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Natural Hazards Economic losses 

…. 2011 

380 bn US$ 



The number of “great” natural catastrophes have increased by a factor 

of 4 since the 1950s 

Economic losses have been increased by a factor of 14 



 

Following the year 2000 there is a ~35% increase in the number of 

catastrophic events since the 90ies and 2 fold increase since the 80ies 



 

Following the year 2000 there is approx. a two fold  increase in the cost 

of catastrophic events since the 90ies and 3 fold increase since the 80ies 



The main question to ask:  

 

Why this dramatically increasing trend exists both in terms 

of the number and costs of natural hazards? 

 

Have the earth processes and mechanisms been modified?  

 

Well mostly not, the answer is vulnerability 

(population growth, population located in vulnerable sites,  near 

coastlines, rivers and close to tectonic plate boundaries, 

resettlement from rural areas to megacities, modern way of 

living etc) 



Hurricane Katrina  

Kobe earthquake 

Wenchuan earthquake 

Tohoku earthquake and tsunami 
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EM-DAT Universite Catholique de Louvain 

What are the peaks on the record? 



Total vs Insured losses since 1970 

Munich Re 

The four peaks with a high 

impact on the costs  



Munich Re 



• UN warns that economic losses from natural hazards are out of 

control and urges private sector to reduce risk (UN press release 

2013) 

• So far this century, direct losses from disasters are in the range 

of $2.5 trillion. 

• Losses will continue to escalate unless disaster risk management 

becomes a core part of business investment strategies. 

• Disaster risk is a new multi-trillion dollar asset class: Global 

capital flows have transformed the landscape of disaster risk, 

creating a new pile of toxic assets for businesses and 

governments that do not currently appear on balance.  

• Globally, US$71 trillion of assets would be exposed to one in 

250 year earthquakes. 

• Insurance is critical to business resilience. Yet insurance pricing 

often does not reflect risk levels. 

Global Assessment Report on Disaster Risk Reduction  United Nations 2013 



Catastrophe Models 

Main components 

• Hazard module 

• Exposure data 

• Vulnerability/Risk module 

• Financial module (loss) 

Final outcome                 EP Curve 

An EP curve communicates the probability of any given 

financial loss being exceeded 
 

Currently all models are closed “black” boxes, without 

any possibility for validation or evaluation from users. 



Failure of Existing Catastrophe models  

• Tens of examples mostly regarding geohazards  

• Most spectacular failure examples  

The two of the three strongest earthquakes followed by the two 

strongest tsunami events ever recorded during the instrumental 

period  

– The 2004 Great Sumatra-Andaman Earthquake (Mw)= 9.2 killing 

over 230,000 people in fourteen countries,  

– The Tohoku 2011 Japan (Mw)= 9.0 (19000 fatalities, 380.000 

buildings totally or partly collapsed, total 1.2 million houses 

damaged. 340.000 evacuated, 90% of 29000 fishing boats unusable. 

Honda, Toyota, Nissan suspended auto production for several days. 

Japan reports first trade deficit in 32 years after the tsunami. Total 

estimated damages ranging from 208 to 574 billions US$,  Insured 

losses ~30 billion US$.  

 



• With regard to the 2004 Boxing Day 

tsunami, geoscientific data provided 

clear evidence for past major tsunami 

events (e.g. JANKAEW et al. 2008). 

 



HOW DO WE TRACE TSUNAMI DEPOSITS? 

AN EXAMPLE FROM THE TΗΕRMAIKOS GULF 

Reicherter, Papanikolaou et al. (2010) 



Following the 2004 Sumatra event did new 

Cat Risk models incorporate new data and 

adapt new scenarios? 

• The answer is NO, despite overwhelming evidence from 

the paleoseismological and geological record 

• Only when the initial shock had passed, the public 

learned that the region had experienced paleoearthquakes 

and palaeotsunami events in the past which were similar 

to the 2011 event, if not even greater (Minoura & 

Nakaya 1991, Nishimura & Miyaji 1995, Minoura al. 

2001, Sawai et  al. 2008 etc), several publications from 

different researchers 



 





Kozani-Grevena 1995 M=6.6 in an “aseismic” region 

 National Seismic Building Code (EAK-1984)  

Another example demonstrating the incompleteness of the historical 

record. Greece has one of the longest seismic historical catalogues 

worldwide with dating events since 550BC. However, …  

This map is only  

based on historical 

seismicity 



 National Seismic Building Code (EAK-2000)  

Athens 1999 M=5.9 

Therefore, the map has been modified, but..  

Following the 1995 

event, now this area 

is of higher hazard..  



 National Seismic Building Code (EAK-2003)  

Finally, no “aseismic” area in Greece 



Papazachos et al. (2000) 

Seismicity of Greece 

Despite the long 

catalogue, it is 

considered complete 

for events M≥7.3 since 

1500 and for M≥6.5 

only since 1845  



• The record is complete for events M≥7.3 for 500 years and for 

events M≥6.5 for less than 200 years. 

• However, active faults have recurrence intervals ranging from a 

few hundred years to several thousand of years.  

• As a result, historic catalogues are generally too short compared 

to the recurrence interval of particular faults. The latter implies 

that the sample from the historical record is clearly incomplete 

even for Greece and that a large number of faults would not have 

been ruptured during the completeness period of the historical 

record.  

• Moreover, maps based on historical seismicity can give erroneous 

pictures of the present day hazard (Scholz 2002). Events 

appearing on the record originate from faults that were activated 

recently with their energy now released, being at an early stage in 

their new seismic cycle. However, missing events from the record 

could correspond to faults which are “mature”, approaching the 

end of their cycle, so that events are pending in the near future.  



a) so as to identify all possible seismic sources (localities of       
active faults) 

b) so as to assess which faults slip in earthquakes most often 
(define slip-rates and earthquake recurrence) 

c) so as to define the elapsed time since the last event on a 
given fault 

 

We use geological data in order to extend the history back 

many thousand of years eliminating the incompleteness of 

the historical catalogues.    

In particular, in seismic hazard assessment: 

The role of Geological Data 

Current CatRisk models tend to use mainly the historical 

record (historical epicenters not faults) and do not keep up 

with emerging scientific knowledge 



1980 Irpinia  

earthquake ruptures 

1981 Corinth  

earthquake ruptures 

Offsets caused by 

earthquakes 



Faults leave their signatures on the landscape and the geology.  

Cumulative slip, hundreds of earthquakes 



Past Major Catastrophic Events in Europe 

• 1650 BC Santorini volcanic eruption and tsunami 

• Vesuvius  79 AD Eruption 

• 365 A.D. M~8.2 Crete-Hellenic Arc Strongest earthquake 

and tsunami in Europe in historical times 

• 1755 Lisbon earthquake and tsunami (~55.000 fatalities) 

• 1816 Year without a summer (due to volcanic Mount 

Tambora volcanic eruption in 1815) food shortages 

famine, hundreds of thousands lost their lives 

• 1908 Messina Mw=7.1, 123.000 fatalities 

• 1915 Fucino Earthquake Mw=7.0, 33.000 fatalities 

Question: Recurrence of these events? Other events not 

been recorded historically but pending? 



 

Willis Research Network Spence et al. (2010) 

Vesuvius is located just 10 km from the centre of Naples with 1.2 million 

inhabitants. Estimated total economic loss US $24 billions 



• We have not experienced such a major 

catastrophic event in Europe over the last few 

decades yet 

• What would be the impact to consumers 

confidence if insurance fails to deliver? 

Particularly if other types of insurance fail as 

well (life, health etc). 

 



Solvency II requires Transparency 

  

The Alliance for Global Open Risk Analysis (AGORA) makes an effort 

to create and disseminate open multi-hazard cat risk modelling tools 

 

Florida International University (FIU) in Miami has begun developing a 

public loss model to assess hurricane risk in Florida. Consumers also 

need to know and the European Parliament support this idea as well (see 

2013/2174) 

 

To address the challenges of transparency and credibility of the models, 

the Bank of Greece as a supervisor is developing a fault specific high 

spatial resolution seismic catastrophe model in cooperation with 

universities providing results on expected insured losses for specific 

properties by ZIP code 

 

 

 

 



• EIOPA in 2012 introduced some 

Standard Formula with tables 

showing the gross loss damage 

ratio (Qcountry) for 1 in 200 

year catastrophe events 

• Aggregate country level 

exposure data are inadequate to 

properly reflect the high spatial 

and temporal variability in 

natural catastrophe risk  

• Risk factors for some countries 

are too high, (e.g. Cyprus, 

Romania), whereas others too 

low (Italy, France) compared to 

their hazard module 

EIOPA-DOC-12/467 

21 December 2012 



 

USGS 



• Composite Seismogenic Sources 

Composite Seismogenic Sources from Share Project 



Impact of CAT RISK on other types of insurance 

• Life insurance  

• Health insurance 

• Economic growth 
– the 1999 5.9 Athens event was a moderate earthquake 

however it cost 3% of Greece’s GDP (Greece today due to 

the crisis would be unable to cope), 

– The Japan Tohoku cost 4.5% of the country GDP, Japan 

reports first trade deficit in 32 years after the tsunami 

– The next Great Kanto Earthquake scenario in Tokyo (similar 

to the catastrophic 1923 event with 120.000 fatalities) will 

cost ~1.1$ trillion, about 20% of Japan’s GDP  with a high 

default risk of the Japanese government. Japanese holdings 

around the world are sold in order to finance the 

reconstruction after the loss. Globalization of risk? 



Overall, is Cat Risk the weakest link of 

insurance that could undermine people’s 

confidence to insurance? 

• Finally, last but not least 

• Following a catastrophic event there is an extremely 

large number of claims being filed at the same time. 

Can catastrophe insurance issuers effectively 

manage risk?   

 

 


