values are, in most cases, inside interval predictions. Note hav¢hat
our model seems to over-estimate the ‘Latin America’ regiair traffics and to under-estimate the
‘Asian countries and Oceania’ region’s airffies.

Once computed each region’s predicted values of afficrat becomes readily possible to re-
aggregate these values at the world level. One then obtadigied values of air tfac (expressed in
RTK) at the world level and its 95 % interval prediction.

Figure 25 compares in-sample predicted values of affid¢rat the world level (bold line) withttue
values' of world air traffic (grey line) during the 1981-2007 period.
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Figure 25: In-sample predictions and evolution of world aifficg1° RTK) between 1981 and 2007.
Grey line: ICAO data, bold line: in-sample predicted values, dashed lirse% Biterval Prediction.

Figure 25 shows how well our model fits historical data at tleeldvlevel. In-sample predicted
values are very closed to historical dataThe 95 % Interval Predictions (dashed lines) indicates the
precision of these estimates.

The ‘quality’ of our model has been assessed. We can now miragetratic forecasts based on
this model.

4.1.2.2 Air traffic forecasts until 2025
Air traffic forecasts presented in this report are obtained by congpotit-of-sample predictions.

These out-of-sample predictions are generated by appth@gstimated regression function of eq.
(6) (column (3), Table 19) to observations that were not usepgbnerate the estimates.
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It is thus possible to obtain flierent air tréfic forecastscenarii; depending on assumptions made
on the evolution of air tridic drivers previously identified. One needs then to use hypothetical val-
ues of the regressors to generate aiffitaorecasts. In particular, it has been already underlined
that GDP growth rate is, by far, the most important aifficadeterminant. Thus, air tfié&c forecasts
presented below rely on a crucial assumption: the futuréugeo of the eight geographical regions’
GDP growth rates. The International Monetary Fund (IMFMmtes previsions of these GDP growth
rates until 2014.

Three ‘air tra flic forecasts’scenarii are build from these previsions:

e The ‘IMF GDP growth rates’ air traffic forecasts scenario
This isthe main air tra ffic forecasts scenarioGDP growth rates previsions are obtained from
the IMF World Economic Outlook (WEOQ) Datab#8e
Two other air tréfic forecastscenarii are defined:

e The ‘Low GDP growth rates’ air traffic forecasts scenario
In this second air triéc forecasts scenario, IMF GDP growth rates previsions aceedsed by
10 %.

e The ‘High GDP growth rates’ air traffic forecasts scenario
Finally, in this last air tréfic forecasts scenario, IMF GDP growth rates previsions areased
by 10 %.

The two latter alternative scenarii are such defined in order to measure the sensibility of air
traffic to GDP growth rates variations.

As already explained in the previous section, aifticdorecasts are computed for each of the eight
regions. By re-aggregating these forecasts, one then slaaitrdfic forecasts at the world level.
Figure 26 provides a visual representation of dMF GDP growth rates’ air traffic forecasts scenario
—expressed in RTK — at the world level until 2025 (bold lirrepfi 2008 to 2025) and its 95 % Interval
Prediction&® (dashed lines, from 2008 to 2025).

4’See Section 4.1.1.2, in particular eq. (6), for a complesewgtion of these determinants.

48The IMF regularly revises previsions presented in this detse. Last access to the IMF WEO Database was on
November, 2009.

“variances of in-sample predicted values and forecastsifigraht. As is intuitive, the variances of the forecasts are
higher than the variances of the predicted values. Thisaéxpthe progressively increasing gap between the loweandou
and the upper bound of the 95 % Interval Predictions.
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Figure 26: World Air Trafic Forecasts (fORTK) until 2025.

Grey line: ICAQO data, bold line: in-sample predicted values (from 1981 @Y pand air tré&ic forecasts (from
2008 to 2025), dashed lines: 95 % Interval Prediction.

‘IMF GDP growth rates air tra ffic forecasts scenario.
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According to Figure 26, ounodel predicts first a relatively high decrease of air trdfic in 2008
and 2009 (- 3.47 % between 2007 and 2008) followed by the re@w\of its positive evolution from
2010 to 2025.Negative GDP growth rates in 2008 and 2009 — as specified ihl bl GDP growth
rates’ air traffic forecasts scenario (according to IMF GDP previsions) 4a@xphe predicted decrease
of air traffic during this period.

According to our IMF GDP growth rates air traffic forecasts scenariayorld air tra ffic (ex-
pressed in RTK (19) should, overall, increase at a yearly mean growth rate of 4%, rising from
637.4 to 1391.8 between 2008 and 2025 (see next sectiorg Z@pfirst column, two last lines).

By comparison, theL'.ow GDP growth rates and ‘High GDP growth rates’ air traffic forecastsce-
narii predict a yearly mean growth rate of world airfifra — expressed in RTK — of 4.2% (Table
22, first column, last line, figure into bracket) and 5.3% (&a28, first column, last line, figure into
bracket), respectively. Thua,decrease (an increase) by 10% of regions’ GDP growth rateg¢vi-
sions yields to a decrease (an increase) of the world air tfic yearly mean growth rate by about
10.6% (12.8%).

Air traffic forecasts are no further commented here as it will be dotieinext section. As already

explained, these air tfidc forecasts are necessary to deduce Jet-Fuel demand [aageitom these
estimates. The latter are presented in the next section.

4.2 Second step: Jet-Fuel demand projections

This section presents Jet-Fuel demand projections until 2@for each of the eight geographical
regions and at the world level.Jet-Fuel is not consumed for itself but to power aircraftieeg. Jet-
Fuel demand depends on the demand for mobility in air tramapon. Thus, the general methodology
proposed in this report to project Jet-Fuel demands caist in forecasting air tfic and second
converting these forecasts into a quantity of Jet-Fuel.

The previous section has defined (and presented) #irctfarecastscenarii. The current section
deals then with the second step of our methodology. As afremplainedthe conversion of air traf-
fic projections into quantities of Jet-Fuel is accomplishedising the ‘Traffic Efficiency’ method
developed previously by UK DTI to support the IPCC (1999). Tritaition behind this method is that
the rise of jet-Fuel demand resulting from aiffrademand rise can be mitigated by enerfficeency
improvements. For instance, an increase of 6% per year afaffic does not mean a strictly corre-
sponding increase of 6% in Jet-Fuel demand.
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Thus, one of the major tasks of this section consists in defidifferentscenarii of the expected
rates, expressed per year, of EE improvements; corresppiaithe evolution of air tific energy
gains. To do so, results presented in previous sectionbevilised.

As developed in Section 3, fiec eficiency improvements depend of) load factors improve-
ments (aircraft are using more of their capacifyi); energy #iciency improvements.

Load factors improvements are defined according to resnl¥&bF presented in Section 2.
Regarding energyficiency improvements, two pieces of information are reqliceconvert air tréic
projections into quantities of Jet-Fuel: first, value(sE& codficients; second, a rule for the evolution
of EE codficients until 2025. As it will be explained below, three ‘egyeefficiency improvements’
scenarii will be defined according to results presented in Section 3.

The next section presents the methodology used in thistrépopnvert air tréfic forecasts into
Jet-Fuel projections. Then, the last section presentg thiegections.

4.2.1 From air traffic forecasts to Jet-Fuel demand projections. Traffic Efficiency improvements
scenarii

As explained in the introduction of this sectidraffic eficiency improvements depend on(i) load
factors improvements ; (ii) energy dficiency improvements. One need then to define both ‘load
factor’ and ‘energy efficiency’ improvementsscenarii to convert air tra ffic forecasts into Jet-Fuel
demand projections. Note that in the former case (load factors improvements)tesbnological
progress is achieved: airlines diminish their Jet-Fuebaomption by filling more their aircrafts.

By improving their load factors, airlines hold a relativelysy way to diminish their Jet-Fuel con-
sumption without achieving any technological progresgythust’ have to fill more their aircrafts.
Section 2 has greatly presented geographical regions’ Weigad Factors (WLF) values and their
evolution during the 1980-2006 period (see in particuldyl@a 1, 6, 8, 11, 13, 29 and Figures 5, 10,
12, 15, 17, 30). Each region's WLF value presented in Tabléitd(icolumn, third line for each
zone) is used to convert regions’ airffia forecasts expressed in RTinto corresponding air tféc
forecasts expressed in ATK. ATK are computed from RTK fos¢saising the following equations:
RTK = WLF*ATK & ATK = &£ with WLF the percentage of an aircraft's available tdieetively
occupied during a flight.

Regarding the evolution of each region’s WLF until 2025, it basn chosen to adopt the following
strong hypothesis. Each region’s WLF is assumed to tend ta 78%as for each region, we apply
the WLF yearly mean growth rate of the second sub-period €Tapfifth column, third line for each

50Again these forecasts has been presented in the previdimnsec
51As already explained, because airlines never fully fill tiaicrafts one havATK > RTK.
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zone) until the region’s WLF reaches the 75% value.

The conversion of air tféic forecast&xpressed in RTK into corresponding air tfAc forecastex-
pressed in ATK yields to estimate how much more filling aircrafts (until 750%¢heir capacity, which
is, again, a strong hypothesis) will curb the aiffi@increase.

Once air traffic forecasts expressed in RTK have been converted into air tfiic forecasts ex-
pressed in ATK, one can use the ‘Trfic Efficiency’ method previously explained to convert air
traffic forecasts into Jet-Fuel demand projections (expressed ifon (10%).

First, each region’s EE céicient value for the year 2006 (Table 15 provides mean valfies o
each regions’ EE cdicients for two sub-periods (1983-1996 and 1996-2006) aadtiole period
(1983-2006)) is used to convert regions’ aifffi@forecasts expressed in ATK into Jet-Fuel demand
projections for the year 2006.

Then, one need to define the evolution of regions’ EHiodents until 2025.Making assump-
tions on the evolution of air traffic Energy Efficiency (EE) is barely a dfficult task. In this report,
it has been chosen to assume that the evolution of EE in a ueesie fhas very chance to be like what
happened in the last ten years (see below). This choice m@saapas being arbitrary. Yet, it may
also be considered as rather intuitive. At least, otherrapions on the evolution of air tfiédc Energy
Efficiency could not be considered as more legitimate than tieés o

Three ‘trdfic efficiency improvementsscenarii are defined according to results obtained in Sec-
tion 3. Section 3 highlighted th&tsome regions are more enerdii@ent than others (EE céiecients
are not the same among regions, see Tables 15, 16, 17 aneé Bigjuaindi) regions do not encounter
same energy gains (EE d@eients yearly average growth rates are not the same amoransegee
Table 15 and Figure 20).

According to these results, the followintree ‘traffic efficiency improvements’ scenarii are
defined:

e The ‘Heterogeneous energy gains traffic efficiency improvements scenario

This scenario aims at reflecting the heterogeneity of energyains observed among regions
during the past (see Table 15, last columngglobally, this scenario defines region’s future
energy gains as corresponding to their energy gains recordein the second sub-period
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1996-2006.

Hence, this scenario assumes that EHiodents of the ‘Central and North America’, the ‘Eu-
rope’, the ‘Russia and CIS’, the ‘Asian countries and Oceaaia the ‘China’ regions will
decrease at a yearly mean growth rate of respectively 3.1828%, 5.79%, 1.54% and 1.65%
until 2025. According to Table 15 (fifth column), these figgsi®orrespond to energy gains
recorded in these regions during the second sub-period-2006 (see also Section 3 for more
details).

The yearly mean growth rate of the ‘Latin America’ regionidgrthe second sub-period 1996-
2006 is positive and equal to 1.18%. Because a positive Eficeat growth rate means energy
losse&?, we chose not to apply this figure to the ‘Latin America’ ragidnstead, we chose to
suppose that the EE ceient of the ‘Latin America’ region will decrease at a yeanean
growth rate of 1.63% until 2025. The latter figure correspotadenergy gains recorded in this
region during the whole period 1983-2006 (see Table 15h sigtumn).

Finally, EE codficients of the ‘Africa’ and the ‘Middle East’ regions are sogpd to decrease
at a yearly mean growth rate of 4.2% until 2025. Contrary t@potkgions, this figure does not
correspond to energy gains recorded in these regions dtimengecond sub-period 1996-2006
(which are respectively equal to -7.22% and -8.68% per ys=;Table 15, fifth column). The
latter figures areféectively judged as being too high to be used as an energy gaiotlnesis
until 2025. -4.20% is the international travels EE fm#&ent yearly mean growth rate of the
‘Middle East’ region during the whole period 1983-2006 (3able 15, sixth column). Except
for the second sub-period 1996-2006, -4.20% corresponifetbighest energy gains recorded
in the ‘Africa’ and the ‘Middle East’ regions.

e The ‘Homogeneous energy gains' traffic efficiency improvements scenario

This alternative scenario is drawn to conduct sensitivédyaiga It aims at testing the interest
of having defined heterogeneous energy gains among the eigigographical regionssuch
as defined in theHeterogeneous energy gains' traffic efficiency improvements scenario.

This scenario assumes homogeneous energy gains amongs.eflore precisely, it assumes
that each region’s EE céiicient will decrease at a yearly mean growth rate of 2.61% ROH5.

52A negative sign means an energiigency improvement hypothesis BE;; = % with EE;; the abbreviation for
EE codficient in zond at timet. Thus defined, EE may be interpreted as the quantity of Jett{fFiet, expressed in ton of
Jet-Fuel) required to power the transportation of one tar one kilometer (ATK). A decrease of EE d¢beients means

then that quantities of Jet-Fuel required to power the pariation of one ton over one kilometer have decreased.
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According to Table 15 (fifth column), this figure correspondsnergy gains recorded at the
world level during the second sub-period 1996-2006.

e The ‘Green energy gains traffic efficiency improvements scenario

Finally, a third scenario is defined in which regions’ eneggyns improvements are supposed
to be widely important. This scenario define$eetively region’s future energy gains as be-
ing equal to their highest energy gains improvements rexbdiiring either the first sub-period
1983-1996, or the second sub-period 1996-2006, or the wiarled 1983-2006.

Hence, this scenario assumes that EHiodents of the ‘Central and North America’, the ‘Eu-
rope’, the ‘Latin America’, the ‘Russia and CIS’, the ‘Africathe ‘Middle East’, the ‘Asian
countries and Oceania’ and the ‘China’ regions will decresise yearly mean growth rate of
respectively 3.18%, 2.97%, 2.73%, 5.79%, 7.22%, 8.68%8%.8nd 1.65% until 2025.

The methodology used in this report to convert aifficaforecasts into Jet-Fuel projections has
been precisely detailed.
Converting first RTK forecasts into corresponding ATK forecasts and second ATK forecasts
into Jet-Fuel demand projections, allows to disentangle th efect of both load factor and energy
efficiency improvements on mitigating the rise of Jet-Fuel demad®3.
Moreover, this section defined one load factor improveméstteng) hypothesis and three fiia
efficiency improvementsscenarii. Combined with ‘air tréfic forecastsscenarii, it allows us to obtain
various Jet-Fuel demand projections. Next section preshase results.

4.2.2 Jet-Fuel demand previsions. results

This section presents Jet-Fuel demand previsions both at theorld level and at the regional ones.
Previous sections have presenitgithiree air tréfic forecastscenarii (presented in Section 4.1.2.2) and
ii) three trdfic eficiency improvementscenarii (presented in Section 4.2.1). Combining these
narii allows us to generateine ‘Jet-Fuel demand projection’ scenarii. As summarized idrigure
27, these ninescenarii are synthesized iables going from 20 to 28.

Instead of commenting in great details each of these nin€uwatdemand projectionsenarii,
it appears more attractive first to focus our analysis on tbetrikely Jet-Fuel demand projections
scenario (thereafter called thBusiness As Usual’ Jet-Fuel demand projection scenario, see below)

53See also Section 3 for more details.
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3 “Air Traffic Forecast” scenarii: 3 “Traffic F fiiciency Improvements”™ scenarii.

oIMF GDP growth rates eHeterogeneous Eneroy Gains

*Low GDP growth rates *Homogeneous Energy Gains

oHigh GDP growth rates * Green Energy Gains

0 “Jet-Fuel Demand Projection™ scenaiii:

o/ MF GDP growth rates — Heterogeneous Energy Gains (Table 20)
oIVMF GDP growth rates — Homogensous Energy Gains (Table 21}

o \MF GDP growth rates — Green Ensrgy Gains (Table 24)
sLow GDP growth rates — Heterogeneous Energy Gains (Table 22)
*Low GDP growth rates — Homegensous Energy Gains (Table 23)
sLow GDP growth rates — Green Energy Gains (Table 26)
sHigh GDP growth rates — Heterogenzous Energv Gains (Table 23)
*High GDP growth rates — Homogeneous Energy Gains (Table 27)
oHigh GDP growth rates — Green Energv Gains (Table 28)

Figure 27: The nine ‘Jet-Fuel Demand Projectistenarii.

and second to lead a sensitive analysis of this scenario ing sg®me of others Jet-Fuel demand
projectionscenarii results.

4.2.2.1 Analysis of the Business As Usual’ Jet-Fuel demand projection scenario

Combining the ‘IMF GDP growth rates air tra ffic forecasts scenario with the Heterogeneous
energy gains tra ffic eficiency improvements scenario yields to ourBusiness As Usual’ Jet-Fuel
demand projection scenario.Results of this scenario are summarized in Table 20. As exgydiain
the notes of this Table, the first two columns present 2008282% air trdtic forecasts expressed in
RTK (first column) and ATK (second column). The other threlioms concern Jet-Fuel projections.

Air traffic forecasts and Jet-Fuel demand projections first are athbtzthe world level. Second,
results for each of the eight geographical regions arelddtai

Analysis at the worldwide level

According to Table 20 (first column, two last lines), world #&iaffic (expressed in RTK (£0)
will, overall, increase at a yearly mean growth rate4ct%, rising from 637.4 to 1391.8 RTK (2D
between 2008 and 2025. Air transport sector should thenineome of the fast growing sector in the
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RTK (10°) Corresponding Jet Fuel-Ton (10°) % variation Mean growth
Regions (mean growth ATK ( 109) (consumption of Jet-Fuel rate per year
(Energy gains hypothesis) rate per year) (mean growth of the region-%) (2008-2025) of Jet-Fuel
rate per year) (2008-2025)
2008 2025 2008 2025 2008 2025
Central and North America 246.2 405.9 403.9 627.5 86.96 77.98 -10% -0.6%
(-3.18%) (3.0%) (2.6%) 37.9% 24.6%
Europe 163.5 310.0 235.2 413.1 51.61 73.83 43% 2.2%
(-1.20%) (3.9%) (3.5%) 22.5% 23.3%
Latin America 28.5 64.7 47.1 89.3 17.42 24.97 43% 2.2%
(-1.63%) (5.0%) (3.9%) 7.6% 7.9%
Russia and CIS 9.6 211 15.4 28.1 9.03 6.00 -34% -2.2%
(-5.79%) (4.9%) (3.8%) 3.9% 1.9%
Africa 9.9 30.0 17.3 47.6 7.73 10.27 33% 1.7%
(-4.20%) (6.7%) (6.2%) 3.4% 3.2%
The Middle East 24.1 48.7 39.9 743 7.91 711 -10% -0.3%
(-4.20%) (4.5%) (4.0%) 3.5% 2.2%
Asian countries and Oceania 98.6 296.4 158.2 465.2 33.62 75.92 126% 5.2%
(-1.54%) (6.9%) (6.8%) 14.7% 24.0%
China 56.9 215.0 82.8 296.7 15.10 40.77 170% 6.1%
(-1.65%) (8.2%) (7.9%) 6.6% 12.9%
World 637.4 1391.8 | 999.8 2041.9 229.37 316.87 38% 1.9%
(-2.22%)* (4.7%) (4.3%) 100% 100%

‘Heterogeneous energy gains' traffic efficiency improvements scenario

Notes:

The first two columns present 2008 and 2025 aifficdorecasts expressed in RTK (first column) and ATK (secondroal).

ATK are computed from RTK forecasts using the following eiprag: RTK = WLF x ATK & ATK = % with WLF the percentage of an aircraft's
available ton &ectively occupied during a flight. Because airlines nevdly ffill their aircrafts, ATK > RTK (see Section 2.1 for more details).
Assumptions on the evolution of WLF between 2008 and 2025 aeelei@in Section 4.2.

In the first two columns, figures into brackets represent yaadan growth rate of air tfc forecasts between 2008 and 2025. Note that for each zone
and at the world level, the yearly mean growth rate of afficdorecastexpressed in ATK is always inferior to the yearly mean growth rate of aiffica
forecast®expressed in RTK.

The other three columns concern Jet-Fuel forecasts.

The third column presents 2008 and 2025 Jet-Fuel forecaptessed in Ton (). For each geographical region, Jet-Fuel forecasts are w@ahp
from ATK usingi) Energy Hficiency (EE) cofficients presented in Section 3 ainfda regional energy gains hypothesis. Energy gains hypatlaesi
indicated into brackets under each geographical regicarsen These figures correspond to the EEffotient yearly mean growth rate hypothesis.
A negative sign means an energ§i@ency improvement hypothesis &&;; = ,I%;i""! with EE; the abbreviation for EE cdiécient in zonei at time

t. Thus defined, EE may be interpreted as the quantity of Jdt{fFjes, expressed"in ton of Jet-Fuel) required to power thegportation of one ton
over one kilometer (ATK). A decrease of EE ¢eients means then that quantities of Jet-Fuel required t@ptve transportation of one ton over one
kilometer have decreased.

In the third column, figures expressed in % terms indicate theesbf each region’s Jet-Fuel consumption in 2008 and 2025.

The fourth and the fifth column indicate, respectively, the&@fation and the corresponding yearly mean growth rate effdet forecasts between 2008
and 2025.

* This figure corresponds to the world level energy gains @pear until 2025) resulting from regional energy gains hyppsts as defined in the
‘Heterogeneous energy gains' traffic eficiency improvements scenario.

Table 20: Air Trdfic (expressed in PORTK and 1§ ATK) and Jet-Fuel (expressed in Ton E)0Forecasts for
the years 2008 and 2025. Forecasts are presented at the worlddetéh€) and for each geographical regions
(other lines).

‘IMF GDP growth rates' air tra ffic forecasts scenario

near future.
Corresponding ATK (1%)>* are projected to go from 999.8 ATK (30n 2008 to 2041.9 ATK (1%) in

4As already explained, ATK are computed from RTK forecasisgithe following equationsRTK = WLF x ATK &
ATK = % with WLF the percentage of an aircraft’s available tdfeetively occupied during a flight. Because airlines
never fully fill their aircrafts ATK > RTK (see Section 2.1 for more details).
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2025 (Table 20, second column, second to last line). Thigase corresponds to a mean growth rate
of about4.3% per year (Table 20, second column, last line, figure intoke#s). Henceysing more
aircraft capacities will curb world air tra ffic growth rates by about 8.5%°°,

The third column (Table 20) presents 2008 and 2025 Jet-Foggiions expressed in Ton ()0
For each geographical region, Jet-Fuel forecasts are dewchfiiom air trdfic forecastsexpressed in
ATK (Table 20, second column) usifgEnergy Hiciency (EE) cofficient$® andii) regional energy
gains hypothesis as defined in the ‘Heterogeneous energy’ gedftic efficiency improvements sce-
nario. Energy gains hypothesis corresponding to this steaee indicated into brackets under each
geographical region’s name. Each figure corresponds to Ehed#ticient yearly mean growth rate
hypothesis of the region under consideration. As alreaga@xed, a negative sign means an energy
efficiency improvement hypothesis
These regional energy gains hypothesis yiatdhe world level, to energy gains of about 2.2% per
year until 2025 (Table 20, figure into brackets under the ‘World’ regioworld Jet-Fuel demand is
projected to grow by about 38% between 2008 and 202@able 20, fourth column, last linefising
from 229.37 Ton (L0%) in 2008 to 316.87 Ton 10°%) in 2025 (Table 20, third column, second to last
lines)at a mean growth rate of about 1.9% per year(Table 20, last column, last line).

Analysis at the regional levels
We turn now to the analysis of air tfiec and Jet-Fuel demand projections at the regional level.
Results show a wide heterogeneity among regions.

Regarding air triiic forecastsRTK growth rates range from 3% per year for Central and
North America to 8.2% per year for China (Table 20, first column, figures into brackets). Regions
having the highest degree of air transport market matu@gn¢ral and North America and Europe)
are also those recording the lowest aifficagrowth rates. These results confirm the sensibility of air
traffic drivers to the region’s aviation sector maturity. Notet tie two highest yearly mean growth
rates are expected to arise in the two Asians regforsnfirming the important growth perspectives
of the aviation sector in Asia.

S5According to load factor improvement hypothesis defineddnt®n 4.2.1.

S6Energy Hiiciency (EE) coéicients are presented in Section 3. See also, Appendix, Table

Indeed,EE;; = /T\{—e,z"’ with EE;; the abbreviation for EE cdicient in zonei at timet. Thus defined, EE may be
interpreted as the quantity of Jet-Fuel (Tjet, expressedrirof Jet-Fuel) required to power the transportation of imme
over one kilometer (ATK). A decrease of EE ¢heients means then that quantities of Jet-Fuel required teepthe
transportation of one ton over one kilometer have decreased

S8Air traffic (expressed in RTK) mean growth rates of China and Asiantdesr& Oceania are equal to 8.2% per year

and 6.9% per year, respectively.

Réf formulaire: —-61-



— _/
EU-YRi STTa>B T g

Air traffic is expected to rise whatever the region under consideraliois is not the case anymore
when analyzing Jet-Fuel demand projections.
Indeed three of the eight regions are expected to encounter a decrea of their Jet-Fuel demand
between 2008 and 2025These regions are Central and North America, Russia & CIS andiidie
dle East where Jet-Fuel demand is expected to decreasespgctwely, 10% (going from 86.96 Ton
(10°) to 77.98 Ton (18)), 34% (going from 9.03 Ton (£Pto 6 Ton (16)) and 10% (going from 7.91
Ton (1¢) to 7.11 Ton (18)) between 2008 and 2025 (Table 20, third and fourth columns)
As in the case of air tféic, the two fastest Jet-Fuel demand growing regions are ChidaAgian
countries & Oceania. The former Jet-Fuel demand is expdotgdow by about 170 % whereas the
latter Jet-Fuel demand will increase by 126 % between 20082825 (Table 20, third and fourth
columns).
Some regions’ Jet-Fuel demands are expected to decreaseastsmme others are projected to in-
crease. These opposite developments hanmrtant consequences on the evolution of each re-
gion’s weight in total Jet-Fuel consumption between 2008 ah2025. In the third column of Table
20, figures expressed in % terms indicate the share of eaamigdet-Fuel consumption in 2008
and 2025°. According to these figures, the Jet-Fuel consumption sifderope, Latin America and
Africa should remain relatively stable between 2008 and®52with a share, respectively, equals
to 23.3%, 7.9%, and 3.2%. Three regions are expected tod@cdecrease of their Jet-Fuel's share
during the period: Central and North America (going from 34.® 24.6%), Russia & CIS (going
from 3.9% to 1.9%) and the Middle East (going from 3.5% to 2.2%he most notable decrease is,
of course the Central and North America decrease, corregpptaa fall of more than 35%. On the
contrary, the weight of China and Asian countries & Oceantukhincrease, going from 6.6% to
12.9% and from 14.7% to 24.0%, respectively. Overall, th@Asegion’s share (Asian countries &
Oceania+ China), is expected to go from 21.3% in 2008 to about 37% in 2888 thus to surpass
the ‘Central and North America’ region for the first time ever.

Figure 28 illustrates these comments by proposing an altieewview of the share of each region’s
Jet-Fuel consumption in 2008 and 2025.

59For instance, in 2008, the ‘Central and North America’ regialet-Fuel consumption corresponds to 37.9% of the
world Jet-Fuel consumption (Table 20, third column, sedore).
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(10%)), offering an alternative world view to a regular map.

Figure 28: An alternative view of the share of each region’s Jet-Fareumption in 2008 and 2025 (expressed
in Ton (16%)).(Maps generated using ScapeToad)
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4.2.2.2 Trdfic dficiency improvements yield to reduce the #ect of air traffic rise on the Jet-Fuel
demand increase

It has been already explained how the rise of jet-Fuel demasudting from air tréic demand rise
can be mitigated by tfac efficiency improvements.

The comparison of yearly mean growth rates of both worldraftit expressed in RTK+ 4.7%
per year until 2025, and world Jet-Fuel consumptieri,.9% per year until 2025 (see Table 20, first
and third columns, last line) fiectively highlights the role played by ff& efficiency improvements
on reducing theféect of air trdfic rise on the Jet-Fuel demand increase.

According to our ‘Heterogeneous energy gainsfiicaefficiency improvements scenaritet-Fuel de-
mand projections are hence mitigated by about 60% thanks toraffic eficiency improvements.

Figure 29 illustrates this argument:

600 T

500 1 .-*} Load Factor

Improvements

Traffic
Efficiency
Improvements
(-60%)

2001 Energy gains

Jet-Fuel (Ton (18)

300+

200+

100 +

0
1981 1985 1989 1993 1997 2001 2005 2009 2013 2017 2021 2025

‘IMF GDP growth rates’ air tra ffic forecasts scenaricombined with'Heterogeneous energy gains' tra ffic eficiency
improvements scenario

Bold line: Jet-Fuel demand from 1981 to 2007 (IEA data).

From 2007 to 2025:

black line: Jet-Fuel demand projections withffi@efficiency improvements{1.9% per year);

dashed line: Jet-Fuel demand projections with load fachprovements but no energy gains4.3% per year);

dotted line: Jet-Fuel demand projections with ndticeefficiency improvements{ 4.7% per year).

Figure 29: lllustration of the evolution of world Jet-Fuel demand foreqd@sts (1F)) with and without tréfic
efficiency improvements.
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Moreover, converting first RTK forecasts into correspogditK forecasts and second ATK fore-
casts into Jet-Fuel demand projections allows us to disgtgdhe &ect of both load factor and energy
efficiency improvements on mitigating the rise of Jet-Fuel deana
Indeed, by comparing yearly mean growth rates of world affitrexpressed in both RTK+(4.7% per
year until 2025) and corresponding ATk 8.3% per year until 2025), it has been already highlighted
that load factor improvements should be able to curb wonldraffic yearly mean growth rates by
about 8.5%. It comes then that load factor improvements aachg gains correspond to, respectively,
about 14% and 86% of tfiac efficiency improvements.

4.2.2.3 Sensitive Analysis

Results of theBusiness As Usual’ Jet-Fuel demand projection scenario have just been agdiye
great details. Recall that these results have been obtayneainbbining the IMF GDP growth rates
air traffic forecasts scenario with théléterogeneous energy gains' traffic efficiency improvements
scenario. It is important to assess how sensitive are oultsds thesescenarii.

To do so, this section investigates two other Jet-Fuel ddmparjectionscenarii.
The first one combines théMF GDP growth rates’ air traffic forecasts scenario with thélomo-
geneous energy gains' traffic eficiency improvements scenario. The second one combines e °
GDP growt rates’ air traffic forecasts scenario with thieléterogeneous energy gains' traffic eficiency
improvements scenario.

Results of these two alternative Jet-Fuel demand projesteenarii are briefly commented below.

Traffic dficiency heterogeneity among regions has to be taken into acout

According to the Business As Usual’ Jet-Fuel demand projection scenario analyzed in the previ
ous sections (and summarized in Table 20), Latin AmericaRunsi & CIS are projected to record
the same yearly mean growth rate of aifffica(about 5% per year, see Table 20, first column). When
regarding their projected Jet-Fuel demand however, LatieAca is expected to record a rise of 43%
whereas the Jet-Fuel demand of the ‘Russia and CIS’ regioricskdearease by about 34%. These
opposite results are explained by regionafficaefficiency improvements hypothesis: Latin America
is expected to be less energffigient than the ‘Russia and CIS’ region from 2008 to 2325 his
result highlights the importance of taking into accountfficafficiency heterogeneity among regions.

80This repartition holds as long as fiia eficiency improvements hypothesis are defined such as irHiterogeneous
energy gains traffic efficiency improvements scenario.

5lIndeed, the yearly mean growth rate of EE ffiméents is supposed to be equal to -1.63% per year in Latin Amer
and to -5.79% per year in Russia and CIS.

Réf formulaire: — 65—



— _/
EU-YRi STTa>B T g

To illustrate more in depth this statement, it has been ehtseombine thelMF GDP growth
rates air traffic forecasts scenario with thélébmogeneous energy gains' traffic efficiency improve-
ments scenario. Compared to thiBusiness As Usual’ Jet-Fuel demand projection scenario, only the
traffic efficiency improvements hypothesis have been shifted. Recltile Homogeneous energy
gains traffic eficiency improvements scenario assumes homogeneous ergngyagnong regions.
More precisely, it assumes that each region’s EHfaoent will decrease at a yearly mean growth rate
of 2.61% until 2025. According to Table 15 (fifth column),gHigure corresponds to energy gains
recorded at the world level during the second sub-perio&2Z4¥6.

This second Jet-Fuel demand projection scenario aimstatgdke interest of having defined het-
erogeneous energy gains among the eight geographicaheeglich as defined in theléterogeneous
energy gains' traffic eficiency improvements scenario (and thus tBesiness As Usual’ Jet-Fuel de-
mand projection scenario). Indeed, if the analysis of EHfaments had not been conducted at the
regional level but only at the world level, thEldbmogeneous energy gains' traffic eficiency improve-
ments scenario would have been our reference scenariogf@vtiiution of tréfic efficiency improve-
ments.

Table 21 shows the results. Results are just briefly commented
At the regional level, all regions are now expected to reeorge of Jet-Fuel demand between 2008
and 2025 (Table 21, fourth column).
However, the homogeneousftia eficiency hypothesis among regions yields to ‘over-estimiie’
role played by tréic efficiency improvements on mitigating the world Jet-Fuel dednarease. In-
deed, world Jet-Fuel demand is now expected to grow by al&tl&etween 2008 and 2025 (Table
21, fourth column, last line), rising from 228.71 Ton ¢Lh 2008 to 294.59 Ton (£)in 2025 (Table
21, third column, second to last lines) at a mean growth ratbout 1.5% per year (Table 21, last
column, last line).
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RTK (10°) Corresponding Jet fuel-Ton (10°) % variation Mean growth
Regions (mean growth ATK ( 109) (consumption of Jet-Fuel rate per year
(Energy gains hypothesis) rate per year) (mean growth of the region-%) (2008-2025) of Jet-Fuel
rate per year) (2008-2025)
2008 2025 2008 2025 2008 2025
Central and North America 246.2 405.9 403.9 627.5 87.98 87.18 -1% -0.1%
(-2.61%) (3.0%) (2.6%) 38.5% 29.6%
Europe 163.5 310.0 235.2 413.1 50.15 56.19 12% 0.8%
(-2.61%) (3.9%) (3.5%) 21.9% 19.1%
Latin America 28.5 64.7 47.1 89.3 17.07 20.65 21% 1.2%
(-2.61%) (5.0%) (3.9%) 7.5% 7.0%
Russia and CIS 9.6 211 15.4 28.1 9.65 11.28 17% 1.1%
(-2.61%) (4.9%) (3.8%) 4.2% 3.8%
Africa 9.9 30.0 17.3 47.6 7.98 14.04 76% 3.4%
(-2.61%) (6.7%) (6.2%) 3.5% 4.8%
The Middle East 241 48.7 39.9 74.3 8.18 9.72 19% 1.3%
(-2.61%) (4.5%) (4.0%) 3.6% 3.3%
Asian countries and Oceania 98.6 296.4 158.2 465.2 32.89 61.69 88% 4.0%
(-2.61%) 6.9% 6.8% 14.4% 20.9%
China 56.9 215.0 82.8 296.7 14.80 33.84 129% 5.1%
(-2.61%) (8.2%) (7.9%) 6.5% 11.5%
World 637.4 1391.8 | 999.8  2041.9 228.71  294.59 29% 1.5%
(-2.61%) (4.7%) (4.3%) 100% 100%

“Homogeneous energy gains' traffic efficiency improvements scenario

Notes:

The first two columns present 2008 and 2025 aifficdorecasts expressed in RTK (first column) and ATK (secondroal).

ATK are computed from RTK forecasts using the following efprag: RTK = WLF x ATK & ATK = % with WLF the percentage of an aircraft's
available ton &ectively occupied during a flight. Because airlines nevdly ffill their aircrafts, ATK > RTK (see Section 2.1 for more details).
Assumptions on the evolution of WLF between 2008 and 2025 aeelei@in Section 4.2.

In the first two columns, figures into brackets represent yaadan growth rate of air tfc forecasts between 2008 and 2025. Note that for each zone
and at the world level, the yearly mean growth rate of afficdorecastexpressed in ATK is always inferior to the yearly mean growth rate of aiffica
forecastexpressed in RTK.

The other three columns concern Jet-Fuel forecasts.

The third column presents 2008 and 2025 Jet-Fuel forecaptessed in Ton (). For each geographical region, Jet-Fuel forecasts are w@ahp
from ATK usingi) Energy Hficiency (EE) cofficients presented in Section 3 ainda regional energy gains hypothesis. Energy gains hypatlaesi
indicated into brackets under each geographical regicarsen These figures correspond to the EEffotient yearly mean growth rate hypothesis.
A negative sign means an energ§i@ency improvement hypothesis &&;; = Z%;i""! with EE; the abbreviation for EE cdiécient in zonei at time

t. Thus defined, EE may be interpreted as the quantity of Jdt{Fjes, expressed in ton of Jet-Fuel) required to power thadportation of one ton
over one kilometer (ATK). A decrease of EE ¢eients means then that quantities of Jet-Fuel required teptive transportation of one ton over one
kilometer have decreased.

In the third column, figures expressed in % terms indicate theesbf each region’s Jet-Fuel consumption in 2008 and 2025.

The fourth and the fifth column indicate, respectively, the&@fation and the corresponding yearly mean growth rate effdet forecasts between 2008
and 2025.

Table 21: Air Trdfic (expressed in TORTK and 18 ATK) and Jet-Fuel (expressed in Ton #)pForecasts for
the years 2008 and 2025. Forecasts are presented at the worlddevéh€) and for each geographical regions
(other lines).

‘IMF GDP growth rates air tra ffic forecasts scenario
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Analyzing the sensitivity of Jet-Fuel demand projections ¢ the rise of air traffic

Tables 22 and 23 summarize the following two Jet-Fuel denpaojéctionsscenarii.
The first one combines th&ow GDP growth rates' air traffic forecasts scenario with theléteroge-
neous energy gains' traffic efficiency improvements scenario (Table 22).
The second one combines th¢igh GDP growth rates air traffic forecasts scenario with thelétero-
geneous energy gains' traffic efficiency improvements scenario (Table 23).

Compared with theBusiness As Usual’ Jet-Fuel demand projection scenarioffi@efficiency im-
provements hypothesis remain the same. On the other har,g&iwth rates previsions hypothesis
are now diferen?. These two alternative Jet-Fuel demand projectismesarii are then compared
with the ‘Business As Usual’ Jet-Fuel demand projection scenario in order to analyeestnsitivity
of Jet-Fuel demand projections to the rise of aiffica Comments are focus at the world level.

As already developed in Section 4.1.2.2, tHdF GDP growth rates’ air traffic forecasts scenario

yields to an increase of world air i projections (expressed in RTK ()Pat a yearly mean growth
rate of 4.7%, rising from 637.4 to 1391.8 between 2008 and 40able 20, first column, two last
lines). By comparison, the_bw GDP growth rates’ and ‘High GDP growth rates' air traffic scenarii
predict a yearly mean growth rate of world airffra — expressed in RTK — of 4.2% (Table 22, first
column, last line, figure into bracket) and 5.3% (Table 23t ftolumn, last line, figure into bracket),
respectively.
Regarding Jet-Fuel demand projections, Bestness As Usual’ Jet-Fuel demand projection scenario
predicts a yearly mean growth rate of 1.9% per year until Z0@ble 20, last column, last line) at the
world level. By comparison, Tables 22 and 23 predict a yeadamgrowth rate of world Jet-Fuel
demand of 1.4% and 2.5%, respectively (last column, las}.lin

Thus, a decrease (an increase) by 10% of regions’ GDP graeh previsions yields to a decrease
(an increase) of the world air fitec yearly mean growth rate by about 10.6% (12.8%).
Variations in GDP growth rates prevision hypothesis (ant thariation of air tréic forecasts) have
even a greater impact on Jet-Fuel demand projections. dngeomparing the dierent yearly mean
growth rates of world Jet-Fuel demand projections presant€ables 20, 22 and 23, one conclude that
a decrease (an increase) by 10% of regions’ GDP growth rateggvisions yields to a decrease (an
increase) of the world air traffic yearly mean growth rate by about 26% (32%),ceteris paribus.
These results highlight the high sensitivity of Jet-Fuel derand projections to variations of both
economic activity previsions and air traffic forecasts.

62As explained in Section 4.1.2.2, IMF GDP growth rates pliews are decreased (increased) by 10 % in theev'
GDP growth rates’ (* High GDP growth rates) air traffic forecasts scenario.
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RTK (10%) Corresponding Jet fuel-Ton (10°) 9% variation Mean growth
Regions (mean growth ATK (107) (consumption of Jet-Fuel rate per year
(Energy gains hypothesis) rate per year) (mean growth of the region-%) (2008-2025) of Jet-Fuel
rate per year) (2008-2025)
2008 2025 2008 2025 2008 2025
Central and North America 246.1 391.2 403.8 604.8 86.92 75.17 -14% -0.9%
(-3.18%) (2.8%) (24%) || 37.9%  26.0%
Europe 163.3 287.7 235.0 383.5 51.56 68.53 33% 1.8%
(-1.20%) (3.5%) (3.0%) 225%  23.7%
Latin America 28.5 62.7 47.1 86.5 17.40 24.20 39% 2.0%
(-1.63%) (4.8%) (3.7%) 7.6% 8.4%
Russia and CIS 9.6 19.1 15.3 25.4 9.01 5.42 -40% -2.8%
(-5.79%) (4.2%) (3.2%) 3.9% 1.9%
Africa 9.9 27.6 17.2 43.8 7.71 9.45 23% 1.2%
(-4.20%) (6.2%) (5.6%) 3.4% 3.3%
The Middle East 24.0 42.3 39.7 64.6 7.88 6.18 -22% -1.1%
(-4.20%) (3.7%) (3.2%) 3.4% 2.1%
Asian countries and Oceania 98.3 253.8 157.7 398.4 33.51 65.01 94% 4.2%
(-1.54%) (6.0%) (5.8%) || 14.6%  22.5%
China 56.7 184.4 82.5 2545 15.05 34.97 132% 5.2%
(-1.65%) (7.3%) (6.9%) 6.6% 12.1%
World 636.5 1268.9 | 998.4 1861.5 229.05 288.92 26% 1.4%
(-2.22%)* (4.2%) (3.8%) 100% 100%

‘Heterogeneous energy gains' traffic efficiency improvements scenario

Notes:

The first two columns present 2008 and 2025 affficdorecasts expressed in RTK (first column) and ATK (secondroa).

ATK are computed from RTK forecasts using the following edprag: RTK = WLF x ATK & ATK = % with WLF the percentage of an aircraft’s
available ton &ectively occupied during a flight. Because airlines nevédly ffill their aircrafts, ATK > RTK (see Section 2.1 for more details).
Assumptions on the evolution of WLF between 2008 and 2025 agslele in Section 4.2.

In the first two columns, figures into brackets represent yeadan growth rate of air tfc forecasts between 2008 and 2025. Note that for each zone
and at the world level, the yearly mean growth rate of affitdorecast®xpressed in ATK is always inferior to the yearly mean growth rate of aiffica
forecastexpressed in RTK.

The other three columns concern Jet-Fuel forecasts.

The third column presents 2008 and 2025 Jet-Fuel forecaptessed in Ton (&). For each geographical region, Jet-Fuel forecasts are wi@uhp
from ATK usingi) Energy Hficiency (EE) cofficients presented in Section 3 ainda regional energy gains hypothesis. Energy gains hypatlaesi
indicated into brackets under each geographical regicasen These figures correspond to the EEffotient yearly mean growth rate hypothesis.
A negative sign means an energ§i@ency improvement hypothesis BE;; = ,I%—Tg“t with EE;; the abbreviation for EE cdiécient in zonei at time

t. Thus defined, EE may be interpreted as the quantity of Jdt{Fjes, expressed'in ton of Jet-Fuel) required to power thagportation of one ton
over one kilometer (ATK). A decrease of EE ¢eients means then that quantities of Jet-Fuel required t@ptve transportation of one ton over one
kilometer have decreased.

In the third column, figures expressed in % terms indicate theesbf each region’s Jet-Fuel consumption in 2008 and 2025.

The fourth and the fifth column indicate, respectively, the&@tation and the corresponding yearly mean growth rate effdet forecasts between 2008
and 2025.

* This figure corresponds to the world level energy gains (peEar until 2025) resulting from regional energy gains hjpests as defined in the
‘Heterogeneous energy gains' traffic ficiency improvements scenario.

Table 22: Air Trdfic (expressed in PORTK and 10 ATK) and Jet-Fuel (expressed in Ton )0Forecasts for
the years 2008 and 2025. Forecasts are presented at the worlddevéh€) and for each geographical regions
(other lines).

‘Low GDP growth rates' Air tra ffic forecasts scenario
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RTK (109) Corresponding Jet fuel-Ton (10°) % variation Mean growth
Regions (mean growth ATK (10°) (consumption of Jet-Fuel rate per year
(Energy gains hypothesis) rate per year) (mean growth of the region-%) (2008-2025) of Jet-Fuel
rate per year) (2008-2025)
2008 2025 2008 2025 2008 2025
Central and North America 246.3 421.0 404.1 650.9 86.99 80.89 -7% -0.4%
(-3.18%) (3.2%) (2.8%) 37.9%  23.2%
Europe 163.7 333.7 2354 4448 51.66 79.49 54% 2.7%
(-1.20%) (4.4%) (3.9%) 225%  22.8%
Latin America 28.6 66.8 47.1 92.2 17.43 25.77 48% 2.4%
(-1.63%) (5.2%) (4.1%) 7.6% 7.4%
Russia and CIS 9.6 23.4 15.4 311 9.06 6.65 -27% -1.6%
(-5.79%) (5.5%) (4.4%) 3.9% 1.9%
Africa 10.0 32.7 17.3 51.8 7.74 11.16 44% 2.2%
(-4.20%) (7.2%) (6.7%) 3.4% 3.2%
The Middle East 24.2 56.0 40.1 85.4 7.94 8.17 3% 0.5%
(-4.20%) (5.4%) (4.9%) 3.5% 2.3%
Asian countries and Oceania 98.9 345.7 158.7 542.6 33.72 88.55 163% 6.1%
(-1.54%) (7.9%) (7.8%) 14.7%  25.4%
China 57.1 250.3 83.0 3454 15.14 47.47 214% 7.0%
(-1.65%) (9.2%) (8.8%) 6.6% 13.6%
World 638.3 1529.5 1001.2  2244.2 229.68 348.15 52% 2.5%
(-2.22%)* (5.3%) (4.9%) 100% 100%

‘Heterogeneous energy gains' traffic efficiency improvements scenario

Notes:

The first two columns present 2008 and 2025 aiffitdorecasts expressed in RTK (first column) and ATK (secondroal).

ATK are computed from RTK forecasts using the following equag: RTK = WLF x ATK & ATK = % with WLF the percentage of an aircraft's
available ton &ectively occupied during a flight. Because airlines nevdly ffill their aircrafts, ATK > RTK (see Section 2.1 for more details).
Assumptions on the evolution of WLF between 2008 and 2025 aeeleidin Section 4.2.

In the first two columns, figures into brackets represent yaadan growth rate of air tfic forecasts between 2008 and 2025. Note that for each zone
and at the world level, the yearly mean growth rate of aificdorecastexpressed in ATK is always inferior to the yearly mean growth rate of aiffica
forecastexpressed in RTK.

The other three columns concern Jet-Fuel forecasts.

The third column presents 2008 and 2025 Jet-Fuel forecaptessed in Ton (X). For each geographical region, Jet-Fuel forecasts are w@uhp
from ATK usingi) Energy Hficiency (EE) cofficients presented in Section 3 ainga regional energy gains hypothesis. Energy gains hypatlesi
indicated into brackets under each geographical regicarsen These figures correspond to the EEffocient yearly mean growth rate hypothesis.
A negative sign means an energ§i@ency improvement hypothesis BE;; = Z%_e}?[i with EE;; the abbreviation for EE cdiécient in zonei at time

t. Thus defined, EE may be interpreted as the quantity of Jdt{Fjet, expressed in ton of Jet-Fuel) required to power thadportation of one ton
over one kilometer (ATK). A decrease of EE ¢deients means then that quantities of Jet-Fuel required t@ptve transportation of one ton over one
kilometer have decreased.

In the third column, figures expressed in % terms indicate theesdf each region’s Jet-Fuel consumption in 2008 and 2025.

The fourth and the fifth column indicate, respectively, the&@fation and the corresponding yearly mean growth rate effdet forecasts between 2008
and 2025.

* This figure corresponds to the world level energy gains (gear until 2025) resulting from regional energy gains hjzests as defined in the
‘Heterogeneous energy gains' traffic eficiency improvements scenario.

Table 23: Air Trdfic (expressed in fORTK and 10 ATK) and Jet-Fuel (expressed in Ton @)0Forecasts for
the years 2008 and 2025. Forecasts are presented at the worlddsv&hg) and for each geographical regions
(other lines).

‘High GDP growth rates' Air tra ffic forecasts scenario
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5 Conclusion

This report examines air tfizc and Jet-Fuel demand forecasts until 2025. This assessppears
central in a scarce energy resources context, as #icteae expected to rise strongly in the near fu-
ture.

Our results may be summarized as follows. First, we provietaibd descriptive statistics on
air traffic, using air tréfic data from the International Civil Aviation Organizationrohg 1980-2007.
This section highlights the strongly rising trends in thelation of worldwide air tréfic, along with
changes in the composition of air fii@ by zone. Our analysis reveals that, while the share of Europ
and in the U.S. in international air ttec remained relatively stable over the period, China is bengmi
a major player in air transportation. Indeed, its share ialtair trafic has skyrocketed, going from
4.74% in 1996 to 8.57% in 2006. This trend is expected to ba strenger. We provide also detailed
descriptive statistics on domestic vs. internationalraifit and freight vs. passengers’ airftia. We
show that at the world level, domestic airftia has increased at the rate of 4% per year on average,
which corresponds to a less dynamic development than thegaigd (domesticinternational) air
traffic (6.44%). Besides, we document that at the world level, fitetigific has increased at the rate
of 9.14% per year on average, fostered by world economic it tgrowth. This development is
stronger than passengers’ airffig, which increased at the rate of 6.04% per year on average.

Second, we propose a new methodology in order to measurgyed@ciency codicients and
energy diciency improvements. Since Jet-Fuel is not consumed felf ibait to power aircraft en-
gines, our forecasts are not based directly on Jet-Fueliogptson, but need to be computed using a
preliminary step. The methodology adopted here relies enTitaftic Efficiency’ method developed
previously by UK DTI to support the IPCC (1999) to deduce theoants of Jet-Fuel demand pro-
jections from air tréfic forecasts. The 'Ti&c Efficiency’ methodology allows to obtain cieients
to convert one amount of air transport into one amount ofdet- Trdfic Efficiency improvements
typically depend on) Load Factors improvements (aircraft are using more of ttegracity) andi)
energy d@iciency improvements. Our major contribution of this settionsists in proposing a new
methodology to obtain Energyfiiciency (EE) coféficients based on modeling at the macro-level. We
obtain EE co#icients by directly comparing Jet-Fuel consumption and tleéuéion of air trafic. As
straightforward as it may look like, this methodology has$ been implemented before to our best
knowledge.

Our macro-level methodology allows to obtain 'aggregatel’codficients and their growth rates
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from 1980 to 2006. We notice that all regions have registerezigy @iciency improvements during
the whole period at the aggregated (domestiternational) level. Atthe world level, energtfieiency
improvements have been equal to 2.88% per year during théevpleoiod. Aggregated (domestic
international) EE ratios are less than one for four regi@enral and North America, Europe, China,
Asian countries and Oceania), and greater than one for thieofbers (Latin America, Africa, Russia
and CIS, the Middle East). This result means that, for aggeeg@omestieinternational) travel, the
former regions are in average more energficent during the whole period than the world’s bench-
mark. On the contrary, the four latter regions are less gneffigient than the world’s average during
1983-2006. At the world level, domestic enerdii@ency appears to be lower than the international
one. This comment applies in all regions: domestic eneffjgiency appears to be inferior to in-
ternational energyfciency whatever the region considered. This result conftimasntuition that
domestic air travels are more energy intensive than intemal air trdfic. One of the main reasons
advanced in previous literature is that domestic flightawamee energy intensive due to more frequent
take-df and landing. These remarks lead to the following stylizext: faven if both international and
domestic air travels have encountered enetdjgiency improvements from 1983 to 2006, interna-
tional air travels appear to be less energy intensive thamegtc air travels.

Third, we provide an econometric analysis of aifffimdeterminants and Jet-Fuel demand fore-
casts. Previous literature identified broadly three categoof air trdfic drivers. The first type is
represented by GDP growth rates, the second deals with pcke, and the third concerns exogenous
shocks. Regarding the first driver, world airftre has been increasing at 6.4% on average during
1980-2006, while world’s GDP growth rates with a mean vallid.8%. Thus, the aviation sector is
characterized by a dynamic growth compared to other seitctdhe economy. Regarding the second
driver, there exists a negative elasticity between ticketes and air tréic: the higher ticket prices,
the lower the demand for flights. Besides taxes, the two otle@n komponents of plane tickets are
first wage costs and second Jet-Fuel prices. Prices variaitibese two inputs influence unitary costs,
and thus ticket prices fixed by airline companies. At leagh&short term and for relatively mod-
est prices variation, previous literature has shown tlcaetiprices have a limited impact on demand
in the aviation sector. However, when ticket prices reacivangthreshold (top or bottom) or when
they are characterized by significant (positive or negatigeiation levels, demand reacts quite rapidly
(the development of "low cost" airlines illustrates thistjacConcerning the third type of drivers, the
evolution of air trdfic seems to over-react to exogenous shocks: slow-down iroedoractivity, the
first Gulf-War in 1991, the Asian financial crisis, th£l® World Trade Center Attack, the epidemic
of SARS in 2003, etc. Besides, demand in the aviation sectad traninfluence of its drivers - is not
the same depending di) the maturity of the market in the region considered, @ncshorfmedium
hauls (mainly domestic air tfiac) vs. long hauls (international tfac).
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In the first step of our econometric analysis, the influencaiofraffic determinants previously
presented is estimated using the Arellano-Bond estima®®1(l GDP appears to have a positive
influence on air triic whereas the influence of Jet-Fuel price - above a givenhblés is negative.
Exogenous shocks can also have a (negative) impact on fiic tggowth rates. The magnitude of
the influence of these air titec determinants depends on region’s market maturity. Thustadfic
forecasts dter between regions. Various air fiia forecastsscenarii are developed. According to
our 'Business As Usual’ scenario, air tréfic is set to experience rapid growth until 2025. Our results
suggest that the revenue ton kilometer (RTK) will grow at e@rage rate of 4.7 per annum between
2008 and 2025 at the worldwide level (ranging from Bo(Central and North America) to 8.2 Jgr
(China), at the regional level). Thedw GDP growth rate’ air traffic forecasts scenario projects that
air traffic will grow, during same period, at an average rate of 4.2%ypar. The High GDP growth
rate’ air traffic forecasts scenario indicates that aifficawill be 140 per cent above 2008 level by
2025 (i.e. 5.3%yr).

In the second step of our econometric specification, we fatudet-Fuel demand projections.
Because of the improvements of energiyogency andor load factors, Jet-Fuel demand and aiffica
growths are not strictly correlated. Thus, ener@ficeency and load factors improvements hypothesis
have a critical impact on Jet-Fuel demand projections. Ating to our Business As Usual’ scenario,
world Jet-Fuel demand is expected to increase by about 38ebe 2008 and 2025 at the world
level — corresponding to a yearly average growth rate of abb@% per year —, ranging from -10%
in Central and North America t8170% in China. According to a stronger energy gains hypathesi
scenario, Jet-Fuel demand is expected to grow at an averagéhgate of 1.5% per year until 2025.
Thus, Jet-Fuel demand is unlikely to diminish unless theeeradical shift in technology or air travel
demand is restricted.
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APPENDIX

Note to the reader

Note that China starts declaring some of its aifficadata in 1993. Russia and CIS presents some
inconsistency in the data until 1991. Thus, some statistigst be interpreted with great care.
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Figure 3: World Repartition by zone in 1983 (top), 1996 (m&)dind 2006 (bottom) of Air Tific
(left panel, expressed in RTK) and Jet-Fuel Consumptiom{fignel, expressed in Mtoe). Source:
Authors, from ICAO data.
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Mean values Yearly average growth rates
1983 1996 2006 Sub-periods Whole period
1983-1996  1996-2006 1983-2006
Central and RTK 61.79 148.68 223.90 7.06% 4.31% 5.87%
North ATK 109.97 255.69 369.31 6.77% 3.79% 5.47%
America WLF 56.18% 58.15% 60.63% 0.27% 0.46% 0.35%
Mtoe  46.725 86.065 89.983| 4.89% 0.49% 2.98%
Europe RTK 32.37 99.64 161.46 8.32% 5.17% 6.95%
ATK 51.61 145.63 234.42 7.88% 4.44% 6.38%
WLF 62.73% 68.42% 68.8894 0.70% 0.13% 0.45%
Mtoe  20.551 39.193 55.909| 5.09% 3.62% 4.45%
Latin RTK 4.33 11.41 13.56 7.86% 5.76% 6.94%
America ATK 8.34 21.31 21.69 7.63% 2.85% 5.55%
WLF 51.98% 53.54% 62.52%  0.32% 2.01% 1.06%
Mtoe 4.934 7.687 8.797 3.58% 1.66% 2.74%
Russia and RTK 19.05 4.22 11.03 -9.24% 10.88% -0.49%
CIS ATK 23.08 8.15 18.34 -6.08% 9.24% 0.58%
WLF  8254% 51.83% 60.14% -3.35% 1.62% -1.19%
Mtoe 25.265 10.412 12.901] -6.19% 2.24% -2.53%
Africa RTK 3.69 3.18 9.96 0.32% 14.80% 6.62%
ATK 7.16 6.15 17.26 0.70% 14.00% 6.48%
WLF 51.61% 51.70% 57.71% 0.09% 1.13% 0.54%
Mtoe 4.453 6.732 8.923 3.31% 2.96% 3.16%
The Middle RTK 4.97 9.58 28.70 8.89% 13.02% 10.69%
East ATK 9.27 15.35 49.04 8.34% 13.93% 10.77%
WLF 53.63% 62.42% 58.52% 1.34% -0.62% 0.49%
Mtoe 5.258 8.728 11.247 4.38% 2.59% 3.60%
Asian RTK 21.63 75.79 114.13 10.61% 4.35% 7.89%
countries and ATK 33.19 123.20 183.96| 11.06% 4.16% 8.06%
Oceania WLF  65.19% 61.52% 62.04% -0.40% 0.13% -0.17%
Mtoe 13.187 33.460 42.779 7.45% 2.52% 5.31%
China RTK 1.76 17.52 52.72 21.16% 11.89% 17.13%
ATK 2.49 26.33 77.36 22.15% 11.52% 17.52%
WLF 70.46% 66.54% 68.15% -0.42% 0.31% -0.10%
Mtoe 1.246 6.225 15.475| 13.33% 10.03% 11.90%
World RTK 149.63 370.05 615.49| 7.28% 5.34% 6.44%
ATK 245.16 601.84 971.41 7.19% 4.97% 6.22%
WLF 61.03% 61.49% 63.36% 0.07% 0.33% 0.18%
Mtoe 121.621 198.502 246.0183 3.88% 2.20% 3.15%

Table 1: Air Trdfic (expressed in RTK and ATK). Weight Load Factors and Jet-Eoasumption for
each zone (expressed in Mtoe) during 1983-2006. Sourcdrohgitfrom ICAO and IEA data.
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Mean values
1983 1996 2006

Central and RTK  41.29% 40.18% 36.38%
North ATK 44.86% 42.49%  38.02%
America Mtoe 38.42% 43.36%  36.58%
Europe RTK  21.64% 26.93% 26.23%

ATK  21.05% 24.20% 24.13%
Mtoe 16.90% 19.74% 22.73%

Latin RTK 2.90%  3.08% 2.20%
America ATK 3.40%  3.54% 2.23%
Mtoe 4.06%  3.87% 3.58%

Russia and RTK 12.74%  1.14% 1.79%
CIS ATK 9.42%  1.36% 1.89%
Mtoe 20.77%  5.25% 5.24%

Africa RTK 247%  0.86% 1.62%
ATK 2.92%  1.02% 1.78%
Mtoe 3.66%  3.39% 3.63%

The Middle RTK 3.32%  2.59% 4.66%
East ATK 3.78%  2.55% 5.05%
Mtoe 4.32%  4.40% 4.57%
Asian RTK  14.46% 20.48% 18.54%
countries and ATK  13.54% 20.47% 18.94%
Oceania Mtoe 10.84% 16.86% 17.39%
China RTK 1.18% 4.74% 8.57%

ATK 1.02%  4.38% 7.96%
Mtoe 1.02%  3.14% 6.29%

Table 2: World Repartition of Air Trdic (expressed in RTK (billion) and ATK (billion)) and Jet-Hue
Consumption (expressed in Mtoe) by Zone (1983—-2006). Soduathors, from ICAO data.
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Mean values
1983 1996 2007
Central and Passengers (RTK) 90.88%  86.62% 81.51%
North Freight (RTK) 9.12% 13.38% 18.49%
America
Passengers (ATK) 92.34%  87.35% 81.75%
Freight (ATK) 7.66% 12.65% 18.25%
Europe Passengers (RTK) 92.47%  91.55% 88.36%
Freight (RTK) 7.53% 8.45%  11.64%
Passengers (ATK) 92.72%  91.84%  88.33%
Freight (ATK) 7.28% 8.16%  11.67%
Latin Passengers (RTK) 88.92%  88.11% 89.73%
America Freight (RTK) 11.08%  11.89% 10.27%
Passengers (ATK) 90.78%  89.90% 91.52%
Freight (ATK) 9.22% 10.10%  8.48%
Russia and Passengers (RTK) 100.00%  99.48%  91.85%
CIs Freight (RTK) 0.00% 0.52% 8.15%
Passengers (ATK) 100.00% 99.37%  91.56%
Freight (ATK) 0.00% 0.63% 8.44%
Africa Passengers (RTK) 96.11%  97.87% 96.62%
Freight (RTK) 3.89% 2.13% 3.38%
Passengers (ATK) 96.81%  97.57% 96.98%
Freight (ATK) 3.19% 2.43% 3.02%
The Middle Passengers (RTK) 86.19%  85.43% 88.02%
East Freight (RTK) 13.81%  1457% 11.98%
Passengers (ATK) 85.43%  86.88% 88.16%
Freight (ATK) 1457%  13.12% 11.84%
Asian Passengers (RTK) 88.82%  85.56% 84.11%
countries and Freight (RTK) 11.18%  14.44% 15.89%
Oceania
Passengers (ATK) 89.95%  86.41% 84.71%
Freight (ATK) 10.05%  13.59% 15.29%
China Passengers (RTK) 84.71%  85.63% 85.03%
Freight (RTK) 15.29%  14.37% 14.97%
Passengers (ATK) 86.07%  88.22%  84.82%
Freight (ATK) 13.93% 11.78% 15.18%
World Passengers (RTK) 91.93%  87.94% 85.07%

Freight (RTK)  8.07%  12.06%  14.93%

Passengers (ATK) 92.57%  88.63% 85.22%
Freight (ATK) 743%  11.37% 14.78%

Table 3: Repartition of Air Tréic (expressed in RTK (billion) and ATK (billion)) within eactone
(1983-2007): passenges. freight. Source: Authors, from ICAO data.

Réf formulaire: —-102 -



— _/
EU-YRi STTa>B T g

Mean values
1983 1996 2006
Central and Domestic (RTK) 67.21% 63.36% 56.16%
North International (RTK) 32.79% 36.64% 43.84%
America
Domestic (ATK) 69.02% 64.40% 56.58%
International (ATK) 30.98% 35.60% 43.42%
Domestic (Mtoe) 81.74% 76.89% 77.35%
International (Mtoe) 18.26% 23.11% 22.65%
Europe Domestic (RTK) 8.05% 6.86% 5.09%
International (RTK) 91.95% 93.14% 94.91%
Domestic (ATK) 8.63% 8.15% 5.78%
International (ATK) 91.37% 91.85% 94.22%
Domestic (Mtoe) 24.90% 20.49% 18.83%
International (Mtoe) 75.10% 79.51% 81.17%
Latin Domestic (RTK) 32.33% 30.43% 40.93%
America International (RTK) 67.67% 69.57% 59.07%
Domestic (ATK) 30.99% 31.67% 42.20%
International (ATK) 69.01% 68.33% 57.80%
Domestic (Mtoe) 55.06% 53.86% 43.28%
International (Mtoe) 44.94% 46.14% 56.72%
Russia and Domestic (RTK) 93.37% 31.47% 28.47%
CIs International (RTK) 6.63% 68.53% 71.53%
Domestic (ATK) 91.72% 27.87% 26.20%
International (ATK) 8.28% 72.13% 73.80%
Domestic (Mtoe) 0.00% 47.89% 47.08%
International (Mtoe) 100.00% 52.11% 52.92%
Africa Domestic (RTK) 15.96% 8.90% 10.80%
International (RTK) 84.04% 91.10% 89.20%
Domestic (ATK) 14.65% 8.82% 9.70%
International (ATK) 85.35% 91.18% 90.30%
Domestic (Mtoe) 20.26% 32.04% 35.55%
International (Mtoe) 79.74% 67.96% 64.45%
The Middle Domestic (RTK) 16.69% 5.70% 4.98%
East International (RTK) 83.31% 94.30% 95.02%
Domestic (ATK) 15.25% 4.94% 5.18%
International (ATK) 84.75% 95.06% 94.82%
Domestic (Mtoe) 10.05% 9.25% 7.31%
International (Mtoe) 89.95% 90.75% 92.69%
Asian Domestic (RTK) 9.65% 14.38% 12.90%
countries and International (RTK) 90.35% 85.62% 87.10%
Oceania
Domestic (ATK) 11.28% 18.58% 15.72%
International (ATK) 88.72% 81.42% 84.28%
Domestic (Mtoe) 30.28% 31.30% 23.27%
International (Mtoe) 69.72% 68.70% 76.73%
China Domestic (RTK) 0.00% 25.15% 37.96%
International (RTK) 100.00% 74.85% 62.04%
Domestic (ATK) n.a. 27.74% 37.77%
International (ATK) 100.00% 72.26% 62.23%
Domestic (Mtoe) 35.04% 43.63% 55.22%
International (Mtoe) 64.96% 56.37% 44.78%
World Domestic (RTK) 44.67% 32.96% 29.23%

International (RTK) 55.33% 67.04% 70.77%

Domestic (ATK) 45.00% 36.07% 30.76%
International (ATK) 55.00% 63.93% 69.24%

Domestic (Mtoe) 42.66% 50.12%  45.73%
International (Mtoe) 57.34% 49.88% 54.27%

Table 4: Repartition of Air Tréic (expressed in RTK (billion) and ATK (billion)) and Jet-Fwan-
sumption (expressed in Mtoe) within each zone (1983-20d6)nesticvs. international. Source:
Authors, from ICAO and IEA data.
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Mean values
1983 1996 2007

Central and Domestic (RTK) 62.13% 77.23% 66.39%
North International (RTK) 24.47% 21.96% 21.85%
America

Domestic (ATK) 68.80% 75.86% 66.52%
International (ATK) 25.27%  23.66%  23.16%

Europe Domestic (RTK)  3.90%  5.61%  4.56%
International (RTK) 35.95% 37.41% 34.92%

Domestic (ATK)  4.04% 5.47% 4.37%
International (ATK) 34.98% 34.76% 32.67%

Latin Domestic (RTK) 2.10% 2.85% 5.36%
America International (RTK) 3.55% 3.20% 2.49%

Domestic (ATK) 2.34% 3.11% 5.51%
International (ATK) 4.27% 3.78% 2.66%

Russia and Domestic (RTK) 26.62%  1.09% 1.72%
CIS International (RTK) 1.53% 1.17% 1.55%

Domestic (ATK)  19.19%  1.05% 1.55%
International (ATK) 1.42% 1.53% 1.70%

Africa Domestic (RTK) 0.88% 0.23% 0.48%
International (RTK) 3.76% 1.17% 1.62%

Domestic (ATK)  0.95% 0.25% 0.45%
International (ATK) 4.54% 1.46% 1.87%

The Middle Domestic (RTK)  1.24% 0.45% 0.72%
East International (RTK) 5.00% 3.64% 6.75%

Domestic (ATK)  1.28% 0.35% 0.76%
International (ATK) 5.83% 3.79% 7.30%

Asian Domestic (RTK)  3.13% 8.94% 8.74%
countries and International (RTK)  23.61% 26.16% 22.46%
Oceania

Domestic (ATK)  3.39%  10.55% 10.66%
International (ATK) 21.84% 26.07% 22.53%

China Domestic (RTK)  0.00% 3.61% 12.03%
International (RTK) 2.13% 5.29% 8.35%

Domestic (ATK) 0.00% 3.37% 10.18%
International (ATK) 1.85% 4.95% 8.11%

Table 5: World Repartition of Domestic and International Aieffic (expressed in RTK (billion) and
ATK (billion)) by Zone (1983-2007). Source: Authors, fro@AO data.
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Mean values Yearly average growth rates
1983 1996 2007 Sub-periods Whole period
1983-1996  1996-2007 1983-2007
Central and RTK 41.52 94.20 127.26| 6.50% 2.77% 4.78%
North ATK 75.90 164.65 211.23] 6.14% 2.29% 4.36%
America
WLF  54.71% 57.21% 60.25% 0.34% 0.47% 0.40%
Europe RTK 2.60 6.83 8.74 7.70% 2.26% 5.17%
ATK 4.45 11.87 13.88 7.83% 1.43% 4.85%
WLF  5852% 57.60% 63.00% -0.12% 0.82% 0.31%
Latin RTK 1.40 3.47 10.27 7.22% 10.37% 8.65%
America ATK 2.58 6.75 17.49 7.66% 9.04% 8.29%
WLF  54.23% 51.44% 58.75% -0.40% 1.21% 0.33%
Russia and RTK  17.79 1.33 3.28 -18.08% 8.58% -6.79%
CIS ATK 21.17 2.27 4.91 -15.77% 7.25% -5.91%
WLF  84.02% 58.52% 66.98% -2.74% 1.23% -0.94%
Africa RTK 0.59 0.28 0.91 -5.50% 11.29% 1.85%
ATK 1.05 0.54 1.44 -4.95% 9.31% 1.34%
WLF  56.22% 52.14% 63.52% -0.58% 1.81% 0.51%
The Middle RTK 0.83 0.54 1.37 -3.16% 8.77% 2.13%
East ATK 141 0.75 241 -4.69% 11.11% 2.25%
WLF  58.69% 72.12% 57.09% 1.60% -2.10% -0.12%
Asian RTK 2.08 10.90 16.74 13.55% 3.98% 9.06%
countries and ATK 3.74 22.89 33.85 14.95% 3.62% 9.61%
Oceania
WLF  55.82% 47.61% 49.48% -1.22% 0.35% -0.50%
China RTK - 4.40 23.06 - 16.24% -
ATK - 7.30 32.32 - 14.48% -
WLF - 60.31% 71.35% - 1.54% -
World RTK 66.84 121.98 191.68 4.74% 4.19% 4.49%
ATK 110.33  217.06  317.55 5.34% 3.52% 4.50%
WLF  60.58% 56.20% 60.36% -0.58% 0.65% -0.02%

Table 6: Domestic Air Triic (expressed in RTK (billion) and ATK (billion)) and Weighbhd Factors
for each zone during 1983-2007. Source: Authors, from ICA@.da
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Mean values
1983 1996 2007
Central and Passengers (RTK) 93.51% 87.38% 85.63%
North Freight (RTK) 6.49% 12.62% 14.37%
America
Passengers (ATK)  94.62% 87.95% 85.50%
Freight (ATK) 5.38% 12.05% 14.50%
Europe Passengers (RTK) 95.77% 98.53% 98.72%
Freight (RTK) 4.23% 1.47% 1.28%
Passengers (ATK)  95.66% 98.21% 98.36%
Freight (ATK) 4.34% 1.79% 1.64%
Latin Passengers (RTK)  90.37% 89.38% 95.21%
America Freight (RTK) 9.63% 10.62% 4.79%
Passengers (ATK)  91.20% 91.19% 95.48%
Freight (ATK) 8.80% 8.81% 4.52%
Russia and Passengers (RTK) 100.00%  99.65%  100.00%
CIs Freight (RTK) 0.00% 0.35% 0.00%
Passengers (ATK) 100.00%  99.62% 99.99%
Freight (ATK) 0.00% 0.38% 0.01%
Africa Passengers (RTK)  99.30% 99.93% 97.69%
Freight (RTK) 0.70% 0.07% 2.31%
Passengers (ATK)  99.01% 99.93% 97.62%
Freight (ATK) 0.99% 0.07% 2.38%
The Middle Passengers (RTK) 97.87%  100.00%  99.53%
East Freight (RTK) 2.13% 0.00% 0.47%
Passengers (ATK) 96.77% 99.99% 98.86%
Freight (ATK) 3.23% 0.01% 1.14%
Asian Passengers (RTK) 98.66% 99.65% 99.89%
countries and Freight (RTK) 1.34% 0.35% 0.11%
Oceania
Passengers (ATK)  98.26% 99.63% 99.89%
Freight (ATK) 1.74% 0.37% 0.11%
China Passengers (RTK) - 100.00%  99.09%
Freight (RTK) - 0.00% 0.91%
Passengers (ATK) - 100.00%  98.85%
Freight (ATK) - 0.00% 1.15%
World Passengers (RTK)  95.53% 89.83% 90.01%

Freight (RTK) ~ 4.47%  10.17%  9.99%

Passengers (ATK) 95.81% 90.44% 89.88%
Freight (ATK) 4.19% 9.56%  10.12%

Table 7: Repartition of Domestic Air Tfizc (expressed in RTK (billion) and ATK (billion)) within
each zone (1983-2007): passengeifreight. Source: Authors, from ICAO data.
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Mean values Yearly average growth rates
1983 1996 2007 Sub-periods Whole period
1983-1996  1996-2007 1983-2007
Central and RTK 20.26 54.47 102.39] 7.90% 5.90% 6.98%
North ATK 34.07 91.03 166.79| 7.85% 5.66% 6.84%
America
WLF 59.47% 59.84% 61.39% 0.05% 0.23% 0.13%
Europe RTK 29.76 92.80 163.64| 9.14% 5.29% 7.36%
ATK 47.15 133.76  235.25] 8.35% 5.27% 6.93%
WLF  63.12% 69.38% 69.56% 0.73% 0.02% 0.41%
Latin RTK 2.93 7.93 11.67 7.95% 3.57% 5.92%
America ATK 5.75 14.56 19.12 7.40% 2.51% 5.13%
WLF  50.97% 54.51% 61.04% 0.52% 1.03% 0.75%
Russia and RTK 1.26 2.89 7.27 6.59% 8.72% 7.56%
CIS ATK 191 5.88 12.23 9.04% 6.89% 8.04%
WLF  66.11% 49.24% 59.40% -2.24% 1.72% -0.45%
Africa RTK 3.10 2.89 7.61 -0.54% 9.18% 3.80%
ATK 6.11 5.60 13.45 -0.67% 8.28% 3.34%
WLF 50.82% 51.66% 56.57% 0.13% 0.83% 0.45%
The Middle RTK 4.14 9.03 31.64 6.18% 12.07% 8.84%
East ATK 7.85 14.59 52.58 4.88% 12.36% 8.24%
WLF 52.72% 61.91% 60.18% 1.24% -0.26% 0.55%
Asian RTK 19.54 64.89 105.28| 9.67% 4.50% 7.27%
countries and ATK 29.45 100.30 162.19] 9.89% 4.47% 7.37%
Oceania
WLF 66.38% 64.70% 64.91% -0.20% 0.03% -0.09%
China RTK 1.76 13.11 39.12 16.70% 10.44% 13.79%
ATK 2.49 19.02 58.39 16.90% 10.73% 14.03%
WLF  70.46% 68.93% 66.99% -0.17% -0.26% -0.21%
World RTK 82.79 248.06  468.64| 8.81% 5.95% 7.49%
ATK 134.83  384.78  720.05 8.40% 5.86% 7.23%
WLF  61.41% 64.47% 65.09% 0.38% 0.09% 0.24%

Table 8: International Air Tridic (expressed in RTK and ATK) and Weight Load Factors for eactez
during 1983-2007. Source: Authors, from ICAO data.

Réf formulaire: —-107 -



— _/
EU-YRi STTa>B T g

Mean values
1983 1996 2007
Central and Passengers (RTK) 85.49%  85.30% 76.39%
North Freight (RTK) 1451% 14.70% 23.61%
America
Passengers (ATK) 87.28%  86.27%  77.00%
Freight (ATK) 12.72%  13.73%  23.00%
Europe Passengers (RTK) 92.18%  91.04% 87.81%
Freight (RTK) 7.82% 8.96%  12.19%
Passengers (ATK)  92.45% 91.28% 87.74%
Freight (ATK) 7.55% 8.72%  12.26%
Latin Passengers (RTK) 88.22%  87.55% 84.91%
America Freight (RTK) 11.78%  12.45%  15.09%
Passengers (ATK) 90.59%  89.30% 87.90%
Freight (ATK) 9.41% 10.70% 12.10%
Russia and Passengers (RTK) 100.00% 99.39%  88.17%
CIs Freight (RTK) 0.00% 0.61%  11.83%
Passengers (ATK) 100.00% 99.27% 88.17%
Freight (ATK) 0.00% 0.73%  11.83%
Africa Passengers (RTK) 95.50%  97.67%  96.50%
Freight (RTK) 4.50% 2.33% 3.50%
Passengers (ATK) 96.43%  97.34% 96.91%
Freight (ATK) 3.57% 2.66% 3.09%
The Middle Passengers (RTK) 83.85%  84.55% 87.52%
East Freight (RTK) 16.15%  15.45% 12.48%
Passengers (ATK) 83.39%  86.20% 87.67%
Freight (ATK) 16.61%  13.80% 12.33%
Asian Passengers (RTK) 87.77%  83.19% 81.60%
countries and Freight (RTK) 12.23%  16.81% 18.40%
Oceania
Passengers (ATK) 88.89%  83.40% 81.54%
Freight (ATK) 11.11%  16.60%  18.46%
China Passengers (RTK) 84.71%  80.80% 76.74%
Freight (RTK) 15.29%  19.20% 23.26%
Passengers (ATK) 86.07%  83.69% 77.06%
Freight (ATK) 13.93%  16.31% 22.94%
World Passengers (RTK) 89.03%  87.01% 83.05%

Freight (RTK)  10.97%  12.99%  16.95%

Passengers (ATK) 89.93%  87.61% 83.17%
Freight (ATK) 10.07% 12.39% 16.83%

Table 9: Repartition of International Air Titac (expressed in RTK and ATK) within each zone (1983-
2007): passenges. freight. Source: Authors, from ICAO data.
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Mean values
1983 1996 2007

Central and Freight (RTK)  46.67% 44.59% 43.07%
North Passengers (RTK) 40.82% 39.58% 33.32%
America

Freight (ATK)  46.24%  47.26%  45.00%
Passengers (ATK) 44.75% 41.87% 34.95%

Europe Freight (RTK)  20.20% 18.86% 20.35%
Passengers (RTK) 21.76% 28.03% 27.12%

Freight (ATK)  20.62% 17.36% 18.96%
Passengers (ATK) 21.09% 25.08% 24.89%

Latin Freight (RTK) 3.98% 3.04% 2.29%
America Passengers (RTK) 2.80% 3.09% 3.51%

Freight (ATK)  4.23%  3.15%  2.03%
Passengers (ATK)  3.34% 3.59% 3.79%

Russia and Freight (RTK)  0.00% 0.05% 0.87%
CIS Passengers (RTK) 13.85%  1.29% 1.73%

Freight (ATK) 0.00% 0.08% 0.94%
Passengers (ATK) 10.17%  1.52% 1.78%

Africa Freight (RTK)  1.19%  0.15%  0.29%
Passengers (RTK) 2.58% 0.96% 1.47%

Freight (ATK) 1.26% 0.22% 0.29%
Passengers (ATK)  3.06% 1.13% 1.63%

The Middle Freight (RTK) 5.69% 3.13% 4.01%
East Passengers (RTK) 3.12% 2.52% 5.17%

Freight (ATK)  7.42%  2.94%  4.25%
Passengers (ATK)  3.49% 2.50% 5.48%

Asian Freight (RTK)  20.03% 24.53% 19.67%
countries and Passengers (RTK) 13.97% 19.93% 18.27%
Oceania

Freight (ATK)  18.32% 24.46% 19.55%
Passengers (ATK) 13.16% 19.96% 18.78%

China Freight (RTK) 2.23% 5.64% 9.44%
Passengers (RTK) 1.08% 4.61% 9.41%

Freight (ATK)  1.91%  4.53%  8.98%
Passengers (ATK)  0.95% 4.36% 8.70%

Table 10: World Repatrtition of Freight and Passenger Aifficgexpressed in RTK and ATK) by
Zone (1983-2007). Source: Authors, from ICAO data.
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Mean values Yearly average growth rates
1983 1996 2007 Sub-periods Whole period
1983-1996  1996-2007 1983-2007
Central and RTK 5.63 19.89 42.46 10.19% 7.13% 8.78%
North ATK 8.42 32.34 68.99 10.91% 7.13% 9.16%
America
WLF 66.90% 61.52% 61.54% -0.64% 0.00% -0.35%
Europe RTK 243 8.41 20.06 10.00% 8.22% 9.18%
ATK 3.75 11.87 29.07 9.26% 8.48% 8.90%
WLF  64.92% 70.85% 69.00% 0.67% -0.24% 0.25%
Latin RTK 0.48 1.35 2.25 8.31% 4.72% 6.65%
America ATK 0.76 2.15 3.10 8.23% 3.39% 5.98%
WLF  62.49% 63.04% 72.61% 0.07% 1.29% 0.63%
Russia and RTK - 0.02 0.86 - 39.45% -
CIS ATK - 0.05 1.44 - 35.40% -
WLF - 42.96%  59.40% - 2.99% -
Africa RTK 0.14 0.067 0.28 -5.64% 14.07% 2.93%
ATK 0.22 0.14 0.45 -3.21% 10.53% 2.86%
WLF  62.94% 45.21% 63.93% -2.51% 3.20% 0.07%
The Middle RTK 0.68 1.39 3.95 5.60% 9.94% 7.57%
East ATK 1.35 2.01 6.51 3.12% 11.25% 6.77%
WLF 50.84% 69.31% 60.79% 2.41% -1.19% 0.75%
Asian RTK 241 10.94 19.38 12.32% 5.33% 9.06%
countries and ATK 3.33 16.73 29.97 13.21% 5.44% 9.58%
Oceania
WLF  72.49% 65.40% 64.67% -0.79% -0.10% -0.47%
China RTK 0.26 251 9.30 18.77% 12.62% 15.91%
ATK 0.34 3.10 13.77 18.32% 14.51% 16.56%
WLF 77.31% 81.17% 67.59% 0.38% -1.65% -0.56%
World RTK 12.07 44.62 98.57 | 10.58% 7.47% 9.14%
ATK 18.20 68.42 153.32| 10.72% 7.61% 9.28%
WLF  66.29% 65.21% 64.29% -0.13% -0.13% -0.13%

Table 11: Freight Trdic (expressed in RTK and ATK) and Weight Load Factors for eactezluring
1983-2007. Source: Authors, from ICAO data.
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Mean values
1983 1996 2007
Central and Domestic (RTK)  47.82% 59.76% 43.06%
North International (RTK) 52.18% 40.24% 56.94%
America
Domestic (ATK)  48.52%  61.35%  44.40%
International (ATK) 51.48% 38.65% 55.60%
Europe Domestic (RTK) 4.53% 1.19% 0.56%
International (RTK) 95.47% 98.81% 99.44%
Domestic (ATK) 5.15% 1.79% 0.78%
International (ATK) 94.85% 98.21% 99.22%
Latin Domestic (RTK) 28.09% 27.19% 21.84%
America International (RTK) 71.91% 72.81% 78.16%
Domestic (ATK)  29.58% 27.62% 25.47%
International (ATK) 70.42% 72.38% 74.53%
Russia and Domestic (RTK) - 20.98% 0.00%
CIs International (RTK) - 79.02%  100.00%
Domestic (ATK) - 16.82% 0.05%
International (ATK) - 83.18% 99.95%
Africa Domestic (RTK) 2.87% 0.28% 7.37%
International (RTK) 97.13% 99.72% 92.63%
Domestic (ATK) 4.56% 0.26% 7.61%
International (ATK) 95.44% 99.74% 92.39%
The Middle Domestic (RTK) 2.58% 0.00% 0.16%
East International (RTK) 97.42%  100.00%  99.84%
Domestic (ATK) 3.38% 0.00% 0.42%
International (ATK) 96.62%  100.00%  99.58%
Asian Domestic (RTK) 1.15% 0.35% 0.10%
countries and International (RTK) 98.85% 99.65% 99.90%
Oceania
Domestic (ATK) 1.95% 0.50% 0.12%
International (ATK) 98.05% 99.50% 99.88%
China Domestic (RTK) 0.00% 0.00% 2.24%
International (RTK) ~ 100.00%  100.00%  97.76%
Domestic (ATK) 0.00% 0.00% 2.71%
International (ATK) 100.00% 100.00%  97.29%
World Domestic (RTK)  24.76% 27.80% 19.42%

International (RTK) 75.24% 72.20% 80.58%

Domestic (ATK)  25.41% 30.31% 20.95%
International (ATK) 74.59% 69.69% 79.05%

Table 12: Repartition of Freight Tifac (expressed in RTK and ATK) within each zone (1983-2007):
domesticvs. international. Source: Authors, from ICAO data.

Réf formulaire: -111 -



— _/
EU-YRi STTa>B T g

Mean values Yearly average growth rates
1983 1996 2007 Sub-periods Whole period
1983-1996  1996-2007 1983-2007
Central and RTK 56.15 128.78 187.19) 6.59% 3.46% 5.14%
North ATK 101.55 223.35 309.03] 6.25% 3.00% 4.75%
America
WLF 55.30% 57.66% 60.57% 0.32% 0.45% 0.38%
Europe RTK 29.93 91.23 152.32| 8.95% 4.77% 7.01%
ATK 47.85 133.75  220.05| 8.23% 4.63% 6.56%
WLF  62.55% 68.21% 69.22% 0.67% 0.13% 0.42%
Latin RTK 3.85 10.05 19.69 7.65% 6.31% 7.03%
America ATK 7.57 19.15 33.51 7.40% 5.22% 6.39%
WLF  5091% 52.47% 58.77% 0.23% 1.04% 0.60%
Russia and RTK  19.05 4.20 9.69 -10.97% 7.89% -2.77%
CIS ATK 23.08 8.10 15.70 -71.74% 6.20% -1.59%
WLF 8254% 51.89% 61.77% -3.51% 1.60% -1.20%
Africa RTK 3.55 3.11 8.24 -1.02% 9.26% 3.57%
ATK 6.94 6.00 14.45 -1.11% 8.32% 3.10%
WLF 51.23% 51.86% 57.04% 0.09% 0.87% 0.45%
The Middle RTK 4.28 8.18 29.06 5.10% 12.21% 8.30%
East ATK 7.92 13.33 48.49 4.09% 12.45% 7.84%
WLF 54.10% 61.38% 59.95% 0.98% -0.21% 0.43%
Asian RTK 19.22 64.84 102.64| 9.81% 4.26% 7.23%
countries and ATK 29.85 106.46 166.07] 10.27% 4.12% 7.41%
Oceania
WLF  64.37% 60.91% 61.81% -0.42% 0.13% -0.17%
China RTK 1.49 15.00 52.87 19.43% 12.13% 16.03%
ATK 2.15 23.23 76.94 20.08% 11.50% 16.07%
WLF  69.36% 64.58% 68.72% -0.55% 0.57% -0.04%
World RTK 137.56 325.42 561.75 6.85% 5.09% 6.04%
ATK 226.95 53341 88427 6.79% 4.70% 5.83%
WLF  60.61% 61.01% 63.53% 0.05% 0.37% 0.20%

Table 13: Passengers’ Air Tiec (expressed in RTK and ATK) and Weight Load Factors for eactez
during 1983-2007. Source: Authors, from ICAO data.
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Mean values

1983 1996 2007
Central and Domestic (RTK)  69.15%  63.92% 58.22%
North International (RTK) 30.85%  36.08% 41.78%
America
Domestic (ATK)  70.72%  64.84% 58.44%
International (ATK) 29.28%  35.16% 41.56%
Europe Domestic (RTK) 8.34% 7.39% 5.67%
International (RTK) 91.66%  92.61% 94.33%
Domestic (ATK) 8.91% 8.72% 6.20%
International (ATK) 91.09%  91.28% 93.80%
Latin Domestic (RTK)  32.86%  30.87% 49.67%
America International (RTK) 67.14%  69.13% 50.33%
Domestic (ATK)  31.14%  32.13% 49.83%
International (ATK) 68.86%  67.87% 50.17%
Russia and Domestic (RTK) 93.37%  31.52% 33.92%
CIS International (RTK) 6.63% 68.48% 66.08%
Domestic (ATK)  91.72%  27.94% 31.28%
International (ATK) 8.28% 72.06% 68.72%
Africa Domestic (RTK) 16.49% 9.08%  10.87%
International (RTK) 83.51%  90.92% 89.13%
Domestic (ATK)  14.98% 9.03% 9.75%
International (ATK) 85.02%  90.97% 90.25%
The Middle Domestic (RTK)  18.95% 6.68% 4.72%
East International (RTK) 81.05%  93.32% 95.28%
Domestic (ATK) 17.28% 5.68% 4.92%
International (ATK) 82.72%  94.32%  95.08%
Asian Domestic (RTK) 10.72%  16.75%  16.30%
countries and International (RTK) 89.28%  83.25% 83.70%
Oceania
Domestic (ATK)  12.32%  21.43% 20.36%
International (ATK) 87.68%  78.57% 79.64%
China Domestic (RTK) 0.00% 29.37% 43.22%
International (RTK) 100.00% 70.63% 56.78%
Domestic (ATK) 0.00% 31.45% 41.52%
International (ATK) 100.00% 68.55%  58.48%
World Domestic (RTK)  46.42%  33.67% 30.71%

International (RTK) 53.58% 66.33% 69.29%

Domestic (ATK)  46.58%  36.80% 32.28%
International (ATK) 53.42%  63.20% 67.72%

Table 14: Repartition of Passengers’ Air fira (expressed in RTK and ATK) within each zone (1983-
2007): domesti@s. international. Source: Authors, from ICAO data.
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Aggregated
Domestic
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Mean values Yearly average growth rates (EE gains) | Rate of change
Sub-periods Whole period Sub-periods Whole period
1983-1996  1996-2006 1983-2006| 1983-1996 1996-2006 1983-2006 1983-2006
3.93E-07 2.90E-07 3.49E-07 -1.78% -3.18% -2.39% -42.65%
4.58E-07 3.62E-07 4.16E-07 -1.71% -1.86% -1.78% -33.80%
2.60E-07 1.80E-07 2.25E-07 -1.04% -5.27% -2.91% -49.25%
3.52E-07 2.71E-07 3.18E-07 -2.97% -1.20% -2.20% -40.10%
8.75E-07 7.31E-07 8.17E-07 -3.99% 1.40% -1.68% -32.35%
3.02E-07 2.35E-07 2.74E-07 -2.58% -1.25% -2.00% -37.22%
4.22E-07 4.35E-07 4.31E-07 -3.73% 1.18% -1.63% -31.42%
7.21E-07 6.24E-07 6.81E-07 -4.05% -3.81% -3.95% -60.41%
2.85E-07 3.31E-07 3.08E-07 -3.46% 5.03% 0.14% 3.34%
n.a. 1.00E-06 n.a. n.a. -5.79% n.a. -44.92% *
n.a. 2.09E-06 n.a. n.a. -5.37% n.a. -42.39% *
n.a. 6.89E-07 n.a. n.a. -5.86% n.a. -45.33% *
7.81E-07 9.18E-07 8.30E-07 4.45% -7.22% -0.80% -16.79%
1.80E-06 3.94E-06 2.69E-06 12.51% -7.14% 3.50% 120.60%
6.60E-07 6.78E-07 6.62E-07 2.65% -7.63% -1.95% -36.43%
6.75E-07 5.07E-07 6.02E-07 0.02% -8.68% -3.86% -59.56%
5.53E-07 1.00E-06 7.36E-07 8.40% -11.23% -0.62% -13.29%
7.08E-07 4.87E-07 6.14E-07 -0.79% -8.46% -4.20% -62.75%
3.17E-07 2.44E-07 2.85E-07 -2.88% -1.54% -2.30% -41.46%
5.87E-07 4.03E-07 5.08E-07 -6.31% -2.80% -4.80% -67.73%
2.69E-07 2.10E-07 2.44E-07 -2.35% -0.79% -1.67% -32.18%
n.a. 2.22E-07 n.a. n.a. -1.65% n.a. -15.37% *
n.a. 3.53E-07 n.a. n.a. -2.37% n.a. -21.32% *
n.a. 1.56E-07 n.a. n.a. -2.45% n.a. -21.94% *
4.17E-07 2.98E-07 3.66E-07 -3.09% -2.61% -2.88% -48.95%
4.52E-07 4.17E-07 4.36E-07 -0.20% -1.95% -0.96% -19.94%
3.96E-07 2.35E-07 3.28E-07 -5.23% -2.56% -4.08% -61.62%

Table 15: EE coficients (ktogATK) for each zone and worldwide. Means values and growtésrat
during 1983-2006. Source: Authors, from ICAO and IEA data.

Note: «+ means that rates of change are not computed for the whole pbtibfbr the second sub-period.
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Mean values Yearly average growth rates Rate of change
Sub-periods Whole period Sub-periods Whole period
1983-1996 1996-2006 1983-2006 | 1983-1996 1996-2006 1983-2006 1983-2006

Central and Zone's aggregated EE/ 0.95 0.97 0.96 1.36% -0.59% 0.51% 12.34%
World’s aggregated EE

North Zone's domestic EE / 1.01 0.87 0.95 -1.52% 0.09% -0.82% -17.31%
World's domestic EE

America Zone's international EE / 0.69 0.76 0.71 4.41% -2.78% 1.22% 32.24%
World’s international EE

Europe Zone's aggregated EE/ 0.85 0.91 0.88 0.13% 1.44% 0.70% 17.33%
World's aggregated EE
Zone's domestic EE / 1.94 1.76 1.87 -3.80% 3.41% -0.73% -15.50%
World's domestic EE
Zone's international EE / 0.79 1.00 0.88 2.79% 1.35% 2.16% 63.58%
World's international EE

Latin Zone's aggregated EE/ 1.00 1.49 1.22 -0.66% 3.88% 1.29% 34.33%
World's aggregated EE

America Zone's domestic EE / 1.59 1.50 1.56 -3.86% -1.90% -3.02% -50.55%
World’s domestic EE
Zone's international EE / 0.74 1.45 1.05 1.86% 7.79% 4.40% 169.25%
World's international EE

Russia and Zone's aggregated EE/ n.a. 3.34 n.a. n.a. -3.27% n.a. -28.26% *
World's aggregated EE

€IS Zone's domestic EE / n.a. 4.95 na. n.a. -3.49% n.a. -29.87% *
World’s domestic EE
Zone's international EE / n.a. 291 n.a. n.a. -3.38% n.a. -29.12% *
World's international EE

Africa Zone's aggregated EE/ 1.95 3.03 2.39 7.78% -4.74% 2.15% 62.99%
World's aggregated EE
Zone’s domestic EE / 4.00 9.27 6.22 12.73% -5.30% 4.51% 175.54%
World's domestic EE
Zone’s international EE / 1.80 2.83 221 8.31% -5.20% 2.22% 65.63%
World's international EE

The Middle Zone's aggregated EE/ 1.66 1.67 1.66 3.21% -6.24% -1.01% -20.78%
World’s aggregated EE

East Zone's domestic EE / 1.23 2.37 1.71 8.61% -9.46% 0.35% 8.31%
World's domestic EE
Zone's international EE / 1.90 2.04 1.95 4.68% -6.06% -0.13% -2.95%
World’s international EE

Asian Zone's aggregated EE/ 0.76 0.82 0.79 0.21% 1.10% 0.60% 14.66%
World's aggregated EE

countries and Zone's domestic EE / 1.29 0.96 1.15 -6.12% -0.87% -3.87% -59.70%
World's domestic EE

Oceania Zone's international EE/ 0.70 0.90 0.79 3.04% 1.82% 2.51% 76.71%
World’s international EE

China Zone's aggregated EE/ n.a. 0.75 n.a. n.a. 0.98% n.a. 10.22% *
World's aggregated EE
Zone's domestic EE / n.a. 0.81 na. n.a. -0.43% n.a. -4.22% *
World’s domestic EE
Zone's international EE / n.a. 0.67 n.a. n.a. 0.12% n.a. 1.19% *

World's international EE

Table 16: Comparison of EE cfirients (ktogATK) between zones using world’s EE d&eients as
benchmark (1983-2006). Source: Authors, from ICAO and IEfada

Note: a ratio>(<) 1 means that the region’s energji@ency is inferior (superior) to the world’s energffieiency. These ratios are provided for the aggregated (diewnégernational), domestic, and
international travels.

Note: * means that rates of change are not computed for the wholedpéxit for the second sub-period.
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Mean values Yearly average growth rates Rate of change
Sub-periods Whole period Sub-periods Whole period
1983-1996 1996-2006 1983-2006 | 1983-1996 1996-2006 1983-2006 1983-2006

Central and Zone's domestic EE / 1.16 1.25 1.20 0.06% 1.36% 0.63% 15.44%
Zone's aggregated EE

North Zone’s international EE / 0.66 0.62 0.64 0.74% -2.16% -0.53% -11.50%
Zone's aggregated EE

America Zone's domestic EE / 1.77 2.06 1.85 -0.68% 3.60% 1.16% 30.44%
Zone’s international EE

Europe Zone's domestic EE / 2.46 2.71 2.57 -1.05% 2.63% 0.53% 12.94%
Zone's aggregated EE
Zone's international EE / 0.86 0.87 0.86 0.40% -0.05% 0.20% 4.81%
Zone's aggregated EE
Zone's domestic EE / 2.87 3.13 2.99 -1.45% 2.68% 0.33% 7.76%
Zone's international EE

Latin Zone's domestic EE / 1.69 1.44 1.57 -0.34% -4.93% -2.36% -42.27%
Zone's aggregated EE

America Zone's international EE / 0.68 0.75 0.72 0.28% 3.81% 1.80% 50.69%
Zone's aggregated EE
Zone's domestic EE / 253 1.89 221 -0.61% -8.42% -4.09% -61.69%
Zone’s international EE

Russia and Zone's domestic EE/ n.a. 2.04 n.a. n.a. 0.45% n.a. 4.59% *
Zone's aggregated EE

CIS Zone's international EE / n.a. 0.69 n.a. n.a. -0.07% n.a. -0.75% *
Zone's aggregated EE
Zone's domestic EE / n.a. 2.99 n.a. n.a. 0.53% n.a. 5.38% *
Zone's international EE

Africa Zone's domestic EE / 2.30 4.29 3.24 7.71% 0.09% 4.33% 165.11%
Zone's aggregated EE
Zone's international EE / 0.86 0.74 0.81 -1.72% -0.43% -1.16% -23.60%
Zone's aggregated EE
Zone's domestic EE / 2.72 5.81 4.06 9.60% 0.53% 5.56% 247.03%
Zone's international EE

The Middle Zone’s domestic EE / 0.82 1.93 1.28 8.37% -2.79% 3.37% 114.41%
Zone's aggregated EE

East Zone's international EE / 1.05 0.96 1.01 -0.81% 0.24% -0.36% -7.91%
Zone's aggregated EE
Zone's domestic EE / 0.80 2.02 121 9.26% -3.02% 3.74% 132.81%
Zone’s international EE

Asian Zone's domestic EE / 1.81 1.65 1.74 -3.52% -1.28% -2.56% -44.88%
Zone's aggregated EE

countries and Zone's international EE/ 0.85 0.87 0.86 0.55% 0.76% 0.64% 15.86%
Zone's aggregated EE

Oceania Zone's domestic EE/ 2.15 1.91 2.05 -4.05% -2.03% -3.18% -52.43%
Zone's international EE

China Zone's domestic EE / n.a. 1.58 n.a. n.a. -0.73% n.a. -7.03% *
Zone's aggregated EE
Zone's international EE / n.a. 0.70 n.a. n.a. -0.81% n.a. TT7%*
Zone's aggregated EE
Zone's domestic EE / n.a. 2.27 n.a. n.a. 0.08% n.a. 0.80% *
Zone’s international EE

World Zone's domestic EE / 1.10 1.41 1.23 2.99% 0.68% 1.98% 56.83%
Zone's aggregated EE
Zone's international EE / 0.94 0.79 0.88 -2.21% 0.05% -1.23% -24.82%
Zone's aggregated EE
Zone's domestic EE / 1.14 1.78 1.33 5.31% 0.63% 3.25% 108.60%

Zone's international EE

Table 17: Comparison of domestic and international EEfaments (ktogATK) within each zone
(1983-2006). Source: Authors, from ICAO data.

Note: a ratio>(<) 1 means that the energgfieiency of the kind of travel in numerator is inferior (sume)ito the kind of travel in denominator. These ratios aimaahparing. within each regioifi) the
domestic vs. aggregated (domestiternational) EE coicients mean valuegij) the international vs. aggregated (domesiiternational) EE ca@icients mean values, aifii) the domestiws.
international EE ca@cients mean values.

Note: * means that rates of change are not computed for the wholedpéxit for the second sub-period.
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RTK (10%) Corresponding Jet fuel-Ton (10°) 9% variation Mean growth
Regions (mean growth ATK (107) (consumption of Jet-Fuel rate per year
(Energy gains hypothesis) rate per year) (mean growth of the region-%) (2008-2025) of Jet-Fuel
rate per year) (2008-2025)
2008 2025 2008 2025 2008 2025
Central and North America 246.2 405.9 403.9 627.5 86.96 77.98 -10% -0.6%
(-3.18%) (3.0%) (2.6%) 38.7% 29.9%
Europe 163.5 310.0 235.2 413.1 49.78 52.37 5% 0.4%
(-2.97%) (3.9%) (3.5%) 222%  20.1%
Latin America 28.5 64.7 47.1 89.3 16.68 16.57 -1% 0.04%
(-2.73%) (5.0%) (3.9%) 7.4% 6.4%
Russia and CIS 9.6 21.1 15.4 28.1 9.03 6.00 -34% -2.2%
(-5.79%) (4.9%) (3.8%) 4.0% 2.3%
Africa 9.9 30.0 17.3 47.6 7.25 5.59 -23% -1.5%
(-7.22%) (6.7%) (6.2%) 3.2% 2.1%
The Middle East 24.1 48.7 39.9 74.3 7.19 2.86 -60% -5.0%
(-8.68%) (4.5%) (4.0%) 3.2% 1.1%
Asian countries and Oceania 98.6 296.4 158.2 465.2 32.71 58.52 79% 3.7%
(-2.88%) (6.9%) (6.8%) || 14.6%  22.4%
China 56.9 215.0 82.8 296.7 15.10 40.77 170% 6.1%
(-1.65%) (8.2%) (7.9%) 6.7% 15.6%
World 637.4 1391.8 | 999.8 2041.9 224.69 260.67 16% 0.9%
(-3.22%)* (4.7%) (4.3%) 100% 100%

‘Green energy gains traffic eficiency improvements scenario

Notes:

The first two columns present 2008 and 2025 afffitdorecasts expressed in RTK (first column) and ATK (secondroa).

ATK are computed from RTK forecasts using the following edprag: RTK = WLF x ATK & ATK = % with WLF the percentage of an aircraft’s
available ton &ectively occupied during a flight. Because airlines nevédly ffill their aircrafts, ATK > RTK (see Section 2.1 for more details).
Assumptions on the evolution of WLF between 2008 and 2025 agslele in Section 4.2.

In the first two columns, figures into brackets represent yeadan growth rate of air tfc forecasts between 2008 and 2025. Note that for each zone
and at the world level, the yearly mean growth rate of affitdorecast®xpressed in ATK is always inferior to the yearly mean growth rate of aiffica
forecastexpressed in RTK.

The other three columns concern Jet-Fuel forecasts.

The third column presents 2008 and 2025 Jet-Fuel forecaptessed in Ton (&). For each geographical region, Jet-Fuel forecasts are wi@uhp
from ATK usingi) Energy Hficiency (EE) cofficients presented in Section 3 ainda regional energy gains hypothesis. Energy gains hypatlaesi
indicated into brackets under each geographical regicasen These figures correspond to the EEffotient yearly mean growth rate hypothesis.
A negative sign means an energ§i@ency improvement hypothesis BE;; = ,I%—Tg“t with EE;; the abbreviation for EE cdiécient in zonei at time

t. Thus defined, EE may be interpreted as the quantity of Jdt{Fjes, expressed'in ton of Jet-Fuel) required to power thagportation of one ton
over one kilometer (ATK). A decrease of EE ¢eients means then that quantities of Jet-Fuel required t@ptve transportation of one ton over one
kilometer have decreased.

In the third column, figures expressed in % terms indicate theesbf each region’s Jet-Fuel consumption in 2008 and 2025.

The fourth and the fifth column indicate, respectively, the&@tation and the corresponding yearly mean growth rate effdet forecasts between 2008
and 2025.

* This figure corresponds to the world level energy gains g@ar until 2025) resulting from regional energy gains hjests as defined in th&teen
energy gains traffic efficiency improvements scenario.

Table 24: Air Trdfic (expressed in PORTK and 10 ATK) and Jet-Fuel (expressed in Ton )0Forecasts for
the years 2008 and 2025. Forecasts are presented at the worlddevéh€) and for each geographical regions
(other lines).

‘IMF GDP growth rates air tra flic forecasts scenario
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RTK (109) Corresponding Jet fuel-Ton (10%) % variation Mean growth
Regions (mean growth ATK ( 109) (consumption of Jet-Fuel rate per year
(Energy gains hypothesis) rate per year) (mean growth of the region-%) (2008-2025) of Jet-Fuel
rate per year) (2008-2025)
2008 2025 2008 2025 2008 2025
Central and North America 246.1 391.2 | 403.8 604.8 87.95 84.04 -4% -0.3%
(-2.61%) (2.8%) (2.4%) 38.5% 31.2%
Europe 163.3 287.7 | 235.0 383.5 50.10 52.15 4% 0.3%
(-2.61%) (3.5%) (3.0%) 21.9% 19.3%
Latin America 28.5 62.7 47.1 86.5 17.06 20.00 17% 1.0%
(-2.61%) (4.8%) (3.7%) 7.5% 7.4%
Russia and CIS 9.6 19.1 15.3 25.4 9.63 10.19 6% 0.5%
(-2.61%) (4.2%) (3.2%) 4.2% 3.8%
Africa 9.9 27.6 17.2 43.8 7.97 12.92 62% 2.9%
(-2.61%) (6.2%) (5.6%) 3.5% 4.8%
The Middle East 24.0 42.3 39.7 64.6 8.15 8.45 4% 0.5%
(-2.61%) (3.7%) (3.2%) 3.6% 3.1%
Asian countries and Oceania 98.3 253.8 157.7 398.4 32.79 52.82 61% 3.1%
(-2.61%) (6.0%) (5.8%) 14.4% 19.6%
China 56.7 184.4 82.5 2545 14.76 29.03 97% 4.1%
(-2.61%) (7.3%) (6.9%) 6.5% 10.8%
World 636.5 12689 | 9984 18615 228.40  269.59 18% 1.0%
(-2.61%) (4.2%) (3.8%) 100% 100%

“Homogeneous energy gains' traffic efficiency improvements scenario

Notes:

The first two columns present 2008 and 2025 aifficdorecasts expressed in RTK (first column) and ATK (secondroal).

ATK are computed from RTK forecasts using the following efprag: RTK = WLF x ATK & ATK = % with WLF the percentage of an aircraft's
available ton &ectively occupied during a flight. Because airlines nevdly ffill their aircrafts, ATK > RTK (see Section 2.1 for more details).
Assumptions on the evolution of WLF between 2008 and 2025 aeslele in Section 4.2.

In the first two columns, figures into brackets represent yaadan growth rate of air tfc forecasts between 2008 and 2025. Note that for each zone
and at the world level, the yearly mean growth rate of aifitcdorecastexpressed in ATK is always inferior to the yearly mean growth rate of aiffia
forecastexpressed in RTK.

The other three columns concern Jet-Fuel forecasts.

The third column presents 2008 and 2025 Jet-Fuel forecaptessed in Ton (). For each geographical region, Jet-Fuel forecasts are wmahp
from ATK usingi) Energy Hficiency (EE) cofficients presented in Section 3 ainga regional energy gains hypothesis. Energy gains hypatlaesi
indicated into brackets under each geographical regicersen These figures correspond to the EEffocient yearly mean growth rate hypothesis.
A negative sign means an energ§i@ency improvement hypothesis &&;; = I%—eé“"‘l with EE;; the abbreviation for EE cdiécient in zonei at time

t. Thus defined, EE may be interpreted as the quantity of Jdt{Fjet, expressed in ton of Jet-Fuel) required to power thadportation of one ton
over one kilometer (ATK). A decrease of EE ¢eients means then that quantities of Jet-Fuel required te@ptive transportation of one ton over one
kilometer have decreased.

In the third column, figures expressed in % terms indicate theesbf each region’s Jet-Fuel consumption in 2008 and 2025.

The fourth and the fifth column indicate, respectively, the&Gation and the corresponding yearly mean growth rate effdet forecasts between 2008
and 2025.

Table 25: Air Trdfic (expressed in PORTK and 1§ ATK) and Jet-Fuel (expressed in Ton @)0Forecasts for
the years 2008 and 2025. Forecasts are presented at the worlddsv&hg) and for each geographical regions
(other lines).

‘Low GDP growth rates Air tra ffic forecasts scenario
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RTK (109) Corresponding Jet fuel-Ton (10%) % variation Mean growth
Regions (mean growth ATK (10°) (consumption of Jet-Fuel rate per year
(Energy gains hypothesis) rate per year) (mean growth of the region-%) (2008-2025) of Jet-Fuel
rate per year) (2008-2025)
2008 2025 2008 2025 2008 2025
Central and North America 246.1 391.2 403.8 604.8 86.92 75.17 -14% -0.9%
(-3.18%) (2.8%) (2.4%) 387%  31.6%
Europe 163.3 287.7 235.0 3835 49.73 48.61 -2% -0.1%
(-2.97%) (3.5%) (3.0%) 22.2%  20.4%
Latin America 28.5 62.7 47.1 86.5 16.67 16.06 -4% -0.14%
(-2.73%) (4.8%) (3.7%) 7.4% 6.7%
Russia and CIS 9.6 19.1 15.3 25.4 9.01 5.42 -40% -2.8%
(-5.79%) (4.2%) (3.2%) 4.0% 2.3%
Africa 9.9 27.6 17.2 43.8 7.23 5.14 -29% -2.0%
(-7.22%) (6.2%) (5.6%) 3.2% 2.2%
The Middle East 24.0 42.3 39.7 64.6 7.16 2.49 -65% -5.8%
(-8.68%) (3.7%) (3.2%) 3.2% 1.0%
Asian countries and Oceania 98.3 253.8 157.7 398.4 32.61 50.11 54% 2.8%
(-2.88%) (6.0%) (5.8%) 145%  21.1%
China 56.7 184.4 82.5 2545 15.05 34.97 132% 5.2%
(-1.65%) (7.3%) (6.9%) 6.7% 14.7%
World 636.5 1268.9 | 998.4 1861.5 224.38 237.96 6% 0.4%
(-3.22%)* (4.2%) (3.8%) 100% 100%

‘Green energy gains' traffic eficiency improvements scenario

Notes:

The first two columns present 2008 and 2025 aiffitdorecasts expressed in RTK (first column) and ATK (secondroal).

ATK are computed from RTK forecasts using the following egua: RTK = WLF x ATK & ATK = % with WLF the percentage of an aircraft's
available ton &ectively occupied during a flight. Because airlines nevdly ffill their aircrafts, ATK > RTK (see Section 2.1 for more details).
Assumptions on the evolution of WLF between 2008 and 2025 aeeleidin Section 4.2.

In the first two columns, figures into brackets represent yaadan growth rate of air tfic forecasts between 2008 and 2025. Note that for each zone
and at the world level, the yearly mean growth rate of aificdorecastexpressed in ATK is always inferior to the yearly mean growth rate of aiffica
forecastexpressed in RTK.

The other three columns concern Jet-Fuel forecasts.

The third column presents 2008 and 2025 Jet-Fuel forecaptessed in Ton (X). For each geographical region, Jet-Fuel forecasts are w@uhp
from ATK usingi) Energy Hficiency (EE) cofficients presented in Section 3 ainga regional energy gains hypothesis. Energy gains hypatlesi
indicated into brackets under each geographical regicarsen These figures correspond to the EEffocient yearly mean growth rate hypothesis.
A negative sign means an energ§i@ency improvement hypothesis BE;; = Z%_e}?[i with EE;; the abbreviation for EE cdiécient in zonei at time

t. Thus defined, EE may be interpreted as the quantity of Jdt{Fjet, expressed in ton of Jet-Fuel) required to power thadportation of one ton
over one kilometer (ATK). A decrease of EE ¢deients means then that quantities of Jet-Fuel required t@ptve transportation of one ton over one
kilometer have decreased.

In the third column, figures expressed in % terms indicate theesdf each region’s Jet-Fuel consumption in 2008 and 2025.

The fourth and the fifth column indicate, respectively, the&@fation and the corresponding yearly mean growth rate effdet forecasts between 2008
and 2025.

* This figure corresponds to the world level energy gains g@ar until 2025) resulting from regional energy gains hyneats as defined in th&reen
energy gains traffic efficiency improvements scenario.

Table 26: Air Trdfic (expressed in fORTK and 10 ATK) and Jet-Fuel (expressed in Ton @)0Forecasts for
the years 2008 and 2025. Forecasts are presented at the worlddsv&hg) and for each geographical regions
(other lines).

‘Low GDP growth rates' Air tra ffic forecasts scenario
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RTK (10°) Corresponding Jet fuel-Ton (10°) % variation Mean growth
Regions (mean growth ATK ( 109) (consumption of Jet-Fuel rate per year
(Energy gains hypothesis) rate per year) (mean growth of the region-%) (2008-2025) of Jet-Fuel
rate per year) (2008-2025)
2008 2025 2008 2025 2008 2025
Central and North America 246.3 421.0 404.1 650.9 88.02 90.43 3% 0.2%
(-2.61%) (3.2%) (2.8%) 38.4% 28.0%
Europe 163.7 333.7 235.4 444.8 50.20 60.50 21% 1.2%
(-2.61%) (4.4%) (3.9%) 21.9% 18.8%
Latin America 28.6 66.8 47.1 92.2 17.08 21.31 25% 1.4%
(-2.61%) (5.2%) (4.1%) 7.5% 6.6%
Russia and CIS 9.6 234 15.4 31.1 9.68 12.49 29% 1.7%
(-2.61%) (5.5%) (4.4%) 4.2% 3.9%
Africa 10.0 32.7 17.3 51.8 8.00 15.26 91% 3.9%
(-2.61%) (7.2%) (6.7%) 3.5% 4.7%
The Middle East 24.2 56.0 40.1 85.4 8.21 11.17 36% 2.1%
(-2.61%) (5.4%) (4.9%) 3.6% 3.5%
Asian countries and Oceania 98.9 345.7 158.7 542.6 32.99 71.95 118% 5.0%
(-2.61%) (7.9%) (7.8%) 14.4% 22.3%
China 57.1 250.3 83.0 345.4 14.85 39.40 165% 6.0%
(-2.61%) (9.2%) (8.8%) 6.5% 12.2%
World 638.3 1529.5 | 1001.2 2244.2 229.02  322.49 41% 2.1%
(-2.61%) (5.3%) (4.9%) 100% 100%

“Homogeneous energy gains' traffic efficiency improvements scenario

Notes:

The first two columns present 2008 and 2025 aifficdorecasts expressed in RTK (first column) and ATK (secondroal).

ATK are computed from RTK forecasts using the following efprag: RTK = WLF x ATK & ATK = % with WLF the percentage of an aircraft's
available ton &ectively occupied during a flight. Because airlines nevdly ffill their aircrafts, ATK > RTK (see Section 2.1 for more details).
Assumptions on the evolution of WLF between 2008 and 2025 aeelei@in Section 4.2.

In the first two columns, figures into brackets represent yaadan growth rate of air tfc forecasts between 2008 and 2025. Note that for each zone
and at the world level, the yearly mean growth rate of afficdorecastexpressed in ATK is always inferior to the yearly mean growth rate of aiffica
forecastexpressed in RTK.

The other three columns concern Jet-Fuel forecasts.

The third column presents 2008 and 2025 Jet-Fuel forecaptessed in Ton (). For each geographical region, Jet-Fuel forecasts are w@ahp
from ATK usingi) Energy Hficiency (EE) cofficients presented in Section 3 ainda regional energy gains hypothesis. Energy gains hypatlaesi
indicated into brackets under each geographical regicarsen These figures correspond to the EEffotient yearly mean growth rate hypothesis.
A negative sign means an energ§i@ency improvement hypothesis &&;; = Z%;i""! with EE; the abbreviation for EE cdiécient in zonei at time

t. Thus defined, EE may be interpreted as the quantity of Jdt{Fjes, expressed in ton of Jet-Fuel) required to power thadportation of one ton
over one kilometer (ATK). A decrease of EE ¢eients means then that quantities of Jet-Fuel required teptive transportation of one ton over one
kilometer have decreased.

In the third column, figures expressed in % terms indicate theesbf each region’s Jet-Fuel consumption in 2008 and 2025.

The fourth and the fifth column indicate, respectively, the&@fation and the corresponding yearly mean growth rate effdet forecasts between 2008
and 2025.

Table 27: Air Trdfic (expressed in TORTK and 18 ATK) and Jet-Fuel (expressed in Ton #)pForecasts for
the years 2008 and 2025. Forecasts are presented at the worlddevéh€) and for each geographical regions
(other lines).

‘High GDP growth rates’ Air tra ffic forecasts scenario
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RTK (10%) Corresponding Jet fuel-Ton (10°) % variation Mean growth
Regions (mean growth ATK (10°) (consumption of Jet-Fuel rate per year
(Energy gains hypothesis) rate per year) (mean growth of the region-%) (2008-2025) of Jet-Fuel

rate per year) (2008-2025)
2008 2025 2008 2025 2008 2025

Central and North America 246.3 421.0 404.1 650.9 86.99 80.89 -7% -0.4%
(-3.18%) (3.2%) (2.8%) 38.7% 28.3%
Europe 163.7 333.7 2354 4448 49.83 56.38 13% 0.8%
(-2.97%) (4.4%) (3.9%) 22.1% 19.7%
Latin America 28.6 66.8 47.1 92.2 16.69 17.10 2% 0.22%
(-2.73%) (5.2%) (4.1%) 7.4% 6.0%
Russia and CIS 9.6 234 15.4 311 9.06 6.65 -27% -1.6%
(-5.79%) (5.5%) (4.4%) 4.0% 2.3%
Africa 10.0 32.7 17.3 51.8 7.26 6.07 -16% -1.0%
(-7.22%) (7.2%) (6.7%) 3.2% 2.1%
The Middle East 24.2 56.0 40.1 85.4 7.22 3.29 -54% -4.2%
(-8.68%) (5.4%) (4.9%) 3.2% 1.1%
Asian countries and Oceania 98.9 345.7 158.7 542.6 32.81 68.25 108% 4.7%
(-2.88%) (7.9%) (7.8%) 14.6%  23.9%
China 57.1 250.3 83.0 3454 15.14 47.47 214% 7.0%
(-1.65%) (9.2%) (8.8%) 6.7% 16.6%
World 638.3 1529.5 1001.2 22442 224.99 286.10 27% 1.5%
(-3.22%)* (5.3%) (4.9%) 100% 100%

‘Green energy gains' traffic eficiency improvements scenario

Notes:

The first two columns present 2008 and 2025 alfficdorecasts expressed in RTK (first column) and ATK (secondroal).

ATK are computed from RTK forecasts using the following equrag: RTK = WLF x ATK & ATK = % with WLF the percentage of an aircraft's
available ton #ectively occupied during a flight. Because airlines nevdly ffill their aircrafts, ATK > RTK (see Section 2.1 for more details).
Assumptions on the evolution of WLF between 2008 and 2025 aeelei@in Section 4.2.

In the first two columns, figures into brackets represent yaadan growth rate of air tfc forecasts between 2008 and 2025. Note that for each zone
and at the world level, the yearly mean growth rate of aificdorecastexpressed in ATK is always inferior to the yearly mean growth rate of aiffia
forecastexpressed in RTK.

The other three columns concern Jet-Fuel forecasts.

The third column presents 2008 and 2025 Jet-Fuel forecaptessed in Ton (). For each geographical region, Jet-Fuel forecasts are wmahp
from ATK usingi) Energy Hficiency (EE) cofficients presented in Section 3 ainga regional energy gains hypothesis. Energy gains hypatlaesi
indicated into brackets under each geographical regicarsen These figures correspond to the EEffotient yearly mean growth rate hypothesis.
A negative sign means an energji@ency improvement hypothesis B&;; = I%—e}f‘"“ with EE; the abbreviation for EE cdiécient in zone at time

t. Thus defined, EE may be interpreted as the quantity of Jdt{Fjet, expressed in ton of Jet-Fuel) required to power thadportation of one ton
over one kilometer (ATK). A decrease of EE ¢eients means then that quantities of Jet-Fuel required te@ptve transportation of one ton over one
kilometer have decreased.

In the third column, figures expressed in % terms indicate theesbf each region’s Jet-Fuel consumption in 2008 and 2025.

The fourth and the fifth column indicate, respectively, the&Gation and the corresponding yearly mean growth rate effdet forecasts between 2008
and 2025.

* This figure corresponds to the world level energy gains g@ear until 2025) resulting from regional energy gains hiests as defined in th&teen
energy gains' traffic efficiency improvements scenario.

Table 28: Air Trdfic (expressed in PORTK and 1§ ATK) and Jet-Fuel (expressed in Ton @)0Forecasts for
the years 2008 and 2025. Forecasts are presented at the worlddev&hg) and for each geographical regions
(other lines).

‘High GDP growth rates' Air tra ffic forecasts scenario
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Mean values Yearly average growth rates
1983 1996 2007 Sub-periods Whole period
1983-1996  1996-2007 1983-2007
Central and RPK  479.53 1022.09 1444.00 5.99% 3.19% 4.70%
North ASK 779.16 1478.83 1819.70 5.05% 1.90% 3.60%
America
PLF  61.54% 69.11% 79.35%| 0.90% 1.26% 1.06%
Europe RPK  214.22 697.56 121224 9.51% 5.15% 7.49%
ASK 333.19 953.36 154570 8.42% 4.49% 6.60%
PLF  64.30% 73.17% 78.43%| 1.00% 0.63% 0.83%
Latin RPK 27.56 72.61 162.63 7.74% 7.61% 7.68%
America ASK 49.90 121.08 235.60 7.06% 6.24% 6.68%
PLF  55.22% 59.97% 69.03%| 0.64% 1.29% 0.93%
Russia and RPK  176.47 36.47 86.43 | -11.42% 8.16% -2.93%
CIS ASK 210.98 59.99 117.86| -9.22% 6.33% -2.40%
PLF  83.64% 60.79% 73.33%| -2.43% 1.72% -0.55%
Africa RPK 28.91 27.48 69.12 -0.39% 8.75% 3.70%
ASK 49.35 44.99 102.36| -0.71% 7.76% 3.09%
PLF  58.59% 61.08% 67.52%| 0.32% 0.92% 0.59%
The Middle RPK 32.67 55.34 203.10 4.14% 12.55% 7.91%
East ASK 50.95 81.15 268.86 3.65% 11.50% 7.18%
PLF  64.13% 68.20% 75.54%| 0.47% 0.93% 0.68%
Asian RPK  134.55 446.32 713.53| 9.66% 4.36% 7.20%
countries and ASK  206.03 653.53 962.07 9.29% 3.58% 6.63%
Oceania
PLF  65.31% 68.29% 74.17%| 0.34% 0.75% 0.53%
China RPK 9.65 106.09 357.05| 20.25% 11.66% 16.23%
ASK 13.70 149.64 463.80| 20.19% 10.83% 15.81%
PLF  70.48% 70.90% 76.98%| 0.05% 0.75% 0.37%
World RPK  1103.60 2463.99 424813 6.37% 5.08% 5.78%
ASK 1693.29 3542.62 551599 5.84% 4.11% 5.04%
PLF  65.17% 69.55% 77.01%| 0.50% 0.93% 0.70%

Table 29: Passengers’ Air Titac (expressed in RPK (billion) and ASK (billion)) and Passenger LoadoFac
for each zone during 1983-2007. Source: Authors, from ICAO.data

Note: the above table corresponds to Table 13, expressel@kir&her than in RTK.
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Mean values
1983 1996 2007
Central and Domestic (RPK)  73.03%  68.84% 67.09%
North International (RPK) 26.97%  31.16% 32.91%
America
Domestic (ASK)  74.36%  69.95% 66.75%
International (ASK) 25.64%  30.05% 33.25%
Europe Domestic (RPK)  11.43% 9.61% 7.51%
International (RPK) 88.57%  90.39% 92.49%
Domestic (ASK) 11.33%  10.73%  8.40%
International (ASK) 88.67%  89.27%  91.60%
Latin Domestic (RPK)  42.28%  38.54% 58.75%
America International (RPK) 57.72%  61.46% 41.25%
Domestic (ASK) 39.06%  40.17% 59.80%
International (ASK) 60.94%  59.83% 40.20%
Russia and Domestic (RPK) 94.15%  34.23% 36.26%
CIS International (RPK) 5.85% 65.77% 63.74%
Domestic (ASK)  92.46%  34.22% 36.42%
International (ASK) 7.54% 65.78%  63.58%
Africa Domestic (RPK)  20.42%  11.10% 12.99%
International (RPK) 79.58%  88.90% 87.01%
Domestic (ASK) 18.16%  10.38% 12.03%
International (ASK) 81.84%  89.62% 87.97%
The Middle Domestic (RPK)  24.74%  11.05%  7.02%
East International (RPK) 75.26%  88.95%  92.98%
Domestic (ASK)  21.58% 8.95% 6.97%
International (ASK) 78.42%  91.05% 93.03%
Asian Domestic (RPK) 15.55%  25.96% 24.79%
countries and International (RPK) 84.45%  74.04% 75.21%
Oceania
Domestic (ASK)  16.42%  27.18% 26.17%
International (ASK) 83.58% 72.82% 73.83%
China Domestic (RPK)  0.00% 43.47%  59.24%
International (RPK)  100.00% 56.53%  40.76%
Domestic (ASK)  0.00% 42.44%  58.67%
International (ASK)  100.00%  57.56%  41.33%
World Domestic (RPK)  53.23%  39.86% 37.63%

International (RPK) 46.77%  60.14% 62.37%

Domestic (ASK)  52.29% 41.19% 37.77%
International (ASK) 47.71%  58.81% 62.23%

Table 30: Repartition of Passengers’ Air fira (expressed in RPK and ASK) within each zone (1983-2007):
domesticvs. international. Source: Authors, from ICAO data.

Note: the above table corresponds to Table 14, expressel@kir&her than in RTK.
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