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VOLCANOES AND EARTHQUAKES



VOLCANOES AND EARTHQUAKES

ARE THESE TWO PICTURES THAT DIFFERENT FROM A
RISK ASSESSMENT POINT OF VIEW?



RISK ASSESSMENT 101 

INTEGRATED RISK

PHYSICAL RISK
Probability of damage and loss 

due to natural hazards

SOCIOECONOMIC INDICES
Measuring the vulnerability of a society 

or economy and their ability to cope 
with natural hazards

Hazard
Probability of occurrence 

of natural hazards

Exposure
Description of the assets 

at risk

Vulnerability
Probability of loss due to 

natural hazards



HAZARD



HAZARD

What is its probability of occurrence?

How to describe its impact?

What is the physical phenomenon?



HAZARD

 EXAMPLE: GROUND SHAKING VS ASH FALL



HAZARD

 DIFFERENCES BETWEEN BOTH HAZARDS

Lava flow

Ash fall 

PHYSICAL 
PHENOMENA

EARTHQUAKES VOLCANOES

Ground shaking (m/s2) 

Liquefaction 

Landslides Pyroclastic flow

Lahars



EXPOSURE



EXPOSURE

How is the building stock?

What is the replacement cost?

Where is the building stock?



EXPOSURE

 WHERE IS THE BUILDING STOCK?

Night lights

Local survey (e.g. Inventory Data Capture 
Tools) Satellite imagery



EXPOSURE

 HOW IS THE BUILDING STOCK?

BUILDING 
CHARACTERISTICS

EARTHQUAKES VOLCANOES

Material (e.g. Masonry, 
Reinforced concrete, Steel, …)

Lateral load resisting system (e.g. 
Moment resisting frame, Infilled frame, 
Shear walls, Dual systems, …)

Height

Ductility

Material (e.g. Masonry, 
Reinforced concrete, Timber, …)

Pitch of the roof

Openings (i.e. Doors 
and windows) 



VULNERABILITY



VULNERABILITY

How to correlate damage with loss?

What is the probability of loss?

How to define damage?



VULNERABILITY

 HOW TO DEFINE DAMAGE?

Undamaged Extensive damage



VULNERABILITY

 WHAT’S THE PROBABILITY OF DAMAGE/LOSS?

o Example of fragility and vulnerability curves for RC ductile moment 
frame low rise

Fragility and vulnerability models computed using the NLTHA module of GEM’s Risk Modeller’s 
Toolkit software package (Silva et al 2015).



VULNERABILITY

 WHAT’S THE PROBABILITY OF DAMAGE/LOSS?

o Benchmark curves developed during the volcanic ash sub-workshop 
(GAR 2015) 



 DEVELOPING ANALYTICAL VULNERABILITY MODELS FOR ASH FALL

Deformed shape

Initial shape
Example of model based on roof type A 

(Spence et al 2005)

Incremental vertical 
load

(e.g. Accumulation of ash)

VULNERABILITY



 DEVELOPING ANALYTICAL VULNERABILITY MODELS FOR ASH FALL

0

200

400

600

800

1000

1200

1400

1600

0 0.05 0.1 0.15 0.2 0.25 0.3 0.35

A
sh

 fa
ll 

lo
ad

 [K
N

]

Vertical displacement [m]

Roof capacity
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OQ ENGINE AND RISK ASSESSMENT

Damage Distribution

Exposure model Fragility/vulnerability 
functions

Damage/loss map

Intensity field



WHAT HAVE WE LEARNT?

o The mathematics of risk assessment is the same for earthquakes and 
volcanoes;

o The majority of differences come from the building information required 
(i.e. exposure) and the representation of the hazard;

o Collaboration can improve the understanding of both hazards


