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FRAMEWORK

Ingredients

Interaction between
human-made systems and
natural external stressors.

-® Infrastructure: complex topol-
ogy embedded in space

-® External climate stressor

-® Perturbation dynamics (func-
tionality reduction)

failing
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03 MODELING PERTURBATION



MoDEL

Propagation model with

generation and absorption Real world application:

processes © Delay propagation on

s(t+1) =T (t)s(t) + pg — ¢ & railway systems influenced by
& (ginfalls

s(t) — perturbation state vector

defined at each node/edge
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MODEL — DIFFUSION PROCESS

The diffusion process ruled by the
network topology

s(t+1) =7 (t)s(t) + Bg — ¢

T (t) transfer probability
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MODEL — GENERATION PROCESS

The generation process ruled by the
external stressor field (rain)

s(t+1) =T (t)s(t) + Bg — ¢
g=WH osmH)n

B generation rate

W(t) e.g. trains traversing each link

S(t) e.g. amount of rain experienced at
each link
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MODEL — ABSORPTION PROCESS

The absorption process ruled by the local
capacity to absorb delays

s(t+1) =T (V)s(t) +pg — ¢

v absorption rate
¢ station capacity

Capacity proportional to max station throughput.
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DATA — NETWORK

Milano B.

-8 Network of stations
connected by direct
trains.

-® Shapes and
locations from
OpenStreetMap

#~Guangzhounan

" Shenzhenbei
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DATA — STRESSOR

Historical weather variables
(hourly; ERAS@Copernicus)

total_precipitation_land

ERAS: Fifth generation ECMWF reanalysis for the global climate and weather

M. Faccin @ INSTR 2026, Lyon 8



DEPARTURES

DATA — PERTURBATION DEsTINAZIONE ORARIO  RITARGO INFORMAZ
TORINOP.N.  13:45 200’ RMA
BOLZANOD 16:1S5 55° RMA
MILANO C.LE  16:20 55' RMA
- All trains from the major Italian MILAND C.LE 16:30 45° RMA
railway operator and high-speed BOLZANO 16:45 35° RMA
Chinese trains TORIND P.N. 17:00 15’
-8 Train delay at each station FIUMICIND A. 17:05
LATINA 17:06

CASSIND 17:07
MILANO C.LE 17:10 15°
FIRENZE SMN 17:12
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DELAYS ORIGINATE FROM MULTIPLE SOURCES
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Cumulated daily delay vs. rainfalls — multiple sources of delay (Italy)

M. Faccin @ INSTR 2026, Lyon

Oct

Nov

Dec

- 800

- 600

- 400

- 200

Rain (mm)

10



[~* RESULTS




PARAMETER INFERENCE
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ITA 2024-10-03

Real data
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CN 2020-01-06
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CN 2020-01-06

Flight Are Canceled, High-Speed Trains
Delayed as Beijing Gets First Snow of
2020

Real data Prediction Stressor field N e v

Flight Are Canceled, High-Speed Trains Delayed as Beijing Gets First Snow of 2020

(Yicai Global) Jan. 6 - Flights have been canceled and high-speed trains
delayed after snow fell on Beijing for the first time this year.
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SYSTEM RESILIENCE

System response from a
continuous external stressor
field.

-® Delay absorbed below a
propagation threshold
Bg < 76 Vi

-8 System collapse above a
disruption threshold
(Bg) > (7c)

-® Endemic delay in-between
(dynamical equilibrium)
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PERTURBABILITY AND SOCIAL RISK Perturbabilty b
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© OUESTIONS?

& https://maurofaccin.github.io
N mauro. fccn@gmail.com
‘&% @CoMuNeLab, @UNIPD, @INFN

Joint work with:

Aknowledgements: FIS project no. FIS00000158 (CUP C53C23000660001). INFN (LINCOLN).
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Model of
propagation+generation+absorption of
perturbations

Interaction between external
stressor (e.g. climate variables) and
dynamics

Prediction of complete system failure at
high values of the external stressor

Perturbability centrality and social risk
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BACKUP1: SENSIBILITY TO RAIN

Italy China
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BACKUP2: PERTURBABILITY

Comparison ITA vs CN

Perturbability:
ITA: geographic
concentration

CN

correlated to high
capacity stations
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