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Student: Wei-Yin Eie Advisor: Dr. Chaug-Ing Hsu

Department of Transportation Technology and Management
National Chiao Tung University
Abstract

Airlines face the severe challenge of jet fuel price uncertainty because of the difficulties
in controlling the fuel cost. When the fuel price is raised in an escalating rate, airlines might
adjust their network operations such as decreasing flight frequency or cancelling routes
with markedly negative profit. With the airline network design, carriers can determine the
appropriate aircraft types and flight frequency for each route to meet the passenger demand.
Though a number of studies have discussed the network design problem considering the
uncertainty of passenger demand, few of those dealt with fuel price. This study develops a
series of models to determine the aircraft types and flight frequencies on individual routes,
and evaluate the reliability of the proposed network planning under the fluctuation in jet
fuel price. Furthermore, the adjustment and decision-making method is provided to decide
whether to adjust flight frequencies or remain the initial planning in response to fuel price
fluctuation.

Airline network design model is used to determine the types of aircraft and flight
frequencies on individual routes with the objective of minimizing airline network operation
costs. To evaluate the reliability in airline network, the study further assumes historic data
of fuel prices can be classified into distinct intervals within each of which there exists a
normal distribution. The fuel-price intervals and distributions have been calibrated and used
as critical parameters for reliability evaluation. In this study, the reliability of individual
routes are based on whether revenues from flights with initially proposed flight frequencies
and aircraft can accommodate for variations in jet fuel expenditure. We define the reliability
as the probability that the proposed flight frequencies will operate in an at least break-even
condition under future fuel price fluctuation. This study further provides a number of
adjustment methods to adjust the unreliable network under different situations. We examine
the influence of fuel price and passenger demand on the reliability of airline network using
sensitivity analysis. The adjustments include changes in flight frequency and exiting
aircraft and the purchase of new fuel-efficient aircraft.

Two case studies are presented to examine the feasibility of the models. The first case
uses the forecasting demand and fuel price to evaluate the reliability of network in response
to future uncertainty. The results provide adjustment suggestions in dealing with a
combination of passenger demand and fuel price with varying fluctuation rates. The second
case uses the real data of an international carrier in Taiwan as an example to illustrate how
to deal with turbulent fuel price and economic situation in 2007 and 2008. The results show


http://tw.dictionary.yahoo.com/search?ei=UTF-8&p=%E6%94%AF%E5%87%BA

the critical load factors for unreliable routes, which enable airlines easily identify routes to
adjust flight frequency and/or aircraft, thereby reducing the expected losses during the fuel
price fluctuation periods. In sum, the results of the study provide ways to enhance the
commercial airline network design in response to future uncertainty of jet fuel price and
improve the decision-making of network planning and adjustment.

Key words: Jet fuel price; Airline network design; Reliability evaluation
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Insurance
ATC fee
Cabin Crew
Airport
Pilots

Fuel
Maintenance
Ownership
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W2 FIEEE S @ HGNRARILG B F I RE 2 AT S 2
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Wb 4 BRI AL R F 0 4 N S 2IRE EREIR B2 - o B SR E R AT R g
Fiom < 22 E KR e 1335 2001 £ IPCC = & (Intergovernmental Panel on
Climate Change)i Bt gy FOEA3SNA L E R T F | 2050 & cpFix o

R AT 15% o d Aday A EEAF iFeg it 2 s PEL G El > Tt L
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WH B AR X P A T E Y R A e A R Y 0 B
S IE TAPRE  MEFACTE BB Y AR SRR (Iandlng fee) o #xm 17 & ke
B EE R AR 20 R AAL G R R L ¥ T sy A ¥ S K i en
L)oo Aty E AT R e IR A AT BB R AL GRS P T A B
ARG R AL PR AR d sz F oz H R F Ao d o (EC 1999, 2002)
BRI RS TR R % L E R ~4}éémj&~’P.llii¥ﬁﬁ?§ P B Y kg
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HAv2 AL € 2k o 1 BT ek g &5 EF R T A (emission) #riE X 2 AL § X A BT Y
PaEE o REET R LS R R P R RRE B G §
AL FHENT RIFETERSFIL G BRI FIAAE > FlR AR S ARR o

ﬁw;ng TRy O B A Y 0 R R ARG  F T R
2 B AR 2tk poEh s R FIRIRB 2 Ch IR S A ARy o P B oo ot
FOUR B A o PRI G P P 2Tk 643 BRIEHFY 05 120
R e TR O 0 TR F BB R g 14 78 T F RINE P T EH
TSP LR G 0 IR W RR RS TR T A R T 2 Ry

1. P 5 4m18% (Frankfurt Airport, FRA)

AR S Fraport AG f B#r g 12> SACRE S 2 RS S B 1 A Bkt
+ 4 52008 &2 %@ F 5 5350 4 =t o FLAE L L 486,000 =% 0 F X A2 'E 2 SRFTAZ i
1,250 78 =t © 2 fF s Am S HfT IR EE R 0 d S 2 B A 8 £ £ (Maximum Take-off
Mass , MTOW)id-_o 355 &5 4t B § #2p, * (Emission Surcharge) » & {7 32 751 Sl B
F #x o AAA# 2 '% 5 % (Emission- based Landing Fees) o #* ¥ i 2 41 {7 ik p 48 R F =
£ E 0 p 2007 F 9% 28 pAZ WREGE FAH e r R R F Y O HZWARL R
22 BHACE ST LB E D TE§ L FE Ay o7 p 2008 10 28 pAz
BOF ok fc R INA o 3R B ICAO 4 16/3 ~ 16/4 30312 A 45 #7577
2 drffe p o AR d £ 2.2 4757

3020 5 AR A R o R

WER A LAZ(dB(A)) # A E 5 RO
0 ~68.9 Helicopters/ B712/ B737-600 0
1 69.0~71.9 A320/ B737-300/ B737-500/ B737-700/B737-800 12
2 72.0~74.9 A300/ A310/ A321/ B737-400/ B 767 31
3 75.0~77.9 A330/ A340/ A380/ B 777 75
4 78.0~80.9 B 747-400/ DC-10 270
5 81.0~83.9 B 747-100/ B 747-200/ B 747-300 610
6 84.0~86.9 -- 6,750
7 87.0~ IL 76/ AN 124 14,250
TALRR AL AR S Ay
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2. JF R drg2A A F #3(Schiphol Airport)
WHE AR LR 22) R RE > Hc BN G S fAikdg o -
LA pekd B ke d (404 23) THBAHD R RER RE N F R L - 2
ﬁgagiwﬁmﬁk@f\a%?&%j%iﬁﬁﬁﬁﬂ’%ﬂk%%okﬁﬁ
(11:00pm~6:00am)2_ *% jz FT P 4e jz 27%<p * o H ¢ A1 2 55 2 MCC3 2 #mg » »v L
+ 11:00 | # B 6:00 2. FA=*% > ‘,% ToAn g AT HE At SV b iR R 4oz 50%%E T

%o
222 LA ME 2 RS o0
Heg A 3R A AR
- noise category MCC3: 0> AEPNdB > -5 (Marginally Compliant Chapter 3)
- noise category A: -5> AEPNdB > -9 (relatively noisy aircraft);
- noise category B: -9 > AEPNdB > -18 (average noise producing aircraft);
- noise category C: >EPNdB < -18 (relatively-low-noise aircraft).

FALRR R AT IR AT g e

%24 ¢ AT BERBIAS RS S WPk

W AR o f R
- noise category MCC3: basic compensation increased by 40% for each landing or take-off
- noise category A: basic compensation increased by 40% for each landing or take-off
- noise category B: basic compensation applies for each landing or take-off
- noise category C: basic compensation reduced by 15% for each landing or take-off

THKR AR AT RFE AT FE

3. WP IR

AR BRI kS R AU 5 R R Y B Hy R
B s et LA L E(MTOW) ~ w5 £ (Effective perceived noise level, EPNdB)
kg o HHE 2545 (TWD 17 * MTOW)+(TWD 95.00 *(EPNdB-73)) - H ¢ w5 &
EPNdB 5 A= fipFrilde 2 w3 o
4. p * & 2% = 9 $$3F(Narita International Airport)

Hu g 2005 £ 10 7 1 pAgclokd B o B SRR AUB S RN St 7
Pz iep Rl - Hijgge g Ep g o
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22 PRAAHINE2ATEFEH

Teodorovic etal. (1994) 4 &z EE 2 2 FE M > HR § £12% 5 Ad > S
TR T BT 2 S A R S AR SRS T A = - Wojahn
(2001) 2 4 2 42 BB > At RSB R 2 T o[ dun A il o g g
&ﬁﬂmﬁ%%%ﬁﬁ?ﬂﬁﬁwﬁ?%iﬁﬁﬂﬁﬁ@ﬁ’%%iﬁﬁm?ﬁﬁm$
H- BahoiS s o At AEo] b2 R RS T BRYEE Z B - fhiETES Y R

Hsu & Wen(2003) % &3 3 0 en% 2 T » 4 ok £ #2045 2 P 102 i g

HEL & A O F RERR OSSP ADE R RG] A P P & A KRR

I FofTacs T ey O P B SR 2 ST S o

s

F "5 (2004) 987 § 3 h g 2 P FolRA KE 2 WAL 4 e m FIRE F %
Boif (g 27 L HRA] e HABIA 5 300 0 - LH - g 27 fde M LT R 2
TR BER ATE i B Akl A R A R e AR 0 T LS f
B NP AP AR AP B 2T B AR AR AL c SRR A T
A FIG D PRSP RBR LS NS ¥ R AT R R
WA E G AR A 4 2 ok o RS Y EE e AR £ o

30

Hsu &Wen(2005)iﬁ B gL B2 WA Y BB R g 2 PR
IR WP 2P L ¥ O BORIKE B2 S RN R R R B 2
B A B % o Hsu & Wen B4 $47 FE R 2 T A GF2 ik KRS > 1 ¢ T

P PR

Matsumoto (2007).’rmﬂ;g AT TR FEL RS EERE L FER U
HAi&WH 2 2@ RERE TR AGE S N GDPs A v SRR BB R

B HES BT HF IS PRANEICHZF LA L oS g e

Fan et al. (2008)“7557" : ?}\j ]ﬁ %J A FETE UE RGOS s s o
P BOME 8 2L 4 250 (two-stage stochastic programming model) » 23] 4 @ 4 jﬁa”ﬁ LenF ik ok
%12 (retrofit) s {:a‘_@:iéfﬁi%],l‘s Bg? o XFRLAEA LT EARSET 2 E B o

W ATy 4 ¥ S e TR B R AUF 31 0 Janic (2003)iF i BN i 2 iR g
PR AP GA R e B 2 BRI AT R rTisEo Ay
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FE AR T R R P REF R S F AU ER TR

Hsu & Lin (2005) f] 3% i 43 2 & Sl =0 &2 48 A1 0418030 2 el 5 e 7 F 41
SERFREG O A1 PRSI R B AR O P SRR iR o A e BT
?Z#ﬁ g 20V BENFH RSB e s FIRBS R AR DRBEDNIA B
%&%iﬁ gﬁ ﬁ%@%ﬁ“m%f¢%°ﬁp””£ﬁ%;)vFﬂ**ﬁl

2N P e F ey ey A \?}&ﬁ)‘;%ﬁa%ﬂ - b’L’réﬁf#i st deT

min e = ZZWHQH +ZZZﬁ}‘ (LDF + NUK)
b ko i
YT m b ool
i j or s p ok

IR E YR AR EEZ RGN A P E B RS AEF RS AL
B A 2P R Y E AR AL A AP RNl 0 & AT NP 2
EIEHES A A FERY L ABBRYE DS & o

ERYES A B E L F A BEHERS Y pRERr § 0 g g
LD 1 % w3 frofc § % NUS > 2 5Eded AR BRI G %00 & AP > i BB & * 487 k
2 Fa B e M S ITE AR A e L | P 2 BqebS o R 2 P o

ok iRy @S A alks

poc Z Z Z flJ (LDk + NUk)
* ZZZZZZM 8. [Bijdy (Pefic + bY)] (2-2)

Bde= A dndl) 54y o7 g sat éﬁfﬁﬁi‘.Ql]E?@" P E A AT A
2 B Awy o ¢ ZREIRGER Y & 0 HSlkT & om AT
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10C = Z Z w; Qy (2-3)
i

=

BN KT ES AT 07 o4
1T BRSSO P ek B HON Ly 0 7 P E A2
S F B RS e 2 g{,yﬂ;ﬁﬁgiaﬁ%%%%Eﬁ&?%%%%%
s Ll’iiﬂﬂ%; °

LS

_ﬂ

E A AEC] L 2T 2
7

(
g
=%
=
I
o
ar
By

BARE(000) 5 5 4 BB AL ER L FRA LS X AR
g AR EF I E LT ﬁvﬁ‘@%‘fi%ﬁ:’r AW F R *jﬂz RS
RERTFFEAYERER AR EFR T
PR ATR R RE B A gV RIE LR
$$0P2“@§?#ﬁﬂﬁﬁﬁﬂaﬁﬁﬁ RS S SR A Rl

£

B R Vs g P E AR AREE Y R S 2 4 o

s
E

lud

e

(3
=

15
’éz\:

&
=

o

Q

1:-‘;1 é"i

FRARRT N RBRRP LA

;ungz P T RR LA R P ANEGELT O 7 AT by e OSSR = o
BRSO AL R A RE LT o P R et A AT AT B
S AP AT FIRS RREDEE AR R R A g AE LR AL
SAA S FAPRETRARET AR I RAASREFE X T FEAM YT LA Z P
TR FEHAE LT PRI FREL AT RRPL BT T RR AR
R Ao rFR 0 G MRS 2 R AT £ & R o

231 ¥ RAR 2 A0 2 praF

33740200 s 142t 2 VARG TE e R AT adkivR » BB FEET
Eﬁiﬁ%@ﬁ’%$ﬂa¢ﬁﬁgﬁ»gg@ﬁﬁﬁiﬁéi¢%$ﬁiéwiﬁoy
3 3ol A 45 & SRenh R S TR B0 A 4T K B S i R
e *4@ﬁ*9ﬁ”£?ﬁﬁﬁ’mﬁ&%?i&zﬁ%ﬂﬁo%wiaﬁugﬂi
B L5 PG SR TR PIPL F7 B Wolsenholme(1999)4; ¢ 7 3.
)i(rellab|l|ty)<a’ ¥dT-EXA Tfﬁ % % (component) & x ¥t f 4% % pF Y 40 % KLY &

CTRR wﬁxmﬁ‘z BPAL T -y RE 20263 FE A a4

4
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PEPPE Y B 4 5 3 % & O dic(probability density function)f(t) > ek T 2L f dco &2 & H
Rz Azde g e F(scale) - — 2 TH % E S to Bl H & fedd(distribution function)
¥ & T

i

F() =P(T<t) = [ f (wdu. (2-4)

F)fs it % t RS pF > »r R 420 5 > 135 2% > 4 =0 F() 5 0 § t48iT>t &
Ao PR L f(O)R 5 FU)2 fes > @ 8244 7 ¢

f®= [F(t)] denoted F'(t). (2-5)

TR SRS Lk § s oni s o S (26)4 7 ¢
R(t) = 1 — F(®)'= P(T> t) (2-6)

232 % ¥ L RIFHRRRLLIZ

ARG A& 24 Hsu&Wen(2003)2_ 7 5 2 = ¥ & Hi5Y 0 B R S s
B2 RFETERT iy PRARILIAFEZFIRRGE AT LERT L

B PEAEF Wy PRUA - E D AR LA RN AR AT ¥ AR
2y FRRRLT G REZVLIAR  TREAFRE O Z o HFTHF LR
VR B REEAEDIH AT 2 s A 4o = (initial proposed flight frequencies) it %3 & &
kEsp OD Asig# % § RAL Fi2pF o i W5 f Ry B2 b5 Y F4Rag
Bo? Avizish F Rz R 4 B ¥ (@bnormal) A5 A 2 2 B R 4 2 X
AArdng 2P A E F RSB F RS c AR T A AR g R RN E R g
DPELEENE G WA A AR B AR RE R g T A it
ﬁﬁi$iuaﬁgﬁﬁ$$w%$ﬂ@%¥q*ﬁ%ﬁﬁmm&ﬁi%%“ﬁﬁN
BB BB g TR B RRSL LT  AEHAL T AR -

9
rspq

BRI - A 0 LR S SRS T AR L E R TS R
%ﬁi B RES T T R F LD

i
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frs

Ls(fs) = (2-7)
2p 2q NgNrspq
BP A RIS Ny 83 g 2 B 2 dng 5 B o 7] BRMARE 2T VEL 2 A

<R "”\E_lrsiq-ﬁ‘ 100% # 7 e 4 T e o L AP TR A L RiE E L
#

PIP i g 27 5 B 5 0 g S et o T L Bl < UG(FY) S L2
BN o ARG 2 VA RN ERR G AT R - AP E Ay RS T

N,

Rrs (frs) = rs Z Z NgNrgpq <f5 < L Z Z Nrspq
p

q

—d (EZp Zq nququ 'E| f;”tS) P (lﬁzp Zq nququ - f;"ts)
o(f5) o(f5)

(2-8)

Li & Tsukaguchi (2003)%= 3 & fc# & m(emergency vehicles) e+ 3] ¢ 3 3 2 5 15 » & »

B AT HAES FAELM 2T # 7 ANR(the Accessible Node Rate) 3 47 1 325 4 ¥ i
FRBEST LR cFEH R A 5P NadaWard d RiE (S X Flendfd o 41% ANR
THEATRPIZES RE T R RV AR o B R% ANR LT 05 A 4
His 35 AR F *ﬁBeppuCﬂym%—m AT X P EBE BT
MR R TER LA T RHET ANRRBIEZREY AR R o

Taniguchi & Yamada (2003)5#= 7 » 2 = % & 45 1+ B §REL R 5 P § $ A2 o

EARIECACh OF A R T == EL A ag"zmmmﬁi@»@%;gﬁw?sg&@z&
B TR EEEFROS A DR F AR R EORB ST

Lam et al. (2008)i¢ * novel % i 457t » b P gE Y 2§ K12 ka7 m
o E IR R R TR IREE o HEFRRY DR R TER Sk
PN ES Rl T A e T LU B R REE s FOFE AR R TR 2

FORAERIY B EER O PR Y g AR RS I TIRT 2 50E 7 R o
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Bruni et al. (2009):&

PPy RE EEARLY

Mor FETHEI S %7

L T AL T R
e rE g s » 1 &

§ AR ek A

MR A e B B T LR

& % % % (business project) et 42 = ;2 o
& B e fiE A7 (duration) > Heig kS e
P18 £ 42 % pF I (makespan) g 3 0 *

%224 £EF YT AR ?f%ﬁﬂ)ﬁf LI
FLEY | pried Fiid FeR%
T R | Hsu & FRIET TR kR | B0 BTSRRI AN
% Wen,2003 | 3 #e kAR AL - S ok I AR
S R e
fL o
S B2 | Milan Janic, | BV E 2 iR sy Ly e Y chrTHo Y ER
B oz 2003 PR A FE MR GATR | 2ERE U] T REBJIEE
B} o toRBBMEL BE L 5L
MEHFRIBT o
AL B | Hsu & Lin, EERN N AR L g NPT S B R S
12 3% | 2005 SRR BB | Bl FRBEIT
3 R B A ke Boo TS D30 i kg B A
B 272 PG iy | F g TRt b A
Bl o P e | kg R
B ePfie B 'frs\ A ehE fgﬁ °
L BT | Hsu& TR ERER TR | AR EREET LATR
e Wen,2002 2o PR T A | T EATH AL R
B ANRERT R Y | EABELAI AT AR
’ﬁ*xm?i:ﬂﬁ}ilﬂ ° di\ﬁjﬁi'fr’ﬂﬁf{ O P )RR
EF R e U R
EL 5HE -
FEFHAAE | Taniguchi & |22 % &3 M2 ke | FRLEEHA N DY 7 @
T Yamada,2003 | 14 2 FE G AR | FEE R ER S ARk
PR S 3 0 N O R (P o
=3 4o




2.4

%

TiEF L B R RE BT RP F M Gy 2 P 2t o FI MR
Tz 2P LR REPREE KL BFIBM G 20 g 2P ¢ Lzl

=
FERL o R TAEE L TR AL T R A TR

: L
Flogp > 30 2 P ATRB E R a B e Gldot & Ad 30X PR
FRE P ERF A RHER Y BRI BRFFIRTA R T ARE T e d R

)z 7-:);{-/‘2'7 i ”LTLB‘:'\'m%“F J}*k"‘izl'-?*):”%

AASHETEAR A TR A2 2 MMM S KRB F LY A g o FE D

P 2o G R B ’ﬁ%ﬁw%ﬁ%ﬁﬁi’dﬁﬁﬁﬁi%ﬁﬁiéﬁw
~

ek A IR o B AR 2 P A SRR Bl o i
30 G ARE T G 0T R R R % g ﬂxif?ﬁ% LS

s

Bd 23 RAMAEEL P G HEAT R L RB 2 £ 10§ 32 TP

14
@’%aﬁﬁﬁwzﬂﬁ;%ﬁ@ﬁ REEE I A ARRELT LR

¥
AR A AR FRER AR HN BRI A2
FRE TR ABAR T o Flt AT § T R RA1RAE Y 0 %4 Hsu & Lin
(2005)2_ #o% e i R HsS o F 2y 2P FE S A Sl 2 e R P RSN
BN s RfEAT ez B SR S 0 ¥ ¢ 4 F Hsu & Wen (2002):E *

\
1_\
I
NXN
Z
o
i
B

SR BT AR - H iR SRR REL R - ]
BH A PR B BN KR IR T 20 TR R -
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3
Bhan RSB a2 g o B AR R
AP EL AR XA 8 ﬁ_ﬁ.%zx A2 RS Ay 2P FE S RS
Boo 33 @iy 2 P RRARAFIES C R R FES M) 0 F AR UGS 0E
2 ﬁ@XMﬁMh\&i%J%A°34$ﬁf FRH RN R
T PR BT TS FRIRE LAV AR uy 2 7T AR
MR RR A B R RRAEUE LA R BT 2§
* AL F 35 K RERE R o sy o7 AR AT TR RE
B2 BE AL B2k o

N

3.1 #z FREF AL

P - Ay o P 2 sy i i GINGA) N S Y ity S 82 B E A G R
TR B2 B S o AT TR RS EEA L OP YRR Y 2 B8 £ g
ERLE Y BUSAe 2 T - L i USRI T WL o PILJEN B33 B85
jJ B ava€A LERSMIE T > 4 P LA R S B2 B S

G NP RRY hiz- GEHAML P pEP

AR AT 2 AT PR B - 1945 Teodorovic(1994) 4 2 Hsu & Lin(2005)
BH g & G ARP LT NP 2 SARRER > U2 R S 0 R ST AT o £ Ay o P
Y 2 SRz EHA 5 K LA i G2 Bk a & D= > piE = 5 975 8
A R p 2 S e d SN (B AT o PR 2 3 R RS fy o AT
o KA sal s Fa p 2 F P TTE S - H ¢ 8D 4 - A %#c (Binary Variable) 0§ 4%
RpgBALE a RIS = 1o 4ok sad p 1102 3 S ss a RIS, = 004038 (3-2)#7 & 7 o
—&ﬁ?’ﬁﬁ%aiﬁiﬁﬂiﬁﬁiﬁﬁ’WFﬁiﬁiﬁﬁ?*“ﬁlkh&’
Plde S A 1B E LB 0 B R E B RIATEESRER G PRSI A LB B E
B P BEE L P AL R e S35 Pl E SRS ES B 0 A AP FRST
SE - UE e TR LSS
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= zp:zk: 8% fox (3-1)

1, drap ik a
552{ D (3-2)

0, otherwise
L PR 2 REE S EREF RS 2] BHIIBS ) aretid 0 T
B gER a2z wER L Q0 F T b KT p 2 RiE R L Q0 PIQ, #

-r’\u_‘@ﬂmﬁ,\am“rp B2 b K] ‘_!é_. P Qa ZkaSngk °

EN TR ﬁa;ﬁﬁ&ﬁﬁ;.ﬁﬁ;’@ﬁz’ RE RSN B a2 BREE LT o 2 S A

TRl R dud ARRI FUE 0 ATIE 2 TRRIRE R G Ay Rz 0l
4 % ¥k o 195 Hsu & Wen(2000) 2 ¢ ] #
FF2 R EREL X THE ) L F o TR RERRLE T - PR R
#(input data) « & TR 2P FEL A BT 2 0 AFT AT R

TREE LTERT @R 7 o 2 5 F LR R

(R N Il R pe

e ﬁ&i o A
gallon o gt 1 Fg P & -1k i A7 4e 3 47 2804 (Monthly Singapore Kerosene-Type Jet Fuel
Spot Price FOB)2_ fr & T » ™ A IR & T IER] > % o~ fng R RGBS P KpE o

AT RAL ML OPIRYEAAIB FRBR Y RS AN B S A
A7

* o ;{: 6t;‘%ﬁf—‘b3—i l‘}k—&)‘__z,, J'E_,ﬂjh"r’?ﬁ /P'J’ _Ei 5 -ﬂJﬁ"L»wz JJ%’/F’) ]%l 7})‘; —%i l pv CentS per

SPHy s WAk B iFsvcplalidpz * p &> HE =S4 dh PIBA kB FHEa]
2 H At ok SR R0t 0 B H 2 AR o St az a2 AL ek () 4T
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BT BB @ 2 AT A 2 % R A el o T I (f)F TS E3) AT
HOEDWACHEN
k
=D > B (0 Hy)
p k

(f) 5 #TF *fF s a Z R TR P A S A B e LR F Y slh ;) 4 H -
WAKFET T aTFHEF LA S AEWER AR T ¥ Sby 0 R

(3-3)

) =D fu b (3.4)
k
ERFESAY T OTSAEF BRI ET R kA P B R
e h 2 Aok o B Bt R S sl ) o TN 4 R P B KA e a s K
gﬂ:ﬁ:kéﬁlk’ﬁlk:Zpsgfpk’ ]k“’b‘g]k%w]’b‘gﬁ%#*"}m% \’C]k?b&]k%
RIWHEATL PR E R 0 B & kg MBI F A R o RIR Y B A] K s AR

Boax gt ) 2 et A R e p o (fa) & 7 0 403 (35) ¢

o (far) = Fagjic cit) (3-5)

Plany o PanfFaniaz RS ACO(F) 5 ¢
CD — T b F
POR) = D G () + B () + L)

k

= D FuclchHcf+ D D &L O Hud + ) > 8o b
k p k p k

=) B (ch B+ D) B fs (O Hay + by
k p p k

= zzsgfpk (C]]i‘< + C]]i:( + 6t . Hak + bak)
p k

(3-6)
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-é’rb_?;é\ Fn};r» peg ,:,\'j\g g}i}—vé;,btifq?)?”‘i p;zg.?,"’% ,.__uf“»g "””"}Flji}g
ey 3 AP TR TR G O F L JRIFEE S A 1395 Kanafani and Ghoborial(1982)
FoaPRE Ao R AA ST IOFRYES A w0 Bl 2
Pt arTA Y 2 B E S ACL(Q) 5!

Czli(Qa) = WaQa (3'7)
3.3 #uE e AU AR R FHC

BARAT P 2 SRS R AR S R B 2 P STk 2 R
R KRR R RE 0 Flet 345 Teodorovic(1983) £ Hsu & Lin(2005) 2 47 3 » #-ir
Boa gk TR G By o my s KA B e RIS a R F T AT G

Qa
2k My fax (3-8)

\“‘b

Ba =

B E A el P U] R BAK B S I F o Ay R AL H AR
BE X E A REPFE A Yos R S AR WA Kk i T S FI haam p 2
BApbfeer g 2 @ A BIER T BAWF £ 8 ED, T < wY o

AR Y E A AR TR P RS LI RYEA A FRYES A
2B A RGO A B RS R B KAF AR D 2 o FE L 2%
AFT R erE R A 0 P RIS 4o 0 54(3-92)-54(3-9e)

P1:

(3-9a)

Min C= ) [Ci(Q.) +C2 ()]
SUbJECt 0 Ba Z mkfak = Qa' vV a (3-9b)

k

2p Tpfok < ugYy Vv k (3-9¢)
fi=Yp Xk fok, V a (3-9d)
all f,, fox, Qa = 0 and integer (3-9¢)
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LIS ¢ 0 (3-Ob) IR A E 1 s O P AR a Rk ek i lied % BE 0 2 %
B 5 (3-90) 4w Sif o HEAT AT A SwThcp L) fzﬁwaﬁéaﬁpﬁuﬁ%%u%mpﬁ
W fu 2o T TH P G b BT A AR B A I S
i%ﬁoB@m%ﬁﬁﬁaiﬁﬁéﬁﬁﬁ@iﬂ&@@ﬁﬁamﬁiojgﬁﬁai
R fy s I KELF A p 2 M f B b a 2 iR Q% 5 2L Kl

34 43 BT RAER KR

AEE2 2 VRAAE AR P NANITR Y AR R R ARBE RS @
BEE N A AR B NP LN AT A E T o F A
BR2ZPIBRELFZ B L EZT AR R R R T LT R
A

341 #p BB G HREFAPHPF L p

GG PR AR Y > AT PR R T OVh A A e A AT R 2 B Y s
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Kerosene-Type Jet Fuel Spot Price FOB)z 2 AL » 12 A T RN 32 7 5808  Hyy 5 1873
K@ fFdefaap * 3 8 HEE3eg 0 M2 k& Féuiarr g 2 4 & 4
w70 RO b B Hy 2 A o BB a2 e A AL e B AT it a2 i
AR A 2 S kb el () = D /a0 Hy) o

AL AP R AT RS G B A TR o e G RIFAE L > S

A b BARZ AP YEEL AT D ST P T R TR H A EHEBE 4 A o 7
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AR BRI P B S 20 TR R Y 2P Y
AL BT RBIFE  do k0 5 H o IR REIE 2§ 12 BAEH M fwg RN
lﬂi""igxotp]—\‘z\.q-lﬁgjf:bﬁjil’/‘;b]%*éq u{%}g%& Ot“ ‘Kﬁi]g,tvl—ﬁdﬂj @ij\’
t=123..,12° 1 5 12@ 7 282> 1={1,2,..,12} > Flp*tel -
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G RBE ARG BRZATRE AR 3L AT o AP T RBP IS TRMRE
M 2 4% 3 2 7 (probability space)- 12 5 Romano & Siegel(1986)+% +4 #% & 7 fF 2 414 >
PR R B RZFEEO TR AL Q AP F 2 F L (Q F,P)  ofield Fi
BAZE Qi f & (subset) izt + & S iE R R H NI 2 (events) PR
# 3P| & (probability measure) - FIQ2_ B 5 F 2 PQ)=1-

" 0,025
% 1
g 0.020
0.015- B
0.010-
- }waﬁﬁﬁh;ﬁ_
0.000 . . . e

60 120 180 240 300 360 420

X st B % (cents per gallon)

Bl 3.1 fr Esmi i s S % R W

ip*ﬁ%%ﬁ%ﬁ%ﬁ@&—%iﬁ%a@mmeT,&m#@ﬁmﬁbﬁ%
A5 FE o AT Y ® A 47(Interval Analysis)epr L o A 4 dng v R B 0 2
DAL AN BRERY A AL GRERT o BF A T2 85 2 1345 Moore &
Bierbaum(1979) » ¥ & - B ® ' 5 — =5 #ic(real numbers)z_ 3¢ 7 (closed)# [l - 4 7 # X
Lz vt B e W0 3 % gh(endpoints) ¥t R BT xt o FlR TS L R T RE
XEP TR UG o P B2 FRFT AT 5 (310)
[x, %] = {x:x* <x <X} (3-10)

B X 5- B2 R%F > 2% F2 % 2(endpoints) - X2 X » X <X o pid B R

v

% — Xz (one-dimensional)z_ 4t B (closed)» & » %« 7% &
X=[XX], XEe€eR (3-11)

BXEWERER X BMGRT &7 554(3-12)
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X<x<X, xex (3-12)

A BRI - BER LR L HRE G A AL B0k po BB
Z5 00 &7 5x~N(o) > ¥ €% 40 =x> PO HE X - ¥ EARE
7 50 ~N(Ro) E- B EFAFRALTFQIF I PF T 47 5 P(X<x<X)xeX -

BB LRI TFT N BHREMN=L2, y) 0 Fl o0 g 8(3-11) ~ (3-12):c H o
?ﬁﬂkﬁ%%?&ﬁaﬁmf%A&Q$ﬁ%\@m:

X, = [XuXa|,  X.€R (3-13)

X<x,<X, x, €Xp (3-14)

R ®F AT @0 B2 ARG 2 B0V TH B2 2R f %7 4L
P B RO0EO A b - R o B BRI K R 2 W s o

TR ERBBS @ g ARG E v G RIES > AT TEF A RN R
B2 R F s (y=0,1, ) ZF B ¥ iRl o FUA T AT R0 R
THERNRB 22 EE o U=1{s),S1, 52,535} > £ Pr(sy) s RF| & Fim s, w4 2
x> (y=012,..,2) > B # Pr(s,) =05 X2 _oPr(s,)=1-

BB R FR AR 0B TR o R A T R A
ﬂ#ﬁ%ﬁ’%M$$EEWﬁﬂW%ﬁTﬁp%Fi#MAﬁ%&omgQ B
B R VAR F AR EEIRR TR K A e Sl Tt Sl B
L RERT AR TESI T LI AN R RE L T 2 A R AR o f R
R S U R S S LA A SR RS TPL N RN S A G TR
S o

342 WA MM B RBH T LRI RRET LA

- g RO RV B R RS TR F LT PR AR A AL TR
bR AP R S AIE P o BT NP7 R Y FEUR afTd Hepa 2 A Sl =
f2(0F - Hap) » Bk 423 2 & RAV B 7 A H 20 & AR U% e R AP 5 2 7 0
Togeut A ket B 2ol P L B AR a L BT A Wi A i 27

Lo r STw e B Bk o AAT R B - Wb A AT S gy 0 TH g e g

1 o

g
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W a A FHR A K TR R A ks Fr P =2 Q, - Bk
Bk d dny o P AT AR az B R A H d Sk oo w2l W R A2

e At &L CE B

_ s _ £ Ha) _ Xp Xk 85 for (0" Hay)
CF,pax Qa * 8ax Zp Zk 85 ka " 8ak

(3-15)

VAR ARG B L RGNS R R BB b - S R RfEEE L
F AP ARG F P A My R B MR AT AR S A B e S
agwig,ipﬂf5»@1&&£~ﬂﬁ%&aw%“7%&W&¢%W4 5
TR A R

-—-\

o:(0t) = & ZufaHae (3-16)
ZkQa * Bak
Hof 5 RPN 2 deag = o o 0 C(0Y) E- B & o §Ci(0Y) = 1epEiz 0 4
AL N P AT A e R A R R AT PR 2 A qpE o B R BT B2 T~ B
Uk Ay 0P chit &k F]phd Sfed L gr(break-even) o 4o % C;(0Y) > 10 & £
R ATRPEZ G N AT A G Eeg P AT A2 % N A dy P Rp T KEE

fdvengih & A0 FC(0Y) <10 RINESCE 2P 4 Bl oo

Ci(0%) 2 - F*iECy» 547 2 P X FATR L 2 F A b0 A gt AT R
T T gr(break-even)® I A B - AN P RE T P RT R AL

— nt.
Eﬁﬁiﬁqgo;@?Miiﬁi“%%wgﬁﬁﬁbigk@,gcﬂog:gluﬁgkzégfgﬁﬁ
Bk & P EARIER § 2 RRAIBYITRE R
UL écz(ﬁt) < Ci - ik a2
7 R B 4cE 3.2 97

O'QI
2
3
ik
_5‘7”
'Eq-,,
‘\_ﬁ;‘:
F}-

hd
=
*TE!
\
\u\c.
EI
-
Fu\%
A
T g
A
=
.
d
pac
pou)
R
N
o Ry
Fu\%
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W S LA S

6t

Wi % ¥ (cents per gallon)

]%]32 ¥ fe.)iﬁﬁ—? 4,&7,&%}

FlP AR AR A AT kAR, (0Y) 0 BI3.20 L F T IR ¥ EA
S AEE RS TRF VYD €8 101 I R T

ol Zk Qa : gak

C: (&k~a Bak)_

Ra(n(jt) — Pr [Ot < C <Zk Qa gak)] (I) ( Zkf;lHak > \ (3_17)
Yy faHak o

O(2) A HEF BARL BB A SE O@) = [7 (1/V21)e /2 dw - 133554 (3-16) »
FE F A E AT P UE o R A LR SR 2P e AP R T
R S A ﬁa%ma»ﬂmé%ﬁ%ﬁWDﬁ“zﬂ?w%ﬂﬂﬂﬁﬂ
2 HOEO e — b R AP o A E R R o J S LB a P S A
A he R B 2T v LR AR, (Gt)oﬁ RFEEY BB FERLY BteF h B o
R & 4pat b #ﬂl%fltﬁviaRap:

1 Nt
=;;z&m) (3-18)

Rt oh P REBEBRT M R SRR E R EE R AR
EoFa g E - FABY RS FRIMEF L RL TR E 0 TR
%i’%4&%%M¥ﬁ%&%@i%#%%aﬁﬁiﬁﬁ’ﬁ# s
Bood 3R B E PIEMGANEE 2 B Ty R T E X T
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AR F T EF AW R Y 0 R A TR T

LUAT RG] E P g 2 B REHTRDEE U= {s), 52,53,...5,} S0 » 2 ¥
Bk ¥ M sy, 5p,83,..5, 0 4 & BRI RGN R FER 2T 2 B R FRaE
R o4 Pr(s) s B EH s F A 2 $5Pr(sy) =0 Y Pr(s,) =1'y=012,...2

A F7 3 %P5 Hsu & Wen(2003) » ik il & B > By fim s 2 34 R Lty

Fr#z(duration) - s, a2 ERE R ’m”%ﬁT’ﬁlggﬁo&x%;¢Qiﬁ

s o i {(v)pg) g =1,..,v}(p, > 0,vq), B vl ad, A B E Ap, s B F -

4ﬂ%ﬁﬂﬁﬁmw%§%i*ﬁ@ﬂmkyﬂ’ *ﬂ#%ﬁ%*&@mﬂlﬁb’
TP A ARy o d N (B-19)F 1 F NIt [ enb o

ETIR

I ={tllg] st <[ty + ]} (3-19)
199 & % #fﬁ%ﬁﬁggﬁg’?UWOEl—@I1gﬂﬁfﬁ% e

AR F R ) o 0 PR PR A R B0, VEE T o

o a B f s, v LR c PR N5 (3-17) P E R A s, B 4 )

e 1 *’équﬁ F2. 7w LR TR (O q) od 3D, 5 A R T Ot S EVARTIR

El"#FE"%SVFE"B'“tyJ'[ty"'173/”'”"R(O ) EREED, R R By e o BT o AR
BlE i ET RRRy, T TS kAT

Rujs, = Z 1370 | 2, (@) + 2 Ra(®) (3-20)

0
tEI tEIq

AP REL IR AT E A AR F L R R T AR

VA
- Z Ry, Pr(s,) + R, Prilisy) (3-21)
y=1
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3.5 s 2 PSS A AR

AETERD PHRLT S P RBED R Y LR ELT R 0 AR
LT BT R E R AR o do kR R APHT RAF 0 AT Bt
RG22 TR PEEAE VA2 B IR R FRBFRSMEREL 5 KT LR
Mo R ARy g R LT o P RERAD L A RFIE R aF LT AR 0 LT
B R DAL T 2 P gt S g B B Tt R A e
aﬁﬁoip;%ﬁ&%ﬁiﬁbéiﬁ’bw{&%%%%ﬁ*%% RSN
A WER REFRRET R RALAE R ST F Y g E R TR 2 0
REER O AN TBR TR P LB MEF R INGTRE I N A BTN T D
PRl g2 AR ¥ - BEXFRIY
%iﬁﬁiﬁiﬁﬁgﬁmdﬁ7%ﬁu%%’i%%%wai$%°iF“”i“?ﬁWFﬁ;

ZPEH S AR EEAE S M A 2P AL AT AL R

-
F
BEH2ZARERG > Tz 2P E

351 ¥ REBF T L FES A

AL ERTRLIAELE > FE T R R e G R > VU BRI
feng & (peaks)t 2 % % (valleys) e Rk etz e o[0T 5 3 fFaisp2 T o i
RRSFED N PEEIOTE TR sl T e BRI S D EE
Pirte MR TRt e[0T ) dnp i Bd e R FES AL PE

’*’pﬂ#Fqﬁlﬁ4’*TEﬂ”ﬂ/Q%T’ﬂLw%P FEFAT AL HAMN
Bozod ok $d o iput F) L Ve B R b A i 2 A
10 o d b= {17 UIt UL, vy R A Rl E
FRES G R PE > T LB EN(3-90)i8 - H AT R L g O P E A ke
BP0 £ 0EE D SRR B EEEL2,12)0 BIE Y AR ke B AT N

AC = Z w,Q, + z Z Z 85 for [Cjic + ¢ffc + (0" — 0 Hyy + b] (3-22)
a a p k

#fy = Xp k85 for & Bo=—2 - XA n s T A(322)1 5 (3-23) ¢

Yk My fak

AC = Z 2 W, Bamy fax + Zfa[cj%( + ¢ + (0" — 0" Hyy + by ] (3-23)
a k a

35



PO E RN R AN IR ARSI e T T R 2 WY E S A H B
Bt ffz P EE AR AR ARF Lo 0P AP RSB 2T 28
FE A Ao TR

AR

PP SR R R T S AP TR LR blhof 8 AT 1R R
EATRBIT SEAE  RAIE BB Tl R 5 e R e b AL
7

TR e é%**ﬂ%%@bT’é%aik B gl A > Bl R 2
door AT IR L R RAE S EATRY T 2 R ERS SR E S Ao AR LT R
FARERE -

1. BREH-

%225&@%@@%%@’j£&&%ﬁ@ﬁ011aﬁ@iﬁé%ﬁ?i&%
WA RBI R TR AT RE ST ZPE L AT I RO LA NFFH L D ot
B8 e iF s R B ang o P il
B2 T G R AR L R G 2
BB g 2P LY KRR g 2P AR LT AR
1 o TR e P
2R AR K TIR G A RA e 2 EATRY AR YR AT 2k AP
ELFES RS ] o d AL HE 2P &

34

fav

Bl { R B SR B E Y Ty 2P A B2 A A LRy §

“N

F
WAL NP LRI KT R BR A o KA L4 F R AT Y R

) R b AR ] BT e £ (R A T

-~

f
|

£00 5 g 2 P ST B R P Rk L Ob, AT et (fel)) g
AR F s, N B R IE s, T R R E EARD O d 0D, S
SR T O, g EF R R BB g A S Fp e o RTFIRRR BT R B
g iz P i et) 0D BFEL BRI B FAKE PR F RH 0 2
b B AR EY > e YT PO ErFtelMT T R B g T, A

"<

4\2

average; ;¢,0+{0'} 5 #73 ¢ € 9% eh B & 2 OF T 358 o I I » average; ie0-{0'} 5 *7 3
X€E [0 ¢h i £ 2. OF T tofic™ H¢ Bt e[0T 2 3E BEE o Td T iogd 2 0'(f) - ¥
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ter) 0 (B)d B4 Himaighio §05, % B ¥ Himz framsd s
averagexlxelg{ﬁf,q}ﬁ BRG] <x <[t +v]]|2 T g i 205, T sl 4o

= (3-24) 47 % 7

Ifaverageffelm{ﬁf} ifi e 10+,
. . 0—
0 (t) = gavezaget ter0- {0 } iff € 197, .
qu=1pq X average ie;y {0} ifter),

TR L R H RS F R 0 (B) 5 R R R
WU R RN P2 AR WAL S A o B R BT o b Rz 8

UEFTEEY EX T

P2 :
o . (3-25a)
Min C= ZWaQa + Zzz 85 for [Gi + ¢ + 0 ()Hay + b]
Fox a a p k
Subject to
. Baz my fac = Q) Vo2 (3-25h)
k
Yo Tofi < w Y vk (3-25¢)
fi=Y5 %8 fh V¥ a (3-250)
all f,, fgk, Q, = 0 and integer (3-25e)

for b EREET EAEFTRB r% O ()7 4] 2 #esflip A= » F £ ATRB 2 Bor
FRARP e A A fpk = for 0 PR ZEAZ WA RF £ f%’. RBE S FHpn
%ﬁ‘i‘l*ﬁﬁfffﬁk # for 0 MR AR A L PR B R o F IS RE
R R ARM TR AR > AT gy Hsu & Wen(2002):2 = el F bz b 1 %

A4 2 WAE S A S jxcg DB AR E B AP ATRAP AT L B S A
d 3%(3-26)%F :

‘?‘“
4

=D Ol — £ (3-26)
p k

#0oh, 5% B E - Al kA A L GHE F RSP ko T B
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g BB RS K o

LR D P ek R RS B R R > AT AT P22 EATRLIE R > 4 mIFR A
2 BRSO SRR 0 RLEE A e B AP O RBI TR e L R A T Ly o P 2
P(0Y) » 438 327 #57 « AR S Afo] o Plang 2 P T AL EAF R G o 0§
PO % 202 B30 4o g B O PIAEFEAK - F b AR F B ELFE K
FPE g 950 2 BP0 Ao f o S 2 7 g BB U e LR AT R S A Y
SR R e £/ LIS N § E. EIEE LT ELE Tl S S N

AL AP A R B R T EEY, Q R e e B AT A o

R z Z z 8% for (0F — O Hyy, if Ot > 0Ot
P.(0") = X (3-27)

a

0, ifO' < 0!

2. BRREH =
U 2 P RIEA IR E R R ARG DI RIEER R R R R
FgE o Py o7 R RE Q] ¢

P3:

(3-28a)

Mm C= ZwaQ +ZZZ§"fpk [cf + ¢l + 0" (D)Hax + byg]

Subject to ,
: Bazmkfak >2Q, Va (3-28b)
k

Yotfi SwYe  Vk (3-28¢)
fla=YsTudifh, Vv a (3-28d)
all f,, fgk, Q’, = 0 and integer (3-28e)

L PR ERTRP B E TR D i»Cf—J‘z A B REELREFEI

EER AL T ER(0)  PQL) AR LERFASL wRA R o mE R

T e HAr N EUR D o B R AP IR A Sy O P A7 2 sk R RIE

AL g2 PH S FRER RS BN E L 07 ATFIRG RT e A2 SR
koo T AT AT T

= »
oo
Y
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a

_ z Z z 8% for (0" — O Hyy, if Ot > Ot
P,(0Y) = ~ & (3-29)
0, if Ot < Ot

’132 (Q,a)

I D — if Q' = Q
ZC(Qa (@~ T)/Q +Zc - £, ifQa 2 Q, (3-30)

LZ CHQa)  [(@ — Q2)/Q] + Z -, ifQ, <Q,

M A EERR R 2P 6 TR R T TR R 0 A T R
AWM AR B 2 gl Bk O P E R AT S 0 d TR S S 5 3 BUE
A S o FI SRR RS T AR R g st 2 P FER

ALz o & m e l% B2 FmEdt s AR BRGNP 4o r ATIRE S p B 2%
B ) o d W AR AL S ER E KN S e o PR B B
FORF MR T EARE R G SRR N PR TR T AT S HF RN A A
FAEb o N AT U A AR B AATEUSEE > AR Y B REE Sl
ABET G 2 v f o AT R AT Vo T W 4 R R
HERZ AERR T LT 9 AT 2L & &1 o 4o » ATHUSE T 2RA] R E > F

B EF AT B Ao huy RN 2 FERA S X0 R AT 2 iFE 18] ahdp

B oSl o RyRATOUS BN kL F R GE S AE R A AEPE T RET R
SRR T o R (T AL L RN 2] R (58 (3-9a)-(3-9€)) o | % ik & BBl A HE =<

BN B - AT R Rl B ko R E AR T AR, 0 6
Frr B SRR LG RAT LR Arck o
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7~ %/LI’IJ/»:\ 7

AL LB S RERL P Com PRERAT L AR ELEIREL 2
BEATIE MR > A B E D SRR S SRR S SR AR S RE L

A-E B RS R ey P Y EREREFEH

AFALS LTIy R 2 RPIFRE Y L H RG] - FE 2 Ay R
MBI E 2 PR 2 @G REAFARR T R E W APM RET R R 2
PR R ES A LT RS A S e S 042 %ﬁ%%M‘w‘;#&%ﬁiémﬁéﬁi'lﬁﬁ:t ;
RO A W R RGBT 0 LR T R G TRALE VY %
ﬁﬁ%%ﬁﬁiﬁ;i$1%$oﬁ%?iﬁfﬁﬁ%’#%?iaw%ﬁ%ﬁ@@’
WA E ST D TN BB B ERLEFERE > TERE T RFE
BERRFERAE ST LT R FIET 0 b BEPF TR A TRR Y B A
o R R blhed g R AT B E > AT EEL T FRRTR  EFE

R FIEE T R e R

4.1 oz A A = R K2

BgEGIAAT Y 0 BRI LA AT o B g m T o B d DA L
Bolinb s VES S A WAL AL AN P R A 8 PR
ol At WP ETEL PRV ERD KA LH o T FE Aok 41 97T o 195
Cinz 2P 2ZF%WFRE %27 2 ZEWHAN S 13 % 435 B747-400 %5 ~ 11 %

% B737-800 £ ~ 62 % ¢ 1 A340-300 12 % 17 % % ¢ = 4 A330-300- A5 % ¥ &
%iwﬁﬂzﬁﬁﬁﬁﬁd.’d*%18n7%0@ﬂmﬁ A A AL 3 E
Al o Fp RFT R TR T2 SRR E 5 = fEEE 57 ¢ B747-400 ~ A340-300 12 £
A330-300 - & #87] 2 78 dfc ~ A e S ] 55 AR R Y 2 Sl BERRIT
P R ARE R EWIEE R CRBICy 2B (drk 4.2) 0 d a2
bR AP ERE A AR Sl AR RFERA LD F o L A0 B F -

ALY LB R SR R MY L BB T E R8T ok
Féi s ]K%Q\J@J@%ﬁl‘t—i—??sg{%'jiﬁi ?7}_'_ ) Z;E"B{ )‘_E,Ji”l.vg)\7 73)\;\ e "&V%\’ 43 ’f’Li_'/:[‘ °

AN ETFAE > W Cang 2 P BRI 2 )~ i (inputs) -



Z 41C #2072 SRR T
i iF 478 (p) HATFERR (D 2) BERFF(] )
oA -8R 2278 3
e PE Bz 10901 12
o - AR 9378 13.45
oA -1BA b 8474 8.75
oAt - n 1R A b 8292 11.25
pA-% B 2527 4
oAt-% B-fRaA BrgE st 9153 16.33
oAb -fe e BrgE L 11680 17.66
TR KR Adh ~Conz o d o APy FE
% 42C s o PR A
#3 WA | ARl | B Al | R | ss K Al B
k Yic g% my ui(hr/day) | liter/seat- | Gallon/
(kg) km hr
1 B747-400 13 396,890 397 10 0.035 3230
2 A340-300 6 276,500 276 10 0.039 N/A
3 A330-300 17 230,000 313 10 0.035 N/A
FHRKR FCoazad (U F ad ~ 29 7L AP FR
% 43 FAuBZ iRER AR TR ORT S
P BEB HRA % %)
o - A A340-300, A330-300 0.77
oA - B747-400 0.88
ERVEN I B747-400 0.82
oA -1 L B747-400, A330-300 0.75
L -1a4 b A330-300, B747-400 0.75
oA-g B A340-300, A330-300 0.76
oAb [P BrgE L B747-400 0.75
§ A-fedr drgEL B747-400 0.77
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P2 R B0 1% SR IATA 2 832 % £ # (Airport and AirNavigation
Charges Manual)*7 32 2. & R #c f > U 3- B > £ 0 k45 21.3 & 97fF 2 18
e F ek FRAFLITR TR R FERA 0 AN R RS R
AT B2 FE R s Wk F 0 Z Bef #92 3 (Emission Charges) © #3-# * ¥ L iF =
TR 2 e Bodek 440w B Y g Holerk g B2 RS 7 Si?i%‘kﬁﬁl“%%% .
PALD S0 @3 ARE ARSI R TR et 2§ A e ' AR
CIPEN R ¥ ol I IR e ?ﬁq}:ﬁ #22F * (Emission Charges) - 7 #3532 5 #cjowsk

Ty A ASIE ARG ERF T > AR P None £ o d £ 44 F 47 vt Rp Bt
AT B R T F o UK R w3 tf R o

g R P O R TR R AR 90 £ 1 96 & 2 BR AR
it B Cang o P iRE Sz frE kid § 0 0t Bicdpis 18 Matlab ﬁﬁ@ﬁff’\ﬁ?’l
FERI2 GLLDEA o 3 4 SLRE T RE| 2 FER o TR EIFREEL L E AT

ek

am 8 1%’;@;&_ o g 3 NN Ardk iE 2 :gfb“::“-?“‘ﬂf}fifié’ g d A Az {2 .B,—LJT““‘]L » F] MR
bR g ar o g RE AW pA A ;ﬁb-;‘%%zz&%\ SAV-E R LAR oAt

AL~ SA-% BB E sk o

Foobo P ipab e sy o R A R 2 SRIEE T S BRI B 0 AT
ORAL R E PR TR IS SRSy b ey R G S R NI LT E Y}
= % gLk & (Hawaii Tourism Authority)#t &2 »2 38 FALEK » 54 -§ B -fr i 2745 2 S
YLE g p-fR iR RraE S Pk Hsu & Wen (2003) 2 #icdy 3K o 4 4.5 TEIT 0 b4 o P
PR ERIPPIAEME D IERIAE o

TAH B E 2R BN GRS ERSRL 2P R ES
Aenp o Pty P o A MRS F ORBRR S R 7!&5'\2 YRR F Ok
B E 2 RE o Tl sy RRRPIES P A HHG e I 2 Ao
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44 LpF2 BHRT Y

B
- Fra R e
e T E HATF
o B747-400 $2,826 282 None $3,108
A340-300 $1,959 145 None $2,104
A330-300 $1,505 122 None $1,627
3 A340-300 $6,864 T None $6,864
A330-300 $5,709 rEe None $5,709
RS B747-400 $1,556 None None $1,556
% W sodE | B747-400 $814 $346 $218 $1,378
BA L B747-400 $1,215 None None $1,215
A330-300 $787 None None $787
i & A340-300 $968 None None $968
A330-300 $794 None None $794
frie #r32 | B747-400 $2,986 v | ; 1{3% i None $2,986
Hix: %=
%45 Céug 29 & s i B IEp
R AR # R IR E RIS 3
oA-h R 380350 31696
e RS 5P < 267530 22295
o =i B AR 77949 6496
e -1EA b 34732 2895
SRR -HEE L 103217 8601
L -1 g L 57633 4803
o-% B 369300 30775
SA-§ B-fRdr Braa 108642 9054
LR GE TR TE= R 18868 1572
Hi A%
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BESRZ BRIAG I N BFRAaNEAEF L RB XA B f
B2 BEY S YRR G BN R SR B 2P R

2 FIEE > Flt A7 R £ Ry iE Eﬁrﬂf%g ATA (Air Transport Association) #7 = i 2_ =

* 3p #%(Passenger Airline Cost Index);g‘m 8 o F\z;y;;}ﬁ o sk BRI R & 5 IR
aFac Rl 2 B B EPRFEATA 2 & ERREE - 3 »dk =2 4% 1.73 £ 4 (cents per

ASM) o @ iz 2 P et d Heandis & A ITES A EE S AE B LR § o hd A

Toag s AE R EgAp i 2 2 Apik s 0.19 3 4 (cents per ASM) > ¥ 7 [r SE
REBEHEIASBEFERE G B A A B el A fdp b o H gk 5 2.96
% & (cents per ASM) > # ¥ B3k - LM HUARITHSAE 10 e A § - H fﬁ@'ﬁ%ﬁﬁ 2
B oA AR P S 2.3 £ 4 (cents per ASM) o 4345 b it & A dp iRt B 2 Bk
WAt 460 Ly S F 2% 6 IA > AT AR BIIATE A SUE f THUE a TR

Big 1

L Sk UG E B IS B R T A s I L R

R & SR~ LB T P S SRR I E SUS R i 3R E TR BBl iR i A
Fan b (HARRAR) TR A2 2 B 0 4 h S H o dod 470 Finingiz i3E
ApIF A EHLRZ*HE > B EPTINA LT o
PR REE A ATL LG ELGRY SR ARR T @ R 2 B ApSAE R A A

b B2 LR A A Sl N B RIS Y KR TE F AR O P R s

N
{w,

%\‘ 4.6 ;é- -ﬁfi‘-ﬁ;bk‘%\' j\ﬁg?l » 2;@32

iz E 3 b~ &
U B747-400 A340-300 A330-300
(k1) (k2) (k3)
5=k A N/A $7,131 $7,887
b AR $56,991 N/A N/A
oA -iE oA $45,809 N/A N/A
LB L $37,988 N/A $29,715
L -1mg L $18,625 N/A $14,569
L-§ & N/A $8,111 $8,972
R R S $52,358 N/A N/A
LR GRS e $30,730 N/A N/A
Hix: 3=
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% 47 LA iFESUS2 Y B F

‘é"’i*# * LE Hak

HB B747-400 A340-300 A330-300
(k1) (k2) (k3)
PR O N/A 6,478 6,466
SR LRS- 38,760 N/A N/A
S RVEN I 43,444 N/A N/A
oAt -1 A b 28,263 N/A 24,054
L -4 L 23,418 N/A 11,794
SA-% B N/A 7,186 7,173
LA -pe g grds 57,042 N/A N/A
b A-R s i 39,826 18,841 18,808
Hi>: 4 4
# 4.8 F7 d B A T R B %
R @ ) #.31#8 = (One-way)

A340-300 0
oA -E

A330-300 144
ot B747-400 64
R ARIEN B B747-400 20

B747-400 0
cA-BE L

A330-300 0
s - R -1 L B747-400 0
(4 & # 4= #AE =) A330-300 33

A340-300 4
o-k B

A330-300 164
SM-g BoPiririL

, B747-400 35

(d & BA= A=)
P R T T B747-400 0
UL N P AR 2 B E S A (F R) $36,135,372
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gy PR AL RIHCN RFEE S A -4 2 iE# A330-300 $57) 0 F v ] 14445 0 5
M-S 64 BAE 0 A 3R Fgﬁuzm 20 BHAESR > SA 2 & ARG A340-300 57
# 4 BAE= - A330-300 F 164 BHAF=x o M AEELT R 2 %‘ﬁ* ~ 4 $36,135,372 % < o
fi‘%f@ﬁﬁmﬂ«%&%wﬁ vl ARG R ST E R N EATSRM > ok BB L 5 2 R
#7415 A340-300 22 A330-300 > # ¢ 5a-d # #xs > 6+ A330-300 #7] » & 144 B
HE=w oo S AV B RIARE] A340-300 #54 G w B ﬁg:’: » A330-300 ¥ 164 BFAE= o A 58 4
& R ¥ ¥ et A330-300 & F o 2 fE £ 0 & i #icd »t A340-300 i ¥ 4L B
A340-300 > FI AEARELR c ELT NP Bt BB T PR G2 WA o d LR
IARA b2 S P EE # A330-300 $LiE sk £ 0 R F] A TAT-400 chy 8 S ARE 0 T
P L RS oo A AAMRERE Y o SRR LR DA PR TR R
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Pa BBk 5/ A380 1 E g 27 2

|

B787 Dreamliner » 4 = pRi*72 422 B787-3 %

¥ PRI £ AR A 20 B787-9 o 4p B ATA sl 2. FALEH S lioR Faod 4.25-4.28 Ao o

2 417 FTH G Sl TR
K 13l #d | MTOW | i | fi* & TR 4 i
Y (kg) # Uy liter/seat- | Gallon/ | (F & # ~)
my | (hrday) | km hr
257.0 -
4 B777-300ER 10 351,534 | 365 10 N/A 2422.5
286.5
317.2-
5 A380-800 5 560,000} 555 10 0.030 N/A
337.5
B787-9 150.0-
6 _ 5 244,940 1290 10 0.028 N/A
Dreamliner 155.5
B787-3 194.0-
7 _ 10 165,100 | 290 10 0.028 N/A
Dreamliner 205.5

PR KR @ AP

R =0 <> ]

% 4.18 & Andz RTH G E A B IR ORPF

P R 15 5 14 3] TR AL 5 (%)
oM-4n B777-300ER, B787-3 0.77
LAk B777-300ER , A380-800 0.88
A=k B A B777-300ER ,A380-800 0.82
LA L B777-300ER, B787-9 0.75
LA -HE L B777-300ER, B787-9 0.75
La-g B777-300ER, B787-3 0.76
La-fraR TS | A380-800, B787-9 0.75
§ s-fpeagrsEe | B777-300ER, B787-9 0.77
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. 4.19 ArigiE Huipb AP B~ S

LR B777-300ER A380 B787-9 B787-3
o=k R $11,784 N/A N/A $9,445
b PE Bz $56,378 $84,726 N/A N/A
o A=k AR $48,513 $72,906 N/A N/A
e AR D $43837 N/A $35,136 N/A
L -1R4 b $33,277 N/A $26,672 N/A
A A $13,071 N/A N/A $10,476
oAb -fe e BrgE L $60,419 $90,800 $48,427 N/A
g A-fedr drgEL $33,755 N/A $27,500 N/A
Hix: 3=

% 420 FrigiEAub 2 R T B
N # ] B § (5 )
L » NRT B777-300ER $6,864
B787-3 Dreamliner $3,869
&1 LAX B777-300ER $868
A380-800 $1,287
% o4l FRA B777-300ER $1,019
A380-800 $1,479
B % L HNL B777-300ER $1,093
B787-9 Dreamliner $820
& & BKK B777-300ER $1,589
B787-3 Dreamliner $902
o4 g1 3F 2 AMS A380-800 $3,216
B777-300ER $2,055
B787-9 Dreamliner $1,002

A on AT S 2 L ARLE K;rt K

W12 58 Ry B AR P o S R SR T R S R e T AT
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20421 oor AT E ATRD) S %

SR i€ 3 A =
SA-R R A340-300 0
A330-300 0
B777-300ER 0
B787-3 155
AR P B747-400 0
B777-300ER 68
A380 1
oA AR B747-400 0
B777-300ER 2
A380 13
e -BA b B747-400 0
A330-300 0
B777-300ER 0
SA-R A -RA L B747-400 0
CRY LT T A330-300 31
B777-300ER 0
B787-9 2
e A340-300 0
A330-300 0
B777-300ER 0
B787-3 181
SA-R BoFR R B B777-300ER 0
(4 & BABHE=x) B787-9 48
LR e BraE D B747-400 0
B777-300ER 0
A380 0
B787-9 0
B A(FR) $30,093,182
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Hd Ao » AT B RLIR R BT 0 AREE R W R T R(od R ol
T & O F A uRE SR b BAFE Y 3T U S -4 3 B787-3 & 155 BAE S S
oA -k R 4 68 B4 =4 B777-300ER » 1 BAE 4 A380; s -E riet 2 B
B777-300ER 1% » 1371 A380 1% ; & 7 -1R 4 L #bl i 5 31 B 1=t A4F 5 * A330-300 -
2 Briztgp* B787-9; SA4-% B 230 B787-3 > dF=t i 4 5 18177 § B-Fr 4R v
L Bl 48 [ B787-9 #3rT o FERE AR G2 F & = A 5 $30,093.182 £ ~ > ] A hn ARG 2§
FA A BT ERT ST LGRS SUST L RAUEY B S o P BB EE AT
Bl s o A A e ) B BAFEE P ) Al S de B777-300ER ~ B787 o 12T 4 2R

Bl B F e h 25729 £ 42 v Bl AR EL LiEFALR R A YT 28 %ﬁd AR R A FTHRAR
PR S LR TN § L RN

F0422 G BRRE REYES AR

LG AR R WA A(ER) }

Al B | ARE | e~ ATEB AT B AR LpEE e RpEA
77.187 0.3 $21,038,885 $23,043,951 -8.70%
102.916 0.4 $22,333,235 $24,914,154 -10.36%
128.645 05 $23,627,585 $26,784,357 -11.79%
154.374 0.6 $24,921,936 $28,654,560 -13.03%
180.103 0.7 $26,216,286 $30,524,763 -14.11%
205.832 0.8 $27,508,981 $32,394,966 -15.08%
231.561 0.9 $28,801,082 $34,265,169 -15.95%
257.290 1 $30,093,182 $36,135,372 -16.72%
283.019 11 $31,373,043 $38,005,574 -17.45%
308.748 1.2 $32,639,720 $39,875,778 -18.15%
334.477 13 $33,906,396 $41,745,980 -18.78%
360.206 1.4 $35,173,073 $43,616,183 -19.36%
385.935 15 $36,439,749 $45,486,386 -19.89%
411.664 1.6 $37,715,348 $47,356,589 -20.36%
437.393 1.7 $38,978,311 $49,226,792 -20.82%
463.122 1.8 $40,241,274 $51,096,995 -21.25%

MEE D E Ak
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FIAEL B HARE o FF A A KRR AR By P EIFH A R GARR LR
¥ &

Fik EFTRFIPAM T L ET R RFLoxE o0 FAL9T 5 N FE S AR bk
z_AfF o
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TR 2 Ay R F Y R ERER AT BE SERFIEA) o A
E B2 RGIE F I 0 R B R AR B A e 2 ATIFE AR 2 18 0 F AL
ERNEERE TR - AP AR A ER L R EATRPET AR
MER AU E R A T Ry 2 P 2L R Ay o & 431 e LS ER Ty TP
LR RARALA > G d EATRAIB AR R 2 6T AR R o ;#L-;‘%#ﬁ@ﬁmﬂﬁﬂg
Sd &0 64 BARRA AT 69 BAEK 0 BB AI G A RNEL LahRT > VAR
d 0.30255 #% = 7] 0.99617> + *2ig 5 0.95 >+ FA ¢ /& »0.11049 % = 3 0.96412 -

SR ARS Y AR EATRIIZ S 0 d RAE 2 20 BFLE > E M LAY 15 B

= 29 & 7 1337 A380 £ 2 5L B777-300ER » ¥ FL A 50 183w & v 0 4k
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%%ﬁﬁﬁﬂEZF&§$1Tﬁﬁa@a%ﬁ$i@ﬁ@ﬁ’é@4ﬂn4ﬂ?
FOORP RS R R A A B SRR T H R 2 i
* > 12 B777-300ER & » H =t 5 A380 > B747-400 B % ° F]M 4 5 A - 4o snam ié
B777-300ER # & § & A»c¥ o A€ ATHRA[ 15 2 AT 02 (e B4 5 -2 ARSI A
20 A3B0E BB o A AE T MK R A RRAEL S SA-E B R B-fPR
B R At » AT ESUB LI ST ARSI 0 AR RIS T ARG
Fga Lo Lo g ot -A A 5 o o 20 B787-3 2 8 12 b 42 d & A g it A
W fEIGERAE o TR AT SRS R A A AR R LA B
Rigr BT87-9 B 5 &g i & &> Aad BP0 FrLH > Flp B787-9 4857 4
Mdp AR B BriE L Sy FIRt s o~ 2 A330-300 $83] 5 4 0 fR A g g aE
#4] > A330-300 ¥ 2LE B Prid s F kgl > T RFI AT R AR, > BB s A
AR > T IR Y A A AR o v ALE] 0 A330-300 FiTIZ AL A oo S -% B
BE B-E R ARSTREATRB S ez BT8T-9 ] 0 B B 2 A AeE o £ A
F2RETE @ r AT R B AR LN A A i £ o (] 4.23-4.26)

# 423 Sz PR ISR EFTRPIB AN L L BT L RFTR

T %ﬁ‘]#ﬂ%‘] be > —T"Tﬁﬁ ] {o J'Ea:j‘
WAER
B747-400 B777-300ER A380
AT % 64 68 1
=09 0.02676 0.21260
TRRE [ —
- C:=0.95 0.11049 0.96412
R
: =1 0.30255 0.99617
B3R R] do o~ ATE A 15 RG]
WAE S
B747-400 B777-300ER A380
3 = 20 2 13
C:=0.9 0.02673 0.99991
;3 —
- C:=0.95 0.11049 0.99999
R
’ =1 0.30255 1
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%424 BE R EBSA EATRLIB AN L BT LR R

oA - R SR
Vol Y Soor TS A 1S RG]
WAEH
A330 B787-3
¥ = 144 155
. Ci=0.9 0.02670 0.999982
T3
- C=0.95 0.11031 1
R
: =1 0.30255 1
GRS NI
B 83 423 se o F 015 B
1714 2%
A330-300 A330-300 B787-9
4E 33 31 2
x Ci=0.9 0.02674 1
s
_ C:=0.95 0.11044 1
R
: C=1 0.30245 1
L2 N
A ) Se xR 15 B
WAE R
A340-300 A330-300 B787-3
W = 4 164 181
s =09 0.02674 0.99998
4 —
N C7=0.95 0.11044 0.99999
R
’ =1 0.30245 1
§ A-Fr e BTE 2 SR
Vol Y So o TS A 1S RG]
WAE R
B747-400 B787-9
4E 38 48
x =09 0.02669 1
T ]
N C7=0.95 0.11027 1
R
) =1 0.30213 1
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5% RR Fa kb i ic2 2002 # 1 7 1 2008 & 12 * B% e § 74 (Monthly
F.O.B. (Free on Board) Spot Price of West Texas Intermediate (WTI) Crude Oil) > » ¥7% - &
B b 2 b A 0 4Rl 5.1 4rm 0 W o5 4 2002 # 32008 £ 2 B0 BERE R R

bR > R E AR B AR BRA DL - B2 RE > b4 2002 ~ 2003 £ £
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ERIRAA DN AW H B o £ H AL 2P Tode 2008 E 2 R R0 0 gt
HEFELAF2 2 PP B S AP LTI ER - B BiE5 6 2 044797
e o W R R BN R A SRR BT X T RRAE A BT
MRS R ARPETR DA G RB PR T RRA TR

E B AT TN BT B2 A v R R R F Foo B 5.253 5 Ceng 2P T iE
AR S S A E R AR S oA L S A -8 )3T 2007 &
SAERRAR S AR LA E R R 0 2 E 2
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A S T LR gt E@Eﬁﬁﬁ:uéﬁéﬁﬁ’ﬁ&iﬁ\%3ﬁ\%Fim\

AL~ & B Ee 2 A
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AR
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kR AP R ER o AT A SRS T R NE 0 L A
B oSpd R SRR R B 0 4R AT RBIES 5 A330-300 0 F %

P £ B747-400 £2 A330-300 % § ¢ * » o ** A330-300 2 i (e » F]p A &

B A =
Wi E YR AT o

oA f%—v*ﬁﬁ%ﬁi&ﬂﬂ‘]«’: KD B AT = AR BE s H Aok ﬁﬁuﬂ'ﬁ.ﬁf{_&é‘l\u% «
BT o RA RPE SR T R EE Y RIFE o S AR LA Ak B
48 B7AT-400 $3) » FlRFPF A NG R 0 4 GERIRLB A 2
BAER 2% o oA -§ B AR 4 Z BISA LT 0 )R % 2 A330-300 A a0 F A
i % B747-400 ¢ (FRAMF 0k B30T Himod 30 F S M2 M TG A A % o
ﬂ\ﬁﬂz RN RG SRR EL R A o N IZ(:}jixN FE 12 734?\,‘3:%%']
AT AR R o 4 2 P R R RIS 0 4t 2008 £ ~ 2007 & 2 Ak
B 4ed 51552 #57F o
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ed
P ERGE
BB T #7 =% (One-way)
#3 10 2 37 47 5 6"
TPE-NRT B747 0 0 0 0 0 0
A340 0 0 0 0 0 0
A330 120 120 121 102 106 105
TPE-LAX | B747 61 59 63 60 63 61
TPE-FRA | B747 19 17 18 15 17 15
TPE-HNL | B747 6 4 5 4 4 4
A330 1 2 2 2 3 3
TPE-BKK | B747 0 0 0 0 0 0
A340 1 6 2 1 0 2
A330 108 114 117 110 107 104
A A $25461301 | $25105825 | $27769809 | $27418302 | $30642002 | $30509252
TLEgLde
FLER g .3414% = (One-way)
#3 77 8’ 9 10 * 11 » 12 7
TPE-NRT | B747 0 0 0 0 0 0
A340 0 0 0 0 0 0
A330 116 111 102 109 110 115
TPE-LAX | B747 54 55 50 52 48 63
TPE-FRA B747 23 23 22 22 24 22
TPE-HNL | B747 4 4 5 4 5 4
A330 3 3 1 3 2 2
TPE-BKK | B747 0 0 0 0 0 0
A340 6 3 1 4 4 1
A330 104 105 98 83 82 96
R A $31558893 | $28270637 | $23992753 | $2058955 | $18699175 | $18873144

Hix: %=
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ed
P ERGE
BB T #7 =% (One-way)
#3 10 2 37 47 5 6"
TPE-NRT B747 0 0 0 0 0 0
A340 0 0 0 0 0 0
A330 128 123 121 120 124 120
TPE-LAX | B747 62 57 62 62 63 61
TPE-FRA | B747 14 14 19 19 19 19
TPE-HNL | B747 4 5 7 13 9 7
A330 2 1 0 0 1 2
TPE-BKK | B747 0 0 0 0 0 0
A340 2 3 2 0 4 3
A330 108 86 112 116 110 108
A A $20618029 | $18954967 | $22352068 | $23803055 | $23470556 | $23237388
TLEgLde
FLER g .3414% = (One-way)
#3 77 8’ 9 10 * 11 » 12 7
TPE-NRT | B747 0 0 0 0 0 0
A340 0 0 0 0 0 0
A330 138 122 115 118 119 120
TPE-LAX | B747 63 63 60 62 61 62
TPE-FRA B747 19 19 19 18 16 16
TPE-HNL | B747 9 10 8 5 5 4
A330 1 0 2 1 2 3
TPE-BKK | B747 0 0 0 0 0 0
A340 6 3 7 4 0 4
A330 123 110 116 107 122 123
R A $25304290 | $24066309 | $23877521 | $23609748 | $25542037 | $25281650
Hix: £ =
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%53 2008 #v A AtE ¥
BERGAG
1B 2 FREF
TR -
v =1.191 v =4.405
t;=4.1
p1=0.27 p2=0.73
Apr N(329.30,11.30) N(329.30,11.30)
May N(392.42, 16.34) N(392.42, 16.34)
Jun - N(392.42, 16.34)
Jul - N(392.42, 16.34)
S E 2 FREPF
MEEF -
vi =0.612 v =1.382
t;=7.548
p1:O.44 p2:056
Jul N(392.42, 16.34) N(392.42, 16.34)
Aug N(329.30,11.30) N(329.30,11.30)
S3 & 2 BrAr e B ¥
WERF B
v =1.709 v =2.644
t3=10.333
p1=0.65 p2=0.35
Oct N(187.3, 18.66) N(187.3, 18.66)
Nov N(187.3, 18.66) N(187.3, 18.66)
Dec N(187.3, 18.66) N(118.0, 20.44)
% 542008 & & ¥ b #E T 2 T LA
R,
BB — — —
Ci=1 C:=0.95 €:=0.90
TPE-NRT 0.13169 0.04034 0.00840
TPE-LAX 0.10107 0.03036 0.00619
TPE-FRA 0.78900 0.68885 0.54074
TPE-HNL 0.60789 0.42556 0.30676
TPE-BKK 0.06396 0.01999 0.00424
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# 5.52008 &

AR F A2

AT LR

TPE-NRT

~3

=

Ra|51

Ra|52

Ra|53

0.04468
0.01457
0.00323

0.04468
0.01457
0.00323

0.15296
0.10832
0.07763

TPE-LAX

3

=

R

alsy

R

alsz

R

alsz

0.03006
0.00903
0.00184

0.03006
0.00903
0.00184

0.14079
0.10666
0.08078

TPE-FRA

3

=

Ralsl

Ralsz

R271|S3

0.25001
0.20918
0.16056

0.23597
0.20488
0.16033

0.35575
0.32591
0.28117

TPE-HNL

3

=

Ralsl

Ralsz

Ra|53

0.15359
0.07205
0.02362

0.14599
0.07126
0.02360

0.24914
0.16492
0.10552

TPE-BKK

3

R

alsq

R

alsy

R

alss

0.02366
0.00700
0.00142

0.02366
0.00700
0.00142

0.08576
0.06318
0.04800
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3 562008 £ > E2 VA AEITERE &%

2E7T LR E[R]

TPE-NRT Pr(sy)=0.6 Pr(sy)=0.7 Pr(sy)=0.8 Pr(sy)=0.9
C:=1 0.19807 0.20913 0.22019 0.23126
C:=0.95 0.09861 0.10832 0.11804 0.12775
C:=0.9 0.05382 0.06139 0.06896 0.07653

TPE-LAX Pr(s,)=0.6 Pr(s,)=0.7 Pr(s,)=0.8 Pr(s,)=0.9
C:=1 0.16097 0.17096 0.18094 0.19093
C:=0.95 0.08697 0.09641 0.10584 0.11528
C:=0.9 0.05316 0.06098 0.06881 0.07664

TPE-FRA Pr(sy)=0.6 Pr(sy)=0.7 Pr(sy)=0.8 Pr(sy)=0.9
C:=1 0.82063 0.82590 0.83117 0.83645
C:=0.95 0.71952 0.72464 0.72975 0.73486
C:=0.9 0.57754 0.58367 0.58980 0.59593

TPE-HNL Pr(s,)=0.6 Pr(sy)=0.7 Pr(s,)=0.8 Pr(s,)=0.9
C:=1 0.57239 0.56648 0.56056 0.55464
C:=0.95 0.35516 0.34343 0.33170 0.31997
C:=0.9 0.21435 0.19895 0.18355 0.16814

TPE-BKK Pr(s,)=0.6 Pr(s,)=0.7 Pr(s,)=0.8 Pr(s,)=0.9
C:=1 0.10543 0.11235 0.11926 0.12617
C:=0.95 0.05431 0.06003 0.06575 0.07147
C:=0.9 0.03221 0.03687 0.04153 0.04619
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522 112007 &% % 5 07 R

WA 2007 & 2. 240 W e ARE 1 2 51 & 0 iE 2 PR RFIHG S E BT R R
25 BRT LRGER o F A AT 2007 £ 2 dug Wb R ARE o TR E 2 %0 R ORE
DA GRS D R PEF R F T ERIAS R AORE Y A RET R D
BRFR > S ABREAAZRSEFE > 9 52007 #3 § + H g L PEFZ - - !
2 %k R 5 165.99 cens per gallon » E | 7 R i fREE AR E GBI A e 405 A
B2 one e m o YR - BF Xz /435§ 1564.01 1 230.25 cents per gallon
2 B kW g2 L oopadn] 23429 cents pergallon - E B o 0 K o R RS
AR Xy B RS ArdapERt; S 10484 0 5 FEPETT X > TREARY; 5 2516 B
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B 5.7 2007 & &z st i 2 B F 7 2 B

g § v Eﬁ? T AR 2 it fdcdod 5.7 Aror od Bt 4 27 2007 & AR
&% W3 E 42007 £ 27 £ R (% 5.8-5.10) - d & 5.8 Ko 0 F 12 2007 £ - 2 i
SARAI W RHTR R o T AP E TS o oA - R s S
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4 57 2007 # 7 F R 4dk

BERGAG
BEEE B 1B 2 FREF
t3=10.333 vi <2516
p1=1
Oct N(187.30, 18.66)
Nov N(266.70, 18.20)
Dec N(266.70, 18.20)
#58 2007 &£ ¥ pREFETZVER
R,
BB — — —
C:=1 C;=0.95 C;=0.90
TPE-NRT 0.04507 0.01866 0.00661
TPE-LAX 0.09675 0.04322 0.01634
TPE-FRA 0.78901 0.76891 0.74011
TPE-HNL 0.76283 0.72452 0.68843
TPE-BKK 0.36625 0.22972 0.12425
%59 2007 & % B F BT 2 4MT ARG
FgY — _ﬁalsl —
C:=1 C;=0.95 C;=0.90

TPE-NRT 0.03562 0.01475 0.00523
TPE-LAX 0.07646 0.03416 0.01292
TPE-FRA 0.64003 0.61281 0.58602
TPE-HNL 0.60289 0.57261 0.54409
TPE-BKK 0.28946 0.18155 0.09820
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#4510 2007 # > E2 VA E TG E%E

#7 LR E[Rd]

TPE-NRT Pr(sy)=0.6 Pr(sy)=0.7 Pr(sy)=0.8 Pr(sy)=0.9
C:=1 0.03940 0.03845 0.03751 0.03656
C:=0.95 0.01631 0.01592 0.01553 0.01514
C:=0.9 0.00578 0.00564 0.00551 0.00537

TPE-LAX Pr(s,)=0.6 Pr(sy)=0.7 Pr(s,)=0.8 Pr(s,)=0.9
C:=1 0.08458 0.08255 0.08052 0.07849
C:=0.95 0.03778 0.03688 0.03597 0.03507
C:=0.9 0.01429 0.01394 0.01360 0.01326

TPE-FRA Pr(sy)=0.6 Pr(sy)=0.7 Pr(sy)=0.8 Pr(sy)=0.9
C:=1 0.69962 0.68472 0.66983 0.65493
C:=0.95 0.67525 0.65964 0.64403 0.62842
C:=0.9 0.64766 0.63225 0.61684 0.60143

TPE-HNL Pr(s,)=0.6 Pr(sy)=0.7 Pr(s,)=0.8 Pr(s,)=0.9
C:=1 0.66686 0.65087 0.63487 0.61888
C:=0.95 0.63338 0.61818 0.60299 0.58780
C:=0.9 0.60182 0.58739 0.57295 0.55852

TPE-BKK Pr(s,)=0.6 Pr(s,)=0.7 Pr(s,)=0.8 Pr(s,)=0.9
C:=1 0.32017 0.31250 0.30482 0.29714
C:=0.95 0.20082 0.19600 0.19119 0.18637
C:=0.9 0.10862 0.10601 0.10341 0.10080

142007 22 P LR ESR A E-W AT R T gAY

B4 s AR F 0 PlELRZ VAR R IR, o 1 b E S 1

BB i SH-k 2B W R 4300036 3 0.039 2 B > 5 AR R

BT RO H008 24 o F R BB M & § 5 A E AR

e -8

D% 2 E GG A L R R A TR RN ARG T R - ot
b A T R PIES S B F 0 T AR A3 4 029 1 0.30 2 FF - B 1 2007 &
M RATEAFNERMRL DAL RS E SRR o T - A A

TRAFESE  BEAERG LA o
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# 511

ZAFELREE T }%7159'?7 MR RS S A L B o A ERZ BN

KA 97.5%2 Ao F A F 97.5% 2, B #uz & 7 T A KB E 0 d Bk R
Bt B KPR 2 ) R AR O PR EATRE 2 A
%511 2008 & w0 LAk A8 SR AR
z i
FBL A7 e AR B R =X BREEN
s R 5 | 86.5% | 86.5% 90% 95% 98% 100%
TPE-NRT | B747-400 0 0 0 0 0 0
A330-300 102 182 175 165 160 157
TPE-LAX | B747-400 60 0 0 0 0 0
NRT-LAX | B747-400 0 60 60 60 60 60
EEHE(E =) $148,037 $408,702 | $781,080 | $967,269 | $1,078,982
DEEAA(ER) $12,69,760 | $1,158,656 | $999,936 | $920,576 | $872,960
AR PAE | PAE R HE
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28
HEL 7 b 2B 48 A R = RS BN
A K ﬁ“ b 90.8% 90.8% 95% 98% 100%
TPE-NRT B747-400 0 0 0 0 0
A330-300 105 180 172 167 164
TPE-LAX B747-400 61 0 0 0 0
NRT-LAX B747-400 0 61 61 61 61
?ﬁ%ﬁj B(F =) $373,618 $703,623 $909,876 | $1,033,628
B A(F ~) | $1,190,400 | $1,063,424 $984,064 $936,448
P W I - <3 7 AR 7 AR B
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# 513 2008 &£ = 7 Sat-Ed m & LA RSB AR

= A
FB A7 4R A = BREEN
A i ;‘ x 83.8% 85% 90% 95% 100%
TPE-NRT B747-400 0 0 0 0 0
A330-300 116 189 178 169 161
TPE-LAX B747-400 54 0 0 0 0
NRT-LAX B747-400 0 54 54 54 54
) E(F ~) $68,286 | $524,816 | $898,341 | $1,230,364
DA A(F ~) 51,158,656 | $984,064 | $841,216 $714,240
N ?RE * AR R BEE
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80%: % K F a2 I 85%pF F b 2 & P 101 5T e pF A8 A chle @P#éwi%’
R B EEE 4oL 5142 B 51257 ke ? R e TR R e I~ 2 F RE o
# 514 2008 & w ' 5Av-§ B EUARE R R
g A
BB A7 b o H 8 A g = AR =
S K ;‘ x| 77.2% 80% 85% 90% 95% 100%
B747-400 0 0 0 0 0 0
TPE-BKK
A340-300 1 0 2 7 7 3
A330-300 110 107 99 89 84 83
%‘é" w(F ~) $142,929 | $359,664 | $543,820 | $722,661 | $897,251
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5.3.2 2007 & 3 & K& & 47

2007 # > S A -K S ARSI 7V o FIE T pRAYE
ATA RSO R 0 L B o I b v Lo s Lo
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BB A7 4R 48 A R = BR-EEN
g A 69.2% 70% 80% 90% 100%
B747-400 0 0 0 0 0
A330-300 118 117 102 91 82
TPE-NRT

EEHE(E =) $30,760 | $492,163 | $830,525 | $1,107,367

RERA(FER) $15,872 | $253,952 | $428,544 $571392

e B B B R
Fp A 5 76.4% 80% 85% 90% 100%
B747-400 62 59 55 52 47
TPE-LAX B E(E ~)| $455,861 | $1,041,661 | $1,519,538 | $2,279,308
AELA(FE )| $188,127 | $438,963 | $627,090 | $2,947,323
EN B B B A
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R

By 06 & B 07 & B F R S s R

HLE Jan | Feb | Mar | Apr [May | Jun | Jul |Aug| Sep | Oct | Nov | Dec

TPE-NRT|86.6| 76 [87.1| 78 |76.6|77.9|73.6/80.7|77.5| 69 | 75 | 71

TPE-LAX|94.4182.7195.3|95.9|90.6|94.3| 96 | 97 |83.1| 76 | 75 | 76

2007\ TPE-FRA|71.1|67.1|87.7|88.7|69.5|80.9| 82 |94.6|89.7| 88 | 93 | 69

TPE-HNL|86.4|83.5|80.3|73.3|69.7|87.2|92.7| 86 |82.2|72.5| 73 | 80

TPE-BKK|67.4(64.7|70.3|73.2|70.5| 82 |65.1/68.2|73.2|64.1| 69 |65.2

() Lirrde o

TPE-NRT|83.2|78.184.8|86.5(80.3|90.8(83.8|77.4| 77 | 69 | 68 | 61

TPE-LAX|91.4(78.9|92.2| 90 |82.6|89.7|93.7|96.4|87.3| 77 | 78 | 71

2008/ TPE-FRA|85.3|82.7| 94 | 94 | 90 |78.7|66.5(83.7|84.2| 75 | 76 | 54

TPE-HNL|89.6|80.7|82.1| 82 |80.5| 80 |92.9|86.3| 67 | 67 | 60 | 62

TPE-BKK|67.2(72.8|715(77.2|74.5|80.9|759|67.4|71.7| 58 | 49 | 53

HLEC Jan | Feb |[‘Mar{/Apr|May | Jun | Jul |Aug| Sep | Oct | Nov | Dec

TPE-NRT| 98 | 98- 98 | 96 | 99-| 96 [110| 98 | 92 | 94 | 95 | 97

TPE-LAX| 62 | 56 [-61°| 61 |62 | 60 | 62 | 62 | 60 | 61 | 60 | 62

2007|TPE-FRA| 20 | 19 | 26 | 26 | 27 | 26 | 26 | 27 | 26 | 25 | 22 | 22

TPE-HNL| 8 8 {1029 |19 |12 |14 | 13 |12 | 8 9 9

w7

=K

TPE-BKK| 107 | 98 | 106 | 103 | 106 | 103 | 137 | 106 | 102 | 105 | 133 | 137

TPE-NRT| 97 | 97 | 97 | 94 |100| 97 {105| 97 | 94 | 99 | 94 | 97

TPE-LAX| 62 | 58 | 62 | 60 | 62 | 60 | 53 | 54 | 49 | 51 | 48 | 63

2008/ TPE-FRA| 22 | 23 | 23 | 21 | 23 | 21 | 22 | 23 | 21 | 21 | 23 | 22

TPE-HNL| 9 8 9 8 9 9 9 9 8 9 9 8

TPE-BKK| 106 | 132 | 108 | 103 | 106 | 102 | 105 | 106 | 96 | 106 | 85 | 97
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