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Analysis of Airport Competition for Air Cargo in the Asia-Pacific Region

Student: Pi-yuan Hsu Advisor: Dr. Jinn-tsai Wong

Institute of Traffic and Transportation
National Chiao Tung University

ABSTRACT

The demand of air cargo is sensitively influenced by economic activities and industrial
structure. For this reason, recently airports face a keen competition in the air cargo market. This
study therefore attempts to analyze airport competition from the perspective of external factors,
including economic activities, geographical locations and freedoms of the air, and liberalization
of international air transportation market (open skies).

This study focuses on 13 primary.cargo airports in the Asia-Pacific region. First of all, we
investigate the current situation trends-of air cargo market and causal relationship between
economic activities and development of airline network in the years of 2001, 2006, and 2011.
Second, we evaluate the competitive potential and airport hierarchy of 13 airports by using
demand indices, including export volumes and-airport cargo volumes; network supply indices,
including supply concentration, degree..centrality, eigenvector centrality, and betweenness
centrality.

Although the result shows that Taiwan Taoyuan (TPE), Hong Kong (HKG), Shanghai
Pudong (PVG), and Incheon Airport (ICN) are the most competitive advantage, their
development patterns are not the same. First, HKG, PVG, and ICN perform well in demand
indices. TPE and ICN perform well in combination carriers’ networks. PVG performs well in
all-freight carriers’ networks. HKG performs well in both combination carriers and all-freight
carriers’ networks. Second, unlike TPE and ICN are flag carriers-oriented development, HKG
and PVG are well developed in both flag and foreign carriers’ network. Overall, HKG acquires
leading status for air cargo market in Asia-Pacific Region. Furthermore, if we put integrator
carriers’ networks into consideration, Chinese airports are the most potential air cargo hubs in
the region.

Keywords: airport competition, air cargo, transportation network configuration, airport
hierarchy
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2. EELUE
g s 5 R | (elly of passenger aircraft) ~ & j a3 * 4%
(combination aircraft) ~ Z b = # ¥ (quick-change aircraft)£: & 4 (freighter)[15] ; 12 4%
HF PR 2R A PR B RS N8 ([3] o Tretheway &
Andriulaitis[19] i {4 £ # S §% |7 2 B iR (7 Al B o dok 2.2 9057 0 [ i
ES AT R N = S f&ﬁ%ﬁ@ﬁiﬁ?ﬁ PR WAL FPREES A FER I
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oY wpE Y gipihe 2 TR 958 & (hubvulnerability) | » 12345 % 32 p 853
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structures) | R4 o B L WH e BERESTLG SR 4 7 H @ %A - Burghowut
& de Wet[31] 14 4e 1§ i 7 $#cdp $h-(weighted number of connections, WNX) - f& 4R &t i e fiy
FHp Vi Ay 0 F AR STl SR AT 5 R F 4 o de Witetal.[32]
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% ODFER BB RERI KRR SRS R A fEREE A F A
A AR ZEAERE ARRPERIL A R A A R
AAM L ~FmamgHanlELd  4EPFFELRERE A gL AT LER
WSH o BT B S Y R PER S

# ¢ & 4p#%(concentration index) 1 & 4Bk & g T PR P AT e £ G GTE R

WALE L FE AT E G R e ingk? o Burghouwt et al.[30] & BR f2 g+ &g p o

19



R R F AR AR A R R Y E R e S R R R R

%18 F £ 4p #(gini index)3 & 1990 3 1999 & ¢ bR AR AR o XY ARR R
o Do Algesre TP Aldhf st 0T 2 BB EE B T S Alphig st ) v (T
1 T H T4 A 47 o Scholz & von Cossel[21] & By f# | 8 ¥ & #ufe B2 fh o 01 E X
E LM FiEER a‘ﬁﬂt ~ Bif® B ¢ & (C4-firm concentration ratio, CRk) £ #% ;iﬁ;:f;] #*
(Herfindahl index, HI):* & iﬂzﬂm %1% i 42 & - Ducruet[35] ¢ * & + | 4 +* (maximum
percentage) £ & 1 3 #ic & AR = $ B SURBE DR 3 AR R o 0t AT 1REE T AR IS S B 4
BLRIE AR LR FHIRPF L PRI EERR -

I

¢ o i dp HR(nodal centrality) i & 5 8L A e B2 ¥ SRR 0 T HTR B H- A dup Y ohE
& |4 - Wangetal.[9]# * /& (degree) ~ 31T (closeness)£ # 4 (betweenness) ¥ < {445 1R3%
fo b SRR DY CRE S R RS ERPN 2 @RS F 20
CRHc (BER - 4 v R H GDP) ¢ i hie AR b A T dF e B A 6
2 5% F FlF o L~ R F F[L0]5 347 ¢ BIVEASH I < FALRORERR > EY L
EY AP0 B P E R R H 14 RO REES RS AR SER O BIfRE
A EE R G A B R SRR R g B R RRIE T RS
L MRt Y A e R A RS R R R B

WA 2

énhn

%éi@i W gt > R E R RT - 0 F A §8.8 B § gl Bk
PR ASRDGERI ER DI G BEBHUERSBGE P BEEARR?
WA HELAE R 0 Bk £ 7 (eigenvector centrality) i 4 SRR A 0 Mt B
ZERBRAEYEHY » {nRPEE AR E & 14[36] - Choi et al.[37]¢ >zt F iz
4% gejs(internet backbone) 2 #wzy e o 0 FBiEH e B¢ SR 2T K & o
Mahutga et al.[38]¢ O-D 4wz e & i3t C F e B TR A ey
Bz 7wz R - Kotegawaetal.[39] 2 H IR A K EREP 2FH HZ R d @R ¢
Mo SRR Y s s B £ ¢ o M~ FR T #(clustering coefficient) ~ & B4 T #ic X
itk B GEe B~ 17 (logistics regression) ~ if J& I #ic(fitness function) £ 54! & 4§
(Artiifical Neural Network, ANN) = & #-5% > 22 = FE iRl 7 38 § fH550

=
&

3

AT R iR o R LR RZ RIFEERAER > L g2
e

Y S BN 23K % o Ducruetetal 22 Gonzélez Laxe etal.[40, 41)4% 7 *F &5

E’?

20



ATRBHBE L P et o U BRI T 2 RTEE T SUERICER 0 A BILK
MLEEIRETSFLIHL SR REAAY iR F LB T U B A

BERGRIFRIEGRKE SACET S F 2 RIFHNIERRFEA G REBT 1
PR AARIZET EiREB T 0 2 2R ESE R GRER R e & B (hub hierarchy) o

&}*‘ / AT#—FB):’]% ;r.
-;(f’.BrLJT ~ _B,—L‘Bl‘!:,:‘f_ 'P

‘%%g@ﬁi»

oo &ODRBAfER S

40
E
74-
=1
$5
Tl
picid

fot
i
T

Tl RPN~ hEURET] 2R U o R A ’%@@fﬁgﬁkﬁ’mgéiiiﬁﬁ

FRRCEARR > L) TRF R a2 @B RE ) B2 L PR SRR o R
T X B R CERT o
420 B R SHEA 1T

g e A =3 S BN Malighetti et al.[6] EXAN
B T R Redondi et al.[7 %
BoOBmE R il 1 _ = ,
P‘* e i 5% ot #(WNX) Burghowut & de Wit[31] E
NetScan #wrrid & & (CNU)  de Wit et al.[32] 5
FAUE S NetCost #8UE 4% 48 3038 Lieshout & Matsumoto[34] '
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¥ 7] 67.82% 32.18% 0.00% 100.00%
Ak 58.33% 41.67% 30.90% 69.10%

i AR 29.37% 70.63% 80.88% 19.12%
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pEE R 77.78% 22.22% 91.67% 8.33%
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ATAv 56.54% 43.46% 8.96% 91.04%
L 51.58% 48.42% 12.82% 87.18%
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e beid 30.41% 69.59% 12.22% 27.78%

M‘Mﬁ&i%jd"&ﬁié 7 B4 u

Ko ﬁi\q

L g ¥ f}{f_m{g.—uﬁ%{@,g}

44

S L AR

&iﬁﬁ%’%ﬂ?ﬁ¥iﬂa%iﬁ
FRIGAIIR L TR - -ﬁ#ﬂw fiE
RIS RELET
2oFEH e SR LB R H -
PR REFREE S

B3 87

H




N L] Toa L

REIRE RS A AR YA g L e R BT Fg@ﬁwma.@x
2R FEd 2011 & AT R RS r w2 T e B2 rﬁw;,%;. 2% R
Bapte o R L AR PERSREY R AUREL BY T 2 £ R HARR G

Eod Tigdd 2 cTagd ol Tl 7 ot & 19 47 o) 78 s
SRR BEEEAPRT A EPE AL B Tk s Bid ¢ 4P ik
RRIBFHIFRED FOEERPORMEL S R LYy FE Y B e
4o dd 52011 # 13 B & FERST BT ok H g [EEaue g 222
Baegh HEE? R A SPESM B BT N E g gt

FER P A MBS PPERLRY > AT A A ok 41 T 0 W&

FEFAAMA29 B S Hp B R 27T B IS R PSRBT L TR o E B R A AT

Lo 013 B3 O B W 7 B 202010 & i 3 & Rad 2 SR B Y
AT R 2 AL,
2. B d 2011 # & ® S s H-0R pEERR LR N 2 gl o

241 P AP PR B2 T S R T ;jmjh

& 1F A gk
ey ¥ 7] 3% 97% 1
R é/ﬁ“i/‘*/ﬁ’i\—lb"p‘?‘%‘}'l"é%‘fﬂ?
I (i5:2) "%‘*‘ﬁ«""‘%m"‘fﬂ N B LI S 27% 90% 15
x Ve ﬁ;&\%,‘;{\g"‘ 5, 29
¥ S A e~ X RHE \fw CABK v B 6% 74% 5
p it iz 4% 87% 1
Lo Fric v B FHBRHE AT F R . .
s S 12% 93% 7

AR I3 & pERY

o R

O T bl 13 B e O BRI TS B 20118 T & R
L3 T B AEE 2 B G o

TOTREN ) SE RS G E RS ENE 13 AR

45



241 o0 A0 SR B2 TS R &R o uE ()

aLBY L FF AL T3 4% 71% 3
FRPio HP B R T B
A E — 0 0
. I SR 16% 66% 7
* B F M iR 4% w1,
¥ TR IEF AR GRS PR AR R
) i 17% 65% 8
o A G pHEF-AW-FTHEER i i
PR gz R Hvs s R R 6% 60% 4
Rl ZH EFEA RPETH RN 2%  53% 4

LA e 183 A & FaEsS .

411 8 4 1

G gt 0 EPRSE T AT S RS o el 41 T 0 Burghouwt &
Redondi[55] #-: 55 * 3% % & = ¥ % {+(accessibility) & ¢ <4 (centrality) = & & & o #73]
TR S e 2 AP E 42 2 R % (direct or indirect connectivity)2.
vt P o RR R R ERG R R R A R AEE s 6 0 2 iR B (hub
connectivity) [30, 32, 55] « A&7 3 e MF BGKE o S R EL P bl g ot

A B c D
® O Y,
_— . >O >O Frded 2 (8 = &ufg)
— @ OO rras (zxunm)
O o »() el (4 =)
4 Y
—O " >O >O el B (= o)
Bl4.1 #s3-parg 2 0
FHL % & © Burghouwt & Redondi[55]
1 e ,g; v R

- B T A SR R R B B FR R R R TR 0 o 8
PRGBSI B iUEk, BEEEY BRT TL IR R o B AT A R
B CEBYR R FHBY IR NPE S
Joth % dngh o povk e H oW bogh ) At s F RSB F TS oo



BT on Bagkhdigd G o RdpR e Y g AT 0 4R
FrRaphE R R FLERAISETHRARAFE  FR RS FITES
Fefk oA (D)rr  BEA0L 12 B FiplcE g~ A E S fRART DS
%ﬂ&%iéﬁﬂ’jELFﬁQMQﬁT’EW§/UW¢ BY A FE D@

ISR b 5 o Jrend K2 471821, 30,56] 0 e AR L E T 2 o

Gini = x@p—nxyEZEJ” il W

1>j] J

Hoe ,yi%‘\,ﬁ—,@l«;i |Jimﬂ‘!:,4_$% B A oo |Jﬂd1hw.ﬂ‘ﬂm~+§§«ﬂl§\, £ (=
S omd)hE N LRS- TE Ui SEhlic ) V4 SR R AT i en T B
EEE ey @£4+’%ﬁﬁ%%ﬁﬁﬁﬁiéﬁﬁ&éﬁﬁﬂ?%ﬁ

BB pF o Bl & T 3% -SSR 10 AL

2. MR s

P b A R AF NP e R BRG] 2 > HA
s g - gk H B AR E e ® > Fl S ouRAEEARS AT a2
B R o G R R KRG o g A D o P TR R AR JR
T8 S PR i%mgs‘ar‘] HaF (2 mad w T P R R B SR
B2 TR RRE o

Cﬂl=§: (2)

'Jgaij =147 %F%E'ii ?F,—‘_hj”ﬁ E*%—@%T £ @E'Jalj =0-

3. HFikw g Yo
FABE i SRR 0 R A AT g SR S hd & Aagk
B M- B b i &m0 B A MH- SR hE R AP A B B o 2
AR SHFAY R R FEER > BENQ)L Bk B
TR R Bl R o

47
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X
Normalization =

(6)

xmax

B¥ 27 L 5 Kk & & ¥ 2 (hierarchical methods) £2 2L & & & ¥ = ;2 (non-

hierarchical methods)= #g - & s F ¥ A 2 i A v LR EARZ H- B¥H > #pip
PART R E RS- ¥ LR BBEE » - E¥F 50 0 B P a2z (Ward’s
method)& < 42 4 > H R F] 3 2452 3K RREAAB ) HERLEHE R EFR

- BEOMcp 7§ RS % o 2hE = B ¥ K T 352 (K-means method)ﬁ»% EE
BHEEFD AL E R AL EIRBRED FEY L TRER > A IRTFER BT
EAMY A AERBER2ARRE > L LA EATE B LT L AR K [58,
59] -

DR B EE R BRI ORRE- LAEAZ AR REHE 22 KT
iV F RREREFET R H LT EFA LT o HE) A E e FAfE LR
2L FAFTp d SPSS20 Kuit giAd > 4 B FhELEE 37002 (two-stage clustering) id® o F £
o PR EEEE O MNEFERFGEAL AP R R Gl R T B ¥
EENMKIBEZPELIEES RS F %38 Gl 47(ANOVA) S # & 3 chj st o
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4.2 535K mA 5

AT 2011 £ LR PERSEr R RS RN T TS EEENL
R gt A F LGl AR Sl B B o e Y A9 o ($EEGRELS)
2 et n dpth o BEFFAMEEL S E R PEPSR o R BIE g
Bo AR SRS B Ldpildpied 4.2 9057

A E fE e

4
Ifg? (7 q f7 i3 o W P P o~

#8) R AR P ¢4 R BR FH YA
TPE 306,998 1,627,463 0.557 21 0.078  53.150 0.610 26  0.050 144.250
HKG 455,573 3,976,768 0.585 17 0.079  34.067 0.582 36 0.064 178.833
PVG 761,979 3,085,268 0.493 11 0.059  23.867 0.463 25  0.053 57.917
PEK 120,229 1,640,247 0.714 2 0.013 0.000 0.350 6 0.014 1.917
CAN 168,965 1,179,967 0.008 2 0.015 0.000 0.260 5 0.012 1.117
SZX 112.644 828,375 1.000 1 0.008 0.000 0.333 3 0.006 0.533
NRT 306,600 1,945,351 0.524 10 0.061 0.817 0.512 13 0.038 1.683
KIX 131,529 742,977 0.367 9 0.049 0.250 0.400 11  0.031 6.267
ICN 555,209 2,539,221 0.467 14 0.064  23.867 0.527 29  0.054 134.717
SIN 409,504 1,898,850 0.475 10 0.061 ' 12.467 0.459 17 0.041 71.267
BKK 228,824 1,321,853 0.475 11 0.069 7.467 0.509 15  0.045 20.883
KUL 226,993 694,311 0.371 9 0.061 4.983 0.324 12 0.040 9.617
CGK 203,497 582,088 0.086 4 0.044 0.000 0.086 4 0.025 0.000

A o 55
+ R KW b=y d L 2 BR b= d L
TPE 0.697 38 0.052 75.072 0.714 55 0.024 201.039
HKG 0.673 34 0.049 37.572 0.634 79 0.031 171.831
PVG 0.644 20 0.037 20.694 0.604 55 0.025 96.431
PEK 0.638 26 0.038 6.926 0.642 73 0.027 86.423
CAN 0.569 9 0.023 2.791 0.601 26 0.016 14.073
SZX 0.680 7 0.012 4.833 0.689 10 0.005 8.107
NRT 0.587 27 0.045 3.620 0.579 76 0.029 43.624
KIX 0.490 21 0.037 1.067 0.530 39 0.020 23.236
ICN 0.523 31 0.047 37.813 0.521 81 0.031 185.915
SIN 0.480 22 0.042 13.785 0.550 63 0.027 76.721
BKK 0.552 33 0.047 23.589 0.572 91 0.031 107.832
KUL 0.486 22 0.040 14.016 0.504 61 0.025 49.201
CGK 0.466 13 0.031 0.222 0.493 21 0.015 8.568
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IATA - PRERGpERE
g ¥ P AN NN s}
+ R "R F=id LA + R "R F=7d LA

TPE 0.460 5 0.049 4.083 0.487 6 0.028 5.700
HKG 0.468 14 0.097  39.000 0.462 31 0.076 101.383
PVG 0.442 15 0.101 32.667 0.486 30 0.076 146.767
PEK 0.825 7 0.050 0.583 0.665 16 0.038 13.717
CAN 0.206 3 0.010 0.000 0.206 3 0.004 0.000
SZX 0.750 6 0.029 0.000 0.652 8 0.019 11.333
NRT 0.552 7 0.071 0.583 0.472 11 0.047 12.850
KIX 0.453 6 0.057 0.000 0.453 6 0.029 4.033
ICN 0.652 7 0.061 4.583 0.574 9 0.038 26.800
SIN 0.700 8 0.068 5.167 0.725 11 0.039 11.750
BKK 0.528 7 0.660 9.333 0.471 13 0.043 19.667
KUL 0.061 3 0.026 0.000 0.208 5 0.017 0.000
CGK 0.308 2 0.024 0.000 0.308 2 0.013 0.000

2435 LG EX ¥ A P T PRl 2 B4 HECR RGP 5 CV
S B¥HhpFz o) %R 4dc(coefficient of variance) s E# € 5 5 63 FFfiz ) H B
Pl 4R o d BT e f BN R R BB P BB R e B R A B
EERA R N R GEEREIE AR A S LA HAPE L > A L
M- BEHT S ZEY BREMLEE Bl FAA T EYERE L kdp o d &9 T
o pange o B R Y 2 BRI LRREMRS AP ER2
AR L U R 2 gy o
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1 12 0.023 - 0.020 - 0.025 -
2 11 0.056 0.033 0.046 0.026 0.065 0.040
3 10 0.101 0.045 0.075 0.029 0.106 0.041
4 9 0.166 0.065 0.106 0.031 0.184 0.078
o) 8 0.242 0.076 0.201 0.096 0.285 0.101
6 Il 0.329 0.087 0.312 0.111 0.388 0.103
7 6 0.489 0.160 0.479 0.168 0.495 0.107
8 S 0.719 0.229 0.691 0.212 0.652 0.157
9 4 1.265 0.546 0.936 0.245 0.868 0.216
10 3 1.898 0.634 1.330 0.394 1.412 0.544
11 2 2.939 1.041 2.092 0.762 2.105 0.693
12 1 5.531 2.592* 5.734 3.642* 3.998 1.893*

Cv R CV. vha B CcV AR
1 12 0.026 - 0.032 - 0.016 -
2 11 0.062 0.036 0.067 0.035 0.038 0.022
3 10 0.102 0.040 0.110 0.044 0.071 0.032
4 9 0.154 0.052 0.158 0.047 0.121 0.050
5 8 0.243 0.089 0.207 0.049 0.181 0.060
6 7 0.345 0.102 0.272 0.065 0.245 0.064
7 6 0.483 0.138 0.340 0.068 0.357 0.112
8 5 0.664 0.181 0.463 0.123 0.512 0.155
9 4 0.929 0.265 0.705 0.242 0.689 0.177
10 3 1.265 0.336 1.056 0.351 1.013 0.324
11 2 2.240 0.975 2.175 1.120 1.872 0.859
12 1 4.695 2.455* 5.373 3.198* 5.309 3.437*

FEERETIE Y B3FEL > Ly Kmeans 2218 B384 > £ 44 L B3

RAEL YT SER R B PTRAR LR FFEATETIFLE Ut gt a2 &
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