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Resilience Analysis of Multi-Airport Terminal Area Route Networks
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Abstract: This study uses the Guangzhou terminal area and the Zhuhai approach terminal area as examples,
applying complex network methods to construct route network models for each. The network topology is analyzed
in detail using indicators such as node degree, degree distribution, betweenness centrality, clustering coefficient,
network diameter, and average path length. Based on this analysis, node importance is identified using degree
centrality, betweenness centrality, and the KBKNR algorithm. Additionally, scenarios of random attacks and
deliberate destruction are designed, and network efficiency and connectivity are used as metrics to evaluate the
resilience of the route networks. The experimental results show that under random attacks, the Zhuhai Terminal
Approach Air Route Network demonstrates greater resilience compared to the Guangzhou Terminal Air Route
Network. Conversely, under intentional attacks, the Guangzhou Terminal Air Route Network exhibits stronger
resilience. Moreover, degree centrality attacks are more likely to cause network collapse compared to betweenness
centrality attacks and KBKNR attacks, indicating that nodes with high degree centrality should be prioritized for
protection as critical nodes.
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Fig.1 Attack strategies for terminal air route networks
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Tab.1 Statistics of Flight Data for Various Airports in 2023

N =N a =N
WL 4k REFME/TT KW E/

AR Bk
FHN 3950 276 000
WIIN 515 42 504
IIINE BN 6317 456 100
HN TN 261 21190
i &SN 1146 87 400
EYNE LW 5273 393 100

Ml 107 8 093
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Fig.2 Airspace structure of the Guangzhou and Zhuhai terminal control areas
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Fig.5 The frequency distribution of node betweenness centrality
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Tab.2 Node importance ordering in Guangzhou terminal air route network

He7 BEHET AT KBKNR 5
1 TAN GG423 TAN
2 POU GG408 GG412
3 SHL TAN GG512
4 GG412 GG410 GG594
5 GG594 GG424 GG513
6 GG423 GG594 GG423
7 GG512 GG421 CON
8 CON GG409 GG410
9 GG426 SHL GG521
10 GG424 GG427 GG431
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Tab.3 Node importance ordering in Zhuhai terminal approach air route network

ey BEHRF? NHEFF  KBKNR 5
1 GLN GLN GLN
2 ZUH ZUH ZUH
3 VIPAP NLG VIPAP
4 NLG VIPAP $7003
5 HZ401 SD415 SZ102
6 GURIN KEVAR HZ401
7 MIPAG SZ113 NLG
8 SZ003 87152 GURIN
9 SZ102 $Z003 Sz101

—_
(e

SD418 SZ153 SZ005
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Fig.6 Important nodes in the Guangzhou terminal area route network
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Fig.7 Important nodes in the Zhuhai approach terminal area route network
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Fig.8 Network efficiency under degree centrality,betweenness centrality,and KBKNR ordering attacks
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Fig.9 Network connectivity under degree centrality,betweenness centrality,and KBKNR ordering attacks
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Tab.4 Network efficiency and network connectivity of the Guangzhou terminal area route network

Bt P 28 05 WA 4% 142 e i
TYE 0.187 1
17 R Bt 0.023 0.084
27 X KBKNR HEF¢ Bk 0.025 0.082
30 AT Bt 0.048 0.252

5 BRI HET £ 3 X AT P00 45 1) 00 246 203 ) 4 3

Tab.5 Network efficiency and network connectivity of the Zhuhai approach terminal area route network
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Fig.10 Network Efficiency under Random Attack
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