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Modeling Competition of International Air Cargo Carriers
in the Asian Markets

Student : Guo-Chou Shiao Advisor : Dr. Cherng-Chwan Hwang

Institute of Transportation Engineering and Management
National Chiao Tung University

ABSTRACT

Due to increasingly fast growth of air cargo transport service demand in the Asian
international cargo market, not only all-cargo airlines have been expanding their
services in Asia but combination carriers would like to compete keenly with all cargo
carriers. The entry of all-cargo airlines’ would result in a price and/or frequency
competition with existing service on the specific route market. This study deals with the
competition for international ‘cargo service between combination and all-cargo carriers
in the Asian markets.

This study considers a market composed of combination and all-cargo airlines and
proposes two sets of models dealing with the ‘competition on a single route and at the
network level respectively. To place the airlines’ decisions in a competitive context, a
game-theoretic approach has been developed in the form of a non-cooperative game.
Using analytical approaches, the models for planning frequency and calculating
operation costs are set up. Optimization models in the form of mathematical
programming are developed and the iterative process of backward induction is used to
solve the proposed models. Through seeking the solutions of the problems, the
equilibrium outcome and best-response strategies of participating airlines are predicted.
Furthermore, to predict the cargo shipment demand on Taiwan’s route markets, an air
cargo flow model of international routes is developed based on the panel data of air
cargo services on scheduled routes at Taiwan Taoyuan International Airport during the
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years 2004-2007.

The case studies are presented to illustrate the application of the proposed models
using data available from Taiwan international route markets and empirical industrial
data. The results include that (1) combination carriers appear to be the dominators in
both two case markets, especially on short-haul routes; (2) all-cargo carriers tend to
focus their attention on those routes where there are particularly heavy demand for
cargo space; (3) the competition of airlines for general air cargo service are affected by
cargo demand in the market, air travel demand on passenger routes, the operation scale
of all-cargo carriers and the availability of time slots at the airports for all-cargo
operators’ flights; (4) the network competition model could be expanded to analyze the
hub location choice problems. Moreover, The empirical route demand model indicates
that population, air freight rate and three dummy variables, including the regional
economic bloc of the “Chinese Circle”, the Open Sky Agreements and long established
colonial links, are the key determinants of international air cargo flows from/to Taiwan.

In conclusion, this study proposed a framework to predict and analyze the
best-response strategies of airlines under the environment where combination and
all-cargo carriers coexist. These results could provide as useful information for

international air cargo airlines in operational planning.

Keywords: Air cargo market, Game theory, Competition
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B MERATAT - RALAFEEH N 243 B h R kA ESE R
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A 32 GDP (V) 0.186(0.053) |-0.219(0.018)| 0.180(0.054) | 0.068(0.104)
A [3.484™*] |[-12.262"**]| [3.365"**] [ 0.654]
A T H(N) F21 0.229(0.052) | 0.046(0.023) | 0.231(0.051) | 0.289(0.082)
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. U | W §F 52 W FFI3 W §F 54
ha (pooled OLS) | (RFE) (TFE) (RRE)
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# % ¥ (0S4) pr [-0.610] ) [-0.658] [0.987]
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(5.1a)
F, (S, UGS, ) +AF, 7(S, UGS, )20,

Yod AT 0 R F AR O P Bl SRR Y 1 0 SR od HHREIT i ¢ Rk
st (Fiyp ) & 65T (AFSY ) Wanft od 2 43T (F) 56 95 4512 b
oo R BTLERD P c TPHE P H 0 FF RABL S H R 3
ARSI P o R by TRBDE LR R BT AR ME AR5
—cd  —cd —ed = =cd w A od (5.1b)
Fo,17(Ss, )U(Sb,r)+ AF, 7(St, ) U(Sh,r) 20, + Qb 10, Finy

Pl L B i@ (TG 2 0 g (T E 2 SUBRS T E 5 0F Y AT 4o g
hpER o X 13#%%6.3@%;1\“*671%)—"&?*"4K‘TEE,‘:F'&F\* /\;H;;g:%mq:,
"L sE e [T — 3k (Rodrigue, 1998 ~ Ohashi et al., 2005) » ¢z & i Ss B2 2R 7 4t
0 - BB b eI A 0 @ B A T8 T RRR G PR  SB AT e

o 2R P by, TR T LR AT 5 0 R Ao B b E

Hops AT 2 AR ST 3 e
F, = min F (5.1¢)
" VedeR,  Om
5.1.3 = & 30
P FELA AL FIMAS ZERYES AL FRYE S A5 55(Holloway,

2003); B E S AL AR Y EARM X A0 o ARV HERER PR 7
B S BAB R R RAITER AR R
A B H P ?ﬁ&é%%mﬁﬁgﬁm B BT FA NS A EH TR
R NF T &Y ERFES A P 2MFES A 40%-55%
(Holloway, 2003 ~ Wei and Hansen, 2003) -
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Subject to

>0, <T0 (5.4 b)

Viel

= . . (5.4c)
0< f, <F/(z,),and areintegers, Vi € |

- (5.4d)
0<p <pViel
S, eSF,Viel (5.4¢)
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B SRENCV PR T 2 F R R I & -3 B (TPE- HKG) 2 & 4
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SAUER E R 2004 £ 8T R S
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5.1 o & p b ] 4 - Ss T pF 5

fEEFRPRE

F VALY F T (R IR R AL )] PE) e
251 k00% 52 da A A TH
W EH | uiziEg F g BRARA | p Y e o AR
(=>2) (51/i¥) (F1/i¥)
-4 B
Ein 932 224 B747-400 : B747-400F
B747-400 B747-400F -
£ % 932 98 _ -
Combi MDI1 F
B % 932 216 B747-400 - B747-400F
BAT 932 110 A330-300 : B747-400F
5 =0 932 - - 11 MDI11F
e -k
iy 10,942 28 B747-400 - B747-400F
A 10,942 B747-400F -
28 B747-400 -
MDIIF
w28l 11,308 : - 33 MDIIF
TR &R D AR FIR Sz A et & P it
%052 LRSS B E S A dd
g Bo Bi
5 (% ~/3# =) (% ~ /-5 =) (% ~/of-2 2 -5 =)
I I I I I
% 7 5 7
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MD-11F 5,063.96 | 3,900.82 | 8,505 38,628 0.1926 0.1349
B747-400 - - - - 0.0598 0.0470
B747-400
- - - - 0.05%4 0.0469
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A330-300 - - - - 0.0613 -
L MD-11F &% B st * § 55 # 1,839.28 % =
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FOKAE Hd s iF
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FP o CAFER > T AFEEFT > N AFL 0 a5 P RERE fES

Pens 2T ¥ o Al Rkt E4od 530

% 53 EHBS L L ERGE
% ¥ f3tie L
o -0.9942 0.3685
a -0.1759 0.1615
s -0.0403 0.0179
o3 0.001 0.2913
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Tl S REAFFEFM I e o 2

R H AT F A E R o GRF BRI BEE
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Fhini X 2 pR LA ‘,“f—"zié‘lig:}&i\'gﬁ}; b HEIA T RERSS IR F
#w% B747-400F » £ % 5 MD-11FS 3 S enL B > 5 #1EED | F4pk ®
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Yo ¥ (¥ ~/3F) 226,788 298,770 202,185
54 5T B A7
541 fiEF femck
LEfE R B E IR P EETERL ST BT LR B

R AR BT —ﬁ(-r-‘r Bq KT RS UV% $2..30%)2 F F RK(F HF R G4
R A2 B)FEE S R~ MPERREAT Suafre ko LA L W 1
# if}—i’—:’fﬁ.%%izr%\' 5.5 #pon o

&2 5.5 8T > R
E%*%%%iﬁé$éiﬂ&
3 4 ’F‘hﬁ“ E{

G A
251§ bﬁ%ﬁ B
AL 27T 2 HiE

B AT BI0FRE R X KT R kR

PR N R F I RPN fEE R

':_H?[\;v,ssgn A
-3

ﬁ?ﬁa*v lﬁk 4T 9#"—;‘%«#2/&5# B Ewar LRk

feE R EFFER M 2

PP EOFR R A R o F = 41%
2w peif 145,702

?%%%?ﬁéiﬁﬁ’ﬁ%gf
PEFEI e BT ko 2wt

ERFEHFOfIEAE S 0

P ApERHFREZERT >R

AR BPE  Eaos £
145,702 % -130,015 % ~(F k) #5731 > % -
b BHIRPET o EEE R RN B v G

FEREE D o r PR f ELUER T b

e A ] S

62



284,304 11 % -42,275 % A0 K RER T om0 L FEF OTIE A B 5 284,304
011242275 £ 2 5 F Il 2 4o r pF o & REF IR A W L 217,343
217343 712 0 2~ &FrE- F Fh R 2PFEE L EHE LRSS NG
217,343~217343 12 0 £ = > R h%E [ oGeg 2 L o w2l i@ o f

SN }éﬁ;}ﬁ'iﬂ—ra@ﬁﬂxe‘.)\ﬂ}f— dﬁ’;‘\‘ﬂbﬂlli.ﬁig/,}ﬂ}f—c

B3t o 5t FERREE s g B L5 BF BT mppeg
é?\"-f'— FIE & 5] 5-9,541 ~ 36,584 ~ -6,617 ~ 26,955 14 %2 27,160 # ~ > 11 > 1
’g‘\‘/‘q‘;ﬁ}éjjﬁ'ﬁ‘ﬂ/a ¢ - 'ﬁv IR 4;;)\?}%‘9:9,? ;_d ‘fl]/]*ﬁ‘kbﬁ{j\;}’g 1?%

T A e o v ARG EEE R, 0 R 2 K‘%—*‘:ﬂ:”.%iﬁ‘ig‘f' v B3R
}f"ﬁii:!;i B0 R AR ES ) T % R 2IfFTET R oy
Fa %#‘%7? feon AR 0 ESUER R b 0 o L iim?q’g/”\w]é%’

0 2
% P v

%
z

% % 063,128 23,914 53937 121 % 38,067 £ = ; ¥ £ HiEH/ A 4~ P
—;5 Pl A B G 15,959+ 0~ 18,663 ~ 40.297 11 2 36,191 % & 1§ W § EH
feor P L REE IR A B 5.20,904  62,82450 2 53,629 112 37,943 £ & 5§
BATIESE D o P & RE H TS B S 16,49659,025 19,196~ 0 12 2 36,381
A IS E A b A E ROk A B -489 44,386 2,356~ 34,886
A0 FA g AFREFHEHSFFR R 2PFE L RE IR
5 0+63,128+23,914 53,937 11 % 38,067 £ = Gt B £ 47 i F b Fin
g £ K }@ﬁ\ﬂ)‘ F3MF H o AR g s 7\3}_—% 1% 32T o

Kt gh v 3FEREFEFTRIF > @ X FFV B 872
~H P om Eﬁ_)éjsf?ﬂ PRI RPN H T AR R E 2 AR M e >

FA 0 BlE AR R R R L SR B § 7 SR
KR EEFRERFEA LS S ERFE o MG TS o R RS 2T
FEN LA BIMRL SIS > P F P FEF R R EIT e
FU o BRTAGUR S AR R R R R TE o iRk enlEA) & 2008
EERABPEEEL > PEDEFAEML RRB R RE @S EAR
Flm i e

A

63



FIHL NE R o f PR hB R A AR T G LR
o PAPERE 72 i R R G S RIRTE > Fa o R4 g
Finc H0 BRI R (EEF R o

-y

% 55 A ARGy WET RERT 27 Fofes

HAR 38 B ® @ kB (R4 S o
oot - [T E(F R ] (526272, 345285, 524580, 419805, | (0, 63128, 23914, 53937, 38067)
4B | i) 110078)
o (24.34%, 21.04%, 24.13%, 21.35%, | (0, 27.95%, 32.15%, 28.41%,
9.13%) 11.49%)
b i L=t | (224,100,216, 111, 13) (0, 98, 216, 110, 11)
#(FL/3F)
o M- R FE(F R/ | (536214, 536214, 673666) (217343, 217343,0)
®o1 ] &)
7 B (38.08%, 38.08%, 23.84%) (50%, 50%, 0)
[ s | (30, 30, 33) (28, 28, 0)
H(FL/iF)

AR ON AT S R L RE R s R BB E SRR S
EI TN N ]_:,E]f]k ~ B AT R BT ‘;#L-,»‘;ﬂ},g*gﬂm%ﬂm;‘;f;—gmp}i LoEAUs £ OE

S E R S B2 El B AFE T I B §oer
ZE OB ER G R R T RE IR o Ak BT G 0 4T R
Urban Agglomerations of United Nations Population Division Department of Economic
and Social Affairs (2007)*77g ]2 2010 & I 2012 # #cig (F 2 4% » #cleg > f @7 F
122007 # @A ~ oo S -FEE SRS S 2010 12012 # i A

ERIER B4 560

3056 % GO FE R Ay FER

A 2010 & 2011 = 2012 &
LAk 138,780 139,153 139,527
Y 49,655 49,725 49,858

¥ e

GHUIEE AT o EATHS L E R IO R REFR AR EY
R AR B R B0 f - BB R T R R R 200 R RIDEE R

El

64




ER RS 3l S

SRR [ PR LR
L% Lol M A

- EHRES R R 2B P HIOEL 3RS
TR N B0 R S S B T BRI B ARG KT
FIE T B EF BRI EENT H oA ST 5 EAE M EST A

F 2010 1 2012 # chéeai@ £ pp 0 @R F R e £ o

% 5.7 FEnE BN EE S X > EN X2 P RE R

SR B g E K 2010 & 2011 & 2012
Fin 32,303 32,389 32,476
o -R ik ;
e 11,800 11,831 11,863
) s ey 19,974 20,002 20,056
sy 3 21 12,570 12,588 12,622

“+$¢ﬁ$\ﬁﬁéﬁiﬁﬁ%ﬁ%ﬁfﬁﬁﬁﬁﬂ%ﬁ%ﬁ’F&ﬁ
Foph s B 5 MR R E
z

L

EFE KRB L A ey B R E 31,,?]
P E AT TR I o Fﬁﬁ"’/ﬁﬁﬁ'f PR R A RAEE TS )
w

(% 5 Rde @t di- L) A fBFE 2 B R % 53t 4 58

gy BEFRFIRT O FEEI SRR REEPF S4BT FOHF
,—!z
i

BE I REFRIDE AU Z RS ¢ 3G e HA A 2 R

@ﬂ‘]%"ﬁ Rz AR EF BRI EE D Ho fg%ﬁ!,}%—‘ﬁﬂg@@’g‘;z g
EREH S PRETT oS- B SR > LR BT RTH | FLESL; SR
pe RT3 kﬂaifié‘ﬂ*—é%fri@g 1 #2581 o F 43+ ,;M;,w'%sﬁ# %ﬁw&&r;’

BEREET A BT FauagrE kv A g 0 % é‘;.—‘k Goge f X

lij]
ﬁ*ﬁ%°éﬂ@ﬂ%;iﬁm%uﬁ@zmﬁkkhﬁ'ﬁ%ww%@,g?
BAIT  BEadF R s G 2 RPN o Rdeay TEF REF L FEF

KA S Hem T S TR R PIRAT 0 Ao R L O Lk R MR

B
B
REFT NIRRT D AELB FHRE R NIRRT A

65




L 5.8 @ fidng 'ﬁ%@'ﬁ%% FlFB T 2P FI0E %
AR S B 7 RB ME B
oS- | R E(F /| (129463, 169524, 131461, 54469, | (254538, 176077, 254757, 174607,
BB | i) 88579) 61044)
ok (26.16%, 20.11%, 25.74%, 20.64%, | (23.68%, 21.30%, 23.55%, 21.61%,
7.34%) 9.85%)
fr 38 &=t | (448,196, 432,220, 11) (112, 50, 108, 56, 12)
H(FL/3F)
o M- R E(F R/ (610605, 610605, 169485) (240660, 240660, 255077)
w1 )
7 B (38.86%, 38.86%, 22.28%) (36.70%, 36.70%, 26.60%)
[ i &= | (56,56, 33) (15,15, 33)
#(FL/iF)
RSO AT SRR L L REFKE > - BEAMDEF TR
%ﬁn£%~m§\%¥1%%;;%ﬁﬁ%ﬁmﬁ%ﬁwﬁfiaxaﬁa%
2R o

@’ﬂmfl’igﬁ;é@i g1 1.5
%@%—ﬁ-@‘d{_ﬁ?— LHcE o & 59743 g

CELIE ST T

I\ =
P2

s @ BE 2T
T4 B E ST F 3 G K e T R K2 A2 B
F) b B 1E ST MURFRARY PR R GBS R 0 BB B

P BT RS LT O BB S F A A SR R B g E R

FRe v 2 A PRFETHE o

)
=

F
o4

RO

ﬁfé’ ﬁk’:{"% "“ —~L‘~—E -Fg: £ ,\4'*7' e mﬂ?’
’ﬁ% B mig%t ) 4 B4t H o g
b&j’;‘ Lr_g*q-m-ﬂm{ﬁ!\ia 4y 43:‘]-"‘"

66



59/ FEESFERPHRT 20 FIOFE S

FraR 3E P %%ﬁ%ﬁ (R4 ) o7
o - I F(F 7/ ] (209020, 224955, 210063, 18440, | (218174,232842,219136, 226457,
BB | i) 116744) 29209)
o4 (24.19%, 20.85%, 23.98%, 21.19%, | (24.89%, 21.46%, 24.68%, 21.81%,
9.78%) 7.15%)
b i gLt | (224, 98,216, 110, 17) (224,98, 216, 110, 7)
H(FL/3F)
o - | R E(F R/ | (216199, 288181, 82574) (249266, 321248, 289737)
w12 i)
75 + 4G (37.50%, 37.50%, 25.00%) (39.16%, 39.16%, 21.68%)
b iF st | (29,29, 50) (29,29, 17)
#(FL/iF)
i

DR (ON AT SO R L E REFEE 0 SR B E R R A S
Es £ WG BRI SRR T A S B £ R 2

f

/!

u

o

544 3 FEEH A R A LR

ST T S A B R R A A B 2 FEE
FENDFZ R AR FEFA BRI RERE > EF
Pt BTt cnpE R F > R BB R I Y o Bk
PR AR RET T P AT AR o £330 A % G30FEE & ok 510 “F o

VR R R I 5}**@*”'*% Kend B 505 B2 7 and | 52 R
F) @ K A o d AR I 40 0 R AR O P IRIFE B o e Ham L 4
o R AR T T ARARERE EE ST > 5T Hh s i'%z ’ Eiﬁiﬁ
Hob i 338% e gttt RO -A BT FEEE L FH AT S0 F AR B

Wing FEESMBORERETE 2 o 75

ek

-

WP v T AR L P Hie » efsR (Gillen etal., 2002) 0 B2 88

F B OEANE A R 0 A H A SUTE RRF A o - B B RS

R REY AR R FWEF - RFETT > A H AL BRE D FABRES

o LR A AR E Y R 0 B A S 2 RN LE & o

ﬂﬁ’%%ﬁ%%#ﬁ%%%%@%ﬁﬁ@ﬁ%ﬁ@ﬁ%ﬁaj P o F
&

PR R R I B IR T R PR R g

67




PR -LPEEE RN B AY WA A2 EETE RS R IEEY o F
BERGEPBETR > S RERTRE PR o ) F 2 PEEF LS
NI ED o
2510 2 PEEEVEEQEPFEPEY T2 30 S
o At-4 ik 0 £ ¥ B3 B A o =1
[ 38 4 Be(FL/E) 224 98 216 110 12
g 23.14% 19.94% 22.93% 20.27% 13.71%
o 5 (% ~/3F) 195,087 212,945 195,248 206,231 111,102
b Y B ST E & 535 21
[ 38 Sk He(FL/3E) 29 29 33
o 33.10% 33.10% 33.80%
o 5 (% /%) 128,896 200,879 397,969

55 * 3| &

A~

b

s g 2 R B AR M T 0 i

i

¥

YRREAE 2 EEER
P%%

A FERE R TR T EERD

FOIAATE AT A RO R G AFFIHE D HRH Y et 0§

Wy o7 P T REAEHFL PEAS G AMAF IS HERF RR
R FH e PSR RRT B R AR FERH 2 PR Y
Eo T R EAEF AR E P T AR g R R R o APROTT Y g
FEREPLLESSA > 2P ERT I FE AL AR FFLHF foohin
o

Poth o SR TE T R 2GR i% FXFBERPE WHPFRY v ¥
EERIE SIS o L % FOREND FER A A TR R RN

W

BOADFER REE S L 2 EE g o gl ’;ﬁd e R A
¥ %“@'%j\rﬁ-a Hognkiwo min s -4 ks oA -/p’f//?%ﬁ BT Hradafrid %
&?;ﬁig.Log;ggﬁ,i%m(&n};—rﬂ LEN[EG Renx B> v PG

o

68



TRH S EBA PRy gt o R TR RS REEEFEARE S

B G A T T P R P T T r Rk o

o
(&
St
ke
|
l 3
K
i
<
a2
ETY
_‘3'3
b
P
>
%
)/
2l
¥
%
S
i
?N

sler e Fart o ¥ GRS YR 0 R £

FE o e d AN A KB -}_;.__-ﬁ

%@ﬁ’%%*ﬁﬁi%%iﬂ’Eﬁﬂﬁifﬁ’ﬁ%iﬁﬁﬁgﬁg,aﬂ

iE ﬂis?l‘,‘i—*ﬁ 7 &% R o Zondag(2006)3% 5 imag 2 P
p

0628 ﬂa;waa@%ﬁ HiRaB R R B
Bt TR R R BOE B R I
3
-

£

F
Rz g Wﬁmi%?ﬂﬁﬁ¥°%%?§W%¥*£E@$ AT IR
B AR #&5;\;&—53;};{ BRI S EERE > 3RS T 4o ST
#'ﬁ—"ﬁt—’ﬁ"}' WHeng A EERE - REFfReY v K

Eé-r’\i% 4\2.11)1_,_1_% FH P a 4 o Fﬂll.b s _}ﬁ_,/\# é,),?}%ﬁ_i
B I ) gﬂ?’i{!ﬁf#igﬁ,‘ki%ﬁviﬁﬁ
% ﬁﬁ})‘;‘j\i‘a%ti% i“z*iﬁmﬁ)};@‘o

69



2 BT LN

T FAART A A1 R IR T ST RIS R g F *F 2 AR

LRI D g £ it o b R K TR PRI ik &

B A o MR B ER R E R S 88 b T SR
=

pdiEr> lzxa?q‘:_’ﬂ;;:s““%' - A fug h Hrondd d H - SURPBE I K B

Jeod W P d A Fpts Sy 0P B2 BR L - FFEROERY > gz 2
QI’ :'—. AL
P

PAEL R AT BT SR B s SRR~ f
o PR S JIRE T o d IR 0 h T R ADE R U R e
A AR S R EA & 2 RS S 1 u@aﬁw R EGEE . K
R E ST S AR 6.1 AR IR WHE AR IR E BBER L ¢ 063
%%&Hﬁfmawﬁi%ﬁﬁﬁﬂ%miﬁé$o

51 &2 H - & Fordl D) n s s gy o i gl S e -3: o
AU H-rd AR ke RAR T S ] e

3 i;‘?—js;f‘_%’—‘ﬁ’% B o ip;a;qﬁa;z FE DAL 2P A2 2B 27 B A

WSy s MpE e g k2 T PR D) TR 2 F i

hori e dn Bl £ > K 283 h 973z & (T B adinglE &> ey 2

o
=
JREE o Ay NP AR B XA LRI 0 e Ry o P gl B £ S th A o

Iy

];%‘;tw LR ,*}‘3}}% AR A 2&5‘*?}»‘5\: TR £ Alsy o F M‘—F T &
PHFFOREBALTE) T2 P EFALTE > A 2 [T 2 P hbeTE G &
*;*“ﬁﬁ%ﬁﬁ’ﬂ%ﬁﬁzé?ﬁﬁﬁ%&’é%éﬁ@mﬁﬂ&,@a
FALEIH AL A PBITAE B R 0 FEFRACE ST R Bl AR T A p
425 o

70



JRARPCT (d »
WEPER A ¥l
&

6.1 5% S Fhd £ 42 R E AL

6.2 #ist s
6.2.1 & i Hok 05

BRAE A 2P A K BAR Y B PPE R AL PEFN T Loz 27 B
Lt "”ﬁiﬁi*tﬁ%#ﬁﬂwirﬂ)@w%z\?anmmﬁhk ERIRES
;Ei'bfﬁ—?—h Z R HEBARL P E TS
FEo(SEUSE )+ AR oSS 2 0l ke D(a,) (6.1a)

71



f AT BT ok £ TN R W S R R e
% gtk 3 8 BET bR TR L] 0 AR S AR R Y SR At
FRoric e o2 7 n
]L%“i“% Fhng o 7 Ko - FHMT ¢ 7 BB SUp s BB andg T
W RRECARITA BT Y R R 4 oG Bk g
P - B PR R E R EE SRR TSRS T A
» (6.1b)

Fino(Si,)U(Sh, )+AFCdT(Sb (S, )20, +Qb +0, Fi,

m

BALH G G £

LA £

PREEX BRI ST 5
DR R AR TS TR AT - 5 & Bk T

€ P ITE
BRK & 324G SUBAR d | B 2 p 84 O F by, SR hk i B E 4

TACT RN F R e E 2R I > H et T G d B STy g k3t
LT EESHER
F* = min F,Vke D(b,) (6.1c)

" Ved eR,,l

Bl pe Ul iy 2 P A 2

i 2 F sy o @ -
W > AR T G2 BB R e B K TG Al a2 T

B X UBLEEBUST AR BB

6.2.2 = A0

% 3t » 235 Holloway (2003) » & i

BRI AU s BT LR FERE I ST 0P R A 2 R AT

NI NI NPAVAS L

T4k chmd o 513 &

ﬂm_’{')‘*g
ARSI 4 > e 2 P 3 RY B
L S E WS gi;ﬂmq_%lJ}'ﬂmﬁ?—u’bk“@é'ﬂ\é#é%ﬁﬁigﬁg#;'g%
A Egp ek r }_-%vbﬁﬂ“‘ﬂmq\ Ak T B) o Sy o F

BN R R S R

72



hk hk hk hk hk hk hk
C, (F,)",S, . F, .S, ) F = >F, (6.2a)

TC:nk = TC:nk (F " Shk Fllh/; > Shk ) Tchk (F hk S:Ihf ,) else
a, a,p? s
_ X AOCH, 1+ AR (5 M e(SMU(SH)+ f5 +5%) FP > B
F}:];AAOC}’]‘ ,else

d3t R ey O PSS b baTe 0 2 d A A 0 T s
W PE T kA RABER PR e o o SR E R
FARE AR DAt R HIPEE AN B HNEF by 2 P TER - S

i
Bothie AR B AT A A R ko IR A A Sl R kg - ARG e

AT R A Gk B R &P b, S od i - A fE oS A AT
S I

cd =cd —cd =cd (62b)
cxfz_____—Aquﬁ%dﬁnsbﬂus%)+ﬂ§m+5%q

4 cd
b, T s,

cd c(/ Ecd

b, bm d Sty by
+ _ A cd m [ﬂl dc T(Sbm )U(Sbm ) + ﬂ() ]

B NP by 38 F A BABH Rk - BART R S A L H S g

G = > G (6.2¢)

VedeR;

6.23 4z 27 REED & FHS

Pk B R B o #0
FERARET S 200§ e R RE R 43 0 HE RS
+ ]

(i}
>~
g
o]
o
ak
Y
)2
=
dﬁ,
(i}
T3
R
L4
F
‘n_.
&
¥
fa
ak
Y
Ny
=
&
(k.hn
i

RS ARk BN kA o BRR

73



Vi 6.3b
Aﬁﬁkzpnwﬁ:?:ijm ,Viel, ke D(i) (©30)

e

Hodoonh Sl B f A E SRR T o2 E Y E 2 0 TS

6.2.4 1B H 5

B N PSS - by ERGAET S B e FE S A
2N P - Apdng FE RN E 4, A R AT

210/ p* ~TCT*] (64)

VkeD(i)

yp S 0 A NP 2 e F B AT L SR PRI BB RRCE B S
F2 440G Mo s L R E R S AR F S A il ehy E Ry,
ENEEAR NI\ E - 7T SSRGS AR B i A aﬁ,:% o & }(,-h S HR el
BT dn s FN s Sz pldaddic, He 6 Fhsi S8 2 plh w40 730
B h AT AREEIRIR I B R AR s ¢ P s 2 P RIS
i AR gET L F s SN2 p]

6.2.5 i FikL 5N

—leb R FREHR . § T g o

oo r S g S P AT HE R

&=
ia)
%?
47
(@)
)
T
T
2
b
w
Ei
ol
N
e
o
o
ERS
PR\
> ;}_ﬁ

LERE _11 [EEI i Jﬂz B
s

l;"fjt‘]?\":,'ﬁ:i:—.§?o q:ijfg_r"‘! ’F"i\lx %\ T ,1 ’E_}_TF;:\’:‘;L:

A EEFLRBPS AL I g AL E R

WS 0 B P B RIRT O P R L SR

74



Max ! =xl(yh (6.5a)

Subject to
> 0 >T0"™ vk € D(i) (6.5b)
0< < E(zi), and are integers, Vi € I,k € D(i) (6.5¢)
AR * BT < s %S Vi 4, k e DG) (6.5d)
S Fe e BTS <+ W Vie B, k e D(i) (6.5¢)
VedeR(hk)

S e SF™ Vie Ik € D(i) (6.59)
YU+ SIS F(z)Vied (6.52)

keD(i)
> fF<F(z,)VieB (6.5h)

keD(i)
(6.51)

0< p <p" . Vik

B (6.5a)% a2 P i R e B IE S PR S(6.5b) B B s
* fer SF LS ED HF REE S (6504 b E
H TR T L JE 5 R AT R gE L U T BT 2L B 34 (6.5d) 2 (6.5¢)
LELB IR Y TH] ) N(6SDRE 2P 0 PS¢ E R D A sl
F(6.59)% (6.5 I P Ll 4n FH ML F U R BRLPBHEBE T A T

o FOS) LI IE 2P FHFFFRAA - LA FE 02

ek

P AR BURE
.

hent g e

&= 7

Ll

P AR (6.5a)effz = 34 3t 52 H A% o FLFRIOES
B9 SFE R B LT AT Mg (convex) ifﬁ‘gm"[%"’v'l’/}
EEFFEAGEEFRPNFT e S - AFRY
BApFH AP R B AT LY b g s FP s B iE B

e
Jﬁﬁﬂv]’«:j}f & e
ix

15 2z o

\\\?{r -i*ﬂ, F_

75



6.3 % b A 4

LEHET SR T R ER > Y E - fﬁszaa'riﬁﬂﬁ? f“';%’m] vl W h 2 H
v Bk E kzh#’}#q\mﬂ CIEH B W h gy [iE ;E;%—’ﬁ 2 pE X
mpzafar b wFSREAUFH %é—*ﬁﬂ'liuéiﬁﬁfi—:% TR RL O [
SF o MR PEF R A PEF DM BIYER AR 6.1 HTT o A RIRT 27 D
A T SR TR 53 O UE L BN LA AR R PR E
2 40% 0 K ARHGEP] K 30% 0 Sz o P b iR ITE RG] 0 B s SE
Wb T en TR F > B S d 50%8 e i 60% o B ELE 2P R i
2o

WEEA 2§ E SR £ 6.

5,000 km

2,000km o =y T msal k:

h 6,000 km
Bl 6.2 Bk A 12 Bl 7 2B

T H R R ER S 06:00 a.m ~09:00p.m- HFTILF| A floib p L i5E 'J‘H?
30 45T > R BT ¥k | pF 10 ST (BRI RS A £ 50 2 /) P

GG 34 /) o REE k%sw t@m@#%wﬁ]~¢amgﬂwz
E”&ﬁﬁvﬁi;‘tg ELHPFARAMEETFEF d 2 4 5 5 AW 4L FF-3
BEFF-EAEE 1232 402 %~/ T o

A LEHFLN [ A | A 3
AR 1) , -

% (FL/E) Z kg

*H a FHD *H a *HD = (/3%)
hk; 2,000 2,000 20 5 800
hk; 6,000 6,000 20 5 800

IIBERK A AL O P 2 BTTID L B ST

76



%62 FolL EHT ¥ b2 R TR
VO ohiuy | g o [ Y R P | B3t EpE | B Bt

AT 7 P | BEECGEH | R CIE) | FOL R

BUAR | ARAR | BUAR | SRS | BUAR | SsR
hk; hk; hk; hk; hk; hk;
B747-400 a 14 - - - -
B747-400F a 112.68 1 1 3 9:50 70 70
MD-11F b 91.56 1 1 3 9:50 70 70
B767-300ERF b 54.89 1 1 3:10 10 70 70
B757-200F b 39.65 1 1 3:10 10 70 70

RL AR R R AR M TR g g 2 PR L i 9

WHR Y B FEURY TG BB B T 0 B A2 A B B
W B P F-f RS e B Y TR 2 A B BB e 6.3

AT o

%563 FH|P Eaagsa IR
4847 3] | B747-400 | B747-400F | MD-11F | B767-300ERF | B757-200F
prx
AT )

TR kR - IATA, Airport and Air Navigation Charges Manual (2002)

7,068.00 | 7;068.00 | 5,063.96 3,394.27 2,172.02

S Y B A FAE 2 PG R M DB PR B 0 0 B A T
AL HTD] 0 TR o REJF M FTRAEFLAY 0 BF P ARG F D
FTHRERT ESY - AL ﬁﬁ%ﬁgm/}%’-’rp T %7 (4 # SIKA) #t= & The
identification of air freight operating cost parameters for use in the SIKA SAMGODS
freight model(2002) o 7 f&fp H #piE = cndey p 88 & A Sofoip b Sic 0 3%3F 42
FIMzEE 2002 £y o P AR M AU E A A E ﬁ‘vf o ¥ — ¥ NASA Ames Research
Center 2. An economic model of U.S. airline operating expenses (2005)°3%3F 2 12 1999
EERE EEZ FEEDFEEFTTHL o AR S AR P et £ R
e e
%3z SIKA 3R 2 7] 12000 2 6000 = B S7fg prdng o 7 a0 &b G| A7 FFIR el A
ARArd 642 £ 65 I GAEEF LIS ALY BFT AL

77



(1

2

3)

FE AR A AT R 2000 2 6000 2 T EARI A AT B L w2 A £ 3F

(Fd s 2 A #imigdan

A2 THFESA ) 24
yp P BB A ARG 0TS E R/ G L 2T E A/ e h)EATRE

B o A o

S Y

TREEREY A CTHTIAE

PFEA2P A T SRR TR E S EH R EE S A By
2 To bR et E 4 Mond s B cpEd- £ B A B BE o

% 6.42000 = 2 safgz 2 s AP R4
< mE e gES A B767-300
A B747-400F | MD-11F B757-200F
7 A ERF

i | HFEERR 2.4% 2.9% 3.7% 4.4%
BYE e 11.7% 11.1% 10.4% 10.2%

A H @ LS A 1.3% 1.2% 1.5% 1.8%
HrE | HRr g 10:3% 11.0% 11.2% 10.6%
BYE | agL4 7.7% 8:3% 9.2% 10.0%

* A ITEE #k S & 19.6% 18.9% 23.4% 29.4%

ok 2 E iR
‘ R L 47.00% 46.60% 40.6% 33.6%
S LR E -G |
.
NIk E-A S 100% 100% 100% 100%
AR P LY ES AL RRIE 622 &
% 656000 = 2 sfpz & s ATE P B4
A RE AT yEs B747-400F | MD-11F B767-300 B757-200F
7 A ERF

$Fi | HFERR 2.5% 2.9% 3.7% 4.4%
By | e g 15.1% 14.2% 13.2% 12.5%

HA | B BELE S A 1.3% 1.2% 1.5% 1.8%
HrE | HRr g 8.8% 9.6% 10.2% 9.9%
BYE | migd4i 7.9% 8.6% 9.6% 10.4%

A | ATEZ #ER S A 19.7% 19.0% 23.7% 29.6%
L L 44.70% 44.50% 38.10% 31.40%
EAA [ R 2 g g -—%gf ) : : :

78




L | mEaPyEa A B767-300
AR~ B747-400F | MD-11F B757-200F
I P ERF
N ;5 PR Y F‘
fs ‘Fx" #
Ty o E A A 100% 100% 100% 100%
G AP EAYE A ASME R 622 &

RIS B A A R R A Glded 6.6 F AAF 2 475 A fEAR T A SR
2 B & AT Il G5 L 12.45% 0 BRI K 5 33.57% 0 iRy TATA ehi 3 4
% ¥ 2003 & EEVES A A KBRS A 14% 0 2008 £ L 33% 0 w1 A A
e TATA i B @k iT o 53 B te > P P ARM s ¥ 8 3 4 S lc@drd 6.7

4 66 £ sz N AL L DPFES A
A #iE (2002) 2 s
P 2000 = 2| 600022 .| 2000 =2 | 6000 =~ 2
HHAR AR AR AR
B747-400F 11.7% 15.1% 32.3% 39.03%
MD-11F 11.1% 14.2% 31.01% 37.34%
B767-300 ERF 11.2% 13.2% 29.47% 37.34%
B757-200F 10.6% 12.5% 29.02% 33.06%
%67 £ sy i3 A fic
B ﬂ/
Yk (3 ~/of-% =) (% ~/df-208 %)
hk; #78R hk; $34R hk; #78 hk, S
B747-400F 15,640 34,737 0.1516 0.0458
MD-11F 12,256 27,449 0.1491 0.0455
B767-300 ERF 10,537 24,032 0.1669 0.0565
B757-200F 9711 22,648 0.2143 0.0715

b
'A.
pas

FEBRFLERLE R M ES A ;%gd g3 E ke
FEP AR G Ar b iE -E‘mi‘géceab;% R @ e Tbigb e H 2 R
oo DB R b AN B Y E S A LA EN T @S Ry EH T
SRR A R4 S0 0 ¥ kg NASA A TR DA E 2 NEE
B747-400 %A s e £ B8 F 2 A 5 & sk 0.052 2 0.048 £ A/E 22

—n\:y

79



PRo iy O F - by BEERD L F 29 4ok ¥ £ " Hsuetal(2005) #7
WaE A fE g R e

6.3.1 3o§A ¥

2RIE P ERFE R 2 B E Aok 68 LRE S M L pFoEts
% [(*Shk1 *Shkz *Fhk| *Fhkz *p:’kl ’*p:kl) (*Shk‘ *Shkz *Fhk| *Fhkz *p:kl J*p) hky NEES 2

BOhovE - o o ¥ ofF R % o W [( 'S = °B747-400F°, S
= C°B747-400F°, "FM =24, “FM =25 Tp =123, "p't  =4.02),

(S =Md -11F',"S> =MD —11F', F/"=8,"F"*=7,"P" =1.23," p/>=4.02)] -

Sa
2

PanlERD Feny lcR RN 20 booa BRI HEFIE S F
Fiion R TR PUSE N 2 B RPEL S ehpd o A 2P b Rk
LB BB Mk > iz o P a It B2 2R FEE &
ARSI 2451 p FHEB A NG F Ay A bv PO RN o AT ST
B> A5 5 MD-1IF B S {8 Hur 851 B P A & % F o &k s
hk, » 8 @i‘]%ﬁ a &t p B ST 25 ST B QB4 S 51) > ¥ b hf S
7 FL(H B R 2 5T) o fif SOEFIBCK L e A B B £ en i 354
Folriol FHHOT Gt AR SR T ARR X F AL TLH LR o

o
TES

% 6.8 % 6| B2 pIFioGrL &

5 B hiy s hky #LR
£% a ¥ b ¥ a FH b
R BB B747-400F | MD-11F | B747-400F | MD-11F
fig o () 24 8 25 7
o 1.23 1.23 4.02 4.02
W 68.60% 31.40% 71.39% 28.61%
e (3F) 468,450 186,369 | 1,886,825 | 802,284

6.3.2 SR B A

FEoAPL BRI R FERETEFER R PH P BRI EF R
dEFS50eEH D 1L,L100#E > uE IS0F G - B RBRZ I REBE T RS -

80



# 6.9 #TF N E SR hk; F Fe pEF RT FungRE R g o

’5?&i‘k“i?f%hﬁﬁ?‘*ﬁiﬁﬁ’—ﬁ»liﬁ)@a‘\v B 4e b
R R 650 PR R AR BT Ryt e A8
PARR A IR KPR SEE] 5 MR IS G A0 B
TR AR R PRI AR FRER T - S h w0 B
FHETLF I BEE YT R WY e B R MRl S
ABHE D HR L F ROSOMR > £ a gt v 5 1L178kg s K H b T
5 117%/kg > H#HiEiE R ﬁ@&%%&%iﬁmkﬁo

NS

WP PERRB MR EA S AP adbi) s o bEE
ii—ﬁ‘%ﬁcb%ﬂ PR RF ad H G SR o R AR .
# 0.9 hk; s b8 7 REHPF2 05 % 2 47
TN FTH F 7 & ' I Y &
biEg (31/3%) EXP =0 (% /%)
() | $¥a | ¥Fb| Fha | EEb | EHa | FFb | FHa | FFO
50 0 0 1.23 1.23 73:23% 1.26.77% | 58,134 | -116,738
200 1 | 1.23 1.23 72.49% 27.52% | 109,798 22,209
350 2 | 1.23 1.23 72.68% | 27.32% | 187,483 72,152
500 3 1 123 1.23172.85% | 27.15% | 265,778 | 121,484
650 3 3 1.23 1:17--169.24% | 30.76% | 371,283 | 103,245
800 4 3 1.23 1.23 | 68.60% | 31.40% | 468,450 | 186,369
950 5 3 1.23 1.23 68.75% | 31.25% | 547,752 | 231,344
1,100 6 4 1.23 1.23 | 67.84% | 32.16% | 616,194 | 269,916

81




BREFH S (ab)

i’é’éﬁf,&gf%n e
0P b oS
E 2 g o PR R ERBTRS A - g

Hrened FAx4 o

600000

500000

400000

o k4 FJ a
m o Sl b

300000

200000

g (§)

100000

0 5 10 15 20 25 30 35 40 45 50

TP ak R E s

W 6.4 ¥ K a2 hk st o5 B2 B

82



5

g2 2

kel

®

N

2

r—

A

£

83

W 6.6 %K b2 hkj e 4

B RO o R
Pi w_x..‘ /_.nvlw\ UT:I_l Mo
AT
FooBEE o 4 =z
RO fs ) & =
¥ S SR T N Ly
5 - CHE SR By
L S o m
N) B ow e 4
el A e - -
=) S A m (ol _.I__ W«f/ﬁ —
- o
v m, i N
¥ SR O s T e RS o
lrE N
oo
-4 r =7
R ¥ ~ ¥
® 4= 42
g | T
- & - B
& W -
i W -
= A "
e 5% S
“ ¥R
.3 ad .
42 T - $
” & At
J X
o i o
< R ok
~ 2 _
\ ’jw -~ . . =y
- o Broak e g -
v An W
. S = "o - - s o o o o o o o
ik A - -
" W BEoy SR ] S & g £ S 2 <o
S T L g 8 2 % 2 & =2
< - N
(WD) ik el e e A o= A > & T gt e
o 4t K w9 ($) ZTakxr e
e = & W
WO oL B
E- DU -



dot- R B P R E R KBTS &R B A H L AR - jBR L
Ay o & a#pk#ﬁﬁ;ﬁﬂa‘;—géc N BHE R B RSN Mg B A FR LA E
FAaufEa (RALRE) M2 a0 3 F3F L« 46,10 #77) 5 #ufl bk, 2 0
MG HH 5 3 RIFLIWRE o B hky 2 35T % KT SR bk 30 %
ek apt BRI 2P @0 KR E 41.62% 0 B2 a; RAH X HIRFL S 5L
MORE 7 ) R H R RRATRE K b R B SR R 39.32% 1 46.62% -
Yo F R0 ME R 35.39% 1 43.21% 0 B FUR £ A4 O P be Y JOR BN 40 0 AR S

JA_%' E‘B”DJ_A 2}\5&’1%"‘—

SR FSGR LI AR F L TR EEF LI H B A Sy 29 S A
K- FHO LB FEVH AR P EREE L3S H G 5 A
FEEF e B b G F R p s R Y KA G o K AR S GRS
Fladodtsad7 s RERHFENL LT R PEF & RPN L Rl -
F6.10 bk, SLRATH - R EAE F 2 R HIOFEE
. hky #5R hi; SR
B
FH ar FH @ *H b *H oa *H Db
RPN B747-400F B747-400F MD-11F B747-400F | MD-11F
b 38 ek (51/
‘ 22 22 6 25 7
¥F)
FExOE~/
i 1.23 1.23 1.23 4.02 4.02
¥F)
H ¥ 41.62% 41.62% 16.76% 71.39% 28.61%
e ¥ (F ~/
@) 302,675 302,675 105,834 1,886,825 802,284

6.3.3 1 # A 4%

LR
% PR R

p

v o2

\z

EL

HEGI I REWHEL b LW E T s

SRR A E

E AP b RN E b R P higs
— TR ReEWS > BR{HREBFTA
%Eiéﬁg’]rai—kukjm’ﬁp Fg’ﬂmﬁhkz%‘*”

¥

éa_ o

B £ RATHE

Hiu heg 4 > B v ERIEE2

>0 b s k% kgfﬁmijgf‘l‘%

FiHy &7 2 R gt i o gt - ggsyp %2 }I%J\; domide
P F-RELREER

< d k1#1$41_k2a}§f7 "Ti oﬂ%




% %i-” ki % Repr ¥ -"1? IH SR bk et b 2 RIS > @ SR ks
A ST R AR o Uk SRR PSR bk e 2 RIS kA
Bk dr B pSAR 0 BEAR P pEART 0 PR M k33 R o e d N e K o
N IRRSHE A o ST 0 DB A B ki E ko R REBH 3 B
BT o h AR5 % (988,653) c B L ko s H M A B R
Ho LERENEF a Ko FHZ DD b Mk AR U MRS G &
B oo FLinmY R P‘—P‘K%;z%ﬁ o B BiE o Aol s A EE T R T
BHPERAEE S N TS kR fo- ERF A ket B EH A g
R e B T k) o

% 6.11 ‘,‘i—‘ﬁ biEH* iRz 3 Foird s

SR 7 hk; #4R hk, 5R

e $5a | ¥¥b | $Ha | F0

k; b 38 fk (FI/3F) 4 3 5 2
FE(ER/2T) 1.23 1.23 4.02 4.02
b 67.44% 32.56% 73.60% 26.40%
Y F (F ~/3F) 424,434 188,342 200,8635 607,724

k> b 38 frer (F1/iE) 5 2 4 3
BE(EA/DT) 1.23 1.23 4.02 3.86
H o4 78.97% 21.03% 66.84% 33.16%
Y F (3 /) 481,020.6 -717,787 1,834,305 850,267

6.4 *3 |1

Mo EEse FahixblLdre 7 —'F% N L PANE N R e
AP AEEWT HY el ik} BE e FURFED B A AT RA
oo B e T 0 R B AR K b & FUB WG AR P8 B 2 BUTIRAE T

ﬁﬁﬁﬁﬁiﬁﬁﬁgﬂ%ﬁaﬁﬁﬁ%m?&@%Jiéﬁx’ﬁﬂEJW$
EEF AL D B

R 2P AP PEEF TR iR S E RS R
T REPFEREW AFE AL ﬂrmﬂ%mkﬁ’””

Hde kBt BR[OS Hrendid 4

duy BiED B B

000 BRI FEFFIF T 2FAL UL EE | R [ E i



2

o

He

p2
2
-~

86



N

b
St
<
-gg
1%
i
w

AFFRPAFLOLESEEFI0 G Dk TR NAPHMER -

- AP A R PR D i [EIRIE RS G S IILY pEY g
FHLmENEF 2 2 fEES £ﬁ%’?”£€'% R
TS FH L HEA G S E T Y TR E A 2 T 6 B R iR
T%ﬁ%ﬁﬁﬁﬁﬁo@ﬁigﬁgﬁa’éjﬁﬁiﬁﬂ%ﬁ*kﬂﬁ*ﬁt
Aﬁé%éﬁiiﬁiiﬁﬁﬁﬁ E%iﬁ-
TR R AL BN 3 RE > YGRS $iE

oo

N

LR AR LE G T

R A TR R L L R R BTG S R R SR AR

TEm
1. % ;%g‘;&%ﬁ_ﬁﬁi%—\*rsﬂ REpLrgcvimgy fEF F0z =20 %
RAPFLLT M AL RRE RSB RE LR PR SR
EEFEE AN GnRRR) LN T LR FAR gLl &
N
2. HRF FAEF F ehiE(-0.261)#O0um et al. (1990)F7 3 # fp 35 1 2 4%
R EM(H5-0822-1.60)5 M HAERFFH kA NTFAESR

SN -t o v EFRBOEREERE 8
FRB a4 2 g @ %J’g\'ﬂ"'ﬂﬁb’,!_ﬁﬁi'%mﬂ i

3. BB BEPELRORERGETH G RRET P F L A By
Blo kPp it s RASL - BMAOETHMARSKIREY 2
B LEE SRR R PEEEDEA o R Tl
b%%ﬂ&ﬂﬁii%iﬁ*%ﬁ#E*E#%@%?]ﬁﬂééi’,‘?. e iz%“’"%
LA E D A HF LTI ERAANER KD A S B AF R
BUAP R EE

4, ABEP AP BREAAMAREYS A R dER Ak P

)

-
4

87



2

FE LN CRER L FEFIPE AL R ERRE FEF R
B T GHRITLBEP AR GRBREESE 5P EP

5. i?ﬁiw&ww&gﬁﬁﬁ%ﬂp@’m%ﬁp”maﬁ%m 24

X FRE F 0 LR R ,xiﬁm@% E’—hﬁg’%t o
%ﬁmzwﬁﬁﬁ@ﬂT# FEFRErH 20 9o 4 bier 3 3
Tl F SRR R E e B A PR H - U S

PR AT R AP RMATETENT S RE - RO RERL |
FORTE o 4G NP R AT 0D BN A L E RSB A R ek
MHATEE L L FE R F A PR LA -G B SN RS T

A
RZERHATH 202 B % %Wpﬁﬂ:

1. &2

S

%- l’ﬁlj_l' P

X &
,ﬁéﬁ%ﬁﬁﬁiﬁ”

RS RS i%f@ﬁié‘;é??f’ﬁé’%‘“é_;i%?ﬁ*%.E@;“;Fé?%

~

e
Feenbd o feif Rk Tl
LR R g e ﬁj%&ﬁ%%éci&imgﬂo

‘?“”‘
3\
R
el
-
pat]
3
(5
A
ke
3
(ﬂ}
=
by
=
:ﬁ

E R R o AR R A TR R RPN S R e E
%ﬁggﬁa@¢y%£g§%$ﬁ%ﬁo

3. B %‘ iﬂft_‘{: P REBEE R %méa@; SECE R
c—‘gii\a]]\ ’F?P ﬁ& 'T& - ﬂm‘ﬁ{i\a ) —»‘ Ell;v‘;’:‘;_ﬁT );f}jiﬁfé.‘{}b?,\g; %{}:@I , }I_J_
WEEGFE L P B P BRI e e

\\\

4 BHFERIHN R FEEE AR HRBEFT

<
A

5. FFd A5 E Y [ S BusfnkiT o e K bl g
% 5 R

6. o WAFTEEREH AL BHER
L F IR R E A S
BHET 0 F %?%¢%<Wﬁ CF AL ARG PN EY
iy 14 AR (43R G Lk ) B ) 0 MR D IR L 0 B F]R R
FREAUELEMT > Fla @ FHEE A @ﬁ%%zﬁ%,ggg

PUFERAE AR A LIRS .

88



T BRATAE SRR IR 2 RIS A
FhE et FRL i £X TR ALY ERG 2 4R
:‘E—,ﬂfé #'ﬁ? At ﬁ\ux » if ]‘\ﬂ\_ﬁ/ﬂ’fl]ﬁﬁmg,\_‘ oo 35 3@_;%_ /’7\’}?’7?5?{.

ﬂ;

I REAHRZ 2P FIRFED FF R4 ML EF LA T
e TR R B E N R 2 STURM - RipkF 2P B
PAK 10-20 EHE D B0 FIt o 2R 8 A E F R ARG fE
PR > M aE D by E R

N

2. MR o kR FEEFEN
g #%%ﬁ% B L

A PehgR s 4 o

SN SR IR = LR &
Eﬁﬁiéﬁﬁa PREES
'El@#"ﬁ?ﬁ? ST R gL > R L
FHERRITAL LA WY R E R G T R R
4. AR R TR D 20FE eSS N %fbﬁg*ﬁ‘@ﬁg}%gﬁyaiﬁ%&
o b-BEIReBIER S FoME S & IR > FEH L

F A5 RAL -

1.2 5

A e R SN
312 & 2 EFKAeT
- FERFESEOPET R R ARG [ ij‘mﬁ%—"’/ﬁﬁ? X E

FHs@e g B (A H M gaaD B e d Sty F AR F 0 2R
ﬂ}%é—&;’bﬁ’bﬁ%iﬁ/k& PR 2= )f%i}i*;a% F BT R R

e

R ERIP R TR SR A R N
PET AL R R LT A AGR AR e BRFE L



v

F T TRyt %ﬁéﬁﬁﬁ@ﬁ@’éﬁwwé%’%
Bazd B0 Pk E>l TR o dedk A S ER Y
AR % S5 K 4o 2 %

E1 M
e
-
pay

prrb s AFE TR R AR TP FER AL RV AFIEEZ R W

7~

X}

»

Flikde™ > ML SEET 2 %3 o

WA Y 6

\\

- Br

e

iR REHE
%ﬁ@%ﬁ&%g%ﬁﬁ’@UEEE”WV%@E$$’?%¥K
B Ap B TR 7 0 gdfa df i1 Cobb-Douglas & fceaa & #5812
AR S A R B ;$ﬁw-‘?g@¢iuMi;@
BAAT o REFFE A G h P o g s 2

TRESRNTRERT  AEEATRES

X

A
=
=
=

"
2

=

s

|

ERART AL A 2 e B
b Ao REEE AR ES S P MREY BB A
PEELE = JLER R N ;ﬁ%@‘aﬁ%%oﬁﬂ’ﬁiﬁéﬁf
el o e Y B TR BRI O g

z
GV R OEL AT b N R EF Y B R EEr F 9 R

[«

A

R BLEE 54

—
[

FELT BRI

AEEG GRS R KA Ay fES HaL > EREGFL VAR
VAR B M R S KR - AL R A e
oo PR ERE R F AP ED AN LG RS L EE - IR ET
FEFRLERAEF > 2 FEFZUES ot T g N E R
T G PR o
FEBPAFELAS R T LWL L PR Y- R Ay
PTHEAE AR S AR P WO B T A 4T - SR -

F_*

90



LR A

L REEEGEFEA997) > AAM B2 T 2L 180 Y ORE, 5
il 2 $71, 25(3), 369-399 -

2. #FRRQ002) > oz EigE RH (L5, oA v B AVRA
Fred s himid s e, 2002, K e o (o) 0 ot @ A dmAL o

4. GBI A~ EEH004) FE AR ATAT Eme P EERGF L
4, \;j °

5. F A%, 2004, R ERE R TR PERFRAN LY 0 i FaE
PRE VEHHEFALARLERS -

6. FE®, FwE, 2006 5 Az FTEIAEORE—F 4 WA mRE, 4
A AR K, 36(2), 4T-T5 -

B IR

1. Alder, N. (2001), “Competition in a deregulated air transportation market”,
European Journal of Operation Research, 129, pp. 337-345.

2. Alder, N., Smilowitz, K. (2007), “Hub-and-spoke network alliances and
mergers: Price-location competition..in-the airline industry”, Transportation
Research Part B, 41, pp. 394-409.

3. Arellano, M. (1987), “Computing Robust Standard Errors for Within-groups
Estimators”, Oxford Bulletin of Economics and Statistics, 49 (4), pp. 431-434.

4. Baltagi, B. H. (2001), Econometric analysis of panel data, second edition.
West Sussex, England: John Wiley & Sons.

5. Bowen, J.T. (2004), “The geography of freighter aircraft operations in the
Pacific Basin”, Journal of Transport Geography, 12, pp. 1-11.

6. Doganis, R. (2002), Flying Off Course — Economics of International
Airlines, Routledge, London, UK

7. Eichengreen, B., D. A. Irwin. (1995), “Trade blocs, currency blocs and the
reorientation of world trade in the 1930s”, Journal of International Economics,
38 (1-2), pp. 1-24.

8.  Hansen, M. (1990), “Airline competition in a hub-dominated environment: An

application of noncooperative game theory”, Transportation Research Part B,

91



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.
20.

21.

24(1), pp. 27 - 43.

Hansen, M., Kanafani, A. (1990), “Airline hubbing and airport economics in
the pacific market”, Transportation Research Part A, 24(3), pp. 217-230.
Hazledine, T. (2009), “Border effects for domestic and international Canadian
passenger air travel”, Journal of Air Transport Management, 15 (1), pp. 7-13.
Holloway, S. (2003), Straight and level: practical airline economics, second
ed. Aldershot, UK: Ashgate.

Hsu, C.I., Li, H.C., Liao, P., and Hansen, M.H. (2009) Responses of air cargo
carriers to industrial changes, Journal of Air Transport Management, 15(6),
pp. 330-336.

Hsu, C.I, Liao, P., Yang,. L.H., Chen, Y.H. (2005), “High-Tech Firms’
Perception and Demand For Air Cargo Logistics Services”, Journal of the
Eastern Asia Society for Transportation Studies, 6, pp. 2868-2880.

Frankel, J. A., Stein, E., Wei, S. J. (1995), “Trading Blocs and the Americas:
The Natural, the Unnatural, and the Super-Natural”, Journal of Development
Economics, 47(1), pp. 61-95:

Gardiner, J. and Ison, :S. (2008), “The geography of non-integrated cargo
airlines: an international study”, Journal of Transport Geography, 16(1), pp.
55-62.

Graham, B. (1999), “Airport-specific traffic forecasts: a critical perspective”,
Journal of Transport Geography, 7.(4), pp. 185-189.

Glicksberg, I. L. (1952), “A Further Generalization of the Kakutani Fixed
Point Theorem with Application to Nash Equilibrium Points”, Proceedings of
the National Academy of Sciences, 38, pp. 170-4.

Grosche, T., Rothlauf, F., Heinzl, A. (2007), “Gravity models for airline
passenger volume estimation”, Journal of Air Transport Management, 13, pp.
175-183.

ICAO (2008), Fact Sheet: industrial statistics.

Jorge-Calderon, J.D. (1997), “A demand model for scheduled airline services
on international European routes”, Journal of Air Transport Management, 3
(1), pp. 23-35.

Khadaroo, J., Seetanah, B. (2008), “The role of transport infrastructure in
international tourism development: A gravity model approach”, Tourism

management, 29 (5), pp. 831-840.

92



22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Linnemann, H. (1966), An Econometric Analysis of International Trade
Flows. North-Holland: Amsterdam.

Martin, J.C., Roman, C. (2003), “Hub location in the South-Atlantic airline
market: A spatial competition game”, Transportation Research Part A, 37, pp.
865-888.

Matsumoto, H. (2004), “International urban systems and air passenger and
cargo flows: some calculations”, Journal of Air Transport Management, 10
(4), pp. 239-247.

Matsumoto, H. (2007), “International air network structures and air traffic
density of world cities”, Transportation Research Part E, 43, pp. 269-282.
McCallum, J. (1995), “National borders matters: Canada-U.S. regional trade
patterns”, The American Economic Reviews, 85(3), pp. 615-622.

Micco, A., Serebrisky, T. (2005), “Competition regimes and air transport costs:
The effects of open skies agreements”, Journal of International Economics, 70,
pp. 25-51.

McGinnis, M.A., Kohn,.J.W.(1993), “Logisties Strategy, Organizational
Environment and Time. Competitiveness”; Journal of Business Logistics,14
(2), pp. 1-23.

Moorthy, K.S., (1985), “Using Game Theory to Model Competition”, Journal
of Marketing Research, 22 (3).;.pp. 262-282.

NASA Ames Research Center (2005), An economic model of U.S. airline
operating expenses.

O’connor, W.E. (2001), An Introduction to Airline Economics, Sixth Edition.
Westport, Connectict Praeger.

Oum, T.H., Walters, W.G., Yong, J.S. (1990), “A survey of recent estimates of
price elasticities of demand for transport”, The World Bank Policy Research
Working Papers.

Petersen, J. (2007), “Air freight industry- white paper”, Georgia Institute of
Technology, Atlanta GA.

Poyhonen, P. (1963), “A tentative model for the volume of trade between
countries”, Weltwirtschaftliches Archiv, 90, pp. 93-99.

Regan, A.C., Gariddo, R. A. (2002) “Modeling Freight Demand and Shipper
Behavior: State of the Art, Future Directions. Institute of Transport Studies”,

University of California, Irvine.

93



36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Rodrique, J.P. (1998), “Globalization and the synchronization of transport
terminals”, Journal of Transport Geography, 7 (3), pp. 255-261.

Russon, M.G., Riley, N.F. (1993), “Airport substitution in a short haul model
of air transportation” International Journal of Transportation Economics, 20
(2), pp. 157-173.

Senguttuvan, P. S. (2006), “Air Cargo: Engine for Economic Growth and
Development — A Case Study of Asian Region”, Presented at the National
Urban Freight Conference, Los Angeles, February 2006.

Shyr, O.F. and Lee, Y.L. (2005), “Pricing and scheduling strategies for air
cargo carriers: a non-cooperative game approach”, Proceedings of the 16th
Mini - EURO Conference and 10th Meeting of EWGT, pp. 76-81.

Swedish Institute for Transport and Communication Analysis (2002), “The
identification of air freight operating cost parameters for use in the SIKA
SAMGODS freight model”.

Tinbergen, J. (1962), Shaping the world .economy: suggestions for an
international economic policy; New York: The Twentieth Century Fund.

Wei, W., Hansen, M. (2003) “Cost economics of aircraft size”, Journal of
Transport Economics and Policy, 37(2), pp. 279-296.

Wei, W., Hansen, M. (2005) “Impact of aircraft size and seat availability on
airlines’ demand and market. share in duopoly markets”, Transportation
Research Part E, 41, pp. 315-327.

Wei, W., Hansen, M. (2007), “Airlines’ competition in aircraft size and service
frequency in duopoly markets”, Transportation Research Part E, 43, pp.
409-424.

Yamaguchi, K. (2008), “International trade and air cargo: Analysis of US
export and air transport policy”, Transportation Research Part E, 44, pp.
653-663.

Zhang, A., Lang, C., Hui, Y.V., Leung, L. (2007), “Intermodal alliance and
rivalry of transport chains: the air cargo market”, Transportation Research
Part E, 43, pp. 234-246.

Zhang, A., Hui, Y.V., Leung, L. (2004), “Air cargo alliances and competition
in passenger markets”, Transportation Research Part E, 40, pp. 83-100.
Zhang, A., Zhang, Y. (2002a), “Issues on liberalization of air cargo services in

international aviation”, Journal of Air Transport Management, 8, pp. 275-287.

94



49.

50.

Zhang, A., Zhang, Y. (2002b), “A model of air cargo liberalization: passenger
vs. all-cargo carriers”, Transportation Research Part E, 38, pp. 175-191.

Zondag, W.J. (2006), “Competing for air cargo: A qualitative analysis of
competitive rivalry in the air cargo industry”, Thesis of Economics & Business

Administration of the Free University Amsterdam.

95



	0BABSTRACT

