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W OE. T 2016 £ MR T 7 i as $5 B (Official Aviation Guide, fiiFR OAG)IRIMPEEE , A SC S 40T 7 48k
LI XIS A 2 (IR Sy R 2 B P % B« 4 5 FEL R A9 o 8 RS A0, R L HAR 2 R P 5
B Z AL IX Sl A X e . R IR BRI FUE oY 2% | P9 A5 b B Z2 WL IX Sk P9 B L7 25 0 2 B st B A
D RZ RGBS . DAGRR I R A i, 0 6P E 2 AL SR N ML A Jm B B0 R il o [ At 3
NI BIHLI B35 % 0L A s TRLARDG B8 T 29 0.5~1 he MRE4S Z L7 X b 55 i /R — e i F5 4K
(HHI 8 550 AT 85 R B0 Fs S, 20037 IX 30T 43k 9 AR, it R 2 ML X A [m) i A i B, H RT3 224>
ZAG IR RN . KT ARUE ML X S A & e A AR T, A 1y 3 T A o M L3 ) o i) S22 A i B
B G ACTERE , $it i DX 3ok A b T S8 3 7K, DA HL3z (B (4 BRI R] , 515 Sk N ML 2R o K5 5 o

XK RS s BT IR 25 A Je s A o s — i — i

1 515

H 2015 4EH [ & A 1 “Hesh Lt 22 90 2 B2 T
721 AL b 2298 Z B (PR —7l — %) Y R
51T IOk EfE S AT BRI AT B
Jai , BRI Py SR A DXk ) 25 B T sl I LR A 25 1
e SR 3 A5 4 BRI T DX IR £ ML b X 3
(Multi- Airport Area, MAR) [ 5% 5 20 % & Jii A [
C— B X AN TR AR Y SRR (R S B,
2003; Fuellhart et al, 2013; ¥ 7k 75 %, 2013; Brueck-
ner et al, 2014; WS, 2015), HEREER A2
T2 i T LA T DX s ] 1 PR I kv AR
TR A IR A AR A S ER L4 T R
7 DI & R Wb SR S5 HE Iz X 3R ) 38l iz i 7 oK
Jrats SR B AL 1 it i i O T AL A A5 AR 4B AL
S [0 9 AF EL AR P R 240 PR R b . PRI, 5
IR Z WL X B 23 ()4 Ja o A2 2 v [ 2 1147 X
BN A BRI T DX ) R IR R, S
— %7 SR S A R

H 1% 22 WL XS A 5% 32 24 b 2 P 7 I -

KimEHA:2017-10-16; 11T B #4:2018-05-03.
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Y sg i, FAT A XML BRI L T 00 A0 4
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(2005, 2006a, 2006b)2 7 [F]— DX 8 A L% 2 [8] R
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DX 3l X T 28 I 4% (1) 52 1) . 41 Bonnefoy 45 (2008) iff
LRI, AH HE T B —HL37 Ry 39 SR B A S
2%, LA Z WL DX 3R 7 A A B IS, Do) 246 4 (AR S8 77
PG U 2 ML X SR T S i i R AL e
PEASTEAZ IR S L W CEE . O'Connor %(2016)
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fith I, e LA — X A A7 I T A 5 [R) T L 7E ) 241
Y XS i i & R, 1 2 0L DX 325 K B i
T AE R T X A i2s T 3, £ XIS R A R
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F1 42 BK it 25 % U 40 A 77 AE 52 T (Derudder et al,
2010; Takebayashi, 2012).

FHAZT 5, A 56 203 XS 58475 1H ik
FREVM ., T2hE T R B E 2Pl
X IR 1) e tE 20 0 & AR, 78 L %
W2 WL DI SR 3 R T LA 13 B0 | DX 35
b 1A 3238 ) 45, ST DR IR AL S A O L (5K T,
2007; 5KHAE, 2007; BRI A, 2008; FEIKME, 2012; i#X
A, 2013; JE = 76, 2014; 5k %, 2015), FA A
TR E R GRS AT DAL XN
1 J B 28 AT BB M DDA s BF S 28 T oK
G322 HL XN BB T 58 A AL 8 B A5 )
R, S 7 EARLE A 22 LA DR N R A 4k At
PERT 219805, BAE IR 2L X B R A I A i3, 32
2 Bl X 25 1 (CF 2% B A%, 2010, 51— 9% 45,
2011; JAIZEHa, 2011; Bk, 2012; #X ), 2012),

JRUE 22 AR 2 W13 X 08 A & R () F 38
A HE T R iU, © R I X
KRR AL o TR ), ELAE G i A
TR XA LI B T RE R 6 R4 THME , (EL X5 RE AR LA
SEPES AT R AR 2 T L, B 6 2L X IR R
KIBFHMER RGE mALITY . ARSCHEXT 241X
s AU R 3 Atk T, A4k Hh X 0137 X I )
B WA EG XN 71 R 8 55 7 T A T
ST, B R ER AL X S A5 (04 Ja o [ st 3 5t o)
2B DX I RUAS R P 3R AT LA 4 i 58 A 0 55, Jal 43
ENGESOEZ RS

2 WX Tk

2.1 MRSEE SR

AR SCHIBIEFE L R 4 BR 5 KM (BREE DI, f2
FEALAE A Fr ARG AR B T SEM AN e A
L R AR A A ER 17 AU X, 248 A4~
FE Z AL I (B 1) 28 £l K I T OAG(Official
Aviation Guide), f44% I 900 2K FEA 25 A\ ] |
410341 B FHHLIAI 2016 453 HRIATHESHRE o
22 MARFAE

AR S L A BRR 45 2 A0 AT A R AT B L A
S Z AL XSG L i 5 A 2 L 9F
T8 Ao 0 DX 3 P 45 WL R 5 38 R - b A 2 4 2 (Her-
findahl-Hirschman Indexes,, & #% HHI) #0524 R
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Fig.1 The study area and spatial distribution of airports
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(1) Z 0137 X el 1) FR

MZHLI XY R & R, H—HLigmT A
R Z WL XA R TE 25 (Bonnefoy et al, 2008), X}
Z WL DXl s ) 91 Bl v ) AT 2 A R A% O AL i
25 3o A IR 55 X e o TR AL 25 i i Al
S5 Ja R S v AN TR X AT LA R 5591 Rl R e A
HEA—. TEHE P 1.5 h A TR ) P 7 55 1Y
A0 AR R T 25 R A Sy Al =2 80 = 1 i ik
55 W3 I (T3 73 55, 2008) WA 22 25\ B B AL
5100 km 5% 1 h ZEF2 05[] Ry Hodse /IR 55y 1, 26 [
56 ML 25 45 P RKE 80~120 km A A it 25 IR 55 43 %%
a5V, g [ RS s B R S E AL A AL

T i BN o 2 h 42 R (] (Humphreys et al,

2002; Delaware Valley Regional Planning Commis-
sion, 2007; European Commission, 2013), H#X2 h
A BRI H TG & E A HE A it 5 22
PRI JE 1L DX, 3 SR AN W e R RN R ) A BRIk T X
By, iR %5 32 B 25 B 5t 2% A PR sl AR A
FRAE TR | BT ot (B LR 55 55 R R W 5 |, R B8
B bl AT s LR R A BIL IR Y R S
B b g2k 2 h AR ], X6F 0 HL 37 T 37 00 4 A2
B R el A, (R VML 7E 2~3 h B[] B v i T
0y % 5 He 4TS TH B & (Dresner et al, 1996; Lieshout
etal, 2016; Sun et al, 2017), (KL, S BORG B X 22
BLZ XS A TR0, R 2% A s [ RS 1= T
235 5536 F A RAk , AR SC LA 3 h AR AR I [R] R 1)
Z WL X3k 23 (] L

eI 2016 4F OAG T HRIATHESS B HhAF al 8
BT 60 T3 B LR Ry 2 Bkl 2 T g ik R ]
i as iR 45 1) B E 4137 (O'Connor et al, 2016), 7E It

HE S GS(2016)16655
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Felt b AL m] B R A BOR /N T HES BT A AL
Gy MU HEZ SERTROALIAE R O 55, IRl IR HETE
WAL Z J5 WA TIARALZAE R D s MR TG
TR o, B U A PR A A e 6 A B K
IBLZNE R O A AN H S HoA] 85 a5 KT 60
T34 899 ML IINE S D s, 7655 koA
P4 T RN B 9 B8 — LA R O i, Tl 4
898 MILIZWINER D ki i@ Python2.7.13 4ife , If:
4 ] OpenStreet API£rif] OD #1372 [A] A% 4= R 7],
— HAUI B AP 22 6] 59 4 A2 I (IR T 3 h, )
FEX A PLIANA R [ —> 205 X8k, 7R F
i, A LSBT — IR AP EE S
(2) DL ERAR R
Ry BARK 4345 2008 XSS N S LA SR 9, A i
BRERERAR R A RITHE XN 25 L ] B
JAESE B ) 5 L, I LA S 300 32 20137 (primary
airports) i Bit/l 3% (secondary airports) 4K .
PS;= SU/ZZZISU 1
b PS, 2016 4 2 HL37 DXk vhHLZ; j 1) Al
RLET i e, S, S 200 X0 T RL R T
JERNEL, n Az Wl X N AL a gk, o,
F BN 0 AT 5 B LR T 55 T 20% , [ s
o7 i = AL A% O ALY . i B AL vl 8 A Ao
B0 LA 1%~20% 2 (8], 36l 233 AT A5 A6 o7 £ o LEAIG

F 1%L HALEZNL , UL B 28500 L%
1) TR AR (SRR 5 R T 60 JTAN/AE

(3) WL X ISR 43

S BAR M4 2L X L3 5 4, IX 43
A KSR ASRI SRS AR S0 | AL 4 B2 i
IS IRIR -l B AR B (HHAT) , H B ok S ik Z2 41137 X 3,
W1 T S o B I (] 5 o B

n Si/ ’
HHI, = 2/[5,.) )
X S 2 ML X0 ar 6 8,
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35 rp BB Ry, L7 8] A S 4 A BT, Sz 22 ]
VLB o 4 R B

3 ERREHLIIX IS [ )

3.1 BEHHIFE

IRIAH 170 2L X5, ¥ S 479 A H %
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R 10~ DL B2 K& 2 51 3), 3
MZNG XAz i ok R , &is 04
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Fig.2 Spatial distribution of multi-airport regions (MARs) in 2016 based on 3-hours drive distance



1476

wooBORE

ok R W37

40
35
30
25
20 R
15 1T
10

ZHL XIS
— AR A

/%

B/
S
H

k]S
BT YA L
REK
FERK
FEEK
JeRk

AL

[ERI2

2RI
AR

B AT PG

ek

Hohr ARG R

K3 20164 24137 X kA5 Fm] 45 36 07
Fig.3 The number of multi-airport regions (MARs) in the
world and available seats

percentages, 2016

PR 12424 3. 8424 F 6. 242 TS EAE, =3
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A E W7 X IR K RO A L BRIE 0
o R ARG S R Z A6, P ) R
CHAR ZRERAE I 9 P A5 R 7R 2 A3 X
iz i b 5 A AL, o A 5 i Y
FEF P EE MR R D, NZHL X
FTRT AR e (57 B ol R, 22 R P L 43 S A 200
X35k 32 A4~ 120 A, X AF ] $ AR AR ] 85 A8 4 45 o
1124240 F1 61342, 53591 | 4Bk 22 AL X 3k ] B s
B 14 29.74% 1 16.28% , 2k L5 L T 1 241

G BOE T X A E R, A, A E 2L
Gy IX SN R R T | v 36 P [ 224137 DX s
P24 R 3 AL A, (B ] S O [ AR 1 22
B X L8 5 5 R 6 4> (44> [RIIE, A
Ao R S B R CIE DA (B ) PSS gl R ES G S LI ES P 2
B DXCBT Y ) 65 e (5 i ¥ o7 J L, i e —
FEFREE UL AR Th SRR T - N ORI 4
Ty ST AR Z 0L XU SR L A& 2L
Gy DX BRI I 2 SR W ik, A 5B 20 B B /N RS
ZHY XA Z . XN Z L X R %
BTG KB DL I AR I B0 B 527 2
B, WAL Z (8] = A R84 e e AR AR
Py r] 8 R 1A R 0.14 424 1 29 45 S 2 AL X
B, EHRZR Z A 2, 20 tH 20 70 4RAR 5 4Bk A
== H ALRYHEAT T, Blan S B - E R R =TI A &
24 W [ R 1] B AR B 24 ) L SR b AT B -5 R 40 XL
L% % 32 KB (Cross Border Xpress)“5:401 45 H- &
PSR P 388 OC F 2 ) o AR 8 T ik 253 )
il % 30 DG I [] I A2 BT PEBEUC A L BRI
2 CRATI R AR R B s, 2P R T R ik
55 0 B N R 2 B PR H A E R L R AT B AT e,
AR X/ NI Z L3 XA S 2L, o A
23 TR WA BE J R 1 BSR4 — ARk (Elwakil
et al, 2013; Paliska et al, 2016),
3.2 HUIHERIKRIFE

XF H 2L XN - S5 R L & R, 801
PG R TR . 428k 170120137 X3

R1 2016 F W37 X5 A S REAIEHEZ AT 10 ER
Tab.1 Top 10 countries of multi-airport regions (MARs)' available seats, 2016

%ﬁ% % CIEER A ZHL X5 IR XA H1 zm%gt&&v—m
JAEA BCHET ik K~ K~ KA~ A A R TTA
1 ES| 111959 32 101 3 3499
2 G| 61282 20 60 3 3064
3 EaE| 15981 3 19 6 5327
4 SEN 15967 6 23 4 2661
5 T ] 14750 4 17 4 3688
6 FSE| 9733 4 14 4 2433
7 EORA| 9354 6 19 3 1559
8 g 8941 7 15 2 1277
9 e 8370 4 9 2 2093
10 BT Az BB 25 2 < 8336 1 4 4 8336
At 264674 87 281 3 3042
b7 ZHL IR % 70.3 512 56.5 — —
T RS 2 i E % 474 — 6.8 — —
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1) 84.9% . 14.9% (&1 4) 5 V5 ER Y 3= 2EAL 37 A Bl
B AT 8 JRE AL LA e/ AR 1.3 2Z 80 U AR s
EVADNEE | N2 QLT AN N /A NI 1
2225 6 UK IX sl Hh 1 3 ML A B L7 T B AR
FLAEYI KT 10( 5).

UK X3 22 (] 1) = B ML ANl B L7 B0 T
P SRR, B KK TR IV RTH 7 2% 7 I A5 R X 3,
By b B 20T BI LY . k2L X8 E
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Fig.4 Indices of primary and secondary airports in different

regions of the world, 2016
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— R CRUAZ " oA A S PR X (IRt &, 2008;
JE 9, 2014), £ 2016 4 Z2 HL 37 DX 35 n B 88 37 44
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Fig.5 Ratios of the indices of primary and secondary airports

in different regions of the world
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Tab.2 Multi-airport regions (MARs)' development models of top 10 countries of available seats

Bzt EHE - hE EE HA fEE EE BRA B BE FRAREEK
WXl 2 WL X A 12 10 1 2 3 0 3 2 1 0
Hrpr —EZH 5 1 1 1 1 0 2 0 0 0
— W 3 4 0 0 1 0 0 1 0 0
—E 4 5 0 1 1 0 1 1 1 0
TP RCE . FEPEdE 29:12  17:10 101 7:2 12:3 — 10:3 3:2 1:1 —
TP E RN S % 772 845 392 706 65.6 — 58.8 80.2 82.8 —
ERR M K S A 20 10 2 4 1 4 3 5 3 1
Forp W% 16 8 1 3 1 4 3 5 2 1
EZ2 4 2 1 1 0 0 0 0 1 0
EFEYIECE . 2N R 1644 1122 15 5:9 4:2 6:8 1:6 1:10 0:7 2:2
FEYL A /% 906 91,6 91,5 950 747 773 90.7 90.5 100 92.2
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FEIGAA AL O L h BN, b
19.1% , 73 A ik 3 4% i HAth 5= 20137 A e 70 10 15
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T H . E U ITR 17 2 s SR A 5 R e A 1)
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BOREHL,

MEZRRER, 1 E 2015 X80 Rtk S 56
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BB EE BA% OALA - Y G2 AR ] 4 2.1 h, 26 ]
Xof o7 ST 35 AR R ] 43590 2 1.9 h 1.8 b, T4 [ X6
7 ()2 42 FE I TR AX A 1.1 h 1.6 h(& 7). 5% Ho s
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JET HHI S8 5 v] 65 867500 1/3 B {R, g & A4~
Z WL IX 3R] 438 9 4~ 25 (55 3) (Hansen et al,
1995),

anE 8 5 K4 2 WL IX e A rp A IR —
o R AN R S 2L X
85.3% , X L Z L7 IX BRI A/ NI 2 G AR T 1
K-S 4. A 2L XM & iz T 447 1H
FIA B B — DL 1~2 A4 B & a4 Xt
P, Xt N T2 L35 X 3k 4G 5 AT A B B g 1T s
1 [ B¢ (Bonnefoy et al, 2008), 15 B #43 [X 33, A
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A AN T 5 0 AL A B 1 32 2L .
KL, A~ Z WL DX S 2 T 3 AR 5545 1H S B
Boo—i RS X2 A2 31 Y B AR A A 25 7
SKACERSENR . [FIAE , Bl A H X X A pizs BRI
i T RO m L B TEA RS Witk
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Fig.6 Distance between other primary (secondary) airports and core airports in multi-airport regions (MARs)
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K- B A5 341 (Fasone et al, 2012),
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HAEBTHEERAE RIS . X IAIA(Inter-

3 ETAEECEAHHIERM S HIHXIE
et L S
Tab.3 Classification scheme for multi-airport regions
(MARSs) based on available seats and Herfindahl-
Hirschman index (HHI)
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Fig.8 Herfindahl-Hirschman index (HHI) and the number of
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Fig.9 General information of 22 mature multi-airport regions (MARs) in the world
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Spatial pattern and classification of the worldwide multi—airport regions

CAO Xiaoshu, LIAO Wang
(School of Geography and Planning, Sun Yat-Sen University, Guangzhou 510275, China)

Abstract: This article employs the OAG (Official Airline Guide) flight schedule data of 2016 to analyze the
spatial pattern and classification of multi-airport regions. The results indicate that: besides European countries
and the United States, China, Japan, Thailand, and Brazil occupies important positions in the construction of
multi-airport regions in the world. Multi-airport regions in Southern Europe, Australia, New Zealand, and West
Asia are polarized and lack of secondary airports. The layout of airports in the multi-airport regions of the UK
and the United States are more compacted, and people can spend 0.5~1 hour less when driving from the British
other primary or secondary airports to the core airport compared with China. Multi- airport regions can be
divided into nine categories according to available seats and the Herfindahl- Hirschman indexes (HHI),
corresponding to different evolution stages of multi- airport regions. Globally, 22 multi- airport regions have
developed into a relatively mature stage. In the future, under the premise of ensuring the overall development of
multi- airport regions, China should pay attention to the transformation process of other important airports to
secondary airports, improve the ground traffic level in the regions to reduce the access time between airports,
and guide a high level competition between airports.

Key words: aviation; multi-airport region; spatial pattern; classification; the Belt and Road Initiative



