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The study on route markets and flight frequencies for air cargo carriers

Student: Patty Liao Advisor: Dr. Chaug-Ing Hsu
Department of Transportation Technology and Management
National Chiao Tung University

Abstract

With the trend of world trade and free competition, many international industries deliver
their goods by air transportation so as to improve their competition after considering shipping
distance, time and quality. Taiwan took part in the World Trade Organization in 2001 to
increase its competition in the world. Moreover, the structure of industries in Taiwan has
been changing from labor intensive to technical intensive while many firms have moved their
plants to Mainland China recently. World Air Cargo Forecast 2004/2005 by Boeing shows
that the demand of air cargo will be increased up to three times in the future 20 years with an
average annual growth rate of 6.2%. Many evidences indicate the importance of air freight.

Past studies merely applied the discrete choice model on air carrier choice or directly
analyzed the aggregate demand. Little research incorporated the demand-supply interaction
into air routes and frequencies programming. This study assumes shippers in specific
industry choose air cargo carrier by minimizing the total logistics cost. This study then
constructs a demand model to examine how:the, characters of products, the urgency, shipping
fare, inventory cost, shipping time and distance affect international firms’ choices on air
carriers.  Grey model is used to estimate the'air freight demand of each industry.
Considering the changes in industrial structure, this study forecasts the air cargo demands on
different routes for various firms.in differentindustries. In addition, a supply model is
constructed to determinate route frequencies and-the unit basic shipping charge for air carriers
with demand-supply interaction.

A case study is presented to illustrate the application of the proposed model using data
available from C.K.S international airport and industrial economics data base in Taiwan.
The results show that shippers with the shorter delivery distance put more emphasis on
shipping charge. However, they will prefer choosing the air cargo carrier which offers more
frequencies when their product value is high. Since the product value of goods transported
from Taipei to Anchorage in US is high, therefore, shippers on this route usually emphasize
on the inventory cost and choose high-frequency air cargo firms. The predicted demand
using the proposed model is shown to be more accurate than those without considering the
changes in industrial structure. Moreover, the proposed model is demonstrated to yield more
profit than the model that does not consider demand-supply interactions. Consequently, the
results of this study not only indicate that the route frequency programming model for air
cargo carriers with demand-supply interaction is practicable, but also provide
decision-support tools that forecast the air freight demand and profit as well as determine
route frequencies and unit basic shipping charge for air cargo carriers.

Keywords: air cargo, frequency programming, demand-supply interaction.
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Bk §enn W BARCCX 3 1046 & £ % % 292004 & & £ F 7 % B747-200F
g1 5 % BT47-400F - ,Jﬁ%iuéﬁig HLHH o EG AP ARLIFEST B
$ 10 % B747-400 & § 8 > f 184 B Lt fdd oo a8 s> £ f &9 R s
T2 i o NW 2% Ry o p\ﬁmm% ks o o 1947 & B 45 BB

AR H o BT E D TT%R p LR ok B i%ﬁ* 12 2 B747-200F

PRAZZZ® ™ H o

# 522005 # & 4dd Koy fE 28 Fiky 5

L i cM IR e
Cl 19.24% Cl 14.11% Cl 29.87%
BR 17.81% BR 18.40% BR 42.57%
CX 15.19% EG 36.15% NW 8.13%
et 52.24% Bt 68.66% B3t 80.57%

253ty PEEF A g F R A0 o
I AR Clak Ay FhiL
AEF Mo AR WAL BTATEMDIL L VR R TV REZ FERR
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@ CX mF X imE o eHE 5P 5 BTAT-400F sndeg 5 H A2 fxy gﬁéﬁ
B o HTRARINYFRB o oA TP AAARRAOA RN FE A B IAA
FEZ S > P Cl iz BReE A AFF R BRALHFID AP EE3

v a3 o MALIENCRRL - o REAARIAEY B R FEE S
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o LT F IR S A @idﬂz Bpt AR EHE R D 3F S BB RS Jﬂ’f E
PRERAZFENPNEALTEID ST ERT P s S8E B2 8
v s F]t Cl 2 BR Rt SR B b sia gy f o a EE RSB -
o 5T A - SRR R N A e @A SR E B F Al
FATOMANIBERPRF ARG TR P iy fEE L H
ERAAFTIRF TR FLH TR B E ST S 0 A R513F S LG Pk
PAEH PR EE f R uERFEIHEG F o
%53 PG PR H ML AR T FEAS
HrfA+r3F @BEPRE
L TS L #g =% (/3F) i
(US$/kg) ('] B¥)
cAt IRk
Cl 0.7664 1.75 6 B747-400F
BR 0.7668 1.83 8 B747-400F, MD-11F
CX 0.7716 2 7 B747
others 0.7948 2 6 B747
cAIp AR
Cl 0.7763 2.75 2 B747-400F
BR™ 0.7676 2.33 3 B747-400F, MD-11F
EG 0.7965 3 5 B747
others 0.8025 3 6 B747
ST ERE PN
Cl 1.4376 8.5 37 B747-400F
BR 1.4414 8.66 43 B747-400F, MD-11F
NW 1.4183 8.5 6 B747
others 1.4329 8.5 8 B747
oS PEEE AP AR B E A AR D p ARG

BTRTLBFEFF T RFEUNLE T gFET 0 LMD FG S

A &2 2003 # LB o FRAHT LA D A B ARAL > P ARAUEALICE > T 932 2

Lo A FEEERRE G AT el T R AR R

VRF L FENERP NG ARAFEE PSR IR REHIARE 0§ A

SR D B - R ARFBFAMBEY S NFEE K R TR
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254 tE LALLM A BSAERBF ¥ %

v iL .

Bkt 8 &P ﬁi ',ﬁj f BRE T3E w3y
* % 8% £ (2003 &)
Cl 0.03 0.12 0.30 0.05 0.85 25.18 26.52
BR 0.59 0.52 0.20 0.04 11.33 60.80 73.48
CX - - - - - - -
others - - - - - - -
TREE LT
2000 #
el ) 2.98 6.68 2.48 0.30 9.71 77.87 100
Cl 0.68 2.05 0.57 0.07 2.03 17.79 23.19
BR 0.77 1.74 0.72 0.09 2.86 16.58 22.75
CX 0.77 1.73 0.66 0.06 2.55 23.11 28.88
others 0.79 1.15 0.53 0.08 2.26 20.39 25.17
2001 #
el ) 2.16 5.65 1.63 0.21 13.02 77.34 100
Cl 0.46 1.55 0.25 0.06 4.16 17.67 24.15
BR 0.52 1.37 0.55 0.05 1.89 2045 24.83
CX 0.52 1.29 0.41 0.05 2.85 16.26 21.38
Others 0.66 1.44 0.42 0.05 412 2295 29.64
2002 &
el ) 1.04 2.16 0.77 0.15 4.97 90.90 100
Cl 0.24 0.41 0.17 0.04 1.53 20.04 22.42
BR 0.24 0.60 0.25 0.05 0.79 3249 34.42
CX 0.35 0.68 0.25 0.04 1.09 23.77 26.18
Others 0.21 0.47 0.10 0.02 1.56 1461 16.97
2003 #
el ) 0.62 0.64 0.5 0.09 12.18 8598 100
Cl 0.14 0.15 0.12 0.02 2.81 25.18 28.43
BR 0.17 0.17 0.14 0.03 3.02 24.76  28.28
CX 0.17 0.17 0.13 0.02 2.47 2354 26.51

others 0.14 0.15 0.12 0.02 3.87 1249 16.78
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RIS nBgTiE s > BT PR RERPBIRE

A3 Clap 2k aelp=> "gFFIAFNE A SR RES > L AR

ik 1 Bld 2000 & T 2003 &+ 5 RIS @ Ot R A 5t 2002 &

AT P d 2 Cl e 5 aw@é&@%ﬁﬁéwBRﬁiE@?ﬁ
%

AP A RS RE E R

TFAELARERHWE G Fonidd

Fle o @ %0 2002 4e > WTO R RA RSB s R ¥mTod -4 &4 #
BRI E T AR B R KK CEBOE RS T A E T 00 24 50
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BiEEAE S L ht RS pReS XIS AT o HNE A A gk
EARod RS2V HFR d W SAFEAD A FRASOEEFLR J(F%4n
Ao g 33%~42%) 0 AT A S 75 PR AT angb i o A H 2002 & 5
ﬁw%mﬁ@ %'ﬁ*ﬁ% XAPNEARARRET TN ARBF L F LT UG
2002 #AE A BBy PES P HERPI SR S A RAEASDE &
BT EGEARSE FESP TR B LR A TP ERBTH
e BRI G APITFAS o T b5 Cl 2 BR fap & SR r#k e =0 b 0 iy IR

ey R4 gl 0 B A EEEA R [ P S
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s 2 Hi %

BRE TIE A

cl - - - - - - -
BR 8.72 0.03 001 001 017 1988 2881
EG 3.61 001 00001 00004 097 780 1238
others 25.92 0.01 - 0.002 - 3288 58.81

TR F LRI

2000 #

Aot i) 33.27 0.46 0.12 0.18 4.76 61.22 100
Cl 4.46 0.06 0.02 0.03 0.63 10.98  16.19
BR 5.23 0.06 0.02 0.02 0.85 7.53 13.71
EG 3.93 0.17 0.04 0.07 1.86 27.66 33.73
others 19.64 0.17 0.04 0.07 1.40 15.05 36.37
2001 #

Aot i) 37.57 0.2% 0.04 0.06 5.62 56.50 100
Cl 4.97 0.03 0.01 0:.01 0.78 7.47 13.26
BR 6.44 0.04 0.01 0.01 0.87 9.75 17.12
EG 4.29 0.07 0.01 0.01 1.97 1581 22.17
Others 21.87 0.08 0.01 0.03 2.00 23.46  47.45
2002 #

Aot i) 42.07 0.08 0.01 0.02 1.95 55.86 100
Cl 5.56 0.01 0.001 0.003 0.27 7.42 13.27
BR 6.59 0.01 0.002 0.002 0.34 9.98 16.92
EG 14.82 0.03 0.003 0.01 0.66 20.83  36.35
Others 15.10 0.03 0.003 0.01 0.69 17.64  33.47
2003 #

Aot i) 38.25 0.04 0.006 0.01 1.14 60.56 100
Cl 4.64 0.01 0.001 0.001 0.21 8.65 13.51
BR 7.26 0.01 0.001 0.001 0.17 11.22  18.66
EG 12.61 0.01 0.002 0.003 0.36 19.30 32.28

others 13.74 0.01 0.002 0.004 0.40 21.39 3555
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A3 02 R EBRLEREVN L AR RIS Apg e o ¥ b
Cl #r4% i chwrT %] 5 BT747-400F » pb 5 A&l » #far & 0% £ #& BR

HE o2 vRIBE R FFEL AT M EE AR FRM S FP G R

Brik} FoB53 5 Ay fEA P ERPF I NARFEEALST I AL

54



256 tELALA M T P SUMERBT ¥ %
v 1L .

Eikidde & m s ,’ff;‘” i% BRE TIE B3
* % g% (2003 #)
Cl 0.01 0.01 0.0004  0.004 1.48  73.07 75.44
BR - - - - - - -
NW 0.001 0.01 0.01 0.04 023 2392 2450
others - - - - - - -
TREERGIT
2000 =
do ol by 5.16 0.64 0.04 0.08 399 9465 100
Cl 1.78 0.22 0.01 0.03 1.31 3046 3381
BR 2.75 0.30 0.02 0.04 1.75  39.17 44.03
NW 0.38 0.05 0.003 0.003 0.37 637 7.24
others 0.24 0.07 0.01 0.01 056  13.97 14.84
2001 =
Je b 0.87 0.58 0.12 0.09 626  91.74 100
Cl 0.29 0.20 0.04 0.03 226 3411 36.93
BR 0.46 0.26 0.06 0.04 258 3820 41.60
NW 0.08 0.05 0.01 0.002 0.53 856  9.23
Others 0.04 0.07 0.02 0.02 089  10.88 11.92
2002 =
Je b 0.91 0.32 0.02 0.07 242 9610 100
Cl 0.31 0.11 0.01 0.02 044 3276 33.66
BR 0.42 0.15 0.01 0.03 093 4197 4351
NW 0.06 0.03 0.001 0.003 0.22 839 871
Others 0.12 0.03 0.003 0.01 0.83 1397 13.98
2003 &
Je b 0.01 0.02 0.01 0.04 1.71  96.99 100
Cl 0.003 0.01 0.003 0.01 055 3370 34.66
BR 0.004 0.01 0.004 0.02 0.76  39.37 40.67
NW 0.001 0.002 0.001 0.004 0.18 1037 10.67
others 0.001 0.003 0.001 0.01 022 1354 13.94
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FH AT o E P Ry PEEF S LT L LA REE EE LS
B oAbt o & A 2002 & F F b2 T o p Ry fEE K
R f - £ 2K 428 30% o
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AP RLFLAFFEPN S LA I AB(FHEY ARy R)AFLFE
57.11% > Fl5 3 5 £ Fen1 fudiT £ % 5 BRARD ¢ WS R4 R 2001 2
18 £ (26,579,250Kkg)#e 2 & & £ 38250 1B {17 AR 2 TERIBEN SR B 4
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TN AVE Y S

% 5.7 7 FHSArIEipl L fug BE
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o 2000 2001 2002 2003 — A

A TERE FERE

TPE-HKG 16868137 19226069 26579259 32572110 42066447 26774353 57.11%
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TPE-HKG 42066447 57.11% 41548096 55.18% 26774353
TPE-NRT 12012147 -10.44% 16421932 22.43% 13412905
TPE-ANC 54074258 0.66% 38114054  -29.05% 53721504
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TR ENEE E R P E PR RS £+ S0 F F N

Lo AP AR R A A EARARR B 0 1R R PR SO P AR -

259 PR FESPEETIH2Z %
F: N
st 424 (8 L ﬁ k% =
LN * = =X F =X
fI;# (US$/year) 41147703 41414678(0.007)  41465861(0.003)
‘Hlﬁ:’(
TPE-HKG 6 10(0.67 %) 11(0.1) 11(0)
TPE-NRT 2 3(0.5) 4(0.33) 4(0)
TPE-ANC 37 30(0.19) 31(0.03) 31(0)
B AEE (US$kg)
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2000 # F 5 A2 B A 5§ TSR

2
H A& &% #USSKkg) FFBET B4k e, @
<20 37 37  49.9078  49.9078 3.338389
20~19 10 10  7.0586 7.0586 1.225692
40~59 10 10  3.5836 9.5836 0.018097
60~79 6 6 2.4628 5.4628 0.052832
80~99 3 1.8895
100~119 2 1.5370
120139 3 } 10 1.2970} 5.8457 2.952298
140~159 2 1.1222
160~179 1 3 0.9889
180~199 0 0.8837
200~219 2 0.7984
520~239 > 6 0.7278 5.2580 0.104697
240~259 1 0.6683
260~279 0o J 0.6174
280~299 0 0.5734
300~319 1.\ 0.5350
320~339 1 0.5011
340~359 1 0.4709
360~379 1 0.4439
380~399 1 04196
400~419 1 0.3976
490~439 s > 10 453776 > 5.0746 4.780449
440~459 0 0.3594
460~479 1 0.3426
480~499 0 0.3271
500~519 1 0.3128
520~539 1 ) 02996
540~559 1 0.2873
560~579 0 0.2758
580~599 0 0.2651
600~619 0 0.2551
620~639 0 0.2457
640~659 0o, 2 02369 p 2.3470 0.051292
660~679 1 0.2285
680~699 0 0.2207
700~719 0 0.2133
>719 1/ 0.2062
Be 91 2P = 1252374

a=0.05 y*(8)=15.51, P[y*>1551]=0.95 - y* < 4°(8) » Flp* A& ¥ 2 H =
A &1 & g 4~ fe(gamma distribution)
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