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Supplementary Figures
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(a) Random disruptions. (b) Node degree-targeted attacks.
10714 o MTR (r,=0.076)
08 X %— FB (r,=0.074)
: 4— GMB (r,=0.023)
064 X +— LR (1,=0.107)
- +
_ 5 FERRY (1, =0.042)
04l | T & TRAM (r,=0.027)
X
0.2 1
0.01

(c) Node betweenness-targeted attacks.

Supplementary Fig. 1 Robustness of sub-networks. The degradation curves are shown for the scenarios of
(a) random disruptions, (b) node-degree targeted attacks, and (c) node betweenness-targeted attacks. MTR,
LR, and FB networks show better robustness in all three scenarios, with high (k) contributing to network
redundancy. In the random failure scenario, MTR and LR have similar degradation trends, while LR
performs better than MTR in targeted attacks. FERRY, TRAM, and GMB networks exhibit poor robustness
due to low (k). Surprisingly, GMB performs worse than TRAM in targeted attacks though the former has
a higher (k,,)., likely due to its high heterogeneity, which makes the structure susceptible to fracturing by
attacks on critical nodes.
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Supplementary Fig. 2 Degree distribution of each subnetwork. The summed number of in- and out-degree
is adopted. Examining the degree distribution, the FB and GMB bus systems show identifiable heavy tails,
suggesting they are more robust to random failures but more vulnerable to targeted attacks than random
networks. Other subsystems have mostly unidentifiable trends.
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(f) TRAM.

Supplementary Fig. 3 Distribution of node betweenness centrality. Note that betweenness centrality values
are normalized by 1/((n-1) (n-2)) for directed graphs where n is the number of nodes in the graph. Regarding

node betweenness, the MTR, LR, and TRAM systems have a concentrated distribution around medium
betweenness value, meaning most nodes have betweenness level close to each other. Such similarity may

result from a similar design purpose. In contrast, the heavy-tail distribution in the GMB and FB networks
leads to vulnerabilities from attacks on high-betweenness stations where passenger flows concentrate.



