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Abstract

Incheon airport has virtual monopoly on international passenger and cargo
transportation on Korea. The number of passengers who use Incheon airport is
constantly increasing, and annual users were near 44 millions, its maximum
user capacity last year, 2013. The number of passengers from January to
October this year amounts to 37,894,518, an increase of 9%. This current
situation of airport facility saturation is expected to last through the
completion of Incheon Airport The 3™ Phase Construction. As a result, people
are growing more and more interested in demand decentralization of
international flight. Gimpo airport on the other hand has problem about
idleness of facilities because its international flights were transferred to
incheon airport after its opening on 2001. Gimpo airport now expand its
principal features as an airport by remodeling of domestic terminal and
utilization of international terminal. As global air transportation environment is
changing to the spread of the open=sky policy, rapid growth of low cost
carrier, and development of China aviation industry, the policy of hup airport
around the world has been changed.

This study attempts to propose slot operation as the efficient management
of metropolitan airports by using airport connectivity analysis to reflect the
interior and exterior environment changes. Firstly, we analyzed the
connectivity of Incheon and Gimpo airports for a week from September 23,
2013 to September 30, 2013 using Continuous Indirect Connectivity Index(CICD),
an instrument for measuring the airport network. Secondly, we selected 20
analysis target routes among all international routes of Incheon airport, and
finally analyzed how each route impacts with the both airports’ connectivity
index when that route was distributed to Gimpo airport. As a result, the
impact on Incheon airport temporal connectivity index was 0.04~0.3%, and on
spatial connectivity index was 0.7%~1.8%. Gimpo airport connectivity was

improved average 6% on temporal connectivity index and 20% on spatial

_iv_



connectivity index while the effect on Incheon airport connectivity was
insignificant

When used for this study over the next, people can choose strategic routes
in airport connectivity aspects that influence low impact on Incheon airport
Hub system and also increase the demand of Gimpo airport international flight.
As a result, the burden of Incheon airport peak-hour can be eased off, and

also we can utilize metropolitan airspace more efficient.

Key words: Temporal Connectivity Index, Spatial Connectivity Index, Slot

operation on multi-airport systems
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2013-09-04(=r)

Time

In Out | Sum In Out | Sum In Out | Sum

00:00 ~ 00:59 | 4 3 7 3 4 7 4 3 7
01:00 ~ 01:59 | O 4 4 1 5 6 0 4 4
02:00 ~ 02:59 2 1 3 1 1 2 0 1 1
03:00 = 03:59 1 0 1 3 0 3 3 0 3
04:00 ~ 04:59 | 12 2 14 12 2 14 12 3 15
0500 ~ 0559 | 21 1 22 21 1 22 20 0 20
06:00 ~ 06:59 21 2 23 24 4 28 27 3 30
07:00 ~ 07:59 | 19 8 27 20 10 30 23 1 34
08:00 ~ 08:59 21 36 57 23 36 59 19 39 58
09:00 © 09:59 12 32 44 6 30 36 6 31 37
10:00 ~ 10:59 13 31 44 10 30 40 12 30 42
11:00 ~ 11:59 | 26 14 40 30 15 45 27 15 42
12:00 © 12:59 22 23 45 16 26 42 21 26 47
13:00 ~ 1359 | 16 20 36 13 2 34 18 25 43
14:00 © 14:59 20 20 40 21 21 42 23 19 42
15:00 ~ 1559 | 21 14 35 23 13 36 24 13 37
16:00 ~ 16:59 | 33 14 47 32 16 48 26 18 44
17:00 ~ 17:59 | 33 16 49 35 17 52 35 17 52
18:00 & 18:59 23 30 53 23 24 47 25 28 53
19:00 ~ 19:59 | 15 31 46 15 32 47 15 32 47
20:00 ~ 20:59 | 23 31 54 19 27 46 27 27 54
21:00 ~ 2159 | 7 18 25 7 14 21 10 22 32
22:00 7 22:59 7 10 17 7 12 19 7 13 20
23:00 ~ 2359 | 2 11 13 2 1 13 2 15 17
2 Al 374 372 746 367 372 739 386 395 781
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I

<E 7> AABY F2 &7 WY HE (2 ~ Q)

2013-09-05(%) | 2013-09-06(&) | 2013-09-07(&) | 2013-09-08(&!)

Time In | Out |Sum| In | Out |[Sum| In | Out |[Sum| In | Qut |[Sum
00:00 = 00:59| 3 2 5 3 3 6 3 3 6 2 3 5
01:00 = 01:59| O 3 3 0 5 5 3 4 7 1 4 5
02:00 = 02:59| O 1 1 0 2 2 1 3 4 0 1 1
03:00 © 0359 3 1 4 4 1 5 1 3 4 1 1 2
04:00 = 04:59| 13 2 15 14 3 17 13 2 15 14 0 14
05:00 = 0559 22 0 2 | 24 0 24 19 1 20 | 25 0 25
06:00 ~ 06:59| 24 3 27 | 27 3 30 || 27 2 29 | 27 4 31
07:00 = 07:59| 23 10 | 33 | 22 1A 33 | 24 183 | 37 | 22 10 | 32

08:00 © 0859 23 | 39 | 62 | 21 | 37 | &8 | 20 | 37 | 57 | 19 | 39 | 58

09:00 = 09:59| 11 34 | 45 | 11 | 35 | 46 7 31 | 38 | 14 | 38 | 52

10:00 = 10:59| 11 31 42 1 1 32 | 43 | 12 | 33 | 45 9 31 40

11:00 © 11:59] 28 | 15 | 43 | 30 | 18 | 48 | 32 | 17 | 49 | 29 | 15 | 44

12200 7 12:589) 19 | 23 | 42 | 283 | 23 | 46 | 21 | 24 | 45 | 17 | 27 | 44

13:00 7 13589) 15 | 22 | 37 | 19 | 24 | 43 | 16 | 23 | 38 | 21 | 22 | 43

14:00 & 1459 26 | 22 | 48 | 20 | 22 | 42 | 22 | 20 | 42 | 23 | 20 | 43

15:00 = 15:59| 21 13 |3 | 25| 13| 3 | 20 | 11 31 28 | 18 | 46

16:00 = 16:59| 31 14 | 45 | 29 | 18 | 47 | 29 | 18 | 47 | 33 | 22 | 55

17:00 = 1759 35 | 18 | 53 | 34 | 17 | 51 37 | 14 | 51 34 | 18 | 52

18:00 = 18:59| 21 26 | 47 | 28 | 28 | 56 | 25 | 27 | 52 | 27 | 29 | 56

19:00 = 19:59| 18 | 33 | 51 13|32 | 45 | 17 | 35 | 52 | 15 | 34 | 49

20000 7 20:59| 24 | 29 | 53 | 22 | 29 | 51 17 | 31 | 48 | 27 | 27 | 54

21:00 7 21:59| 9 17 | 26 8 17 | 25 9 14 | 23 9 13 | 22

22:00 7 22:59| 9 15 | 24 8 9 17 | 10 | 12 | 22 | 10 6 16

23:00 7 23:59| 1 13 | 14 0 16 | 16 2 11 13 0 9 9

uav

A 390 | 386 | 776 | 396 | 398 | 794 || 386 | 389 | 775 | 407 | 391 | 798
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<#E 8> Hxze Fh =X #id & (# ~ )

2013-09-02(&) 2013-09-03(=}) 2013-09-04(=r)

Time In Out | Sum In Out | Sum In Out | Sum
00:00 ~ 00:59 0 0 0 0 0 0 0 0 0
01:00 = 01:59 0 0 0 0 0 0 0 0 0
02:00 — 02:59 0 0 0 0 0 0 0 0 0
03:00 ~ 03:59 0 0 0 0 0 0 0 0 0
04:00 ~ 04:59 0 0 0 0 0 0 0 0 0
05:00 © 0559 0 0 0 0 0 0 0 0 0
06:00 ~ 06:59 0 17 17 0 16 16 0 17 17
07:00 ~ 0759 | 3 13 16 3 14 17 3 15 18
08:00 ~ 0859 | 6 14 20 7 e 22 5 15 20
09:00 © 09:59 17 13 30 17 12 29 15 12 27
10:00 ~ 10:59 | 13 12 25 13 13 26 15 12 27
11:00 ~ 11:59 | 14 13 27 12 13 25 13 14 27

12:00 & 12:59 13 16 29 13 15 28

o
o
N
o

13:00 & 13:59 14 12 26 15 11 26

~
N
N
[0)]

14:00 © 14:59 15 10 25 13 11 24

w
N
~

w
~
N
3

15:00 © 15:59 16 15 31 15 15 30

@
®
«

16:00 © 16:59 10 19 29 9 18 27

17:00 = 17:59 13 8 21 11 12 23 14 9 23

18:00 ~ 18:59 16 16 32 17 13 30 15 12 27

19:00 © 19:59 10 14 24 9 17 26 10 14 24
20:00 © 20:59 8 6 14 10 6 16 7 7 14
21:00 7 21:59 17 2 19 19 0 19 16 1 17
22:00 7 22:59 13 0 13 15 0 15 14 1 15
23:00 7 23:59 0 0 0 0 0 0 0 0 0

2 Al 198 200 398 200 200 400 192 199 391
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<¥E > HE FZF Slot HIY SHE (5 ~ ¢)

Time 2013-09-05(=) | 2013-09-06(F) | 2013-09-07(E) | 2013-09-08(<)

In | Out |[Sum| In | Out |[Sum| In | Out [Sum| In | Qut |[Sum

00:00 © 00:59| O 0 0 0 0 0 0 0 0 0 0 0
01:00 = 01:59| O 0 0 0 0 0 0 0 0 0 0 0
02:00 = 02:59| O 0 0 0 0 0 0 0 0 0 0 0
03:00 © 0359 O 0 0 0 0 0 0 0 0 0 0 0
04:00 ~ 04:59| O 0 0 0 0 0 0 0 0 0 0 0
05:00 © 0559 O 0 0 0 0 0 0 0 0 0 0 0
06:00 = 06:59| O 15 15 0 16 16 0 16 16 1 14 15
07:00 ~ 0759 3 | 183 | 16| 3 | 11 [ 14| 2 | 13 | 15| 3 | 11 | 14
08:00 © 0859 4 13 17 6 17 | 23 6 14 | 20 5 14 19
09:00 ~ 0959 16 | 12 | 28 | 14 | 11 [ 25 | 17 | 12 | 29 | 12 | 12 | 24
10:00 ~ 1059 15 | 12 | 27 | 14 | 12 | 26 | 13 [ 12 | 25 | 14 | 11 | 25
11:00 ~ 11:59) 12 | 14 | 26 | 12 | 12 | 24 | 13 | 183 | 26 | 12 | 13 | 25
12200 ~ 1259) 14 | 15 | 29 | 12 | 15 | 27 | 12 | 14 | 26 | 13 | 15 | 28
13:00 7 13:59| 14 12 | 26 14 12 | 26 14 13 | 27 14 12 | 26
1400 ~ 1459) 16 | 11 | 27 | 14 | 10 | 24 | 13 | 11 [ 24 | 15 | 11 | 26
15:00 ~ 1559| 14 | 15 | 29 | 11 | 14 | 25 | 12 | 14 | 26 | 11 | 15 | 26
16:00 = 16:59| 13 18 | 31 9 16 | 25 13 17 | 30 9 16 | 25
17200 ~ 1759 11 | 11 | 2 | 12| 8 | 20 | 12 | 11 | 23 | 15| 8 | 23
1800 ~ 1859| 18 | 15 | 33 | 19 | 15 | 34 | 15 | 12 | 27 | 17 | 16 | 33
19:00 ~ 1959 9 [ 16 | 25 | 10 | 15 | 25 | 10 | 17 [ 27 | 9 | 15 | 24
20:00 & 20:59| 8 5 13 8 8 16 9 5 14 9 6 15
21:00 ~ 21:59| 18 | 0 | 18 | 18 | 1 19 (17| 0 | 1717 | 0 | 17
22:00 ~ 2259] 13 | O | 13| 15| 0 | 15| 13 | 1 14 | 14| 0 | 14
23:00 7 2859 O 0 0 0 0 0 0 0 0 0 0 0
g A 198 | 197 | 395 | 191 | 193 | 384 | 191 | 195 | 386 | 190 | 189 | 379
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A 3% ATIE B 2y
AllAvMEYIY NE AE
1. JEQIY 7|E Y 9 Fx

HEL AT AFA ouR2E ‘A2 AZAFH Jda A2 ZEste AEY A
A’ olth 019 3(2008)= WELYIE ‘:=Z(node)et HAUink)E o] Folx {1
ol HAFAA & st o™, Dorogovtsev £](2003)= ‘Edgesol] ol A4
Vertices®] 3’ o= HolslAdth  ‘Edges’ ¢ ‘Vertices’ & 48t 1)
o]ZoA AtgEHE foE ZZ FIAdlink$t :E=Mmode)Z th-gEHE= Jidolzt

$3 4L FANE T4 LadE oA, FFA I S0l A, @
TAE FEwAouteole FAUKE ol gafed Au~g ATaA =,
Fae oled FTede Aot B WA kEMode)d v EY] 2

o] HAAoo|HA 7] - EH(origin-destination)°] =& FFS EdtE= AolH,

O

AN k=9 =& Ao, & I3 3L Addes I3 =AE vt
HENS 728 T3 o2 238 UEASAGE ¢={NL fIE HEhd
Aed, 714 N& =259 JPelx, L& a5 I, f& =5E9

t = A7, N=xE(node), L= ¥ A(ink),
[ NxL = 91744718k A %] ®(topology)S THERIAl =t S AHdE=
AR
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2. 3 U EHA

ib)

Z3ro] WA A FA1F3Hhub airport)# A F3Hfeeder airport)S 4

FA 2ASS 2YSe] Ao HNFFS ARt AF DA Y
AES AL Hasdoh olhe Ae BT 4G ePWo] FEAA gL
FUA% BHA 1 YL e AL BACE S B

Danesi(2006)+= Hub-and-Spoke W E{ I WL HOE YEYI 1+X9] ¥F
A g, slEFFolA dolB(wave) FHE &

i EET FRE AT B Muze THFsE AsHE §) T IHA

=
3L 1o Reynolds-Feighn(1988)2 wl=r2] s+#1¢k3} o] et Hub-and-Spoke
UES S Fejol digk 545 43813t Doganis €1(1999)+= =

dolB(hub wave)E thiFo=E AAAIRL A4 A 5L AUIA E45H
FHE  Hrisirl= st vE@E=e]  Burghouwt®} de  Wit(2005),
Veldhuis(1997)= dH 244 S S5AZ, FAL o8 Hrbele 75
P UM E o] 482009 AZA NIz 2yS NEsty 3
BE Brietdded, & dATolAe o]/44-820099] d7RES H&st] #4445

AAs A Bt
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A2HdIFeIEHAT 424

FTUENT AFAS e Ao Ak 24T AL T
2 3 dE4e MER TR FIWCh

L =7t FFVEYI 9424

7 FFUEY I AZAAH L 715 FTAHSE e AZAAHS=E, 7E v
9] x=(node)Z R o] 23 =739 #Aink)7} o =
= Aot

L o

World Bank= AlA Zh=ro] 228 FyuSA 28y 3344 A 9
Ao thdAy AAEH AAAHY FLEE BEASAT oy U5 A

°J g
S0l & FUIE Wo| F&F I wrke dAXel v & F vk EF Y
Ef A & w7tdA & w7tE =450 BolAa &3Hgo] AdA
o2 A& AdE I x7te AZFA4 AFE AAA "rh World Banke] £4]
o] At89 3FAAARAACE Air Connectivity Index)+= T3 o] AHeol=th

o,

X; 4

AL+B[ Bz + 1
X

2.5 D4,
J

J

6’:

i g7 g

X, : Total outflow of node i X, = Y A,B.K;
J

X, : Total inflow of node i X, =Y BAK,
J

N X, + X,
TE 9 FfFeEflow)S Tﬂ =

A, = = E 9 repulsive potential, B = =& 9| attractive potential
A;= <X jo repulsive potential, B, = == ;2| attractive potential

20113 World Banke] #4 A3} fgivet dFUEY T A2 ACI 4.79%
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A
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shte] :E=(node)2 Ha1, 7H

S
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file)
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14
=

Sk T

S

8 BN RYOR Mg

Dennis®] AFollA AAH 7
A A Al ZHMinimum Connect Time, MCTXEt} =3 At

=1}
=~

1989 Doganis

-

T

1) 4244 #H](Connectivity Ratio, CR)
H]

a24

A
A
-

.

3

-

=]
=

NI AA =

o

T

A A ZFMaximum Acceptable Connect Time, MACT) %t

i
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MACT— MCT

1y

(MACT— MCT)

nC
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T Edete o8 =49 dFHo] agHoR 74 2 AdAHY e 9
24 dAZAA(connectivity)e] vt B = ot EE AAXA S HrlstE &
v B3 Bou ARl 846 AW FOEOE &3] =23
T FE71H Abole AAA }(connecting time)o] 71% 483 Q47 2 7/4\0]

minimum connecting time) ©2A F42 Aotk AA-FA dAHl=
A o &2 71 11 AZAANZe] Had ZolH, dAg-"AY dHS FhFe
2 & dAANZe] e 7"

Burghouwt(2005)+ &3AF &3d 2AIE9] 3] A28 Hrhstr] ¢s o
Ao dA4q SHolgta &
Hol BPAIZE & AAste ATE JPstAon sH AFDHe SAHAETEA
‘71593l A A A A 42(WNX: Weighted Indirect Connecting Number)® & A A 3}
At Burghouwts &3 2d=MES gEFEE FES HAAZAAZMCT)
602 HAHsH 2, HNAZAZHMACT: maximum connecting time)2 & gk
S u(intra-continental) &Y %ol 180%, Il =43 tiE:A(ntra &
AS-oe 3008, gz us 3
720802 HAsA T

Bl
30
rir
oft
ot
=2
>,
lo
ot
of
>,
~
W
4o
fott
ot
oft

.

=
inter-continental) 7te] AAY

(o) U

T, ey

(inter-continental) 942 7#

<i 10> Burghouwt2| S&dlM st&S ek &4 2 ZCH AZAZH

8 =
MC i MACT; i
s Wl = s W
3 (Intra Continental < Intra Continental) €0 180
A2 E E U < s 9
. = =
(Connection (Intra Continental < Inter Continental) 60 300
Type)
HE 2 & UE 2 60 790
(Inter Continental < Inter Continental)
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L >
\ 'C

) \

CH=2h H]H i CHS2ZH d|A
Intercontinental <«—]__ Intercontinental

v

Flights oLy |2 s Flights
Continkntal
/ Flights \
.............. 010 i {.
Mi .
o Mc .
Mi
v v "‘ vy v 4

TIME

A% HAAAAFWNS] FAREL e o] yerd 4 9l

DFT, MACT,
WI, =
3.4
e M P
BT i R V7 Tor
B 3.4

IFT,
—< 1. , MCT, < TT, < MACT, -
Wi, = 1<DF]}€<140 i i o o)mait).
0 , otherwise
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A2 H(CRS 7HESAAAHASWNOE B4 BaelAe] 337 =3
g o4bH(discrete)s] e /ST, Lol FY thE ol Hhe
no meh H2AANBMCDH HfAANTMACDE H3AT o5
ANE Aolste dole W5 g Felshortel &A% o Fuich
]

= 2 Q% Buol(BOM B 1+ 387 LuAzHe o 8/\17J°] iﬁ%ﬁ} o}
24 MCTS} MACTE tjHWE Tl AAshs 2l mohe &87] 23T
of weh AEA o gt o] nrh gAY & & Ut

=5 A4 FRNNC] FEY] LFL A% e G HEe] o4

e
B

re

iR

£(2009)2 ol#d Hg wEYFste FFY AL A 2| 4*(Continuous Indirect
Connectivity Index, CICD’ & 7|3ttt MCTeF MACTE ZAA3= 37 &
FAZT 7S 8AREe R AT T olfr= THE W& obAloh Ao &3
A8 A 7ol 8AIZE BEolH, dA AYE &-F7|(Commercial Aircraft)e] = toj
A ZERL oF 16A17Fe] Aulbol] s Fst= AlxEo]7] wfj o]t}

2 AFNAE 03820092 AT=ES HEReE 37 &AL 8AIZE
ojyjel dZAHS MCT 45%, MACT 180 o2 HASRa, +AIZ 8AIF ==
71 o]de] AAdHES MCT 60+%, MACT 7202 0.2 A3t

A

[e)
R

- 8AIZ HIFAHE| X < 8A|ZH

A2 XA

- 8A|ZF oA H|AAHE| XY <

. 8A|ZE Bl A2 X[

(Co_lr_mec)tlon L BAIZF BB x| o gA|ZH 60 720
ype ol & s 2| x|

o1 2 &l el

- 8AIZE ol & HIAAHE| XY <

gAIZH 0| A} Hl# {2 x| o0 720
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A3 HdATEY
BoAge Aol Agd mge Oﬂé ARA S AZE AR A SHTCL
(SCI: Spatial Connectivity Index)

T

Temporal Connectivity Index)¢} &3+

o]},

m}Ll‘
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¥

1. Azt AZ2AA(TCD

A A =(TCD+= Doganis(1989)7F H&2= o] &3}3 /H &2, 54 &

Az
A ool bt AL F FF7) B F H2AFABMCDAA zma
1 = FFEol T AN = AT

AZNTHMACT) Apolo] 53 & 9l
. m¥e Ao Ueg ofde} 2

~ (TT; ;- MACT, )
4 I, MCT,; < TT,; < MACT,,
MACT, ;— MCT,
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rlr
ol
o
o
i

3 FFUL o|F 22T 5 9

0:17]A‘] T]-]l-:t[17j_ta7i7k:<iaj)"1f E“l <} gl
Azbe] Zol()& vhepdch




Az

L —

)

of thahA

P, AZE Aol weh e Fof

J

HAQAAATMCT) el =2

3§
A% e 12 He

37 =

Y

el

B

FRATE Al

°©

N EERE

1+

0

L

)

(MACT)ll A

—_
fife)

of o

Fo] 8417} w3
Ase 42 o7 104 408 AT

°

o =%

LY

=]

Fol 2% 104 40

ol At I F

4

Ay
-

of 17%

=
T

]_
Apol7h Hh. 2L AIZE Abol e

Ael el

°

)
—_
fite)
;Aﬂ

W

;OO

=) o}

-

ks

=

7]

AL UERIT weA

w8 7 2] 7}

-

&

o £
g A48 A47F 1.0~0.69] 3

[e)

=

9

st
+y

o
yil

FoA s
- 29 -

&7 glel nla] o

Danesi(2006)= E=Z3t+ Hfdo =z
3

TIFEE 1~14=2
EQ=

L

)

=

(non-stop)9] &FABEFAIZHS] vl(ratio)= YERA A xolt) F,
ATE
7} 178 07hA] 9<%
ALDTEF A3 AZro] ®ol AQHW, 1 AHRE A 0]

5}

1

o,

]

2. 33 AZAAA4(SCI: Spatial Connectivity Index)

A zhet 2
Burghouwt(2005)
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[ . Introduction

Incheon airport has virtual monopoly on international passenger and cargo
transportation on Korea. The number of passengers who use Incheon airport is
constantly increasing, and annual users were near 44 millions, its maximum
user capacity last year, 2013. The number of passengers from January to
October this year amounts to 37,894,518, an increase of 9%. This current
situation of airport facility saturation is expected to last through the
completion of Incheon Airport The 3™ Phase Construction. As a result, people
are growing more and more interested in demand decentralization of

international flight.
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[Figure 1] Incheon Airport Annual Users

Gimpo airport on the other hand has problem about idleness of facilities
because its international flights were transferred to Incheon airport after its
opening on 2001. Gimpo airport now expand its principal features as an airport
by remodeling of domestic terminal and utilization of international terminal. As
global air transportation environment is changing to the spread of the

open=sky policy, rapid growth of low cost carrier, and development of China
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aviation industry, the policy of hup airport around the world has been
changed.

If we operate metropolitan airports more efficient reflecting current
situation, we can make a very positive contribution to air transport market
extension. Especially, air transport demand increase and air transport market
improvement caused by effect from ASEAN open-sky and Korea-China-Japan
economic cooperation are expected.

This study attempts to propose slot operation as the efficient management
of metropolitan airports by using airport connectivity analysis to reflect the
interior and exterior environment changes.

Firstly, we analyze the connectivity of Incheon and Gimpo airports for a
week from September 23, 2013 to September 30, 2013 using Continuous
Indirect Connectivity Index(CICI), an instrument for measuring the airport
network. Secondly, we select 20 analysis target routes among all international
routes of Incheon airport, and finally analyze how each route impacts with the
both airports’ connectivity index when that route is distributed to Gimpo

airport.

IT. Literature Review

1. Airport Connectivity

In order to measure airline hub temporal co-ordination, Doganis and
Dennis(1989) proposed the so-called “connectivity ratio(CR)” , an index that
shows the degree to which airline hub connections are more than just purely
random. According to the definition given by them, a viable connection is any
flight departure, which respects both the minimum connect time(MCT) and the
maximum acceptable connect time(MACT) after each arriving flight at the hub.
They suggested MCT=45" and MACT=90°. The main advantage of the
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connectivity ratio was that it was very easy to be calculated. On the other
hand, a major disadvantage was that all viable connections were considered
equal. The authors distinguished only between viable and non viable
connections and the problem of evaluating the quality of hub connections was
not investigated.

Burghouwt and De Wit(2005) suggested to measure airline hub connectivity
using an approach that combined the methodologies. In order to measure hub
connectivity, they investigated both the quantity and the quality, in terms of
passenger attractivity, of indirect flight connections. For the evaluation of hub
connectivity, they suggested to determine the quality levels of connections,
focusing on the role which is played by the perceived transfer time and
in-flight time compared to the direct flight option. The authors did not simply
distinguish between viable and non viable connections: they proposed to
calculated the so-called “weighted indirect connection number(WNX)” , as a
global measure of airline hub connectivity. With regard to maximum available
connect times, they suggested to respect the thresholds proposed by
Bootsma(1997) for connections with a poor quality level: MACT=180°, in case of
connections between two continental flights, MACT=300°, in case of
connections between one continental flight and one intercontinental flight, and
MACT=720°, in case of connections between two intercontinental flights.

Sang-Yong Lee(2009) suggested a new index, “continuous indirect
connectivity index(CICD” supplemented connectivity ratio and weighted indirect
connection number. It was for measuring the coordination of airlines’ flight
schedules, applying it to the Asian, European and the American aviation
markets. CICI consisted of three components: (i) temporal connectivity to
identify the attractiveness between connection flights, (ii) spatial connectivity
to differentiate the attractiveness by de-routing distance with continuous linear
function, and C(iii) relative intensity to reflect the effect of direct flight
frequency on transfer routes. With regard to connect time, he suggested that
it is applied by flight time, not by continental flight: MCT=45‘, MACT=180°, in
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case of connections between two flights under 8 hours, MCT=60°, MACT=840",
in case of connections between one flight under 8 hours and one flight over 8
hours, and MCT=60°, MACT=840°, in case of connections between two flights
over 8 hours.

On this study, we referred and used “temporal connectivity index(TCID”
and “spatial connectivity index(SCD” among continuous indirect connectivity
indexes to analyze the connectivity of Incheon and Gimpo airport. The
connection time was applied by 8 hours flight time and adjusted from
advanced research: MCT=45°, MACT=180°, in case of connections between two
flights under 8 hours, MCT=60°, MACT=720°, in case of connections between
one flight under 8 hours and one flight over 8 hours, and MCT=60",

MACT=720°, in case of connections between two flights over 8 hours.

2. Airport Slot Operation and Route Allocation

Jong Hur and Hun-gu Ha(1998) emphasized that market-dominant slot
allocation system is essential for improving air transport market effectiveness.
They suggested that more researches and discussions are needed for slot
allocation and redistribution systems that are appropriate current situation.

Zografos et al.(2012) mentioned the gap between airport capacity and
traffic is expanding caused by inefficiency and misuse of airport slot based on
existing allocation system. They proposed optimization model for slot operation
and evaluated and compared three Greek airports. As a result, they obtained
the effect of slot operation from 14% to maximum 95%.

Adler et al(2014) analyzed the effect of air liberalization, open sky policy,
and airport slot operation on aviation market through the case of Northeast
Asia transport market. With the result of their study that air liberalization and
open sky policy had a positive effect such as increased competition and low
transport fee on both consumers and aviation industry and that airport slot

operation played an important role on getting potential welfare benefits
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associated with liberalization, they suggested liberalization and slot operation
should be enforced together.

There are very few concrete studies on slot operation or route allocation
for multi-airports. This study is all the more meaningful in that it proposes
slot operation plan for efficient management of metropolitan airports based on

airport connectivity analysis.

. Research Model

The models for using on analysis of this study are temporal connectivity

index(TCD and spatial connectivity index(SCI).

1. Temporal Connectivity Index(TCD

Temporal connectivity index showed up first time in the study of Dog
anis(1989). It indicates how many flights for transfer between minimum
connect time and maximum available connect time after a flight arrived.

Formula of the model is as below.

—(TT,— MACT, ) -
AdJT M(JTJ »MCT,; < TT, ; < MACT,
TC](EJ) _ ) M. i i,

0 , TT;; = MACT,,

TT,=t,;,—t,;, k=(,j) indicated the time difference between arrival flight

time and departure flight time after arrival
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TTH = th = tﬂ,i

MCT MACT

[Figure 2] Temporal Connectivity Index(TClI)

The bigger the value of TCI, the more the number of route available for
transfer in a short time. It is said an airport that has high TCI plays big role

as hub airport.
2. Spatial Connectivity Index(SCD

spatial connectivity index(SCI) is an index that means ratio of total flying
distance with transfer at certain airport and non-stop flying distance. In other
words, it indicates how long the total flying distance with transfer between
departure airport and arrival airport compared with the non-stop distance.

In this study, we set DR(so-called “de-routing index” ) 1~1.6 based on
advanced researches. The bigger the SCI of an airport for transfer, the
smaller the difference between total distance with transfer and non-stop
distance and the higher the degree of hub for that airport. Formula of the
model is as below.

— (DR, ;—16)
s, ) = 0.6
0 , DR, ;>1.6 (DR ;=1ID,,/DD,,)

1< DR <16
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ID, ; is so-called the sum of the great circle distances corresponding to the
point of destination and origin of flight and DD),; the great circle distance

between the point of origin and the destination of flight.

[Figure 3] Spatial Connectivity Index(SCI)

IV. Airport Connectivity Analysis
1. Method of Airport Connectivity Analysis

Metropolitan airports network analysis is summarized in four steps as <Table
1>. We used data from IATA for analysis and that was airport schedule for a
week from September 23, 2013 to September 30, 2013.
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<Table 1> Metropolitan Airports Connectivity Analysis Steps

Step Connectivity Index Model / Condition Contents
Continuous  Indirect o
Step 1 | Connectivity Index ZZW?J set up model
(e]le}) v
- connections between two
flights under 8 hours
iStep 1] + (MCT=45', MACT=180") adjust MCT and MACT
Step 2 | MCT, MACT 2 ) o1 an
) - connections between two by flight time
adjustment .
flights over 8 hours
(MCT=60", MACT=720")
[Step 1, 2] + —(TTJ-—MACT-J-)
Step 3 | Temporal Connectivity = b -
MACT, .— MCT, .
Index (TCI) 1, 1, calculate connectivity index
[Step 1, 2, 3] v — (DR 7-—1.6) for each route of airports
Step 4 | Spatial Connectivity 51,]. = T

Index(SCl)

2. Gimpo Airport Connectivity Analysis

Total temporal connectivity index of Gimpo airport was 269, and total

spatial connectivity index was 13.

Regular international routes on Gimpo airport are only six and those are

Haneda, Shanghai Hongqiao, Nagoya, Beijing, and Taipei Songshan. Six routes

are all under 8 hours flight distance from Gimpo, thus there are no available

route for analysis on connection over 8 hours flight distance.

<Table 2> TCI and SCI of Gimpo Airport

_ MCT; j MACT, i
Connection Type ' ' TCI SCI
(minutes) (minutes)
- under 8 hours flight distance < 45 180 269 13
under 8 hours flight distance Total 269 13
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3. Incheon Airport Connectivity Analysis

Total temporal connectivity index of Incheon airport was 12,593, and total

spatial connectivity index was 4.015.

Connection type which influenced Incheon airport connectivity index most

was short distance connection type.

<Table 3> Incheon airport TCI by flight time

MCT; j MACT; j
Connection Type ' ’ TCI
(minutes) (minutes)
- under 8 hours flight distance < o
under 8 hours flight distance o 180 5,262 (41%)
- over 8 hours flight distance < o
under 8 hours flight distance 3,808 (31%)
60 720
- under 8 hours flight distance < o
over 8 hours flight distance 2,916 (23%)
- over 8 hours flight distance < o
over 8 hours flight distance e O 607 ( 5%)
Total 12,593 (100%)

<Table 4> Incheon airport SCI by flight time

Connection Type SCI
e o ot e
L o e
e o e
- over 8 hours flight distance < 120( 3%)

over 8 hours flight distance

Total

4,015(100%)
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V. Effect of Route Allocation on Metropolitan Airports Connectivity

1. Current Slot Operation of Metropolitan Airports

Incheon and Gimpo airports use same airspace. Available capacity for civil
on Seoul controlled airspace is restricted to 104 flights an hour.

Maximum slot capacity of Incheon and Gimpo airport coordinated by
schedule conference, the best legislative organ for Korea slot operation, are 63
times and 41 times an hour.

[Figure 4] and [Figure 5], <Table 5> ~ <Table 8> showed Incheon and
Gimpo airport slots for first week of September, 2013.

Peck time of Incheon and Gimpo airport are different and relatively Gimpo
airport has more slots, thus if some routes of Incheon are distributed to Gimpo
Incheon can secure slots on its peck time. In the long term, we can utilize
limited airspace more efficient and respond to growing demand.

Therefore, we attempts to seek efficient ways to manage limited slots on

multi-airports system based on airport connectivity analysis.
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<Table 5> Incheon Airport Weekly Slot (Monday ~ Wednesday)

2013-09-02(&)

2013-09-03(%t)

2013-09-04(=r)

Time

In Out | Sum In Out | Sum In Out | Sum

00:00 ~ 00:59 4 3 7 3 4 7 4 3 7
01:00 ~ 01:59 | O 4 4 1 5 6 0 4 4

02:00 ~ 02:59 2 1 3 1 1 2 0 1 1
03:00 = 03:59 1 0 1 3 0 3 3 0 3
04:00 ~ 04:59 | 12 2 14 12 2 14 12 3 15
0500 ~ 0559 | 21 1 22 21 1 22 20 0 20
06:00 ~ 06:59 21 2 23 24 4 28 27 3 30
07:00 ~ 07:59 | 19 8 27 20 10 30 23 1 34
08:00 ~ 08:59 21 36 57 23 36 59 19 39 58
09:00 © 09:59 12 32 44 6 30 36 6 31 37
10:00 ~ 10:59 | 13 31 44 10 30 40 12 30 42
11:00 ~ 11:59 | 26 14 40 30 15 45 27 15 42
12:00 © 12:59 22 23 45 16 26 42 21 26 47
13:00 7 13:59 16 20 36 13 21 34 18 25 43
14:00 © 14:59 20 20 40 21 21 42 23 19 42
15:00 ~ 1559 | 21 14 35 23 13 36 24 13 37
16:00 © 16:59 33 14 47 32 16 48 26 18 44
17:00 ~ 17:59 | 33 16 49 35 17 52 35 17 52
18:00 © 18:59 23 30 53 23 24 47 25 28 53
19:00 ~ 19:59 | 15 31 46 15 32 47 15 32 47
20:00 7 20:59 23 31 54 19 27 46 27 27 54
21:00 ~ 2159 | 7 18 25 7 14 21 10 22 32
22:00 © 22:59 7 10 17 7 12 19 7 13 20
23:00 ~ 2359 | 2 11 13 2 11 13 2 15 17
Total 374 372 746 367 372 739 386 395 781
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<Table 6> Incheon Airport Weekly Slot (Thursday ~ Sunday)

Time 2013-09-05 2013-09-06 2013-09-07 2013-09-08
In | Out |Sum| In | Out |[Sum| In | Out |[Sum| In | Qut |[Sum
00:00 = 00:59| 3 2 5 3 3 6 3 3 6 2 3 5
01:00 = 01:59| O 3 3 0 5 5 3 4 7 1 4 5
02:00 = 02:59| O 1 1 0 2 2 1 3 4 0 1 1
03:00 © 0359 3 1 4 4 1 5 1 3 4 1 1 2
04:00 = 04:59| 13 2 15 14 3 17 13 2 15 14 0 14
05:00 = 0559 22 0 2 | 24 0 24 19 1 20 | 25 0 25
06:00 ~ 06:59| 24 3 27 | 27 3 30 || 27 2 29 | 27 4 31
07:00 = 07:59| 23 10 | 33 | 22 1A 33 | 24 183 | 37 | 22 10 | 32
08:00 © 0859 23 | 39 | 62 | 21 37 | 58 | 20 | 37 | 57 19 | 39 | 58
09:00 = 09:59| 11 34 | 45 " 35 | 46 7 31 38 14 | 38 | 52
10:00 ~ 10:59| 11 31 42 11 32 | 43 12 33 | 45 9 31 40
11:00 © 11:59| 28 15 43 30 18 | 48 32 17 | 49 | 29 15 | 4
12200 7 12559 19 | 283 | 42 | 23 | 23 | 46 | 21 24 | 45 17 | 27 | 44
13:00 © 1859 15 | 22 | 37 19 | 24 | 43 15 1 23 | 38 | 21 22 | 43
14:00 = 14159 26 | 22 48 20 | 22 | 42 | 22 20 | 42 | 23 | 20 | 43
15:00 & 15159 21 13 34 | 25 18 | 38 | 20 " 31 28 18 | 46
16:00 = 16:59| 31 14 45 29 18 | 47 29 18 | 47 33 | 22 55
17:00 = 17:59| 35 18 53 34 17 51 37 14 51 34 18 52
18:00 7 18159 21 26 47 28 | 28 5 | 25 | 27 52 | 27 | 29 | 56
19:00 & 19:59| 18 33 51 13 | 32 | 45 17 | 35 52 15 34 | 49
20:00 7 2059 24 | 29 53 22 29 51 17 | 31 48 | 27 | 27 54
21:00 © 2159 9 17 26 8 17 | 25 9 14 | 23 9 183 | 22
22:00 7 22559 9 15 | 24 8 9 17 10 12 | 22 10 6 16
23:00 7 2359| 1 13 14 0 16 16 2 1" 13 0 9 9
Total 390 | 386 | 776 || 396 | 398 | 794 | 386 | 389 | 775 | 407 | 391 | 798
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<Table 7> Gimpo Airport Weekly Slot (Monday ~ Wednesday)

Time 2013-09-02 2013-09-03 2013-09-04

In Out | Sum In Out | Sum In Out | Sum

00:00 ~ 00:59 0 0 0 0 0 0 0 0 0
01:00 = 01:59 0 0 0 0 0 0 0 0 0
02:00 — 02:59 0 0 0 0 0 0 0 0 0
03:00 ~ 03:59 0 0 0 0 0 0 0 0 0
04:00 ~ 04:59 0 0 0 0 0 0 0 0 0
05:00 © 0559 0 0 0 0 0 0 0 0 0
06:00 ~ 06:59 0 17 17 0 16 16 0 17 17
07:00 ~ 0759 | 3 13 16 3 14 17 3 15 18
08:00 ~ 0859 | 6 14 20 7 e 22 5 15 20
09:00 © 09:59 17 13 30 17 12 29 15 12 27
10:00 ~ 10:59 | 13 12 25 13 13 26 15 12 27
11:00 ~ 11:59 | 14 13 27 12 13 25 13 14 27
12:00 ~ 1259 | 13 16 29 14 14 28 13 15 28
13:00 ~ 1359 | 14 12 26 14 12 26 15 1" 26
14:00 ~ 1459 | 15 10 25 13 11 24 13 11 24
15:00 ~ 1559 | 16 15 31 13 14 27 15 15 30
16:00 ~ 1659 | 10 19 29 13 18 31 9 18 27
17:00 ~ 17:59 | 13 8 21 11 12 23 14 9 23
18:00 ~ 1859 | 16 16 32 17 13 30 15 12 27
19:00 ~ 19:59 | 10 14 24 9 17 26 10 14 24
20:00 7 20:59 8 6 14 10 6 16 7 7 14
21:00 ~ 21:59 | 17 2 19 19 0 19 16 1 17
22:00 ~ 2259 | 13 0 13 15 0 15 14 1 15
23:00 7 2359 0 0 0 0 0 0 0 0 0
Total 198 200 398 200 200 400 192 199 391
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<Table 8> Gimpo Airport Weekly Slot (Thursday ~ Sunday)

Time 2013-09-05 2013-09-06 2013-09-07 2013-09-08

In | Qut |[Sum| In | Out |[Sum| In | Out |[Sum| In | Qut |[Sum

00:00 © 00:59| O 0 0 0 0 0 0 0 0 0 0 0
01:00 = 01:59| O 0 0 0 0 0 0 0 0 0 0 0
02:00 ~ 02:59| O 0 0 0 0 0 0 0 0 0 0 0
03:00 © 0359 O 0 0 0 0 0 0 0 0 0 0 0
04:00 = 04:59| O 0 0 0 0 0 0 0 0 0 0 0
05:00 © 0559 O 0 0 0 0 0 0 0 0 0 0 0
06:00 = 06:59| O 15 15 0 16 16 0 16 16 1 14 15
07:00 ~ 0759 3 | 183 | 16| 3 | 11 [ 14| 2 | 13 | 15| 3 | 11 | 14
08:00 ~ 0859| 4 | 13 | 17 | 6 |17 | 23| 6 | 14 [ 20| 5 | 14 | 19
09:00 ~ 0959 16 | 12 | 28 | 14 | 11 [ 25 | 17 | 12 | 29 | 12 | 12 | 24
10:00 ~ 1059 15 | 12 | 27 | 14 | 12 | 26 | 13 [ 12 | 25 | 14 | 11 | 25
11:00 © 11:59| 12 14 | 26 12 12 | 24 13 13 | 26 12 13 | 25
12200 ~ 1259) 14 | 15 | 29 | 12 | 15 | 27 | 12 | 14 | 26 | 13 | 15 | 28
13:00 © 13:59| 14 12 | 26 14 12 | 26 14 13 | 27 14 12 | 26
14:00 ~ 1459 16 | 11 | 27 | 14 | 10 | 24 | 18 | 11 | 24 | 15 | 11 | 26
15:00 ~ 1559| 14 | 15 | 29 | 11 | 14 | 25 | 12 | 14 | 26 | 11 | 15 | 26
16:00 ~ 1659) 13 | 18 | 31 | 9 | 16 | 25 | 13 | 17 [ 30 | 9 | 16 | 25
17200 ~ 1759) 11 | 11 | 2 | 12| 8 | 20 | 12 | 11 | 23 | 15 | 8 | 23
1800 ~ 1859| 18 | 15 | 33 | 19 | 15 | 34 | 15 | 12 | 27 | 17 | 16 | 33
19:00 ~ 1959 9 [ 16 | 25 | 10 | 15 | 25 | 10 | 17 | 27 | 9 | 15 | 24
20:00 & 20:59| 8 5 13 8 8 16 9 5 14 9 6 15
21:00 ~ 21:59) 18 | 0 | 18 | 18 | 1 19 | 17| 0 (17 |17 | 0 | 17
22:00 ~ 2259] 13 | O | 13| 15| 0 | 15| 13 | 1 14 | 14| 0 | 14
23:00 7 2359 O 0 0 0 0 0 0 0 0 0 0 0
Total 198 | 197 | 395 | 191 | 193 | 384 | 191 | 195 | 386 | 190 | 189 | 379
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2. Analysis Target Selection

It is desirable that strategic routes having relatively low effect on Incheon
airport hub policy are examined when some routes of Incheon are distributed
to Gimpo. The first 68 major routes were selected for target routes on the
supposition that [Gimpo Airport International Flight Operation Regulation] is
weakened to 3,000km for the future, and among them, 29 routes which did
not make an open sky agreement and expected to have an impact on Incheon
hub policy were picked out. Top 15 routes with high passenger traffic and
large number of flights based on Incheon airport performance on 2013 were
finally chose. Additionally, top 4 routes with high demand on the basis of
Incheon airport passenger traffic on 2013 were selected.

Therefore, total 19 routes were analysis targets and we analyzed the

changes of Incheon and Gimpo airport connectivity.

<Table 9> Target Routes for Connectivity Effect Analysis

) Flying
Airport i )
Route Distance Reason of Selection
Code
(km)
Dalian DLC 472
Shenyang SHE 544
Yanji YNJ 621
Changchun CcGQ 724
Harbin HRB 933 under 2,000km radius from Gimpo
Hangzhou HGH 998 and no open-sky agreement
Changsha CSX 1,640
Xi‘an XY 1,642
Nanjing NKG 950
Pudong PVG 845
Ulaanbaatar ULN 1,973
Guangzhou CAN 2,042 routes 2,000km™2,500km radius from Gimpo
Shenzhen S7X 2,062 and no open-sky agreement
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Manila MNL 2,618 2,500km™3,000km radius from Gimpo

Clark CRK 2,556 and no open-sky agreement
Hongkong HKG 2,084
high demand
Bangkok BKK 3,684 (based on Incheon airport
Narita NRT 1,231 passenger traffic on 2013)
Taipei TPE 1,479

3. Effect of Each Route on Airport Connectivity

<{Table 10> and <Table 11> show the effects on Incheon and Gimpo airport

connectivity when target routes of Incheon were distributed to Gimpo.

<Table 10> The Effect of Each Route on Incheon Airport Connectivity

Effect on TCI
Route distribute distribute distribute Effect on SCI
1 slot 2 slots 3 slots
Dalian -0.05% -0.2% -0.3% -1.7%
Shenyang -0.2% -0.4% -0.6% -1.8%
Yanii -0.1% -0.3% -0.4% -1.8%
Changchun -0.1% -0.3% — -1.8%
Harbin -0.3% 7 3 -1.7%
Hangzhou -0.2% -0.5% = -0.8%
Changsha -0.2% - - -0.9%
Xi'an -0.1% -0.3% - -0.9%
Nanjing -0.2% -0.5% - -0.9%
Pudong -0.1% -0.2% -0.3% -0.9%
Ulaanbaatar -0.2% - - -1%

Guangzhou -0.1% -0.3% -0.5% -0.8%
Shenzhen -0.1% -0.4% -0.7% -0.8%
Manila -0.1% -0.2% -0.4% -0.8%
Clark -0.05% - - -0.8%
Hongkong -0.04% -0.2% -0.3% -0.8%
Bangkok -0.1% -0.2% -0.5% -0.8%
Narita -0.1% -0.2% -0.5% -1.4%
Taipei -0.2% -0.3% -0.6% -0.7%
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<Table 11> The Effect of Each Route on Gimpo Airport Connectivity

Effect on TCI

Route distribute distribute distribute Effect on SCI
1 slot 2 slots 3 slots
Dalian +2% +9% +16% +28%
Shenyang +8% +17% +26% +32%
Yaniji +6% +13% 20% +16%
Changchun +5% +14% - +30%
Harbin +14% - - +28%
Hangzhou +9% +22% - +16%
Changsha +8% - - +19%
Xi‘an +6% +15% - +22%
Nanjing +9% +21% - +19%
Pudong +3% +1% +13% +14%
Ulaanbaatar +8% e = +31%
Guangzhou +7% +15% +24% +18%
Shenzhen +6% +16% +34% +17%
Manila +3% +9% +17% +16%
Clark +2% — - +16%
Hongkong +2% +7% +13% +17%
Bangkok +3% +10% +20% +23%
Narita +5% +10% +21% +18%
Taipei +7% +15% +30% +11%
The effect on Incheon airport TCI was very insignificant levels by

0.04%~0.3% when some routes of Incheon airport were distributed to Gimpo.

The impact on SCI was also slight by 0.7%~1.8%. Gimpo airport connectivity

were improved by average 6% on TCI and 205 on SCI, while the effect of

target routes on Incheon airport hub policy were not large.

<Table 12> The Changes of Connectivity Index

Incheon airport connectivity(average)

Gimpo airport connectivity(average)

-0.13%

-1.12%

6%

20%
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<Table 13> Analysis Result

Effect on Incheon Airport | Effect on Gimpo Airport
Radius Connectivity Connectivity
Route
(km)
TCI SClI TClI SClI
Dalian -0.05% -1.7% +2% +28%
Shenyang -0.2% -1.8% +8% +32%
Yanii -0.1% -1.8% +6% +16%
Changchun -0.1% -1.8% +5% +30%
Harbin -0.3% ~1.7% +14% +28%
Hangzhou -0.2% -0.8% +9% +16%
under Changsha ~0.2% -0.9% +8% +19%
2,000km
Xi‘an -0.1% -0.9% +6% +22%
Nanjing -0.2% -0.9% +9% +19%
Pudong -0.1% -0.9% +3% +14%
Ulaanbaatar -0.2% -1.0% +8% +31%
Narita -0.1% -0.8% +7% +18%
Taipei -0.1% -0.8% +3% +16%
Guangzhou -0.05% -0.8% +2% +16%
2,000km
~ Shenzhen -0.04% -0.8% +2% +17%
2,500km
Hongkong -0.1% -0.8% +3% +23%
2,500km Manila -0.1% -1.4% +5% +18%
3,000km Clark -0.1% -1.3% +5% +15%
over o P o o
3.000km Bangkok 0.2% 0.7% +7% +11%
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VI. Conclusion

Incheon airport is now on facility saturation cased by continuous increasing
passenger. Gimpo airport on the other hand has problem about idleness of
facilities due to transfer of international functions to Incheon airport after it
opened. As continuous congestion of Incheon airport is expected, slot operation
for metropolitan airports through distribution international routes is more and
more interesting issue.

Incheon and Gimpo airports use same airspace, but peck time of Incheon
and Gimpo airport are different and relatively Gimpo airport has more slots.
Thus if some routes of Incheon are distributed to Gimpo, Incheon can secure
slots on its peck time. In the long term, we can utilize limited airspace more
efficient and respond to growing demand. If passengers who use Incheon
airport use Gimpo airport which is relatively good at accessibility, social
benefit by accessibility improvement also will occur. For this reason, we
attempted to suggest slot operation using airport connectivity analysis as a way
of efficient management for metropolitan airports.

As a result of connectivity analysis, Incheon airport TCI was total 4,015 and
SCI was total 12,593, and Gimpo airport TCI and SCI were total 269 and 13.

To investigate the effect on both airports by slot operation, we selected
total 19 routes and analyzed the changes of two airports connectivity index for
each routes. The results were that the effect on Incheon airport TCI was very
insignificant levels by 0.04%~0.3% and that on SCI was also slight by
0.7%~1.8%. Gimpo airport connectivity were improved by average 6% on TCI
and 205 on SCI, while the effect of target routes on Incheon airport hub
policy were not large.

When used for this study over the next, people can choose strategic routes
in airport connectivity aspects that influence low impact on Incheon airport

Hub system and also increase the demand of Gimpo airport international flight.
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In a long term, nation connectivity will increase and this will create more
demand when Gimpo airport connectivity improves. Furthermore, the burden of
Incheon airport peak-hour can be eased off and we can utilize metropolitan

airspace more efficient.
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