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Definition:

Critical infrastructures (CI) refer to the array of physical
assets, functions and systems that are vital to ensuring
the health, wealth, and security (European Council, 2008)
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Background

» Focus mostly on single hazards or a limited set of hazards (Armell et al., 2013;
Ciscar et al., 2011, Lung et al., 2013)

» Refer to broad sectorial categories (Hsiang et al., 2017; Piontek et al., 2014; van Vliet et
al., 2012)

» Impacts of climate extremes on infrastructures primarily presented in
gualitative terms (Cruz and Krausmann, 2013; Michaelides et al., 2014; Schaeffer et al., 2012)

» Difficulties in establishing comparisons across hazards and sectors (Kappes
et al., 2012)

» Datasets of existing infrastructures lack homogeneity (Fekete et al., 2016)

Overall goal

Comprehensive multi-hazard risk assessment of critical infrastructures in
Europe under climate change



Methodological framework
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Climate hazards

High-resolution climate
hazard projections
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Cold waves
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Climate hazards

High-resolution climate
hazard projections

Intensity of hazard that under

|| current climate conditions has
the probability to occur less
than once in 100 years

20 yr < Tp <50 yr > Moderate (M)
Extreme Value 10 yr < TR <20 yr - Low (L)

Analysis

Heatwaves
Cold waves
Droughts
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Expected annual fraction exposed H = J fdp
0 |—> f is the exposure-probability function
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2020s

2050s

2080s

Climate hazards

Cold waves

Droughts
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territory that is
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experience a hazard
intensity with a
present 100-year
recurrence frequency
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Exposure data collection/harmonization

Infrastructure type

Local roads

Roads of national importance
Motorways

Transport Railways

Inland waterways

Ports

Airports

Coal power plants

Gas power plants

Oil power plants

Nuclear power plants

Biomass and geothermal power plants
Hydro power plants

Solar power plants

Wind power plants

Electricity distribution/transmission

Detailed representation of
sectorial physical assets and
productive systems

Gas pipelines

Metal industry

Mineral industry

Industry Chemical industry
Refineries

Water and waste treatment

Education infrastructure
Health infrastructure 9




Exposure data collection/harmonization

Detailed representation of
sectorial physical assets and
productive systems

Eurostat
Intensities
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Climate sensitivity of CI (S)

Qualitative appraisal of
sensitivity to the hazards

Data
combination

Infrastructure type Droughts | Wildfires

Local roads
Roads of national
importance
Motorways
Railways

Inland waterways
Ports

Airports

Transport

Expert survey

Sensitivity of railways to floods

~ 500 experts for each sector
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editorial boards
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Risk integration

e

Asset at risk in
terms of
intensity value

Baseline asset

Damages occur only for very
high and high risk levels

OA>PNDP>I

exposed
SENSITIVITY
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Risk integration

eurostat
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Risk integration

=
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Overall multi-hazard multi-sector risk
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Sector- and infrastructure-level risks
Impacts on energy infrastructures due to droughts
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Distribution of hazard impacts over
infrastructures types, calculated over 2011-
2100. 16



Sector- and infrastructure-level risks
Impacts on transport infrastructures due to heatwaves
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Sector- and infrastructure-level risks
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Space-time variations of risks
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Main limitations and knowledge gaps in
methodological and data aspects

» Deviations of the reported damage from the true impacts are inherently
translated into our damage estimates

» Assumptions beyond the proposed disaggregation of losses represent
potential sources of uncertainty

> Hazard interrelations or cascade effects are not accounted

» Vulnerability as derived from the survey does not account for different degrees
of interconnectivity, technological heterogeneity, and the life span of
infrastructures

» Sector-interdependencies and cascading effects are not explicitly modelled
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Conclusions

» Impacts could rise up to 10 times present damages by 2100 due to global
warming

» Damages from heatwaves, droughts and coastal floods show the most
dramatic rise

» Economic losses could be highest for the industry, transport and energy
sectors

» Southern and south-western European countries will likely be most affected
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Better data are crucial to properly assess current and future
disaster risk and to evaluate the cost-effectiveness of risk
reduction and adaptation strategies

because our models are only as good as their input

22




Cross-comparison analysis
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