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Fig.1 24 hours flight delay time length in hub airports of China

(2 European airline delay cost reference values. http://www.docin.com/p-619737190.html. 2011-03-11.
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Tab.1 Time delay cost per minute for six aircraft types and three flight stages in hub airports of China
ML/ B 75 it A319/122 A320/158 A321/185 B737-800/162 A333/370 B777-300ER/300
(RAKRIEAE/(€/min)) (0.6/2.6/7.1) (0.6/2.6/7.7) (0.7/3.0/9.5) (0.5/2.9/7.8) (1.8/4.5/27.6) (0.6/10.6/14.2)
PEK P /% 2.93 17.59 23.28 23.62 20.34 12.24
FE 5 AS/(€/min) 0.12/0.47/1.26 0.70/2.81/8.09 0.93/4.19/13.27  0.71/4.02/11.10 2.24/13.02/33.76  0.49/3.30/10.40
SHA  BE H/% 1.09 21.68 21.68 39.78 12.48 3.28
FE5 AS/(€/min) 0.04/0.17/0.47 0.87/3.47/9.98 0.87/3.90/12.36 1.19/6.76/18.70 1.37/7.99/20.72 0.13/0.88/2.78
PVG  PCHE /% 3.47 30.11 24.09 25.36 6.20 10.77
FE 5 AS/(€/min) 0.14/0.55/1.49 1.20/4.82/13.85  0.96/4.34/13.73 0.76/4.31/11.92 0.68/3.97/10.30 0.43/2.91/9.15
CAN ¥ H/% 6.13 23.24 15.63 43.03 7.12 4.85
ﬂi%hﬁzli/(‘é/min) 0.25/0.98/2.64 (0.93/3.72/10.69 0.63/2.81/8.91 1.29/7.31/20.22 0.78/4.56/11.82 0.19/1.31/4.12
CKG it b/% 19.12 51.39 13.94 13.94 1.2 0.40
FER IAS/(€/min) 0.76/3.06/8.22 2.06/8.22/23.64 0.56/2.51/7.95 0.42/2.37/6.55 0.13/0.76/1.98 0.02/0.11/0.34
CTU  Jit¥ /% 14.77 33.86 24.58 19.87 6.67 0.26
FER IAS/(€/min) 0.59/2.36/6.35 1.35/5.42/15.57  0.98/4.42/14.01 0.60/3.38/9.34 0.73/4.27/11.07 0.01/0.07/0.22
WUH it /% 4.55 21.21 6.44 66.29 0.76 0.76
FE5 A /(€/min) 0.18/0.73/1.95 0.85/3.39/9.76 0.26/1.16/3.67 1.99/11.27/31.16 0.08/0.48/1.26 0.03/0.20/0.64
CGO  Tit'& /% 2.16 23.74 3.24 70.50 0.36 0
FER A/ (€/min) 0.09/0.35/0.93 0.95/3.80/10.92 0.13/0.58/1.85  2.12/11.99/33.14 0.04/0.23/0.60 0/0/0
SHE e e /% 4.33 47.99 14.86 31.58 0.62 0.62
FE R A/ (€/min) 0.17/0.69/1.86 1.92/7.86/22.07 0.59/2.67/8.47 0.95/5.37/14.84 0.07/0.40/1.03 0.02/0.17/0.53
XIY P /% 10.03 38.19 15.86 34.95 0.97 0
FE5 IAS/(€/min) 0.40/1.61/4.31 1.53/6.11/17.57 0.63/2.85/9.04 1.05/5.94/16.43 0.11/0.62/1.61 0/0/0
KMG it /% 5.99 26.65 3.31 62.40 1.65 0
ﬂiﬁ%hﬁzli/(@min) 0.24/0.96/2.58 1.07/4.26/12.26 0.13/0.60/1.88 1.87/10.61/29.33 0.18/1.06/2.74 0/0/0
URC & /% 19.71 24.42 15.12 37.21 2.33 1.16
FER A/ (€/min) 0.79/3.16/8.50 0.98/3.91/11.23 0.60/2.72/8.62 1.12/6.33/17.49 0.26/1.49/3.86 0.05/0.31/0.99
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Fig.2 Total time delay cost per minute for six aircraft types and three flight stages in hub airports of China
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Fig.3 Clustering levels of total time delay cost among hub airports in China
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Tab.2 Comparison of time delay cost per minute for six aircraft types and three flight stages in hub airports

between China and the United States and degree of association intensity
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Tab.3 Comparison of time delay cost for six aircraft types and three flight stages in the top 10 hub airports

between China and the United States €)
£ |
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Fig.4 Detailed network flow patterns in China and the United States
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Fig.5 Comparison of the air corridors' width and the number of crossing points between China and the United States



1168 oo R

L

ok e

$39%:

FHE o PR, A ) 25 S B s e I 4%
DAL 15 LUSN , A SCIA A b a2 PR 18 n #i h
Z 5L 1E AT BIE R 220 8] B 0 ol — b i e 5
LI ST I BRI i o ST ] —Pn] R B 4
73 VRS T8 A JEEURE IR MR 22 B 23 v R 1 19
28T RS A AN [+ o B St A [7) S ] g R A 1%
JRAR T, R r T AU A ) 2% oA v ) R T
1o SRR AR A WL 8] (423 RS IE 2

5 g5 Ey

(1) W E A KA IE SR | B B SE
R LA TS [ 2B 5 A A 5 F X IR A AL
H RIS — ALt LT MR
FE IR R0 R L R B A XA 2 AL A7 L
TR i) A2 158 AR LA BB B T AR A 1, Je A 2
BT 3 (WL B ) s o AT 2 o 2 455 2 17 P s e
(), I S ATBET B U5 3 AT K

(2) FHEMKA NI ES o 27 A T B A] ZE 15 B
| N PR iy i A TR 95 0 N = W R ES P | B 3B 1
ML AN At FE TR AR AR LA L3 ] (U 28 ) st ]
FER S RUAS (1) 25 5t B R BT IR AT B BE Y
ditb o R ERRA L A P YR A & e KT
2, HL R R 25 Hh R R A B B A R
SRR 2 . 23 BRI I T R S X A AL
Yyzs PR AR, S I S A B (R ZE R AR o X —AF
FEEEVEAR B T B ] S 15 A 2B 1) DGR T, S5 LU
1K T O L% 28 18 48 BUKSE B9 DA L Bz 8 SR
T B AR KA

(3) FEMLZS b BT Y (WL e ) 75 R 02 Hh g
EZ 500 BEILFEERT , 74 T XAl bl
(4% A KA AL 37 5 AR X LML 2 8] (A48 B[]
FEAR B AR ()25 [8] 53 2 S5 vk o 1l AT
R MG A TR LS, B S
XA R () R E W e . BRFERINET
WEARBLAE S A AR ML 5 XSS A LA =2 ], o A
ARG SR AHIAZ ], P& —RlFE R T
LR R R B A

(4) DA b S 52 AN B8 5 it 25 ) 53 Ay LA S
I H A T E AR AL L FAR AL ] (i 2k ) st
[i) A2 15 B AS 7 A P A DG AR A S R, X X 441 4147 2
BT UEA BUWE L AR TAERN i —2
RAZS TR 75 E R & AR AL oo

PEFIATZS P25 B B S LA, R s 1 265 M)
PSS (U 2 30 1) IR BE 53 A9) X S [] 3 8 Sl A 114 52
M) 5 2 LA A5 R P T30 2 T P D R A, 46 78
H ] 2 RS TE PN 4525 B3 18] B4 A9 328 B R B
R A 0 o [ S 5 A F) S

5% 3L Hf (References)

[1] DeJonge M K, Syblon W H. Application of cost index to
fleet hub operation [R]. 1984 American Control Conference.
San Diego, USA, 1984: 179-183. doi: 10.23919/ACC.1984.
4788373.

[2] Burrows G, Brown C A, Thom T W, et al. Real-time cost
management of aircraft operations [J]. Management Ac-
counting Research, 2001, 12(3): 281-298.

[3] Cook A, Tanner G, Williams V, et al. Dynamic cost index-
ing-managing airline delay costs [J]. Journal of Air Trans-
port Management, 2009, 15(1): 26-35.

[4] Aktiirk M S, Atamtiirk A, Giirel S. Aircraft rescheduling
with cruise speed control [J]. Operations Research, 2014,
62(4): 829-845.

[5] Serhan D, Lee H, Yoon S W. Minimizing airline and pas-
senger delay cost in airport surface and terminal airspace
operations [J]. Journal of Air Transport Management,
2018, 73(8): 120-133.

[6] Yan C, Vaze V, Barnhart C. Airline-driven ground delay
programs: A benefits assessment [J]. Transportation Re-
search Part C: Emerging Technologies, 2018, 89(4): 268-
288.

[7] Murga M C R. Collaborative air traffic flow management:
Incorporating airline preferences in rerouting decisions
[J]. Journal of Air Transport Management, 2018, 71(6):
97-107.

[8] Mohammadian I, Abareshi A, Abbasi B, et al. Airline ca-
pacity decisions under supply-demand equilibrium of Aus-
tralia's domestic aviation market [J]. Transportation Re-
search Part A: Policy and Practice, 2019, 119(1): 108-121.

[9] Wang C, Wang X Y. Airport congestion delays and airline
networks [J]. Transportation Research Part E: Logistics
and Transportation Review, 2019, 122(2): 328-349.

[10] M5 =, TR, (TS, PP R n) 8T sh 2, 38
B R 7R [7]. L3245, 2013, 30(4): 76-82. [Yang
Xiuyun, Wang Quanliang, He Jianbao. A dynamic re-
search on commentary of flight felay and evolutionary
trends. Economic Survey, 2013, 30(4): 76-82. ]

[11] Pérez-Rodriguez J V, Pérez-Sanchez J M, Gomez-Déniz
E. Modelling the asymmetric probabilistic delay of air-



5573

FRif &5 of X AL N TR HE SR AN A S-S5 A e R M 0B B i 56 He AR

1169

[12]

[13]

[14]

[15]

[16]

craft arrival [J]. Journal of Air Transport Management,
2017, 62(5): 90-98.

Ferguson J, Kara A Q, Hoffman K, et al. Estimating do-
mestic US airline cost of delay based on European model
[J]. Transportation Research Part C: Emerging Technolo-
gies, 2013, 33(8): 311-323.

Edwards H A, Dixon-Hardy D, Wadud Z. Aircraft cost in-
dex and the future of carbon emissions from air travel
[J]. Applied Energy, 2016, 164(4): 553-562.

Picard P M, Tampieri A, Wan X. Airport capacity and in-
efficiency in slot allocation [J]. International Journal of
Industrial Organization, 2019, 62(1): 330-357.

Wu C L, Law K. Modelling the delay propagation effects
of multiple resource connections in an airline network us-
ing a Bayesian network model [J]. Transportation Re-
search Part E: Logistics and Transportation Review,
2019, 122(2): 62-77.

Zou B, Hansen M. Impact of operational performance on
air carrier cost structure: Evidence from US airlines [J].
Transportation Research Part E: Logistics and Transporta-
tion Review, 2012, 48(5): 1032-1048.

[17] Aydemir R, Seymour D T, Buyukdagli A, et al. An empir-

(18]

[19]

(20]

(21]

(22]

ical analysis of delays in the Turkish Airlines network
[J]. Journal of Air Transport Management, 2017, 65(9):
76-87.

Santos G, Robin M. Determinants of delays at European
airports [J]. Transportation Research Part B: Methodolog-
ical, 2010, 44(3): 392-403.

Wilken D, Berster P, Gelhausen M C. New empirical evi-
dence on airport capacity utilisation: Relationships be-
tween hourly and annual air traffic volumes [J]. Research
in Transportation Business & Management, 2011, 1(1):
118-127.

Xiao Y B, Fu X W, Oum T H, et al. Modeling airport ca-
pacity choice with real options [J]. Transportation Re-
search Part B: Methodological, 2017, 100(6): 93-114.
BOMEHE, 4 R, X3, 55, HLg A ZR o ng 2% 53
075 520 [J]. AL, 2010, 30(2): 204-212. [Mo
Huihui, Jin Fengjun, Liu Yi, et al. Network analysis on
centrality of airport system. Scientia Georaphica Sinica,
2010, 30(2): 204-212. ]

T a2, & RCE, Flis:, 55, v ESSE AR A 25 (8147 5 1)
P DA SR (0], B EESE AR, 2011, 66(4): 504-514.
[Ding Jinxue, Jin Fengjun, Wang Chengjin, et al. Evalua-
tion, optimization and simulation of the spatial layout of
transport hubs in China. Acta Geographica Sinica, 2011,
66(4): 504-514. ]

(23]

(23]

[32]

[33]

HUNGE, B 2R L XS A R 5 2R A R 4y
[7]. Hb BE Bl =% HE R, 2018, 37(11): 1473- 1484. [Cao
Xiaoshu, Liao Wang. Spatial pattern and classification of
the worldwide multi-airport regions. Progress in Geogra-
phy, 2018, 37(11): 1473-1484. ]

AR, SR, e R I T O 4% A G 5 R RRAE B A1 A
2 ST BRI R 25 3 1 L AR (0], B2, 2017, 72
(8): 1508-1519. [Wang Jiao'e, Jing Yue. Comparison of
spatial structure and organization mode of inter-city net-
works from the perspective of railway and air passenger
flow. Acta Geographica Sinica, 2017, 72(8): 1508-1519.]
SRR T, RN, v ML BRI 280 R B L
B [I]. RS T AR Big 5 5L B, 2017, 37(11): 2948-
2954. [Le Meilong, Li Xingcan, Gao Jinmin. Stochastic
model of determining airport arrival slots number. Sys-
terms Engineering: Theory & Practice, 2017, 37(11):
2948-2954. ]

Wang J F, Li X H, Christakos G, et al. Geographical de-
tectors- based health risk assessment and its application
in the neural tube defects study of the Heshun Region,
China [J]. International Journal of Geographical Informa-
tion Science, 2010, 24(1): 107-127.

Pels E, Nijkamp P, Rietveld P. Inefficiencies and scale
economies of European airport operations [J]. Transporta-
tion Research Part E: Logistics and Transportation Re-
view, 2003, 39(5): 341-361.

Yu M M. Measuring physical efficiency of domestic air-
ports in Taiwan with undesirable outputs and environ-
mental factors [J]. Journal of Air Transport Management,
2004, 10(5): 295-303.

Merkert R, Mangia L. Efficiency of Italian and Norwe-
gian airports: A matter of management or of the level of
competition in remote regions? [J]. Transportation Re-
search Part A: Policy and Practice, 2014, 62(4): 30-38.

Li L F, Wang J F, Cao Z D, et al. An information-fusion
method to identify pattern of spatial heterogeneity for im-
proving the accuracy of estimation [J]. Stochastic Envi-
ronmental Research and Risk Assessment, 2008, 22(6):
689-704.

Pavlyuk D. Implication of spatial heterogeneity for air-
ports' efficiency estimation [J]. Research in Transporta-
tion Economics, 2016, 56(2): 15-24.

Ren P, Pavlyuk L. Characterizing air traffic networks via
large- scale aircraft tracking data: A comparison between
China and the US networks [J]. Journal of Air Transport
Management, 2018, 67(2): 181-196.

Ha H K, Wan Y, Yoshida Y, et al. Airline market structure



1170

wooBORE

Ay,
£

ot e

$39%:

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

and airport efficiency: Evidence from major Northeast
Asian airports [J]. Journal of Air Transport Management,
2013, 33(8): 32-42.

Tsekeris T. Greek airports: Efficiency measurement and
analysis of determinants [J]. Journal of Air Transport
Management, 2011, 17(2): 140-142.

Cook A, Blom H A P, Lillo F, et al. Applying complexity
science to air traffic management [J]. Journal of Air
Transport Management, 2015, 42(1): 149-158.

Vespignani A. Modelling dynamical processes in com-
plex socio-technical systems [J]. Nature Physics, 2012, 8
(1): 32-39.

Murga M C R, Hansman R J, Li L, et al. Flight trajectory
data analytics for characterization of air traffic flows: A
comparative analysis of terminal area operations between
New York, Hong Kong and Sao Paulo [J]. Transportation
Research Part C: Emerging Technologies, 2018, 97(12):
324-347.

HOMERS, B 5%, X, 2. rh[E 23 s JRRIE R i I A S
TR R AR R v 5 (D). M AR 4, 2018, 73(10):
2001-2013. [Dong Yaqing, Lu Zi, Liu Yuan, et al. The de-
sign of China's corridors-in-the-sky and the influence of
air routes traffic on the identification of space-time con-
gestion. Acta Geographica Sinica, 2018, 73(10): 2001-
2013.]

Bush H, Starkie D. Competitive drivers towards im-
proved airport/airline relationships [J]. Journal of Air
Transport Management, 2014, 41(8): 45-49.

Starkie D. European airports and airlines: Evolving rela-
tionships and the regulatory implications [J]. Journal of
Air Transport Management, 2012, 21(4): 40-49.

Jacquillat A, Odoni A R. A roadmap toward airport de-
mand and capacity management [J]. Transportation Re-
search Part A: Policy and Practice, 2018, 114(8): 168-

[43]

[44]

[43]

[46]

185.

5, R, [ Ah 2 SR IROT A A T BEE SR T
B A I 5 S B (0], Hb Bk AL PR R, 2015, 30(11):
1260-1267. [Lu Zi, Du Xinru. The theoretical sources, in-
novation of methodologies and practice of exploitation
and utilization of airspace in western countries. Advanc-
es in Earth Science, 2015, 30(11): 1260-1267. ]

T, SRR fUs 1z i b B AT o R S R (D).
i R R E 2, 2011, 30(6): 670-680. [Wang Jiao'e,
Mo Huihui. Geography of air transportation: Retro-
spect & prospect. Progress in Geography, 2011, 30(6):
670-680. ]

A%, RBOE, WA, S5, AT s M 22 RS
FIHUIR R S0 He A (0], B ERF 5T, 2013, 32(6): 1084-
1094. [Ye Qian, Wu Dianting, Dai Teqi, et al. A compara-
tive analysis of hierarchy and regional system of domes-
tic air passenger transport network between China and
USA. Geographical Research, 2013, 32(6): 1084-1094. ]
TREB, VFER, WRIG. Jk T a5 22 A a8 v [l =8
W 2 b A 2 M A 7 (7). MB B AR, 2014, 69(12): 1847-
1857. [Xu Minzheng, Xu Jun, Chen Yu. Construction of
Chinese aviation hub-spoke structure based on maximum
leaf spanning tree. Acta Geographica Sinica, 2014, 69
(12): 1847-1857. ]

FICE, 5KV, BT, AF. B8RS E BRILIA T 21 %
UG LA Jy B I 25 ) 25 52 2K A 0], 1 5 DX B,
2015, 38(6): 1290- 1299. [Wu Wenjie, Zhang Xiaolei,
Yang Zhaoping, et al. Temporal-spatial network analysis
on time resource and airline layout of Urumgqi interna-
tional airport. Arid Land Geography, 2015, 38(6): 1290-
1299.]

Mandel B N, Schnell O. An 'Open Sky' Scenario for
Hamburg Airport and Germany [J]. Journal of Air Trans-
port Management, 2001, 7(1): 9-24.



7 FRif &5 of X AL N TR HE SR AN A S-S5 A e R M 0B B i 56 He AR 171

Estimation of time delay cost of hub airports in China, air routes effect
and comparison with the United States

DU Xinru'?, LU Zi"*, LI Renjie'?, DONG Yaqing"?, GAO Wei'?
(1. School of Resource and Environment Sciences, Hebei Normal University, Shijiazhuang 050024, China;

2. Hebei Key Laboratory of Environmental Change and Ecological Construction, Shijiazhuang 050024, China)

Abstract: Based on the European Control (EC) estimation model and using aircraft configuration ratio and flight
stages as impact parameters, this study estimated the time delay cost and the total time delay cost of Chinese hub
airports in 24 hours with the improved EC estimation model. Then the air routes effect of time delay cost was
analyzed and a comparison with the United States was carried out. The conclusions are as follows: 1) Time delay
cost of the compound hub airports is generally higher than that of the regional hub airports while per minute
delay cost and gating cost of regional hub airports are higher. This is caused by the centrality of the network
structure of air routes, the need of aero geographic market, and the influence on the transmission efficiency of
the aviation network in China. The air maintenance cost of hub airports accounts for the largest proportion of
the total cost of time delay, which indicates that there are defects in the configuration of air corridors in China.
2) The spatial heterogeneity of the total cost of time delay between hub airports (air routes) and hub airport to
non- hub airport (air routes) is caused by air route attributes, which are determined by the joint action of
geographic market demand and the location of participating airports in air- corridors in the sky. The specific
performance is affected by the difference of clustering levels: the hub and non-hub airports (air routes) generally
exist in the low level, and the hub airports (air routes) basically exist in the high level. There is a significant
difference in the total cost of time delay between the compound hub airports and the regional hub airports. The
three routes in the fifth level clustering connect PEK, SHA, CAN, which is dominated by the aero geographic
market, and the total cost of time delay accounts for 9.22% of the total cost of all routes in 24 hours. Among the
total cost of time delay between hub airport and non-hub airport (air routes), PEK-SZX is the highest, followed
by SHA-NKG. 3) The difference in time delay cost of hub airports and air routes between China and the United
States is mainly manifested in the different proportion of the flight stages, which is determined by the width of
characteristic path and the number of track intersections in air corridors in the sky.

Keywords: time delay cost; hub airports; EC estimation model; air corridors; China



