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Research on the robustness of China’s all-cargo aviation network based on

network efficiency
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Abstract: Under the new development pattern, it is particularly important to enhance the risk resistance capability of China’s

all-cargo aviation network. This paper first constructs an undirected weighted topological network structure based
on China’s all-cargo air route data in 2023, then identifies key nodes and edges in the topological network using
different methods, and finally explores the changing trends of network efficiency of the all-cargo aviation network
under different attack strategies. The results show that the node degrees in both China’s domestic all-cargo avia-
tion network (referred to as the domestic network) and international all-cargo aviation network (referred to as the
international network) follow an exponential distribution. In identifying key nodes in the domestic network, the
PageRank algorithm outperforms the comprehensive degree method but is comparable to the node degree method,
with both reaching the collapse threshold of network efficiency when the node failure ratio is 40%. The interna-
tional network generally has weaker risk resistance capability than the domestic network, especially showing
greater vulnerability under edge failure scenarios. Based on the findings of this study, it is recommended to
increase the frequency of existing international all-cargo flights and continuously launch new international all—
cargo air routes to enhance the robustness of the international network and the overall network’s risk resistance

capability.

Key words: all-cargo aviation network; PageRank algorithm; entropy method; network efficiency

W& 2255 A BRI 7 Ry 55 O DU R e, s 1%

A

W2 P i ARk 3 25 000 ko SR, IT4ESE il

Vol.44 No.l1
February 2026

157 [ PR 52 By R R A B AR 2, B
O i i A R ) T B AL ARG 2022 AF K A Y
CHE S AR AL A B A R 4A 2E) , Titit 3] 2030 47, o

18 P45 R L5 AE B RTRE JT T RN S 1k A R AU
PEREXTHARE PESR T HOR PR AR ARYE 2023 4R 1712
BARgert, STl kiR AT 5 AP BT iR i o 2

s B3 .2024-06-30; &[5 HEA . 2024-12-02
YEEE N AW (1980—

HEEWB . FHEARHL L5 % B0 H (23F1YB042)
) B B A TR AR S .



Fa4 1

AR BRARYL : 56T SR 1 v [ e SRas i s A B R TS

- 33—

60% LA I, HA M X35 7 P28 AN JE , AT 2S 0242 I 2%
TETHDN SR 9 35 B2 1 4 5% R = (I i 55 ek 2 34
oAb, BRI ) 57 5 BUR AR A R b 2 ER K

5y S AN DR 2R o X 6T 38 N 48 i R 1k AR T B R
Wil o PRI, B 5 o R 2 6 3 T 445 1) A 1 AN L
PRS0 M R R N IR RE O BRI E RS
T 5292 R GERIPUAE RE 7, B AR I TE A R Pk AR
AR E E AR IE AT, T HE S 4 B & R, PR R L
I A4

H BT S W 2856 i P B 0 5% 32 22 43 o0 SRR 0
FE S U | 28 25 1) 53 J2 S B B AR AR i)
byt 2 B4 o e L =B U | BV S < T
PRIE T AR s RGBT B X 4 8 e ki 55 . Sk
[2-512 FH Y SSGE R R AR KR 0affk JEAi  N
AR S RPN T 2 I 285 v 118 S Y st I X 2 AR )
BIEATAY IR o FEILIERE b, SCHk[6- TR AN [ A9 43 2
SERIXTT SORE S AT B T AR TR0 R
P 265 LY S 2 i 5 N 4 65 e Pk TSR A 4538 . SCHR[8-9]
HRAE L2 X 45 AE AN [ B[] 19 5 AT 26 o0 A I 100, 37
T FD L SR IE T B A3 AT T AN [ ] B Y 1) 45 6
Bk o SCRR[10- 12148 0 T 56 F 2% P dfe /N = o1 45K
S8 T R £ v T2 X286 1A 32 0 45 1 45 e P
ik B SR FH R B B R R A R IE T R AR B
T8 T RTE s M a i, IR s 540k
PR ST SR A T LI SR A o A% SCAR S0
T i s T R E LRI, A5 T AR E T RS
N BRI BE L R A8 S A%

25 LT, DAL ZS 2 64 Bt i i 52 T A2 7E
PLUF AR : QFERFFT 5 ) b, B L8 2 W 4%
SRIFFE XTGP A B N 4% R4 T X E A AT AT
5% QFENTSE Tk b, AT 25 R B I 45 rh B’Hmj =
NG, VB AT as 2% B & AR R R T B 5+
T o AR SC BRI 2 Ak A - OFERFFE 7 1) L uli\
B S 5 AL A, A6 TC ] INAS AR 2 I 28 I 2
¥, 9138 3 P B BEvE A B 0t is i @ FE 9T 5 ik L
I PR A 3 T D) 286 1 i B8 v B BRI o0 BE R A
L BE HEA T R IIRAR, LAIEA T BT i) s, A%
SCHE A 5 — Ry SR B B I B AT T R T

T3 1 o B 0 5 D 2 R S i TR IR, B
T VAR B HER P o AR SO BN R S s 4 A
JRR S | [T I 2 078 W 45 G et 1l ) B

1 =B

11 #HE2EEMEMNERINGN

ARSCHENL 2023 AR A E S BT A R HEA AT S0
AL SR ia ik, B R IR T Official Airline Guide
(TRIFK OAG)FI b [ B P25 Jm) 23 A1 18 B IR A ik B AL
G2 o AW 508 6] — 3T 0 2 L EE R —A T
SR TC ) AL 2 22 4 3l Pajek BF2: 61
BIFNERANEL 1 Fs .

= e L]

[ )
04
0:-'9 Osan
T Qu O o
° ..m- Q0 Gungr i : e
o (PO W,
° Lh'. ) N Y| .
[ £ wgl | +
B = N
..uumnghr Lk, s g sz ﬂ.wmmu
S es 0,
.7‘5 e~ = r
i TN
2" @,
m

g T
e v i’

.',. QV 4 —T &
DS B 2P ]
."«*;Q P AL
- { 1 —

L7 e ol ;i\g,..:ﬁi“
L 1l W AN
‘ ~ / e, y \ ; .m-an
e Y e b” S e Ne sy
b ‘ D) e
=214 .11 ‘ .ﬂfil s .,;

L
E1 PEREF2EEMEME
Fig.1 China’s overall all-cargo aviation network
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Fig.2 Distribution of domestic degree
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Tab.1 Identifying key nodes in the domestic network based on node

degree
HE# Wi R He44 T R
1 | 44 6 J7IN 22
2 B 41 7 I 22
3 7w 31 8 FRM 19
4 Jba 30 9 R 16
5 ity 25 10 ER 15
%2 ETHREENEHNMERILET IR

Tab.2 Identifying key nodes in the domestic network based on

composite degree

il T SR 4 i L
1 S 1.000 6 HH 0.626
2 AR 0.962 7 PR:H 0.590
3 sl 0.794 8 LIV 0.587
4 it 0.724 9 i 0.536
5 BN 0.650 10 25 0.503
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Tab.3 Identifying key nodes in the domestic network based on

PageRank value

HE4 kT PageRank {5 || 4 b4 PageRank {H
1 B 0.199 3 6 (SR 0.046 5
2 5 0.170 5 7 TN 0.039 1
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5 g~ 0.052 9 10 B 0.024 1
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Tab.4 Identifying key nodes in the international network based on

node degree

He Wl WA || HEA T A
1 KB 11 6 BK 7
2 B TEAT 10 7 A7 7
3 TR 3N YN 7
4 Rk 8 9 M 6
5 Rt 8 10 SEAYHTE DL E 6
x5 ETESEXERMEDRAXET IR

Tab.5 Identifying key nodes in the international network based on

composite degree

HE# Wi AR He4 O] LA
1 FaIR AR 0.6257 6 KB 0.462 6
2 HErf 04972 7 [SEAS 0.430 9
3 Rt 04815 8 B 0.422 6
4 YRWAT 04777 9 =) 0.391 1
5 IR 04636 10 ek 03719
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Tab.6 Identifying key nodes in the international network based on

PageRank value

He IR PageRank ff | HE4 W PageRank {4
1 KB 0.018 2 6 ILETAR 00073
2 Kt 0.011 2 7 0.006 4
3 #HZwma 00105 8  EK 0.006 1
4 EIER 0.008 7 9 VN 0.006 0
5 KL 0.008 3 10 sk 0.006 0
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Fig.5 Changing trends of network efficiency of domestic and

international nodes under different attack strategies
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Tab.7 Top 10 domestic and international air cargo routes of China by

estimated freight volume
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international edges under different attack strategies
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Fig.7 Changing trends of network efficiency of nodes and edges under different attack strategies
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