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Multi-Hazard Approach

Multiple hazards | Interactions | Stressors

Traditional

Single hazard focus

One hazard

Analysed in insolation
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Initial Results

Multi-hazard Risk

Landslide Dam

What makes it
Multi-Hazard?

Multiple hazards
Considering multiple hazards and how
they co-exist or compound one another.

Interactions across space &
time

Hazards can trigger, delay, or amplify
each other. Occurring consecutively or
simultaneously.
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Earthquake Sequences
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Dynamic Vulnerability

A) Increase of vulnerability of road network due to successive earthquakes C) Changing vulnerability curve due to consecutive hazards
to t, t,
Pre-event After first earthquake After second earthquake

EQ1
Road network ‘ Q Partial damage and Extensive damage and
‘ fully functional * " reduced functionality highly disrupted network
\ J

Increasing vulnerability and decreasing road network functionality

B) Increase of vulnerability of electricity network due to successive hazards
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Pre-event After earthquake After landslide
7 / »
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7 ) LANDSLIDE
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Electricity network ‘ 1 Damage to towers and lines, Multiple component failures 1= =
fully functional ‘ ® outages and reduced capacity and widespread power disruption tﬂ ~
>
> Intensity

Increasing vulnerability and decreasing electricity network functionality
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Research Gaps

Multi-hazard Lack of hazarc Understanding
temporal agnostic dynamic
interactions frameworks recovery
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Overarching Question

How can dynamic physical vulnerability and
time dependent risk be integrated into
infrastructure risk models to better inform

resilience planning?
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Initial Results - Scenario

1848 - EQI 1855 - EQ2 1868 — EQ3

6.3 years 4 13.7 years
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Service

ELEC Connectivity — t=1 days TELCO Connectivity — t=1 days

Electricity Telecoms
Longest outages Longest outages
ended after 89 ended after 222
days after EQ2. days after EQ2.
Context Research Questions Initial Results
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Initial Results

WS Connectivity — t=1 days

Water

Longest outages
ended after 260
days after EQ2.
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Initial Results - Findings
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Inter-event Full No cumulative or
timing recovery compounding
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Historical Earthquake
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Experimental Dimensions
Varying sequencing and temporal spacing

A) SEQUENCING

(Order of events)

Front loaded (major event first)

Central peak (major event in middle)

Back loaded (major event last)
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B) TIMING

(Event intervals)

Short interval (~6months) .‘.

Moderate interval (1-5 years) @@ @

Long interval (10-15 years) . """""" ‘ """"""" @]
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Earthquake Sequence Scenarios
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Earthguake Seque
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Infrastructure Vulnerability
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Fragility functions (Sotiria et al,, 2026)
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Key Takeaways
Dynamic Risk 4 Resilient ~

Assessment Decision-making
® Move from static to - &® Supportlongterm
dynamic vulnerability planning for regions
exposed to successive
® Capture cumulative damaging events
impacts across multiple -
events &® Improve preparedness for
cascading and
Event 1—>Event 2————>Event 3 <(( ))) ) ﬁ < com di di i
, — | é EE:@ N pounding disruptions
Qi
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g&% Outputs feed directly into household and economic impact models, to drive preparedness ¢ o %
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within communities, iwi, businesses, infrastructure providers and government. mf L s T
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Thank you!
Any questions?

@ hanna.lyford@pg.canterbury.ac.nz
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