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Abstract

Purpose - We live in a world of constant change and competition.
Many airports have specific competitiveness goals and strategies for
achieving and maintaining them. The global economic recession, fi-
nancial crises, and rising oil prices have resulted in an increasingly
important role for facility investment and renewal and the im-
plementation of appropriate policies in ensuring the competitive ad-
vantage for airports. It is thus important to analyze the factors that
enhance efficiency and productivity for an airport. This study aims to
determine the efficiency levels of 20 major airports in East Asia,
Europe, and North America. Further, this study also suggests suitable
policies and strategies for their development.

Research design, data, and methodology - This paper employs the
DEA-CCR, DEA-BCC, and DEA-Malmquist production index analysis
models to determine airport efficiency. The study uses data on the ef-
ficiency and productivity of the world’s leading airports between 2006
and 2010. The input variables include the airport size, the number of
runways, the size of passenger terminals, and the size of cargo
terminals. The output variables include the annual number of pas-
sengers and the annual cargo volume. The study uses basic data from
the 2010 World Airport Traffic Report (ACI). The world’s top 20
airports (as rated by the ACI report) are investigated. The study uses
the expanded DEA Model and the Super Efficiency Model to identify
the most effective airports among the top 20. The Malmquist pro-
ductivity index analysis is used to measure airport effectiveness.

Results - This study analyzes longitudinal and cross-sectional data
on the world’s top 20 airports covering 2006 to 2010. A CCR analy-
sis shows that the most efficient airports in 2010 were Gatwick
Airport (LGW), Zurich Airport (ZRH), Vienna Airport (VIE),
Leonardo da Vinci Fiumicino Airport (FCO), Los Angeles
International ~ Airport (LAX), Seattle-Tacoma Airport (SEA), San
Francisco Airport (SFO), HongKong Airport (HKG), Beijing Capital
International Airport (PEK), and Shanghai Pudong Airport (PVG). We
find that changes in airport productivity are affected more by techni-
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cal factors than by airport efficiency.

Conclusions - Based on the study results, we offer four airport de-
velopment proposals. First, a benchmark airport needs to be identified.
Second, inefficiency must be reduced and high-cost factors need to be
managed. Third, airport operations should be enhanced through techni-
cal innovation. Finally, scientific demand forecasting and facility prep-
aration must become the focus of attention. This paper has some
limitations. Because the Malmquist productivity index is based on the
hypothesis of the, the identified production change could be over- or
under-estimated. Further, as DEA estimates the relative efficiency. It
also cannot generalize to include all airport conditions because the
variables are limited. To measure airport productivity more accurately,
other input variables and environmental variables such as financial
and policy factors should be included.

Keywords : Efficiency, Productivity Index, Technology Efficiency,
Efficiency of Scale, Technology Change.
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3 | OFXEUHm) | OFFZC |((OHHEO|EHEm)| OSH=HO|EHE(m) | (0)2S|5=(=) | (0)AZH AN 2| 2H(H)|(0) A== X2 ZH(E)
LGW(}) 6,826,952 2 229,000 300,000 240,505 31,379,968 108,700
MAN(Q) 6,070,200 2 505,000 44,000 159,454 17,878,166 117,199
ORY(X) 15,400,000 3 371,500 167,621 219,205 25,203,969 102,619
FRA(S) 19,000,000 3 704,000 1,100,000 464,432 53,009,221 2,275,000
MUC(%) 15,000,000 2 704,000 223,000 389,939 34,721,605 286,820
AMS(]) 27,870,000 6 600,000 127,000 402,372 45,211,749 1,538,134
ZRH(2) 7,823,000 3 192,877 30,000 268,765 22,825,318 314,011
VIE(R) 10,000,000 2 36,700 70,000 265,150 19,691,206 231,824

FCO(O|EhH 14,575,000 4 175,000 61,000 329,269 36,227,778 164,314
LAX(O)) 13,860,290 4 412,156 2,105,282 666,938 59,070,127 1,747,629
SEA(O|) 10,120,000 2 204,387 56,280 313,954 31,553,166 283,425
SFO(O|) 9,280,000 4 243,500 186,000 387,248 39,253,999 426,725
NRT(Z) 10,840,000 2 479,700 215,400 192,657 33,815,906 2,167,853
KIX(2) 13,630,000 1 296,043 296,043 106,897 14,353,443 759,278
HKG(®) 12,550,000 2 710,000 342,000 316,015 50,348,960 4,165,852
BKK(EH) 324,000,000 2 563,000 190,000 270,296 42,784,967 1,310,146
PEK(&) 2,900,000 3 1,400,000 24,000 517,584 73,948,113 1,551,471
PVG(®) 40,000,000 2 280,000 50,000 332,127 40,578,621 3,228,081
ICN(8h 56,198,600 3 514,910 234,644 217,322 33,605,579 2,684,499
SIN(&) 13,000,000 2 1,043,020 250,000 268,526 42,038,777 1,841,004
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© S | CCR-I | BCC-I | SCALE | RTS | CCR-O | BCC-O | SCALE | RTS 1 PEK | 7.909 |ZRH 0.016, SEA 0.237, HKG 0.030
LGW | 1.000 | 1.000 1.000 | CRS | 1.000 1.000 1.000 | CRS 2 | PVG | 4.174 |HKG 0.137, PEK 0.131
MAN | 0488 | 1.000 | 0.488 | IRS | 0.488 1.000 0.488 | IRS 3 VIE |3.931 |[FCO 0.196, PVG 0.008
ORY | 0454 | 0.515 0.882 | IRS 0.454 0.581 0.781 | DRS 4 | HKG | 1.585 |NRT 1.125, PEK 0.122
FRA | 0.694 | 0.783 0.886 | DRS | 0.694 0.899 0.772 | DRS 5 | ZRH | 1.386 |[SEA 0.436, PEK 0.058, PVG 0.081
MUC | 0.566 | 0.581 0.974 | DRS | 0.566 0.861 0.657 | CRS 6 | LAX | 1.295|VIE 0.134, SFO 1.069, HKG 0.207
AMS | 0.689 | 0.882 | 0.781 | DRS | 0.689 0.971 0.710 | DRS 7 | SFO | 1.216 [LGW 0.004, LAX 0.066, SEA 0.814, PEK 0.035
ZRH 1.000 | 1.000 1.000 | CRS | 1.000 1.000 1.000 | CRS 8 | FCO | 1.187 |VIE 0.277, SEA 0.616, PVG 0.139
VIE 1.000 | 1.000 1.000 | CRS | 1.000 1.000 1.000 | CRS 9 | SEA | 1.067 |[ZRH 0.418, FCO 0.402, SFO 0.101, PEK 0.021
FCO 1.000 | 1.000 1.000 | CRS | 1.000 1.000 1.000 | CRS 10 |LGW | 1.006 |SFO 0.724, PEK 0.038
LAX | 1.000 | 1.000 1.000 | CRS | 1.000 1.000 1.000 | CRS 11 | NRT | 0.856 |[SEA 0.311, HKG 0.577, PEK 0.002, PVG 0.011
SEA 1.000 | 1.000 1.000 | CRS | 1.000 1.000 1.000 | CRS 12 | FRA [ 0.694 |VIE 0.117, LAX 0.374, SFO 0.604, HKG 0.561
SFO 1.000 | 1.000 1.000 | CRS | 1.000 1.000 1.000 | CRS 13 | ams | 0.689 ZRH 0.176, SEA 0.998, HKG 0.131, PEK 0.120,
NRT | 0.856 | 0.928 0.922 | IRS | 0.856 0.863 0.992 | IRS ’ PVG 0.360
KIX 0417 | 0.675 0.618 | CRS | 0417 0.420 0.993 | DRS 14 | SIN |0.578 |SEA 0.348, SFO 0.107, HKG 0.589, PEK 0.377
HKG | 1.000 | 1.000 1.000 | CRS | 1.000 1.000 1.000 | CRS 15 |MUC | 0.566 |ZRH 0.548, SFO 1.080, PEK 0.240
BKK | 0.394 | 0.601 0.656 | DRS | 0.394 0.855 0.461 | DRS 16 | ICN |0.521 |VIE 0.008, HKG 0.196, PVG 1.342,
PEK 1.000 | 1.000 1.000 | CRS | 1.000 1.000 1.000 | CRS 17 | MAN | 0.488 |ZRH 0.503, SEA 0.033, SFO 0.111, PEK 0.267
PVG 1.000 | 1.000 1.000 | CRS | 1.000 1.000 1.000 | CRS 18 | ORY | 0.454 |SEA 0.958, SFO 0.609, PEK 0.020
ICN 0.521 | 0.538 0.968 | CRS | 0.521 0.727 0.717 | DRS 19 | KIX | 0.417 |VIE 0.731, HKG 0.362, PVG 0.045
SIN 0.578 | 0.623 0.928 | IRS | 0.578 0.672 0.860 | DRS 20 | BKK | 0.394 |VIE 0.640, FCO 1.641, PVG 0.901
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2 2 2 3
36,700 710,000 280,000 515,214
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265,150 316,015 332,127 509,775
19,691,206 50,348,960 40,578,621 64,482,435
231,824 4,165,852 3,228,081 5,150,446

o
=

MG oA TRl SEEUCE M B8 & =+
4> CCR 2 3l0JAet BCC 2 StojAM M zE2
o SRFYEE HOIFELCEL YHX|Y CCR Y IO HSE
42 aeXel d3AL E7| RIiME EXIHES 49.9%F0|
SHFEE £ 333% FO|H, oAHHO|EHNML} Sl=HO/EHY
St 47.9%, 70.1% ZO0{0Of SiCt HIH 283|4e= 22.2% =o40F
Z8X|g CCR 2 oM ZHSHOEHA 42.6% ZO|H,

2|= 1337% £2{0F StH, Azt oK Z|2fn A7t slEX
2 212 91.9% S7tA|7{0F BiCt YX|ek BCC 2 S10f|M
b O{ZHED|dHAE 2t2F 46.17% Z0{0F M, o=

62.3% ZO0{OF oiCl HIH &2+ £ 4524%F7t
SiH, ¢Zb ofZiMe|BF ESE 10.6% F7hSHojor sich EEX|E
BCC 2 oloA EMH EX|HHD 5563%F0|1, 23|
51.73%, 97t ojZHK 2|2kt AZISIEX 2|2k0| Z+Zt 37.46% Z7}S}
o 28d0| 22t = ULk

=
12

.

Ok oxoT
10 H H

oy

o

s

rot 1A

4
Rl
re
!

222. Xoad

<E 5> HAFR 3% GEY 2884 £4

2006 2007 2008 2009 2010

<H 4> AHBEo| HN2E
Bl M|z SEY X0 %
ERNEES] 56,198,600 28,152209]  -28,046,391] -49.9%
NEES 3 2 -1] -333%
a4 |OZED[EHA | 514910 268,500 246,410 -47.9%
NEEE IR 70,161 -164,483] -70.1%
A logs 217,322 265,657 48335 22.2%

2k [A7toj ZH K| 3| 2] 33,605,579] 33,605,579 0  0.0%
CCR CIZtSIE X 2|2F| 2,684,499 2,684,499 0 0.0%
HX|HE 56,198,600 | 56,198,600 0  0.0%

= |gFE2 3 3 o 0.0%

=4 |GHED|GEHA | 514,910 514,910 0 0.0%
REEEEEEE Y 134,692 -99,952| -42.6%

Al 28t35|4 217,322 509,775 290,453| 133.7%

gk [ d7rojZH x| 2| 2F] 33,605,579 | 64,482,435 30,876,856 91.9%

I 7HSHE X 2| 2F| 2,684,499 5,150,446 2,465,947 91.9%

BXHA 56,198,600| 30,253,870.1 -25,944,729.94] -46.17%
o EFEE 3 3 0 0.0%
o [OJZHE{O|FBA | 514910 277,195.88] -237,714.12|-46.17%
U ISIEEOIYME | 234,644]  88,469.25|  -146,174.75]-62.30%

217,322 315,642.50 98,320.50| 45.24%

O SIS A
22|

e |70l 2K 2| 2| 33,605,579 3,716,6702.4|  3,561,123.42| 10.60%

BCC GZtst=M2| 2| 2,684,499 2,684,499 0]  0.0%
EXHY 56,198,600| 24,933,959.8 | -31,264,640.16|-55.63%

= g2 3 3 0| 0.0%

a4 |AED/EHA 514,910 514,910 0] 0.0%

el ERES] 234,644 234,644 0] 0.0%

23| 217,322 329,746.59 112,424.59| 51.73%

0% A |

OI17+O ZH A 2|2k | 33,605,579 46,194,926.5|  1,258,9347.5| 37.46%

AZtst=ME| 2| 2,684,499] 3,690,168.05| 1,005,669.05| 37.46%

N | ¥ [ (ol ma w0l B |20l B4 |20l B4 |29
1 | PEK [4331| 1 (4716 1 |6.173| 1 [7349| 1 [7.909| 1
2 |PVG|1984| 3 |[2.085| 3 |3.443| 3 |3.836| 3 |4.174| 2
3 VIE [2.368| 2 |[2391| 2 |4.142] 2 [3.968| 2 [3.931| 3
4 |HKG|1.325| 5 [1.300| 4 [1447| 4 |1496| 4 |1.585| 4
5 |ZRH|0.899| 9 [0.872| 10 |1.360| 5 |1.379| 5 |1.386| 5
6 |LAX|0988| 7 [0915| 8 |1.214] 6 |1.276| 6 |1.295| 6
7 SFO |0.794| 12 |0.714| 15 |1.158| 9 |[1.194| 7 |1.216| 7
8§ |FCO|1.251| 6 |1.232| 5 |1.150| 10 |1.136| 8 |1.187| 8
9 | SEA |0.875| 10 [0.839| 11 |1.140| 11 |1.135| 9 |1.067| 9
10 |LGW |0.763 | 13 |0.772| 13 |1.169| 7 [1.099| 10 |1.006| 10
11 | NRT |0.851| 11 |0.787| 12 |0.900| 12 |0.885| 12 |0.856| 11
12 | FRA |0.546| 17 |0.550| 17 |0.717| 13 [0.704| 13 |0.694| 12
13 |AMS 0916 8 |0.880| 9 |1.168| 8 |[1.057| 11 |0.689| 13
14 | SIN |0.581| 16 |0.535| 18 |0.611| 16 [0.580| 15 |0.578| 14
15 |MUC|0.667| 15 |0.558| 16 |0.706| 14 [0.662| 14 |0.566| 15
16 | ICN |0.714| 14 |0.725| 14 |0.587| 17 [0.567| 16 |0.521| 16
17 |MAN|0.364| 19 |0.332| 20 |0.668| 15 [0.552| 17 |0.488| 17
18 |ORY |0.342| 20 |1.212] 6 |0.480| 19 [0.463| 18 [0.454| 18
19 | KIX |0.454| 18 |0.434| 19 |0.519| 18 |[0.418| 20 [0417| 19
20 |BKK |1.328| 4 |1.206| 7 |0.408| 20 [0.419]| 19 |0.394| 20

CCREA T BCCEA S 280l S8} 8l2gxol
I

=2 ¥ 2840 DMUS| =9|§ MY + gl 71 2EH
ol Sgo| Uit HZ35E Sl 0|F0X|= THHO| ULk 53
2840 Y9 49 78d a7t 12 LiEE & § 0[d o
oF Y=t gl Tl ULk

of2{gt H& H25H7| fIotd =289 ZRO| MAIZ[UC =
28d 2M0Mes HIZE8XH2 DMUSS| % ¥ls CCREYHO|
L} B

CCEYOM ALE 28 2 AUz 2 = 2852
DMU CHSHMBH M22 Z283d440[ ALEth
o

Zzedi2 aed Yas 745k DMUSO0| FUME £
Qerg SaAziS O £A SUlM 2OIT 100% SBHS SAY
= = JEE o0|st= H2E <HE 4>£= Super CCR-Input Hh4|
o2 IS0 st 2rEdE 4Tt Z21t0|tt

Super CCR-Input £44Z1} 2006 HEE 2010 37X

5
HIO|E +=E=SHPEK) e &= M 7H8 =28

Sz FMEIACL

°
=
El
[}

H
ro
rat
(¢] 0|__|
ogt
10
oY
Ho
rir
0
=
95}
A
1x
=]
3
A
X
2
>
rir
>
>
N

HI kb o
X o 4N ot
>
(o]

3. Malmquist2 0| 2ot 22d 24
3.1. Malmquist AP X|4= 7HQ

Shephard(1970)7t B&d ZFEE Qs HMAlet MEAZ|EE
7122 3t Malmquist AAAX|[4=(Malmquist Productivity Index)=
Caves et al.(1982)2} Nishimizu & Page(1982)0] 2|8 Mol A1,
Fare et al(1989)7} MEAZZHEE 0|85t HEY += Ues &Y
2 JiUst ZHEEIULE AH2l@4E oHE o DEAQ| HHHEOQ
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Malmquist 448X B2 F-2EH 2MZ Soff CHE AI- A
0|e| DMUO|| CHot 284 HalE ZFSHCE Malmquist M 4HEX|4=
= EeX|E(Input-oriented)d} +HZ=X|EH(Output-oriented) ZHSIHOf|
O] £=QlZ2H(Constant Returns to Scale: CRS)1} HEO| =27}H
(Variable Returns to Scale: VRS) 7oz ZHT = QICHLee,
2000). & CGIFOME MEXTREES FUAX 2| HE FH
S% o2 SUIX|S 2EE AIBIN, £3 J|gel 32 AN
g S8t 320 ZXY} AIEKle] F2 B & 4+ W 0
20 F20| $ol7te TH B0 BABES B,

DI} ¢17]9] J|&+ES JECE B MAY XE 242} A
(6), A (7)1t ZCHCaves et al., 1982). (xt, y)QF (xt+1, yt+1)& t7|
ot t++17|9] REAEX AES() RS LIEHHD, 7|9 AH2|E
& DS v1Tlel HalEe Dy e 2 olet
t+1719] 7|&+=FE(EeY ZEE(0)M RS MESY) =
etofl CHet HE2|E LIEHHCE t7]9] 7|&=FS 7|&E2E o iy
Xl+=& Cta3t 2Lt

i

N

e D(T(Ir,*l¢yf+1) ©
Dia"y)
ﬂ/]t+1 _ l)j‘#l(mt‘#l,yf‘#l) (7)
D:+1(xt,yt)

Fare et al.(1994)2 EQ7|& Malmquist A HHIIX|EE Al
(8)t Zo| FHolstSiLt.

o=

Mzttt b ) = DJ(I’I/) Dtﬁl(mf’yt)
ALY Ty )= D({(IHI’Z/H) D(f*l(xwrl’yl*l) )
1
Dpt(mt7yt) D{f+1(wt+17yt+l) D:Jrl(mt’yt) 5
= Dﬁt*l(xﬂrl’yt*l) D:(xtJrl’ytJrl) D;(xt7yt)

Aol H M E2 t7|Q tr17] 7he| Mikd Hgto| HEE
LIEHHH &HQA AAM(total factor productivity) 22 S|A4=ICH3)
Xl=9| 2f0] 120 ™ Mdikd Sy, 180 2oM MM Zia,
00| dibdo| Hot7t S8 2|0|PCt Malmquist AHEX|==
THEO| CHE =A=H(CRS) 7HY SHoIM 72X asd HiX|s
(Technical Efficiency Change Index: TEDQ| 7|&HHZ}X|4=(Technical
Change Index: TCNZ F2& = UCE 9| Ao & R Zo|M A
R 22 £ A2l HIE2M 7|7 t2F ¢l Aol 7|&H
22y HIlE ™S, F MK &2 diV|E ol F, 7|&
oS LiEHHLC

7188 el HeK|TEDe «+17|9] 7|&X madE t7|9
712N B8YeRE Lhr USE F 7|2t A0|9] V|EH aEd |
ot dibd HEol 7[0s WEE LIEHHDE RS AEE9
Zg0| 28 ZEE|00] 7PHYR=A(TER]) e HBOR=X|
(TEIKI)E LIEMHCL J[&HSX|(TCh= t7]2F th17]7+e] 7|=H
SIS JIZHEE EUHY T|5HERT ARE F 7|7t Aol Tls
Mot itd HSo| 7|0fst HEE LIEFACE X|==2Q| 20| 1E
Ct 3 7= 2E, 120 2eM 7= B2, 1ot 223 7|2 F
M7t 2MMCtT 2 4= QJCHChoi, 2006).

2) Ao 2t c= 20| Chist £=2lE i (Constant Return to Scale)S 2|O[siCt:
3) Hlul Ho| Xi2HQl HF7IES LS| /510 7[sl8mS OIZIUC:

32, 2A ZHo}
32.1. 7

2 HolMe AlZte] 50| mat See| aay HIE 5
%= Ql= Malmquist AAHE X|$=2 BXMS17|2 SICE Malmquist A4
MY K & 94 MAHIX|4(Total Factor Productivity Index:
TFPI), 7|&X {84 H3|KX|4(Technical Efficiency Change Index:
TEI), 7|&H3}X|4=(Technical Change Index: TCDHE T2t 241
sict

<# 6>2 TR YUX|(TFPD, 7|&% "Ed HIFX|=(TED,
7|&HalX|5=(TCDe| 54 =AM 7HR0|Ct

<® 6> X4 57 FAM

TFPI TEI TCI
o ES o ES o X
2006=>2007 | 1.446 | +17, -3 | 1.348 +5, -15 | 1.086 | +19, -1
2007=>2008 | 0.821 +6, -14 | 1.439 +15, -5 0.640 -20
2008=>2009 | 0.923 +2, -18 | 0.977 +6, -14 | 0.944 +5, -15
2009=>2010| 1.065 | +15, -5 | 0.955 +6, -14 | 1.117 | +19, -1
¥ 7 1.064 1.180 0.947

322. QA AAMM X|4(TFPI)

<E 7> F24 dikd X|5=(TFPD) H3}

23t |2006=>2007|2007=>2008 | 2008=>2009 [2009=>2010| Average
LGW 0.857 0.844 0.705 0.857 0.816
MAN 1.057 0.879 0.741 1.086 0.941
ORY 8.925 0.102 0.947 0.980 2.739
FRA 1.017 0.983 0.934 1.074 1.002
MUC 1.104 0.686 0.841 0.965 0.899
AMS 1.063 1.029 0.858 0.692 0.910
ZRH 1.056 1.131 0.944 1.059 1.047
VIE 1.059 1.105 0917 1.073 1.039
FCO 1.147 0.554 0.852 1.290 0.961
LAX 1.074 0.993 0.992 1.075 1.033
SEA 0.978 0.996 0.939 0.991 0.976
SFO 1.005 1.020 0.994 1.056 1.019
NRT 1.013 0.936 0.905 1.130 0.996
KIX 1.044 1.009 0.798 1.040 0.973
HKG 1.112 0.713 0.931 1.168 0.981
BKK 0.961 0.227 0.970 1.138 0.824
PEK 1.094 0.728 1.227 1.070 1.030
PVG 1.150 1.054 1.042 1.277 1.131
ICN 1.171 0.675 0.934 1.152 0.983
SIN 1.029 0.761 0.982 1.118 0.972
Average 1.446 0.821 0.923 1.065 1.064
Max 8.925 1.131 1.227 1.290 2.739
Min 0.857 0.102 0.705 0.692 0.816
SD 1.762 0.277 0.112 0.132 0.401

ESION| 3|

20| 1MICH S AAY S 1HICH TOB ALY ZA 10[31 AAH
A

A
o
Hot 23S 2|

<#E 7>2 1Ro #7tE JHg St BaL iy X5
(TFP) B3} 0|5 HOIELL SO E84 Wiy X|(TFPDh=
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2006 EE 2007ENK| MESSIF D 2007HEE 2009EHEK| 2F7E
ZABISION, WHHOR MAO| W 64% 458 U0 L}
EfSCh BYYU2 S8 2006HLE 2010E7HK] A0 &7 B
S NBSYD, 127 BYL SlEUCL WMYO| M5 Bye

ORY(2.739) 73.9%, FRA(1.002) 0.2%, ZRH(1.047) 4.7%, VIE (1.039)
3.9%, LAX(1.033) 3.3%, SFO(1.019) 1.9% S0|1, slaist aste

ot
A

—

TS LGW(0.712) -28.8%, MAN(0.931) -6.9%, FRA(0.931) -6.9%,
MUC(0.967) -3.3%, AMS(0.975) -2.5% SO|C}. 7|&Hsl= 9|2
20, & 8 M, 228 7|s, dNed det S0 Qs LtEf
ot

v
N

= HSX|=(TCI) 3}

9
33t |2006=>2007|2007=>2008 | 2008=>2009 [2009=>2010| Average

LGW(0.816) -18.4%, MAN(0.941) -0.59%, MUC(0.899) -10.1%, 51
AMS(0.910) -9%, FCO(0.961) -3.9% SO0|C}. BKKO| A< 2007/2008 LGW 1.006 0.242 0.719 0.882 0.712
4 AMAMO| CHE &}2HSH 0| 20082009 A E AMSS}7| A|ZHS MAN 1.129 0.413 1.028 1.152 0931
AT} PVGO| ZAQ X|Lt 5EZF AIARM ZkA Qlo] LZ3E kAL ORY 1.039 0.793 0.935 1243 1.002
=0l 2t FRA 1.045 0.630 0.956 1.095 0.931
MUC 1.015 0.758 0.880 1214 0.967
323, 7|2™ B8A HBIX|A(TE]) AMS 1112 0.754 0.922 1.110 0975
ZRH 1.139 0.509 0.957 1.079 0.921
<# 8 J|&H mEd HIX|4(TED VIE 1.077 0.948 0.946 1.102 1.018
28k |2006=>2007 |2007=>2008 | 2008=>2009 | 2009=>2010| Average FCO 1.156 0.580 0.849 1.277 0.966
LGW 0.851 3.495 0.981 0.972 1.575 LaX 1116 0.716 0973 1.092 0.974
MAN 0.936 2128 0721 0.942 182 SEA 1116 0.525 0.944 1.009 0.899
ORY 8.593 0.129 1013 0.788 2.631 SFO 0.993 0.568 0.974 1.043 0.894
FRA 0.973 1561 0.977 0.981 1.123 NRT 1.042 0.497 0919 1177 0.909
MUC 1.088 0.904 0.957 0.795 0.936 KIX 1.125 0.686 0.947 1.053 0.953
AMS 0.956 1363 0.931 0.623 0.968 HKG 1.118 0.678 0.939 1.139 0.968
VIE 0.984 1166 0,970 0974 1023 PEK 1.119 0.529 1.034 1.090 0.943
FCO 0.992 0.956 1.003 1.010 0.990 PVG 1.139 0.957 1.012 1.181 1.072
SEA 0877 1898 0994 0,982 1188 SIN 1.109 0.457 1.018 1.076 0915
SFO 1.012 1.796 1.020 1.013 1.210 Average 1.086 0.640 0.944 1.117 0.947
NRT 0.972 1.883 0.984 0.960 1.200 Max 1.156 0.957 1.034 1277 1.072
KIX 0.927 1.470 0.843 0.988 1.057 Min 0.993 0.242 0.719 0.882 0.712
HKG 0.995 1052 0.991 1.026 1.016 SD 0.050 0.180 0.071 0.088 0.071
BKK 0.934 0.270 0.970 0.954 0.782 = J|SHBIX|S(TC)7L 1ECH 3 7|20 R, 120 2oW 7|&9| E|&, 11t
PEK 0978 1375 1.188 0.982 1.131 Zow 7lzo| HHE oln|
PVG 1.010 1.101 1.029 1.082 1.055
ICN 1.066 0.949 0.996 1.026 1.009 3.2.5. One Way ANOVA 241
SIN 0.927 1.664 0.965 1.039 1.149
Average | 1348 1.439 0.977 0.955 1.180 One Way ANOVA 242 & ZEh 0|¢0] of H(THHR)0f
Max 8.593 3.495 1.188 1.082 2.631 CHet W@l Xo|g #AWY W AMEdste ZAOICh E& One Way
Min 0.851 0.129 0.721 0.623 0.782 ANOVA X2 =gz YENEZ FHE00F St F&H
SD 1.706 0.730 0.086 0.105 0377 = SHEEL HEXME2 HFPE B4=0[0{0f Lt X|gH 7
29 B4 B HRE 57| f/5) One Way ANOVA 245 HA|
<E $2 7|2% BSA HIBIX|A(TED %00t dEY ma oiTh &Mz YK FHAYE P50 SHHEs=
Ax Bo AL sz OFAlO}, D|FX|Y, FHX|Y AYSIUCL Al Zit= O Hef
7128 2E2d Xls 20062010 72t 2 H3E HO|X| (ot 20t
BOEOZ 18% S7ISIRIC) JHE SEEHE HH 167) 30| & =
S50, 47 2 LUASIALE HETH IS LGW(.575 _
57.5%, MAN(1.182) 18.2%, FRA(1.123) 12.3%, SO|0, 7.:,F_+_6._(F g—?j <H 10> X9 X5 B HOne Way ANOVA £4)
o Xl N B HEHEA | ROISHE | Scheffe
2 MUC(0.936) -6.4%, AMS(0.968) -3.2%, FCO(0.990) -0.1%, eI S5 000
BKK(0.782) -21.8%0|C}. TFPI 0| =(b) 1.009 0.030 0.702 -
OFAIOKe) | 0.986 0.084
3.2.4. 7|2 BRI 4(TCI) S2(a) 1301 0.537
TEI 0|2(b) 1.162 0.064 0411 -
<H &= 7|2HSIX|5x(TCne| B3l FOo|o|Ct 7|&HSX|4¢= OFAIOKc) 1.050 0.127
2006 HSE 2010E77kK| T Z[ZH0f| 2N HET 53% A5k, 23 0.936 0.090
N Ttz AFASE ZBE0| 47001 BEH, ZEABE ZEH0| 167) TCl 0j2(0) 0.922 0.045 0.552 -
2 LIERCL J|sHsiRaTt 453 ZH2 ORY(1.002) 02% OFAIOKe) | 0.968 0.054
VIE(1.018) 1.8%, BKK(1.016) 1.6%, PVG(1.072) 7.2% 0|1, 8|2t} 5 *p<0.05
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g X9E = FEOM), OIFEG7H), OHAOK8ZHZ L0
T 24 YAPSX|S(TFP, 7|2 288 HebX|(TED, 7|&¢Hst
A|==(TCDel 57t BuF+E = Hlug Za XF2to| Felst
Xto|7t @le A= LIEFRC,

OH
mjo
>

2 OITOIAS 2006ERE 2010E7HK| SEZE MA =R 207
3ol Ot 284S YEBSHAD)D SHBUGHZHOR £
S| 20104 ¢ SjBFS J|FES2 CCR BHOIM 28Xl 2%
o
=

)
|m

SLLGW), F2[5SSZRH), H=HSL(VIE), Lt

EOHEIX|SEHFCO), EAMEPAZTHLAX), A|OHEHZOISE
(SEA), MIZIA[AT(SFO), Z3IMIEHKG), H|O|Y+E=3g
(PEK), &35}0| E£538H(PVG)0|1, BCC HHOIM &= 7|82
2 2882 32 HEASTYLGW), BHAHIHMAN), F2|
5|SEH(ZRH), HISHSEH(VIE), HLIEZCHHIXSSHFCO), BA
HAHASTHLAX), AlHSEDOSTHSEA), MIZEA|AZ(SFO),
Z2ZTH3YHKG), HO|YF+ESEHPEK), 435l0| FSIEPVG)
OF UEMHLE 53] AEAIEHLCGW), FE|5|SEH(ZRE), HI=H|
SEVIE), B LIZZCHEIX|SEHFCO), ZAMHEYAITHLAX),
AOfEEH A0S EH(SEA), MIZIA|AZ(SFO), ZZTHSEHHKG),
H|O| == S2HPEK), 4510| £SIL(PVG)E 7|gaadi
22d & OF 1.02 20|11 U0 7HE O|4HQl HEHE 2|0|St=
MPSS(Most Productive Scale Size)2td & %= QIC}

ot 2 7l @%E DEA REQl xos4d  EH(Super
Efficiency)& 0| &30 2006 FE 2010E7X|Q| 7|2t & 2&40|
=2 4% 3 T /M 22X 32 oLX|E 243t3Ict
=420 2006 F 2 2010E7HX| 5EZE =2 H|0|H kI
(PEK)O| H|WCH4a SE F0M 71 2250 gz gAML
QUCL otho| IWMIH2 CCREMU BCCEAMOIME= © 77+ &2
£ HzgXe 3Eez RMLel, & 2adEMoME Ef
S0 Hg) 2890 ¥ A2 ZMEUCL X2 2I™E
g2 2005EHEE MA 192 MHAE JHAISHY SR 74 ¢

o
= 3287 1R St Aeh, Be I20|M O|F HX|oHdst
M g FEE 2 Y/HE L Uk O[HA MA 1912 HIt
ble SEUN =z 275t g4 28 ZHOAM 7HMel ofX|
7t BR3| US A= HWLHx|DZ 0| HASHH MA 19 HH
2 BES| 0|0jZF = US Ao|Ch

Malmquist 24 4Hd

N
Malmquist A4 K=&
A Hot X|=E T|ed
slisto] S-SRIt

Aol 2ME Sot0 S i, 230 Cich M, HEH
oI CH2at 20| Mot = US AOoICh Sl did2 7|
st Bhb= S AMQ 289 Hoto| O M2 dgs ert
= A2 € 7 Atk HEEO S YHE0| SHEGlE FHE B
Ol A2 7Ied 284 K=o &7t Qg Aoz TEECE
7lg Bigt 289 o = MSo| fliMeE S AHel 29
FEOA CHESH HE Ji4H0] @7 EICh O|F AIM3| HHEH
Ch=1F 20k /W, 2o d¥S 2ol M ST=2 HX0Z
g Ee ot =M, 3¢ 232 Hi=2E, 1H|§ 2252 e
27 ULE AW, 7|z =ils Soto g 240 it o =2
TECZ T2 2T AFOF vith UR, SHI|IH2z S¥9

b2 SOil ChHet oSt el =2 o=t 28 750 2o
.

= @7e| o= HIZ+H HHOo|M Malmquist Hid |
dib ZTE2E|0P7F 2ol 7HE0IM ditY HelE =
71 MEof digS nt =2 it 5FY 5 Arks EHES
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