


Global Land-Ocean Temperature Index
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I CLIMATE CHANGE
INCREASING NUMBER OF INCIDENTS

400 $1.2 trillion

300 Loss between 2001 and 2010,
due to natural disasters
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I Increasing trend of extreme precipitation in China
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RailAdapt

Designed to provide UIC members with a strategic
framework to build long-term resilience



Methodology
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Infrastructure network system

Component failure

Historical failure dataset

DIvide COmponents mto
element (grid cell) scale
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Prepare sample data of
failure and influencing
variables for all elements
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Machine learning method
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Variables that potentially influence infrastructure failure

a) precipitation, b) rainband, c) climate zone, d) elevation,
e) slope, f) curvature, g) geology, h) soil, i) land cover,
j) vegetation zone, k) landform, k) watershed, 1) river.




Random forest model
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Resizing & Extracting
(1km > 1km grid)

Sampling

Variable data layers
(precipitation, rainband, climate
zone, elevation, slope, curvature,
geology, soil texture, land cover,
vegetation zone, landform,
watershed, distance to river)

Extract railway-related
variable data layers

Picked 60%

L same
% Size
Sze

Non-Hazard samples Hazard samples

40%

Samples for
Training model

Non-picked

Hazard samples Non-Hazard samples

Samples for
Testing model

Test Error
Ns sample size TP, TN, FP, FN
San'll!:r]e: for % % Out ofOngBSample Model prediction
T (0.08) performance
0.0.B. Emor
Classification and
Repeat Regression Tree (CART) Noon
N ( 1 ) z RTRUE,f
T Set Nv No. of variables Noos” &4 Noostimes.; | |
times in each split i A
Noog : No. of samples being
Prediction of picked as 0.0.B.
' Each 0.0.B. Nrpug,;: Consists of sample j,
tested to be TRUE in all trees
Tree:
Forest @ 1 i ] 1 ]
ores| ! ! ! ! e
i i i i Importance of Variables
(N7 Trees) : : i : Lov.
H 1 i | Mr
OOB Test | OOR Tes | 0OR Test | | 00B Tes 4| A= ZD' 0-Las
(TREE) | (TREE) | (TREEy ! i (IREEN) D.0.1.: Decreate of GINI
l importance
D.0.1,,: Total D.0. 1. of
Random Forest variable kin TREE i
. Model for
Object to be ibility 1.0.V.: Importance of
assessed Variables k
Suspy = Mirueassessed
T




Susceptibility of Chinese railway to hazards

Flood

Landslide

Debris flow

Multi-hazard




RF model

Model accuracy (%)

Training Testing  Complete
Flood 98.13 94.71 95.86
Landslide 97.75 92.60 93.23
Debris flow 99.10 96.96 97.38
Multi-hazard 98.12 95.30 96.70
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Question : How to identify critical
components and assess failure impact?



I Input-Output modelling

X =Y +BY +B% +---,
AX =AY + BAY + B?AY +---

Leontief W W. The structure of American economy. 1951.
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Criticality map of Chinese railway
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Infrastructure network system

Component failure
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Machine leaming method
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Failure probability P,
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Network efficiency
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Risk map of Chinse railway due to rainfall induced multi-
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Provide scientific proof for
railway hazards management

Higher-risk level
 Higher failure probabilities
« High criticality

v' Beijing-Shanghai

v' Beijing—Shenyang

v' Jiaozuo-Lanzhou
Moderate risk levels
« Highest failure probabilities.

* Reduced influence on whole-network

efficiency

v" Lines in Northwest

v" Lines in Southwest
Lower risk level
 Lower failure probability
« Higher criticality

v" Beijing-Wuhan

v’ Beijing-Jiulong



I Conclusions and Discussion

B A risk map that provides critical information on
potential risk impacts on Chinese railway is generated.

B The risk map can be used to inspire decisive action on
investment in preventative and adaptive measures

B The susceptibility of railway under future climate change
should be considered
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