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Abstract

Owing to liberalization of international trade and rapid development of the
global supply chain, demand for air freight has been increasing, but there are
many factors that influence freight revenue. In order to fully utilize cargo space
and maximize revenue, the volume and weight of freight have to be accurately
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calculated upon receipt of reservations from shippers and throughout load planning.
This research applies revenue management to air freight and explores how
different combinations of cargo types, space allocation, price discrimination, and
optimal load planning of containers and pallets affect operating performance and
profitability of airlines. The application is then validated with actual operations
data from an international airline in Taiwan. Results show that chargeable weight
can be increased by combining high- and low-density cargoes on the same flight.
Moreover, under price discrimination, rates charged for smaller volumes are higher
than those for larger ones. Hence, the higher the ratio of small volumes on the
flight, the greater the freight revenue. In addition, optimum density of cargoes
can be determined according to the payload and maximum load capacity; thus,
the closer the average cargo density is to the optimum, the more efficient the load.
These findings provide useful suggestions to airlines for load planning to maximize

revenue.
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1 [16A 16A 1A1 + 1A2 + 2PEB +2Q3 + 5Q6 + 21Q7 599.12
2 [2p+10A 16A 1A1 + 1A2 + 2PEB + 2Q3 + 5Q6 + 21Q7 592.87
3 [3P+6A 16A 1A1 + 1A2 + 2PEB +2Q3 + 5Q6 + 21Q7 588.56
4 [2P+10A 2P+ 10A [IAl+ 1A2 +2PEB +2Q3 +5Q6 + 21Q7 590.51
5 [4P+2A+1ALF [16A 1A1 + 1A2 + 2PEB + 2Q3 + 5Q6 + 21Q7 590.51
6 |5P 16A 1A1 + 1A2 + 2PEB + 2Q3 + 5Q6 + 21Q7 586.20
7 [3P+6A 2P+ 10A [IAl+ 1A2 +2PEB +2Q3 +5Q6 +21Q7 586.20
8 [4P+2A+1ALF [2P+10A [1Al+1A2+2PEB+2Q3 +5Q6 +21Q7 588.16
9 |5P 2P+10A [1Al+1A2+2PEB +2Q3 + 5Q6 +21Q7 583.85
10 [3P+6A 4P+4A  [1Al+1A2+2PEB +2Q3 +5Q6 +21Q7 583.85
11 [4P+2A+1ALF [4P+4A  [IAl +1A2 +2PEB+2Q3 + 5Q6 + 21Q7 585.80
12 |5P 4P+4A  |IAl+1A2+2PEB +2Q3 +5Q6 +21Q7 581.49
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AMD|  20.1  [229x305x290| 6,803 | 341 |74Y Main Deck 9.67
AMA 17 229 x 305 x 229| 6,803 | 300 |74Y Main Deck 11.43
wiE| AMI| 165 [229x305x229| 6,803 | 260 |74E/74Y/MDI1F Main Deck 11.78
74E/74Y/MDI11F Main Deck 763/744/
AAP| 103 |208x302x 152 6,032 | 200 |, 4y/MD11F/A330 Lower Deck 16.73
AWS 6.4  [139x302x152| 3,175 | 204 |744/A300/MDI11F Lower Deck 14.17
74E/74Y/MD11F Main Deck 763/744/| 9.36 ((5%&)
PMC N/A 228> 301 6,803 | 114 74e/74y/MD11F Lower Deck 17.55 (&%)
74E/74Y/MD11F Main Deck 763/744/| 9.14 ((5%%)
e PAG N/A 207301 6,032 | 107 74e/74y/MD11F/A330 Lower Deck 17.14 (J&58)
PGA| N/A  [228 x 590 11,339 | 483 |74E/74Y/MDI11F Main Deck 9.78 (B1)
PLB| N/A (139 x302 3,175 | 75 |744/A300/MDI11F Lower Deck 7.14 (JF18)
PEB| N/A |119x208 1,133 | 59 |74Y Main Deck 432 (51)
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potg| M+ D~44] 45~99 | 100~299 | 300~499 | 500~999 | 1000~ mEl | B
398 (FT/kg) | 306 (FT/kg) | 285 (FT/Kg) | 225 (FT/kg) | 197 (FT/kg) | 171 (FT/kg) | (BIT) (%)
1 40% 20% 20% 10% 5% 5% 3,503 -
2 30% 15% 15% 15% 10% 15% 3,160 -9.8%
3 20% 10% 10% 20% 15% 25% 2,817 ~19.6%
4 10% 5% 5% 25% 20% 35% 2,475 ~29.3%
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K9 AMZEATEILRERIET 747-400F #4510 BHEE—8

s : Edc—iEhiHr  #8Y : 747-400F  B5 : 108 =i B
a1 RE gy B8 gEfE StEE | &%H 58 e =8E | SEE
) EH (kg) (cbm) (kg) BE | AHE | ABEX | 5E (kg | EHEHX
1| 46 | 3,085| 100,636 | 56891 | 104,326 | 5.05 91.49% | 94.82% | 20,213 | 20.09%
2| 58 | 3264| 107256 | 567.58 | 110,830 | 5.40 97.51% | 94.60% | 18,936 | 17.65%
4| 48 | 6435| 106,859 | 54491 | 110,829 | 5.60 97.14% | 90.82% | 13,102 | 12.26%
71 49 | 3,780 | 106,906 | 563.50 | 109,114 | 5.42 97.19% | 93.92% | 24,703 | 23.11%
8 | 48 | 2230 | 97586 | 568.91 | 102,261 | 4.90 88.71% | 94.82% 6,652 6.82%
10 | 39 | 3,121 | 106,152 | 55850 | 110,876 | 5.43 96.50% | 93.08% | 23,027 | 21.69%
11 | 51 | 3,161 | 106,150 | 56848 | 108,920 | 5.34 96.50% | 94.75% | 12,787 | 12.05%
14 | 48 | 2,690 | 113,137 | 565.40 | 115,753 | 5.72 | 102.85% | 94.23% 7,281 6.44%
15| 51 | 3,106| 95071 | 573.34 99,726 | 4.74 86.43% | 95.56% | 18,585 | 19.55%
16 | 50 | 6,161 | 103,402 | 598.18 | 105,226 | 4.94 94.00% | 99.70% | 15,183 | 14.68%
17 | 54 | 4803 | 91,974 | 54229 | 102,365 | 4.85 83.61% | 90.38% | 11,742 | 12.77%
18 | 47 | 3212 107,940 | 54148 | 114,426 | 5.70 98.13% | 90.25% | 11,570 | 10.72%
19 | 34 | 5190| 99,176 | 528.06 | 102,076 | 5.37 90.16% | 88.01% | 20,879 | 21.05%
21 | 40 | 5219 112,202 | 57640 | 114,747 | 5.56 | 102.00% | 96.07% | 18,593 | 16.57%
24 | 53 | 3398 | 106,772 | 546.75 | 111,132 | 5.58 97.07% | 91.13% | 23,352 | 21.87%
25 | 55| 6463 | 112,072 | 549.52 | 116,444 | 583 | 101.88% | 91.59% | 19,076 | 17.02%
27 | 35 | 12,423 | 107,555 | 586.79 | 117,702 | 5.24 97.78% | 97.80% | 12,318 | 11.45%
28 | 48 | 3,613 | 108,961 | 55628 | 112,832 | 5.60 99.06% | 92.71% | 17,473 | 16.04%
29 | 50 | 4575| 107,151 | 561.89 | 112,979 | 5.45 97.41% | 93.65% | 23,092 | 21.55%
30 | 60 | 5,272 | 114,025 | 58327 | 118,588 | 5.59 | 103.66% | 97.21% | 27,672 | 24.27%
&5 964 | 91,201 |2,110,983 [11,250.4 |2,201,152
| 48 | 4,560 | 105,549 | 562.52 | 110,058 | 5.36 95.95% | 93.75% | 17,312 | 16.38%
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i 10% ZHE -~ BER 10% ZHE K]
20% HEBEYCE£EH - faEEKGTEE
(W13 10) - FZPHERT 10% < B EHEHLE

®10 FE MERPHEZFTEELE

FRERER HE EEQRN) BEEQMN)| HEEZE | HEBEEGHh
a 63 1,412 578 11.53 1,412
b 1 203 12 81.69 203
c 36 678 57 55.67 678
d 5 324 119 12.86 324
s e 116 1,219 578 9.95 1,219
Al 10% 2B 8 f 5 3,130 1,487 9.94 3,130
g 80 670 378 8.37 670
h 214 2,228 880 11.95 2,228
i 3 747 496 7.11 747
NSt 523 10,611 4,585 10,611
j 3 115 212 2.55 212
k 2 45 67 3.15 67
1 141 4,646 5,617 3.90 5,617
IV m 2 8 28 1.34 28
A 10% ‘Z30E n 23 2,392 3,469 3.25 3,469
0 37 815 1,669 231 1,669
p 2 2,190 3,321 3.11 3,321
st 210 10,211 14,383 14,383
BERMESE 733 20,822 18,968 24,994
q 29 4,608 4,606 472 4,608
r 214 4,554 4,295 5.00 4,554
B 20% Z FRIEEY) 5 110 1,044 991 4.97 1,044
t 35 10,113 9,747 4.90 10,113
st 388 20,319 19,639 20,319
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55| EEER(AT) | EEEEE (AF) |MEEE (A7) | MEEREE (A7) ZEt SHEE (&) | hEXR
1 92,450 80,711 17,550 18,322 1.2 110,772 -
2 86,155 68,153 23,460 30,967 1.7 117,123 6%
3 90,620 69,294 19,163 29,812 2.0 120,432 8%
4 80,640 53,088 29,360 45,948 2.4 126,588 13%
5 72,050 28,021 37,927 70,881 4.8 142,931 25%
6 69,300 22,242 40,152 76,871 6.0 146,599 | 25%
7 71,740 22,566 38,260 76520 6.4 148260 | 26%
8 70,720 20,536 38,920 78,570 7.0 149290 | 26%
9 99,696 48,360 10,075 50,728 10.4 150,424 | 27%
10 97,625 37,967 12,370 60,628 12.6 158,253 32%
11 94,710 30,397 14,640 68,645 14.6 163,355 33%
12 94,640 27,482 15,334 71,631 16.1 166,271 34%
13 95,680 27,784 14,254 71,330 17.2 167,010 | 34%
14 97,302 28,105 12,689 70,468 19.2 167,769 | 34%
15 96,683 25,013 13,080 74,067 21.9 170,750 | 36%
16 98,881 25,424 11,100 73,474 25.7 172,355 36%
17 100,188 25,760 9,765 73,332 29.2 173,520 | 36%
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BAHRIR T R REEIE -

] B AL E S (Chan et al., 2006) » {H
THIHR e A TR by BB T e B8Y)
TEIRE B TR ERIANRT » e i o A
fiE S E T B ML E i - A - BASREYE
BATREth B ERNE - ENETRER
BRI > FHIEBGERAEE » AR E AR
BEQERARKAT » Bl s B G
(=

N

4 =A
A Rfl

WA & B 22 0 B L RS
LTSRSV 2 3P kg VS E Rk il
EE - RRAIAE - BEGTAL - EAHA
AR ~ W R HTT ~ fl R e A
= EYBE - ULD 22fFH - #ry
VLA ~ SHE Sy ~ P e s B V1
Tl - INEVIEREIRF RIS B L8 - il
R BV TS FRARKAHRRUE N - 55
BYIBAe BTGV IR R i 22 B4
Hub fESEHERE - SR ZE A R R EL B
FEPEKFR o YIRS VST 5 Rl

5.1

fir ~ RITHEE  BERE R R IEEFRR
R T ETRAT A A e 2 w] e~y HoA G -

FH A HE B B A 3k 5 B R RF 32 Bl i K
HE AR - [F—iEs OGE %
B RRE RS AR L 22 M R e
FIFHRTALE SR ARIRS] - ML > FHHOGH
YR - RIS A7 22 A BN - B =
EMER ISR REE - SR ERRE -
SR B R R G AR R
Het - EHERUEER A M E D et
AT EE o [KEAE g 7§ 5 IR 222 () By e Je 2
B HBERCBGR - B BIBRRER RS
bE& IR EY) < EIERUK - GHEE
S BTSSR i S A S
M ERAAMEM - EYSeEEE
BRI - E LR AR 2
A o BRI 2~ F AR 2 W E R
KGRI A B E > M=

FH B R 7 i <5 < BEWIRT AL K
FEERESEMIES B H - A
REMEE AR E  SEEELEKF
sl o e E A BEYIRT AN ERE AL > &
FRATEERE B e WA » AE T8 R SRR I
alkE > 222 FERERIRR A28 B 0l - DA




FUEEF Fo+%

BE
kS

AEEE I - A2 e AT
BN MIEAFER TERERE 1}
PEAEGE 2/ NUEYILEBITER - HIEES
WK - AT EGE C B2 T AR
Py - QISET R HOR i - ARRTR KR =
St i BT 22 A R B S B RS R
TTEBIAT > FERETMEEERGRZ
RERLAEEN: - AR M REfF RN
LRRRFEETOL - S iig AR T E SR AE
ARPTIE R B AL IR -

5.2 &

AHISE H B PRAE SRR i 22 BE 1 S0
RErp o A A mE R A IR SR o
R DTl — 2553 DL R -
L 2N AR EEAEEEGECR

V) > A RHRT B B R B
SR ACSR > DU A e 2 ARR T L
RS o

FE-H8 KRE100%6 A

2. EIRVOAN 22 EE R Rh e R 1 > DUHE
st HIESEF - [FIRF Rk A 22 A ]
B8 OISR B - R iz
NEEYIRESETHEE - DIRIT AR S E
KT o

3ARHSE I EZ E I A 22 2\ G
747-400 =B - HEILESERIEERN
ik ERR B ESE R AT H B
RGHEER AR I Z 5 - BUCELL
SR ELETT A BRAG  FHRERUSRL I L
B EHCE R - A RERE e LL S 2 TH A
REBIEE WL EBE - 5]
HE— SRR A A O B T
T JEHT -

4. BN AR R T S R AR T
fii ~ BEfZACE - HEpiRESCHEGETE - &
WSO e 3 B 7 T o K B B 2 A
WE5e  DUAE RF 35 5 18 S50 39 Jin e S L
Ao




BEBERITZEMZTCITES

Yz BHE

fisd A B747-400F 2 E#EEREEER
Main Deck

[3R[4r | sR[6r | 7R [ 8R | or [10R [ 11R] 12R [ 13R] | 14R [ 15R | P

3L | 4L | SL | 6L | 7L | 8L | 9L | 10L | 11L| 12L| 13L 14L | ISL
20 I A 2 I 3 A A D ) f I

121 cm

(up to 125in.)

121 em
48in.
(481 )880m

39 cm

163 cm
(64in.)

WLD-
Al

AV

3

)

‘/'I 1A|2AI2BI 3 I 4 5 6 7 8 9 10 11 12 13 14
L AT P ] S
- - A ~ — A
1 Front ULD Comp’t ! 1 Rear YLD Comp’t : Bulk Conip’t
: . 1 Lower Deck : . : .
i ! * * ="
31| B3| ey, (02 |26 " 27| padfad o
91 o o | M I o o il il [CiT
lFL ] F2 | l.R3 R4 . RS | 2P +26C
I I 1 I 1 | |
L 4 — e—_
s ——— )
21|22 " 23| 24|25 (F54) 26 " 27 ||28 " 29 f7fg
L Ly ¢
Fl F2 L R3 | R4 L _R5 ] 9P +4C
|‘_’|‘—’| I I I 1
244 cm 244 cm 165 cm
(96in.) (96in.) (65in.)
N\
300 cm
244 cm (118in.)
(96in.)

318 cm
(125in.)

472 cm
(186in.)

M= 5% - P=4%C= K1
ok AR Boeing (2010) °

318 cm

(125in.)
406 cm

(160in.)




2R KE 100 %6 A

B-

(7)) R E L ooy - LvLd

- (0107) Sueog B & FH A ey : Wk FkH

(OWd) (OWa) (OWad) (OWd) (OWd) (Ona)
re0s P€0s pe0s oS y€0s pE0s
(Ovd) (OVd) (OVd) (OVd) (OVd) (OVd) (OVd) (OVd) (OVd)
979% 979 979% 979% 979% 979 979 979 979
dIl dzl dIg dgg die dig dzg diy dcy
SLIE | SLIE | SLIE | SLIE SLIE | SLIE | SLIE SLIE SLIE | SLIE | SLIE | SLIE | SLIE | SLIE | SLIE | SLIE |bLEE | PEOL
Awael |u®ac | awaer | uw e |uwace | uw e | uw e | wwse AR Te[ A»Tece| AR I [ A TIp | A Tew | A ¥ Tev [A® Tt [ A ¥ ISt 43 €S
(UY7) EYIEEE T 400 - LyLE
EE3 Ex3 ET3 * * *o%
€089 | €089 | €089 | €089 | €TI9 | €EIT | €219 | €089 | 1+0T 909€T | 91L6 | 91L6 | 9TIL6 | 9IL6 997T | 9IL6 | 9IL6 1$0¢
A 10 7Ir [T 40 | T 10 TI| AN 0 TIN [ dd 10 “Td s 1o TsO| ¥ + TH [ ¥S 10 IS 1 AL+ [+ T [T+ TT [N+ TA | 4d +Td [gsO + 1O + T | S + 1S L
EXS * *% B
891€ | 9S€E | 9s€€ [ €TI9 | €TI9 | €089 | €089 | €089 | €089 891¢ | 9S€€ | 9S€E | 9IL6 | 9IL6 | 9IL6 9IL6 | 909€T | 909€T
v [4% 1€ [4D 10 1D [Md 10 1d | ¥d 10 Td| ¥d 10 TA[ID 10 IO |YH 10 TH| v (4% 19| 4O +T10 [ 4A+ 1A | ¥a + 79 | ¥d+Td | 4D + 10 | ¥H+ TH

BENCEEEHE « THHES 100v-LvLd  dEEH




(BEH

D

FEASIE 2006 > FrIEREEG A 2 Al R
B E e — DIEEUR B > ERERHR
AEE BT FeFTRE 3L > HREIRS -
FYGRE ~ 2R E) 0 2005 0 FEHFE LS
itz EE A EE AR TR KA & - i £2
o178 240 126 -

SR > 2007 » MTAESERSE R R B
i FERER > 20

HRIBE 0 1995 - IR Ris i Bl
VRS B ZWHTE > B ER S A S
HITFERTRE 3w > 2 -

P KB ~ R4 0 2007 - TR E) T .2
ZEEE N A - AT 19 % 0 B
2 5 169-189 -

2=k E B RS 0 2009 0 http://www.
taoyuan-airport.com/chinese/index.jsp.

Ballantine, C., 2004. Freighters, Tabmag
Publishing Ltd.: UK.

Boeing, 2010. Current Market Outlook
2009-2028, Chicago: Boeing.

Boeing, 2010. The Boeing Company - http://

www.boeing.com.

Chan, F.T.S, Bhagwat, R., Kumar, N., Tiwari,
M.K. and Lam, P., 2006. Development of a
decision support system for air-cargo pallets
loading problem: A case study. FExpert
Systems with Applications, 31(3), 472-485.

BEB BRI EMZ I TERRZIEAER

Chang, Y.H., Yeh, C.H. and Wang, S.Y., 2007.
A survey and optimization-based evaluation
of development strategies for the air cargo

industry. International Journal of Production
Economics, 106(2), 550-562.

Forster, P.W. and Regan, A.C., 2001.
Electronic integration in the air cargo industry:
An information processing model of on-time

performance. Transportation Journal, 40(4),
46-61.

Han, D.L., Tang, L.C. and Huang, H.C., 2010.
A Markov model for single-leg air cargo
revenue management under a bid-price policy.

European Journal of Operational Research,
200(3), 800-811.

Huang, K. and Chang, K.C., 2010. An approx-
imate algorithm for the two-dimensional
air cargo revenue management problem.
Transportation Research Part E, 46(3),
426-435.

Kasilingam, R.G., 1996. Air cargo revenue
management: Characteristics and complexities.

European Journal of Operational Research,

96(1), 36-44.

International Air Transport Association, 2009.
The Air Cargo Tariff Manual, 77th Edition,
IATA: Netherlands.

Lee, T.C. and Hersh, M., 1993. A model
for dynamic airline seat inventory control
with multiple seat bookings. Transportation
Science, 27(3), 252-265.




FUESRF Fo+%

Orkin, E., 1989. How does yield management
maximize profits for the hotel industry?
Presented at Yield Management Multi-
Industry Conference, Charlotte, N.C.

Smith, B.C., Leimkuhler, J.F. and Darrow,
R.M., 1992. Yield management at American
airlines. Interfaces, 22(1), 8-31.

Tang, C.H., Yan, S. and Chen, Y.H., 2008. An
integrated model and solution algorithms for
passenger, cargo, and combi flight scheduling.

Transportation Research Part E, 44 (6),
1004-1024.

Wang, Y.J. and Kao, C.S., 2008. An appli-
cation of a fuzzy knowledge system for
air cargo overbooking under uncertain

capacity. Computers and Mathematics with
Applications, 56(10), 2666-2675.

Weatherford, L.R. and Bodily, S.E., 1992.
A taxonomy and research overview of
perishable-asset revenue management: Yield
Management, Overbooking, and Pricing.
Operations Research, 40 (5), 831-844.

Wells, A.T., 1999. Air transportation-A Man-
agement Perspective, 4th Edition, Wadsworth,

Inc.

Yan, S., Chen, S.C. and Chen, C.H., 2006. Air
cargo fleet routing and timetable setting with
multiple on-time demands. Transportation
Research Part E, 42(5), 409-430.

FE-H# KRE100%6 A

Yan, S., Shih, Y.L. and Shiao, F.Y., 2008.
Optimal cargo container loading plans under
stochastic demands for air express carriers.
Transportation Research Part E, 44(3),
555-575.

Yeoman, [., Ingold, A. and McMahon, U.,
2000. Yield Management, First Edition,

Continuum: London.




