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Is Europe's Transportation
Network ready to face
Climate Change?

Cristina Deidda and Wim Thiery



Affected railways
—— drought
— extreme temperature
—— flood

European transport —
infrastructure faced

;  extreme temperature
= flood
& storm

multiple climate
extremes between
2010-2018
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Infrastructure damages

Fhysical damages on infrastructures
buildings and elements.

Operations

Interruption of operations and services,
delays.

Users

Increasing waiting times, replanning
routes through alternatives ways,
economical refunding.

Health discomforts
Incidents, health discomforts, medical
care necessity.
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Exposure analysis of TEN-T network

Dataset

RCP8.5

RCP6.0

RCP2.6
HISTORICAL FUTURE
1861-2005 (145 years) 2006 - 2099 (94 years)

ISIMIP Project

Yearly data of five extreme events categories:

River floods, tropical cyclones, wildfires, droughts, and heatwaves
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Intercomparison Project




Exposure analysis of TEN-T network

RCP26
Methods i
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Exposure multiplication factor
_ 061
0
EMFpast= N event future é
Nevent past 0.4 -
EMFores= N event future 03
Nevent present day
0.0 -
1850 1900 1950 2000 2050 2100
1 2
>1years 1861-1912 1954-2005 2024-2075 2049-2100

time window



Heatwaves

medium-high emission scenario, mid-century

Half of European railways will experience at
least x 16 more heatwaves by 2050 compared
to today under a medium-high emission
scenario
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Exposure multiplication factor
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heatwaves x16 —\ S x1,04 river floods heatwaves x19 —\ S x1,04 river f

droughts x6 — &®» —— x1 hurricanes droughts x5 — '—%— x1 hurricanes
wildfires x4 _/ p_— coastal floods wildfires x3 e - +2,68m max coastal floods

heatwaves x16 —/\ Ve x1,04 river floods
droughts x7 — g — x1 hurricanes

wildfires x9 e p_— coastal floods

heatwaves x16 —\ S x1,1 river floods heatwaves x17 —\ Yo x1,02 river floods
N
droughts x3 — % — X1 hurricanes droughts x5 — ;f — x1 hurricanes
wildfires x3 — p_— coastal floods wildfires x3 — - +1,8m max coastal floods

(medium-high emission scenario;
mid-century compared to today)
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Inland water ways

Nb of elements exposed

Nb of elements exposed
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M- River flood

Nb of roads exposed Nb of railways exposed
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In the last decade, all modes of transportation have been affected by various
hazards. It is important to consider the impact of all these hazards on all modes of
transport.

In the coming years, there will be an increase in exposure of extreme events to the
TEN-T network, especially to heatwaves (x30), floods (x3), wildfires (x4), droughts
(x16), and to a lesser extent, tropical cyclones

The TEN-T network should be prepared for the occurrence of multiple hazards
simultaneously. Extreme events will occur more frequently, both sequentially and
concurrently.
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RCP

IPCC Representative Concentration Pathways ~ * RCP2.6 (Representative Concentration Pathway 2.6): RCP2.6 represents a
rcpe.s  scenario in which aggressive and immediate global efforts are made to
reduce greenhouse %as emissions. In this pathway, the concentration of
greenhouse gases is limited to 2.6 watts per square meter by the end of the
21st century. This scenario aims to keep global warming well below 2
degrees Celsius compared to pre-industrial levels, with the aspiration to
limit it to 1.5 degrees Celsius.
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L T T * RCP6 (Representative Concentration Pathway 6): RCP6 envisions a future
2000 2020 2040 2060 2080 2100 with moderate efforts to mitigate climate change. It assumes that global
greenhouse gas emissions continue to rise throughout the 21st century,
reachln%_lthelr peak around mid-century and gradually decreasing thereafter.
This pathway projects a global temperature increase of aﬂ)rommately 2.6
to 4.8 degrees Celsius by 2100 compared to pre-industria
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Y |+ RCP8.5 (Representative Concentration Pathway 8.5): RCP8.5 represents a
=" scenario where no substantial climate mitigation measures are taken. It
assumes a continued increase in greenhouse gas emissions, leading to a high
? radiative forcing and a global temperature rise of 4.0 to 6.1 degrees Celsius
by the end of the century. This pathway serves as a reference for the
potential future impacts of unmitigated climate change.
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Extreme events definition

Extreme Event Definition in (Lange et al., 2020) Impact Models

River floods Daily river flow within a pixel greater than 100-year return flow  CLM45, HO8, JULES-W1, LPJmL, MPI-HM,
during pre-industrial times ORCHIDEE, PCR-GLOBWB, WaterGAP2

Heatwaves Occurrence in entire pixel when the Heat Wave Magnitude In- - HWMId99 (directly diagnosed from GCMs)

dex daily (HWMId) recorded that year exceeds the 99" per-
centile of the HWMId during pre-industrial times.

Droughts Drop of soil water content below the 2.5'" percentile of the dis-  CLM45, HO8, JULES-W1, LPJmL, MPI-HM,
tribution during pre-industrial times considering periods longer  ORCHIDEE, PCR-GLOBWB, WaterGAP2

than 6 months

Crop failures Drop of crop yield below the 2.5°" percentile of the distribution  GEPIC, LPJmL, PEPIC
during pre-industrial times
Wildfires Total annual burnt area CARAIB, LPJ-GUESS, LPJmL, ORCHIDEE,
VISIT
Tropical cyclones  Exposure to hurricane-induced winds during the year KE-TG-meanfield

The impact models are described in: CLM45 (Lawrence et al., 2011; Thicry et al., 2017), HO8 (Hanasaki ct al., 2018), JULES-W1 (Best et al., 2011), LPJmL (SchapholT et al.,
2018a, b), MPI-HM (Hagemann and Gates, 2003; Stacke and Hagemann, 2012), ORCHIDEE (Guimberteau et al., 2018), PCR-GLOBWB (Wada et al., 2014, 2016), WaterGAP2
(Miiller Schmied et al., 2014, 2016), HWMId (Russo et al., 2015, 2017; Lange et al., 2020), GEPIC (Folberth et al., 2012), PEPIC (Liu et al., 2016), CARAIB (Dury et al., 2011),
LPJ-GUESS (Smith et al., 2014), VISIT (Ito and Oikawa, 2002; Ito and Inatomi, 2012) and KE-TG-meanfield (Emanuel, 2013).



Heatwaves

medium-high emission scenario, end-of-century

Airports Maritime ports Railways

Roads IWW
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Exposure multiplication factor

Source: VUB, own analysis, ISIMIP data
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Adaptation investment needs at TEN-T by mode

medium-high emission scenario

70 bn€ to cope with
warming until about
2050, only TEN-T

90 bn€ to cope with
warming until about
2100, only TEN-T

Emission and warming
scenario can be worse

With global green deal
it could require less
investment

Maritime ports  [WW ports

Road

Rail

Alrports

End-of-century

Mid-century

End-of-century

Mid-century
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Mid-century
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Mid-century

TEN-T adaptation investment needs by mode, RCP6.0
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Overall adaptation costs

increase with time and emission scenario

TEN-T adaptation investment needs by RCP
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All nodes affected by multiple hazards - ex-post

Calling for a multi-hazard approach

Roads Maritime ports

21.3%
Inland waterways
38.8%

Urban nodes

Airports

Railways Rail road terminals

EC database

20.8%
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You should also provide
Data sources, if any were

Important. 7-6-2024 | 23
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Heatwaves and railways

medium-high emission scenario
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