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Risk Frontiers

• Natural Hazards Research Centre
– Division of Environmental & Life Sciences, Macquarie University

• Help insurers and reinsurers better understand and 
price natural hazard risks in the Asia-Pacific region

• Increase public awareness of natural perils

• Research into natural hazards and their impacts
• Undertake post-event reconnaissance
• Development of Catastrophe Loss Models

– Tropical cyclone, hail, flood, bushfire, earthquake, volcano



Overview

• Catastrophe loss modelling
• VolcaNZ – Volcanic loss model for New Zealand

• Wider risk calculation

• Impacts of volcanic eruptions within Japan
• Implications for Tokyo



Catastrophe loss modelling

• Technical pricing of insurance and reinsurance 
• Monte Carlo simulation techniques

• Input spatially referenced portfolio
• Output probabilistic loss curves (AEP and ARI)

– Buildings
– Vehicles
– Business interruption
– Injuries and loss of life



Hazard

Exposure

Vulnerability
Risk

Risk = f (Hazard, Exposure, Vulnerability)
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Catastrophe loss modelling

• Modular
– Multiple hazards
– Multiple loss types

• User friendly interface 
– Sensitivity testing 
– Updateable

• Probabilistic output
• Integration with GIS 
• Fast

Asama Volcano (4 May 2007)





• North Island of New Zealand
• 5 volcanoes and 1 volcanic field
• Probabilistic tephra (volcanic ash) dispersal modelling
• Residential and commercial loss modules

– Structural building damage
– Non-structural building damage
– Clean-up costs



WELLINGTON

Auckland volcanic field

Egmont volcano

Tuhua volcano

Okataina volcanic centre

Taupo volcano

Tongariro volcanic centre



Hazard modelling

• ASHFALL model (Tony Hurst, GNS Science)
• Calculates thickness distribution at ground level

• Catalogue containing 10,000 events for each volcanic centre
• Discrete events for given:

– Eruption volume and column height
– Particle settling velocity distribution
– Wind conditions

Mt Ruapehu, Tongariro volcanic centre
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Exposure

• Building database
– Location
– Usage
– Valuation
– Dimensions
– Construction materials

• Survey information
– Verified database
– Height above ground
– Roof construction
– Roof materials
– Air-conditioning units
– Satellite dishes
– Additional buildings



North Island

Cresta

Region
Area Unit (summary)

Meshblock (summary)

NZMG (summary)
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Loss calculation
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Loss calculation

• Non-structural building damage
– Roof repainting and replacement
– Wall repainting
– Damage to aerials and satellite dishes
– Damage to air-conditioning units

• Clean-up costs
– Removal
– Cleaning
– Transport
– Disposal

Taranaki volcano (Jenkins, 2007)







Potential model uses

• Damage to buildings (count, $) 
• Damage to vehicles (count, $) 

• Area and volume of tephra
• Clean-up (equipment, personal, $)

• Business interruption (duration, $)
• Impact to agriculture (duration, $)
• Transport interruption (duration, $)
• Lifeline interruption (duration, $)

• Injuries and loss of life (count)
• People requiring evacuation (count)

Lake Taupo and Tongariro volcanic centre



Mt Sakurajima (17 April 2007)

KagoshimaKagoshima
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• Fires in plantations
• Damage to soft fruit
• Fish farming impacted

• Ash enters computers
• Air-conditioning units cleaned frequently
• Phones and vending machines damaged
• Wet ash attaches to electrical wires
• Water-pressure becomes low

• Express ways stopped
• Engine filters replaced frequently
• Glass and paint damage
• Wheels of trains and street cars slip
• Disruption to air transport

• Very large clean-up costs









Tephra thickness (cm) - 1707 Mt Fuji eruption (Miyaj i, 2002)









64,920275,298300 to <640

551,1782,935,91310 to <20

1,106,0306,005,5455 to <10

2,2648,423640 to <1280

929,6994,705,645160 to <300

579,7853,185,48980 to <160

965,3005,678,66240 to <80

292,7461,655,29620 to <40

874,1794,465,4190 to <5
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