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Aim

To find early-warning indicators for large-scale disruptions
First step: delay propagation
a. Quantify diffusion of perturbations (‘advection’)

b. Understand interacting perturbations and
amplification effects



Literature

Complex delay dynamics on railway networks: from universal laws

to realistic modelling
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Monechi et al. (2017) e
e ‘Gap’ in research ' e '
* |nvestigates dynamics
e Simple model




Data

Logged train activity - register of the passing of trains and their
characteristics

e Discrete -> continuous time series
e Gaussian weighting function

e Future data: crew?
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First step

Advection and Diffusion
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Find true correlation by correcting for lag
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Top: Lag-corrected time series
Right: Correlated area

Period ©6-14 February
Time All day

From RID (Rotterdam Lombardijen)
To Rtst (Rotterdam Stadion)

(

Blue Orange
Correlation 1 >0.4
. Lag 0 >0
Explained . 50.2

variance
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Top: Lag-corrected time series
Right: Correlated area

Period
Time
From
To

o-14 February
All day
Ods (Oosterdoksdoorvaart)

DgI’W (Dijksgracht Westzijde (Amsterdam))
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Blue Orange
Correlation L >0.4
/////E Lag 0 >0
_ Explained 1 00

variance




Network of delay diffusion

Nodes: Links drawn under the conditions:
. Represent segments of tracks in e Lag-corrected correlation: > 0.4
the Dutch Railway network e Explained variance: >0.2

e Alllags (i.e., between -90 to 90 min)



Second step

Interaction, Amplification and
Emergence



Origin, dynamics and evolution of ocean
garbage patches from observed surface
drifters

Frk van Sohille' ", Matthew H Enzland’ and Gary Froyla
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Van Sebille et al. (2012)
e Usage of transfer matrix
* Marine plastics -> delay




Transfer matrix

lo find a matrix J that maps the state of the systems
dynamic variables in time.

That is: to find a mapping J such that
St—I—At _ Je(t) (t, d) . Qt

given discrete events set ¢(1), time 1, time step A4f, and
accumulated delays d, and state vector S of the form:

S, =S d,

with segment index /. The state vector might also contain a
bit of time series history.



Transter matrix

First approach / ;,.;..Lv I

e Focus on the area between Rhenen and =" | T«
Utrecht CS P

e (alculate the transfer matrix by:

/ e
J = St—l—At : St_l A /;"'/_’_,.”——’"/
—“\‘u( /:/
» Pseudo inverse is used. “""“a\snk o o
e Do this for every timestep: J = J(t)
e Average (per timestep) over all days \
covered \




SMtr delay
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Problems:
* Flattening because of averaging,
variation between days

/\ / e Primary versus secondary delays
LA * No differentiation yet among
different types delays or events

" fime (3. u. Ml ° Parameter settings (window size)

Example results

Mapping applied on February 3rd
Different mapping per timestep, averaged over days



Outlook

Diffusion and Advection

* Analyse diffusion network for high-impact spots (relate to
buffer times)

* Model experiments
e Upscale in time

Interaction, amplification and emergence

e Filtration of primary delays in transfer matrix calculation
 Upscale mapping in time/space

* |nvestigate sensitivity

* |nvestigate usability of principal components

... early warning signals?




Thank you for you
attention



AppendiXx

Principal Component Analysis



PCA 1: 49 %

Quugrremme
Principal Component
Analysis
(3-14 Feb)

PCA 2: 25 % ‘
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PCA 3: 11 %

PCA 4:9 %

Station

vvvvv



