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S0vodm

Argpelvnon TV ETMAOY®OYV TV ENPATOV XU TV ATOXPICEWY TV
QEEOTOPLXMY ETOULEELMYV OE AYORAXEVIPIXA TEPLBAANOVTIXNE KETEA UE T
e e e Yop e e e

XeNomn neoTONwY drtaxelths enthoyhc xot Jewplag motyviwy

Iwdvvoe II. ITaywvn

EnBrénovoa Kadnyhrewa: Hopaoxeuh Yopdun-Karountoidr, Avarh. Koadnytewe EMIL

YNOVYH

Yy mopoloo  dwoxtopixry diateldn  Blepeuvdton 7 EmBpacn  EVOC  AYORUXEVTEXOU
TEQIBUAAOVTIXNO) PETPOU GTNY OVTAYWVIOTIXY aYopd TwV oEpOYETapopnv. Me tnv epapuoyh
TOU UETEOU Ol OEpOTOPEC ETALREEC TANEMVOLY €Vol EMTAEOY XOOTOC EXTOUTMY TO OMOio
exppdleton cuvVapThoEL TNC ToohTNTaC dlodediou tou dvdpaxa (CO2) Tou exTéUnouY Xxat TOU
wovadiatou xbotouc (avd tévo CO2) nou xadopileton oto mhalow e mepBarhoviicAc
rolhtixfic. H enldpaon Ttou pétpou otic Twéc twv cloitnplwy, oto uepldlor ayop®y Twv
OEPOTIOPIXMV  ETAUEEWDY Xat OTIC oLVoAxée exmounéc Bloewiov tou dvlpaxo oe €va
oEpOTopinG BixTuo BlepeuvdTal Yéow Tng avdnTuing wog yevodoloylac 1 onola tepthopfBdvel
éva TpOTUTO detapopxfic {ATNONG, €va TEOTUTO GUUTEPLPORES TWVY JELOTOPIXMY ETOUPELLY
o e p€dodo uToAoYLoUOD TOU XOOTOUG EXTOUTMVY Yl XAUe agpomopinr] etonpelor xon

dLadpoun.

H oacponopixry {Atnon  avaideton  Pe T YeNHon  TEOTOMWY  OLXELTWV  ETAOYMV
(xenowonouwdvtae adpolotixd dedopéva) evtde g ayopds, mou oplletan we to Lebyoc
nOAewy mpoéievonc-tpoopopol. Tlo ocuyxexpéva, yenolonoleltor To Epapy X0 TEOTUTO
logit (nested logit model). H ypnowdtnta tou enBdtn and tny emhoyh QoG AEpoTopeAc
oUVBEoNS EXPEELETOL (S CUVERTNOY TWV YURAXTNPLOTIXGY NS GUVOEONS, TWV AEEOdPOUiLY
TPOEAEUCTIC-TPOOELOHOY ol NS agpontopxic etaupeiac mou exterel To dpopoidyro. H
CUUTERLPORE Ty eTaupely Baolletan otny undldeon 6T oL etaupeles, Tou SpaoTNELOTOLOUYTAL
o Wt oyopd, OLHopOOVOLY TIC TWES TLV elottnelnv utd cuvINXEC OAYOTWAAXOU
VTAYWVIOUOY UE YVOUOVA TN UEYLoToRolnon tev xepdhv toug. Kdlde etoupeio Sioapoppmvet
T TWéS TV eoltnelov Tne Tautdypova ye T dhhec eTaipeleg Tov BpaoTnEloToLlVINL GTHY
Bl ayopd, ovamtdoocoviac éva un ouvepyoatixd malywio. Metd Tnv  egapuoyn Tng
TEQIBUAAOVTIXAC  TOMTIXAC, TO TEOTUTO OCUUTREQIQORAS TWY  HEQOTOPIXWY  ETULOELDY
VAP0 UpUOLETOL HOTE 0TO 0plond *O0TOC XA¥E AEPOTORIXAC ETAUPELNS VO EVowUatwIEel To
xnbotog exnopnyv. o tov unoloyioud twv exnouneyv CO2 o Tou avTloTolyou XOGTOUC,
%&Ue BLadpopy] XATATACOETOL OE HOVODIXOUC CUVBLACHONS KAEROGKAPOUC, ATOCTUCTC TTHONC
xon  mpooavatohouol wthone». Do xdde ocuvBuaoud extiwdTor To TUTIXG  HOVOTATL
XATOXOPLUPNC TOPELUC TOU AERPOOKAPOUS XU UE TN Yeron tou Jovtélou Base of Aircraft
Data tou EUROCONTROL vroroyilovror ot exnournéc CO2.

H epopuoyh tou ayopoxevipixod nepBouiloviinod puétpou efetdletol 0T0 AEpOTOPIXG BIXTUO
v Hvopévov Toktewdv yia to étog 2012, Ta arnoteréopata delyvouv dtl 1 adinon otig

TWES TV elottnpley xou 1 Yelwon tne acpomopxtic {Rtnone unopel va elvon onuavTixr ov 1




Shvodn

A tou dvdpoxa elvon uhn. Tia to younhd cevdpio twv $10 avéd tévo CO2 mou elvan
XOVTd 6TNV Teéyouca TR dvpaxa 1 Lelworn twv cuvolxoy extounmy CO2 (Aoyw peivong
e acponophc Lhtnone) extuhdnxe lon pe 1,88%. AopBdvovtac unddrn tov otdyxo tne
acponopxnc Bropnyavice yia Uelworn Ty extopndy CO2 6V AEpOTOPIXDY UETAPOPLY KAUTA
50% péypt to 2050 (o€ oyéon pe ta eninedo Tou 2005), N nopoloo diotelfr delyvel 6Tl elvon
avdyxn oL acpomopixéc eToupeleg xou ov dhhol wopelc tng Pounyaviag vo oTpagpoly ot
evahhoxTxée  mpooeyyioeic vl va Dlogallatel 1 owovomxn) xon  TEQUBoAAOVTIXH
BuwowotnTa TV agpopetapoptyv. H avéiluoh tne SwtpPrc Belyver 6ti n Tipoldynon twv
exnopndyvy CO2 cupfdiher oty pelworn twv exnounov CO2. Ilap’ dho autd, Tor Younid
enineda e TN Tou dvipaxoa BeV AVUUEVETAL VO GONYHOOUY O ONUOVTIXES OANIYEC OTOV
TOUEN TWV OEPOTORIXWY HETAPOLWY AMO TNV EQUPUOYT UOVO EVOC TEPLBUANOVTIXNOD UETEOU.
Téhoc, 1 e@aguoY) NS TOMTIXAC OEV AVUUEVETOL VO ERNEEACEL TOV OVTAYOVIOUS TV

OEPOTIOPLXMV ETUUPELDY TOU BEAaTNRLOTOOUVTOL TNV (BLol ayopd.

Aéleic-Khedid:  ayopaxevteixd mepiarroviixd  uétea, acpomopixri (ntnon, mpdTuma
OLaXPLTAIY ETAOYY, EVOOYEVELR, YEVIXEUUEVY) UEV000OC TWV pOmdY, XELOOC AEPOTOPLXWDY
ETAUPELDY, UN) CUVERYATIXO TalyVio, TUTIXY) XATUXOQUEN ToOXLd qEpooXdpous, evduyeduulon
TWV XAUTUAWY UE Baon To onuela, ToCTUTO TEOooUoiwons AstTovpylas acpooxdpous.



Abstract

Passenger travel choices and airline responses under market-based

environmental policies using discrete choice modeling and game theory

Ioanna P. Pagoni

Supervisor: Paraskevi Psaraki-Kalouptsidi, Associate Professor NTUA

ABSTRACT

In this dissertation, the implementation of a market-based environmental policy on
aviation industry is studied. Under this policy, each airline pays a carbon fee, as a
function of the carbon dioxide emissions (CO2) it generates and the pre-defined unit
carbon price (per ton CO2). The impact on ticket prices, airlines’ market shares and
resulting network-wide carbon emissions is investigated via a methodology which includes
an air travel demand model, an airlines’ behavior model and a method for estimating
carbon emissions costs by airline and itinerary.

The aggregate air travel demand model relies on discrete choice analysis of different
airline connections in origin-destination markets. In particular, the Nested Logit model is
used. The passengers’ utility for each airline connection is expressed as a function of
various flight attributes that are specific to the itinerary, the airline and the airport. The
airline's behavior model is based on the hypothesis that active airlines set their ticket
prices in an origin-destination market under oligopolistic competition with the aim to
maximize own profits. Ticket prices are simultaneously set by each airline in the market,
which means that airlines play a non-cooperative game. After the implementation of the
environmental policy, the airline’s behavior model is adjusted so as to incorporate the
carbon fee in the airline’s marginal cost. For the computation of airline connection’s CO2
emissions and corresponding emissions cost, connections are organized in unique
combinations of “aircraft type, flight distance, flight direction”. For every combination,
the typical altitude profile is estimated and the CO2 emissions are computed by using the
fuel flow coefficients given in the EUROCONTROL’s Base of Aircraft Data.

The market-based environmental policy is implemented at the U.S. domestic aviation
network for the study year 2012. The simulation analysis revealed that the
implementation of the environmental market-based policy in the U.S. aviation could have
some significant effects on ticket prices, air travel demand and resulting COz2 emissions
for high ranges of carbon unit price. For the low scenario of $10 per ton CO2, which is
close to the prevailing carbon price, the network-wide CO2 emissions are expected to
decrease by 1.88% (due to air travel demand decrease). Taking into account the aviation
industry ambitious goal to reduce net aviation CO2 emissions by 50% until 2050 (relative
to 2005 levels), this dissertation suggests that airlines and policy makers may need to
turn to alternative approaches to ensure economic and environmental sustainability.
Although carbon pricing may contribute to COz2 emissions reduction, it seems that the
low levels of carbon price would not trigger more significant changes in the air transport
sector so as to act as a stand-alone measure. A combination of different policies (e.g.
technological improvements, operational changes etc) could be needed to effectively work




