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Analysis of flight delay propagation characteristics based on
complex network propagation dynamics

YANG Xinsheng, XIE Xiaolong, WEI Ming
(College of Air Traffic Management, Civil Aviation University of China, Tianjin 300300, China)

Abstract: In order to address the problem that the existing susceptible-infected-recovered (SIR) model does not consider the
impact of the topology of the airport network on the flight delay propagation, the topological characteristic index of the airport
network was calculated based on the complex network theory. The comprehensive importance of each airport was evaluated by
using the entropy weighted technique for order preference by similarity to ideal solution (TOPSIS) method, and all airports
were divided into several classes, thus the improved SIR model for the flight delay propagation of airports in different classes
was established and the propagation thresholds of the model were solved. Taking the Chinese airport network in 2023 as an
example, all airports were classified into five categories, and an improved SIR model was used to simulate the flight delay

propagation of airports under different initial conditions. The simulation results show that the improved SIR model is more

Wk B :2024-07-06 5 % 0] H #: 2024-10-30 ; 32 4T 4 48 - 5 Wk v

HETH K A RBE 4 (U2333206) 5 [ R ALK R BV S 5 &R 50 5 8 9050 % P il 4 (SATS202307)
S —VEE RN AR (1966—) , 5, BRPE R KA #0820 1, 32 %2 DA =5 255 vl o0 3 W03 5 8 L 0 B 8 4R T A 5
E-mail:2022032071 (@ cauc. edu. cn

PRt /N e L BT B T 5 2% 2 AL 1 20 0 A 0 A IR A AR A G R M A BT LD . b BB R A 45 4, 2025,46(2) : 151-160.
YANG Xinsheng, XIE Xiaolong, WEI Ming. Analysis of flight delay propagation characteristics based on complex network propagation
dynamics[ J]. Journal of Hebei University of Science and Technology,2025,46(2):151-160.



152 LI A S A NI S i 2025 4

suitable for simulating delay propagation. The higher the comprehensive importance of an airport. the wider the delay
propagation range becomes, the faster the speed is, and the longer the recovery period lasts. The delay propagation ability of
E-class airports is significantly improved, when flights from multiple airports are delayed. The topology of the airport network
has an inhibitory effect on the delay propagation. and it is difficult for delays to spread to all the airports. The improved SIR
model demonstrates the differential effects of airport importance on delay propagation and provides reference for the formulation

of flight delay management strategies.

Keywords : airtransport management; delay propagation; complex network; entropy-weight TOPSIS; propagation dynamics;
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Tab.1 Feature parameters of airport network topology
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Fig. 1 Traditional SIR propagation mechanism
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Fig.2 Improved SIR transmission mechanism
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Tab. 2 Airport network topology characteristics and average daily departure delays (selected airports)
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Tab.3 Comprehensive importance of airports (partial airport)
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Fig.5 Classification results
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Fig. 6 Propagation of delays in a single airport (traditional SIR)
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Fig. 7 Propagation of delays in a single airport (improved SIR)
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Fig. 8 Propagation of delays in multiple airports
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