
Warwick SmithWarwick Smith

Institute of Geological & Nuclear Sciences Ltd,Institute of Geological & Nuclear Sciences Ltd,
P.O. Box 30368, Lower Hutt, New ZealandP.O. Box 30368, Lower Hutt, New Zealand

Comparative Risk Comparative Risk 
Assessment  for Assessment  for 

Earthquakes and Other Earthquakes and Other 
HazardsHazards



Two Aspects of Risk ManagementTwo Aspects of Risk Management

AssessmentAssessment

Decision makingDecision making



Earthquake Loss ModellingEarthquake Loss Modelling
A Synthesis of KnowledgeA Synthesis of Knowledge

1. WhatWhat earthquakes are likely to occur?earthquakes are likely to occur?

2.2. How strong will the shaking be?How strong will the shaking be?

3.3. What will be the effects?What will be the effects?

Combine these  to get loss probabilitiesCombine these  to get loss probabilities



Where? How big? How often?Where? How big? How often?
Input:Input: Historical large earthquakesHistorical large earthquakes

Small recorded earthquakesSmall recorded earthquakes

Geological investigationsGeological investigations

Output:Output: Fault modelFault model

Background seismicity modelBackground seismicity model









In addition to the In addition to the 
catalogue of faults, a catalogue of faults, a 
Background Seismicity Background Seismicity 
ModelModel takes account of takes account of 
the distributed earthquake the distributed earthquake 
activity throughout the activity throughout the 
country. country. 



Earthquake Loss ModellingEarthquake Loss Modelling
A Synthesis of KnowledgeA Synthesis of Knowledge

1. WhatWhat earthquakes are likely to occur?earthquakes are likely to occur?

2.2. How strong will the shaking be?How strong will the shaking be?

3.3. What will be the effects?What will be the effects?

Combine these to get loss probabilitiesCombine these to get loss probabilities



Magnitude and IntensityMagnitude and Intensity

Throw a rock into a pond and you get Throw a rock into a pond and you get 
waves.waves.

MagnitudeMagnitude (Richter scale) is like the (Richter scale) is like the 
size of the rock. size of the rock. 

IntensityIntensity (Modified Mercalli scale) is (Modified Mercalli scale) is 
like the height of the waves.like the height of the waves.



MM IntensityMM Intensity



MM IntensityMM Intensity



Intensity Decreases as you go Further Away
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Some old workSome old work



And the And the 
new versionnew version



Earthquake Loss ModellingEarthquake Loss Modelling
A Synthesis of KnowledgeA Synthesis of Knowledge

1. WhatWhat earthquakes are likely to occur?earthquakes are likely to occur?

2.2. How strong will the shaking be?How strong will the shaking be?

3.3. What will be the effects? (damage cost)What will be the effects? (damage cost)

Combine these to get loss probabilitiesCombine these to get loss probabilities



Damage RatioDamage Ratio

Cost of RepairCost of Repair

Replacement Value of the AssetReplacement Value of the Asset

A number between 0 and 1A number between 0 and 1

Repair Cost  =  Value  X  DRRepair Cost  =  Value  X  DR

If we know the If we know the intensityintensity and the and the 
building typebuilding type we can estimate we can estimate 

what the what the damage ratiodamage ratio is likely to beis likely to be



Data from New Zealand earthquakesData from New Zealand earthquakes

HawkeHawke’’s Bay 1931s Bay 1931

Inangahua 1968Inangahua 1968
Edgecumbe 1987Edgecumbe 1987

and othersand others

Detailed insurance records are availableDetailed insurance records are available





Earthquake Loss ModellingEarthquake Loss Modelling
A Synthesis of KnowledgeA Synthesis of Knowledge

1. WhatWhat earthquakes are likely to occur?earthquakes are likely to occur?

2.2. How strong will the shaking be?How strong will the shaking be?

3.3. What will be the effects?What will be the effects?

Combine these to get loss probabilitiesCombine these to get loss probabilities
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Site A
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Site B
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But insurers talk aboutBut insurers talk about

Probable Maximum Loss (PML)Probable Maximum Loss (PML)

What is that?What is that?

Can we estimate it?Can we estimate it?



Important Earthquake Sources

Portfolio: NZ Houses

Wellington

Wairarapa

Ohariu

Shepherd’s
Gully

Subduction
Zone



The Wellington FaultThe Wellington Fault

Magnitude 7.5Magnitude 7.5
600 years (on average)600 years (on average)

Last one ~ 400 years agoLast one ~ 400 years ago
Next one?                         Next one?                         Next weekNext weekEventuallyEventually



WellingtonWellington



Wellington Fault EarthquakeWellington Fault Earthquake

Magnitude 7.5



Wellington Fault Severity Distribution
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Earthquake Loss ModellingEarthquake Loss Modelling
ProductsProducts

1.1. Loss curves Loss curves –– likelihood of $ loss for likelihood of $ loss for 
individual assets or portfolioindividual assets or portfolio

2.2. Scenarios Scenarios –– loss estimates for important loss estimates for important 
earthquake sourcesearthquake sources

3.3. Basis for structuring the insuranceBasis for structuring the insurance



How Are Risk Management Decisions Made?How Are Risk Management Decisions Made?

•• How severe is the risk?How severe is the risk?

•• Cost of mitigation programme?Cost of mitigation programme?

•• How will that reduce the risk?How will that reduce the risk?

•• Priorities: allocating resourcesPriorities: allocating resources



Risk Management ProblemRisk Management Problem
Our local Council wishes to address risk Our local Council wishes to address risk 
mitigation. The options for using our limited mitigation. The options for using our limited 
funding are:funding are:

(a)(a) Strengthening a critical highwayStrengthening a critical highway
bridge against earthquake ($10m)  bridge against earthquake ($10m)  

(b)(b) Raising a stopbank to protect Raising a stopbank to protect 
against flood ($5m)against flood ($5m)



Total

Bridge - Earthquake Damage
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Bridge with Mitigation Option
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Flood with Mitigation Option
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How do we measure the improvement?How do we measure the improvement?

Maybe we could use Average Annual Loss. Maybe we could use Average Annual Loss. 

Statistical term: Expected ValueStatistical term: Expected Value



Bridge with Mitigation Option
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Bridge with Mitigation Option
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Average Annual Loss
p(x) = probability density function for annual losses x

The Expected Value, or mean, of x is

Which can also be written as

P(x) is the cumulative probability distribution, and 
this is helpful because we can’t evaluate p(x).
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Average Annual Loss (Expected Value)Average Annual Loss (Expected Value)
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Average Annual Loss ($m)Average Annual Loss ($m)

PresentPresent ProposedProposed

Bridge ($10m)Bridge ($10m) 0.630.63 0.160.16

StopbankStopbank ($5m)($5m) 0.380.38 0.200.20

What do these numbers mean?What do these numbers mean?



The Fallacy of the Expected ValueThe Fallacy of the Expected Value

Risk = Probability X ConsequencesRisk = Probability X Consequences

•• HighwaysHighways

•• TelephonesTelephones

•• Emergency ServicesEmergency Services



““A single number is not a big A single number is not a big 
enough concept to communicate enough concept to communicate 
the idea of riskthe idea of risk””

Kaplan & Kaplan & GarrickGarrick (1981)  (1981)  



How do we measure the improvement?How do we measure the improvement?

Conditional Expected Value is the expected Conditional Expected Value is the expected 
loss within a given probability rangeloss within a given probability range

So we could evaluate the 10So we could evaluate the 10--year, 100year, 100--year year 
and 1000and 1000--year losses, say, and see how year losses, say, and see how 
they change with mitigationthey change with mitigation



Conditional Expected Value of Loss
If probabilities P1 and P2 correspond to losses x1 and x2,
we can write

Which turns out to be equivalent to
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Conditional Expected ValueConditional Expected Value
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We can always do the integral  because:We can always do the integral  because:

1. The cumulative probability 1. The cumulative probability P(xP(x) is ) is 
monotonically decreasing, so we can monotonically decreasing, so we can 
always find always find x(Px(P).).

2. Even if we only know 2. Even if we only know x(Px(P) at a few ) at a few 
points, we can interpolate between points, we can interpolate between 
them in order to perform the integral. them in order to perform the integral. 

The main thing is: we donThe main thing is: we don’’t need to t need to 
differentiate differentiate P(xP(x) and find the ) and find the pdfpdf p(xp(x).).



The 10The 10--year, 100year, 100--year and 1000year and 1000--year year 
losses are expected losses for events losses are expected losses for events 

in selected probability rangesin selected probability ranges

PP11 PP22 Ret.PerRet.Per..

1010--yryr 0.0320.032 0.320.32 3.2 3.2 -- 3232

100100--yryr 0.00320.0032 0.0320.032 32 32 -- 320320

10001000--yryr 0.000320.00032 0.00320.0032 320 320 -- 32003200



Conditional Expected LossesConditional Expected Losses

BridgeBridge StopbankStopbank

PresentPresent $10m$10m PresentPresent $5m$5m

10 yrs10 yrs 0.550.55 00 00 00

100 yrs100 yrs 88 0.270.27 4.64.6 0.060.06

1000 yrs1000 yrs 7575 4646 7979 6666

AALAAL 0.630.63 0.160.16 0.380.38 0.200.20



Flood with Mitigation Option
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Regional Regional RiskscapeRiskscape

A joint research programme between:A joint research programme between:
Institute of Geological & Nuclear SciencesInstitute of Geological & Nuclear Sciences
National Institute for Water and Atmospheric National Institute for Water and Atmospheric 

Research.Research.

Funded by the Foundation for Research, Science Funded by the Foundation for Research, Science 
& Technology.& Technology.

Earthquake, volcano, flood, storm, tsunami.Earthquake, volcano, flood, storm, tsunami.

Three regions in a pilot study.Three regions in a pilot study.

Plan to produce a tool to assist risk managers Plan to produce a tool to assist risk managers 
anywhere in New Zealand.anywhere in New Zealand.



Losses we Might ModelLosses we Might Model
Direct damageDirect damage

Consequential damageConsequential damage

Casualties and injuriesCasualties and injuries

Environmental effectsEnvironmental effects

etc.etc.

We can use the loss curve We can use the loss curve 
to make informed decisionsto make informed decisions



www.gns.cri.nzwww.gns.cri.nz

w.smith@gns.cri.nz
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