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Fig. 2 Airport delay spatiotemporal characteristic analysis model framework
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Fig. 4 Spatio-temporal pattern of airport delay influence at Chinese airports in October 2021
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at Chinese airports in October 2021

VAR BRSNS R T S R 9 2% 0 AL 7 O S R B ) R I 8] 24 JEE 0 B
NP, JFEASAI4ERE BT B R IE DO IR AR, s T ERE . B2
HHRELREE MR 7 IS 23 S PR AN B 18] B4 S i S o

e AT HE GRIN 25 [0 26 55 RS E BRI 25 R 26 A LU, WIS R B KA S 12 9 2% v 1
JeE ML M E WA YL R8T, 8 T IXSEHLZ L AT B Boh R B
AR E H AR F A DR ) o RS RAT 5 RS HE U 9 465 18] 1) I 23 2 0 T3 A R 25 5
{EPE AR R, XAl e T RATIE SRS X AR B, S By 28 R A U HE SE TR AT
—EBREVE . X —ZIR R T A 2% A RAT SE 15 R HE DR A I 0 2 T EA S [
BRI, I IS R 190 265 DAY A0 R sf 2 52 i) g g T A7 A A 3 25 X A AR A o

4 ARV R IR 2 5% oA

AN FIZEBIRLIS Z 0] 9 25 S AR ot U5 T B IE A8 152 D 2 A 25 A Rk o A TR A H8 7R B
BRAZ N T B B 23 AR AT S A AILEE AR R0 B SO I Y B 5 U AE R e ) SRS AL
FRa RUFE 55 00 78 s L7 HEA T 40 25 1 0 28 G5 AR X L P ST . AS SCsk Bl 5 1 50 E Brdlig
L vt T AT [ PR AL AR Ry i A B A R 52 e 7 AT AR R % T LI ) ¥ i 2
KT TR H AL K /N 37 26 ML 4 7 SRR 40 LS AL 3% Al 1y SS AR HILIA AR A 2R AR
HE RN ) MRS pAEAS , T REREAR JE AR I T 2% B B HL A7 7 JE 52 ] 811 (%) 35 3k
AR (F16) . ARG R RE. W 0 B LLSRFAE ) & o0 JBE 45 25 43 T d6 b
Kt A BT I 2R [ B 1552 M) g S AL A7 o I 2% 235 g J2 T ) LA 25 S ke

FE IR ZR B A i X 24 8 A T A AR AR R ) A B e B R A FE bR . 45 R ok, db
T E A E PRAL AL I b E PR AL A R R B AL, X R BTN M4 b A R
KIFER R SR SHEE . M2, PRGN L7 Al U Se il o 5 He b 5ty
FRE PRHLIZE R R ER137.1%5148.9%,  TEMTPE K 45 Hh 4k =52 i g i S ya [ A /N, 280
WS BUREE o TR RO DR — i A A O 2% S AR 2 A B ARG RO i3
FIZE, b st e # E PRALIZ AL I A PR AL A D PR, ERUE T B AT SE R
Do 28 R A AZ O L B 5 T P OBURR 4 WL AT 27 I 00 SEER AL 37 B 3 U O PR AR, R
T W25 v B 7 B A X i 24k



498 B 2= R 804

a. L EAIY ; b. BTG

PG

e LT E R TR v M 1] IR 55 903 67 115 GS(2020)4619 5 (g v 1l R il | i R e 4
K6 20214F 10 H H E ML G0 T SRS T M 45 S5 4 22 57

Fig. 6 Differences in network structure between enhanced hotspots and persistent cold spots

at Chinese airports in October 2021
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Tab. 3 Differences in airport network structure indicators between different modes
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Analyzing dynamic spatiotemporal heterogeneity
in Chinese airport delay patterns

WANG Zhongyi"?, ZHANG Hengcai"?, WANG Peixiao"’,
YU Jianing"?, KANG Yongwei’
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Geographic Sciences and Natural Resources Research, CAS, Beijing 100101, China; 2. College of
Resources and Environment, University of Chinese Academy of Sciences, Beijing 100049, China;
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Abstract: Flight delay reveals important spatial interaction patterns and could offer crucial
insights into the unique characteristics of airports. Existing studies mainly focus on identifying
static or individual airport delay patterns, but neglecting the complex nonlinear dynamics
involved. To fill the gap, this study proposes a novel methodology to explore the variations in
airport delays, considering both temporal changes and spatial differences. We develop a new
PageRankCube model that adopts multiple technologies, such as delay network generation, Gi*
statistics, Mann-Kendall trend identification, and network node effect measurements. Three
types of flight delay networks, including arrival delays, departure delays, and flight delays, are
constructed to discover spatiotemporal variability patterns, utilizing a dataset of approximately
350,000 flight records from 247 airports in China. The results show that: (1) Airport delays
have a greater impact in eastern and southern China, but less influence in western and northern
China. Strong cold and hot spots are grouped in several locations, whereas weak cold spots are
distributed. (2) Large international airports in Beijing, Tianjin, the Yangtze River Delta, the
Pearl River Delta and Chengdu have formed a continuous and enhanced high delay spatial
influence; small and medium-sized airports in the Northeast, Central and Western regions have
shown a continuous low delay influence in time and space. (3) Compared with the departure
delay network, the arrival delay network shows more significant heterogeneity in spatio-
temporal distribution. The spatio-temporal heterogeneity between the flight delay and arrival
delay networks shows higher similarity. (4) Enhanced hotspot airports can cause or transmit
large-scale delays, while continuous cold spot airports have discrete and marginalized structural
characteristics, resembling a "small world" network. This work addresses the constraints of
conventional static delay pattern analysis, captures the changing spatial and temporal variations
in delay patterns, and offers technical assistance in developing aviation control techniques.
Keywords: airport delays; temporal delay networks; PageRank; spatiotemporal heterogeneity;
delay patterns; China



