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B Cimatological events (heat wave) — Unear trend (2l events)
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Factor | : Impacts

Temperature Road Rail ) . Po'rts, .
inland navigation and airports
Higher mean Thermal pavement loading/degradation; Track buckling; infrastructure and Damage to infrastructure, equipment and
temperatures, asphalt rutting; thermal damage of bridges; rolling stock overheating/failure; slope cargo; higher energy consumption for
increased landslide risks in mountainous roads; fires and failures; electronic cooling cargo; lower water levels and
asset lifetime reduction;, increased needs for equipment and signalling problems;  restrictions for inland navigation; air
cooling (passenger and freight) and fuel speed restrictions; asset lifetime transport payload restrictions; warmer
consumption; shorter windows for reduction; higher needs for weather will reduce snow/ice removal
LEELRUEVEEEL LV AU maintenance work; increased construction and cooling/fuel; shorter maintenance costs and extend the construction season
maintenance costs; changes in transport work windows; increased construction
demand and maintenance costs; changes in
demand
Increased spatio-temporal
variability in warm/cool
days
LB G e ELG D B Road buckling; decreases in the number of Rail trackdamages; slope instability =~ Major damages in port and airport
and thawing, travelling days; slope instability and and embankment failures; freight and infrastructure; longer shipping seasons-
embankment failures; coastal erosion affecting passenger restrictions NSR; new shorter shipping routes-
coastal roads NWP/less fuel costs, but higher support
Reduced arcticice service costs
coverage
inland navigation and airports
Changesin the Network inundation; increased landslides and Submersion, Bridge scour, Drainage  Land infrastructure inundation; damage to
intensity/frequency of slope, earthwork and lineside equipment systems, tunnels cargo and equipment; navigation
extremes (floods and failures; impacts on vital nodes e.g. bridges : i restrictions in inland waterways due to
draughts) due to scouring and inundation; poor visibility :Tk:’fgf_s_ I'_a_"_di"i‘is". E'Idf:gr_‘i"l’."d droughts;
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demand

Increased spatio-temporal

variability in warm/cool

days

ey e e ELG T B Road buckling; decreases in the number of Rail trackdamages; slope instability =~ Major damages in port and airport

and thawing, travelling days; slope instability and and embankment failures; freight and infrastructure; longer shipping seasons-
embankment failures; coastal erosion affecting passenger restrictions NSR; new shorter shipping routes-
coastal roads NWP/less fuel costs, but higher support

Reduced arcticice service costs
coverage

i Ports,
Precipitation Road ] s )
inland navigationand airports

Changesin the Network inundation; increased landslides and Submersion, Bridge scour, Drainage  Land infrastructure inundation; damage t
intensity/frequency of slope, earthwork and lineside equipment systems, tunnels cargo and equipment; navigation
extremes (floods and failures; impacts on vital nodes e.g. bridges restrictions in inland waterways due to
draughts) due to scouring and inundation; poor visibility 3nd bridges landslides, Underground g5, opes;

and increased accident risk; more frequent flooding Embankments/Earthwork

slush flow avalanches; delays; changes in damage, Operational assets, Delays

demand

Winds and Road
thunderstorms inland nawgatlon and airports

Changesin the Damages to fence; road accidents Damagesto installations, catenary;  Problems in vessel navigation and
frequency/intensity of overvoltage; disruption to operations berthing in ports
events

Sea level (mean and Ports and

Road

extreme) Inland navigation

Increased damages in port

LY EEL R S B EL R increased risks of coastal inundation and Bridge scour, Installations/Catenary

erosion affecting coastal roads; temporary damage, Restrictions/Disruption of infrastructure/cargo from inundation and
inundation, Unusable roads during storm surge train operation, wave energy changes; higher port
Increased destructiveness Embankments/Earthwork flooding construction/maintenance costs;
of storms/storm surges sedimentation issues in port/navigation

channels; effects on key transit points
(e.g. The Panama Canal); relocation of
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. flooding Embankments/Earthwork

and increased accident risk; more frequent
slush flow avalanches; delays; changes in
demand o

damage, Operational assets, Delays
isk

thunderstorms e inland navigationand airports
Changesin the Damages to fence; road accidents Damagesto installations, catenary;  Problems in vessel navigation and
frequency/intensity of overvoltage; disruption to operations berthing in ports
events

Sea level (mean and Ports and

Road

extreme) Inland navigation

LR TN S G ET EEI increased risks of coastal inundation and Bridge scour, Installations/Catenary  Increased damages in port
erosion affecting coastal roads; temporary damage, Restrictions/Disruption of infrastructure/cargo from inundation and
inundation, Unusable roads during storm surge train operation, wave energy changes; higher port
Increased destructiveness Embankments/Earthwork flooding construction/maintenance costs;
of storms/storm surges sedimentation issues in port/navigation
channels; effects on key transit points
(e.g. The Panama Canal); relocation of
people and businesses, labour shortages;

Changesin the wave 5
insurance issues

energy and direction
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echnical adaptation gne
to climate change i



1. Construction of extensive sewerage
’ and flood protection works for
collecting the superficial runoff;
2. Construction and Maintenance of == N
flood protection works to coleetmmms
water runoff and improve the overall =~ .
flood protection >
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* Costs

* Projected Risks
» Studies

* Research
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The Resilient Road:
ﬁg The Resilient Road Fully adaptableto

5th Generation Roads . extreme weather

conditions

Integrated roed
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1. Slope reinforcement
2. Scouring protection
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