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① 	EARTHQUAKES	among	the	relevant	 	 		
			natural	loss	events	

② 	The	RISK-PREDICT-REMIND	plot	
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Earthquakes	



 
4 Istituto Nazionale  

di Oceanografia e di Geofisica Sperimentale 

Earthquakes	

Anchorage, Alaska, 1964 M9.2 

Kailoura, New Zealand, 2016 M7.8 

Central Italy, 2016 M6-6.5 
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Natural	loss	events	database	



Earthquake, tsunami 
  Tropical cyclone 
   Convective storm, Flood 
     Wildfire, Heatwave 

 

1980-2018	



Earthquake, tsunami 
  Tropical cyclone 
   Convective storm, Flood 
     Wildfire, Heatwave 

 

1980-2018	



Earthquake, tsunami 
  Tropical cyclone 
   Convective storm, Flood 
     Wildfire, Heatwave 

 
 

Earthquakes & Tsunamis  
are the least  

frequent events  
(<9%)  

but they cause  
the highest number  

of casualties  
(~ 50%) 

 
 



Worldwide fatalities by 
Earthquakes & Tsunamis 

from 1980 to 2018 nearly equal 
to the actual population of  

Marseille 



Haiti, 2010 
Mexico, 1985 

Worldwide fatalities by 
Earthquakes & Tsunamis 

from 1980 to 2018 nearly equal 
to the actual population of  

Marseille 



 
11 Istituto Nazionale  

di Oceanografia e di Geofisica Sperimentale 
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40000? 
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2010 Haiti 

The	poorest,	the	deadliest	
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87000 
2008 China 

Gross Domestic 
Product per capita  

227000  
2004 Indonesia 

86000 
2005  
Pakistan 

40000? 
1990 Iran 

222000  
2010 Haiti 

Italy 1980-2018 
~ 4000 M<<7 

Japan 1980-2018 
~ 23000 M>>7 

…	with	some	excep8ons	
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Fault 

Hypocentre Epicentre 

Magnitude is a conventional 
measure obtained from a 
seismographic record 

Magnitude,	measure	of	energy	
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Tohoku 2011 M 9.1 (great) 
Emilia 2012 M 6.0 (moderate) 

Magnitude	=	f(Rupture	size)	



Tohoku 2011 M 9.1 
(~16000 deaths,  
~2500 missing) 

Emilia 2012 M 6.0  
(27 deaths) 

Consequences	of	earthquakes	can	be	global	



World	Dialysis	Crisis,	Emilia	2012	
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Italy		

~ 4,000 deaths 
since 1980 

Emilia, 2012 
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Italy,	a	deadly	seismic	country	

~ 120,000 deaths 
since 1900 
 
~ 300,000 deaths 
in the last 
millennium 
  

~ 4,000 deaths 
since 1980 
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Mosaic Global Hazard Map released by GEM, in 2018 
Pagani et al. 10.13117/GEM-GLOBAL-SEISMIC-HAZARD-MAP-2018.1 

 
Seismic Hazard 

natural component, 
not modifiable 
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Population => Exposure 
D, TR, F, UK, I , Spain, Poland 
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Casualties since 1900 
I, TR, Romania, Greece, North Macedonia, Israel 



 
23 Istituto Nazionale  

di Oceanografia e di Geofisica Sperimentale 

1303	

1356	

1348	

1443	

1511	

1667	

365,	M~8	

Time elapsed since the most devastating event 
G, CH, A, Poland, Slovenia, Croatia 
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②  The	RISK-PREDICT-REMIND	ternary	plot	
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Predictability	->	1	
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Predictability	->	1,			Risk	->	0	
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Memory	->	1	
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P	->	0,	M	->	0,	Risk	->	1	
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A reliable forecast 
has to answer three 

questions:  
1)  WHAT 
2)  WHERE 
3)  WHEN 

Predictability 	 		
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The pitch drop experiment was 
started in 1927 by Prof. T Parnell 
in Australia, to demonstrate that 
some “solid” materials are highly 
viscous fluids.  
Since then, 10 drops went down 
without witnesses at the right 
moment; pitch droplets fall on 
average every 110+/-23 months. 

Predictability 	 		
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At best, when a fault source is 
identified at the surface, and 
the past earthquakes have left 
a recognizable geologic record 
dated with some uncertainties, 
we can forecast the future 
events similarly to the pitch 
drop experiment:  
mean recurrence time for most 
relevant ruptures, and variance 
of the observations. 

Predictability 	 		
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Predictability 	 		

Probabilistic and Deterministic 
hazard maps are long-term 
forecast of the shakings  
due to earthquakes 

Seismic hazard maps 
answer the questions:  
1)  WHAT 
2)  WHERE 
3)  WHEN* 
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•  Consequences of an 
imprecise/wrong forecast 

•  Short-term 
prediction must 
rely with the time 
needed for 
changes that 
impact on the 
communities 
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Sumatra,	26	Dec	2004	

Paleoseismic studies of corals 
…the failure of subduction 
interface … the next sequence 
may well be no more than a few 
decades away … 
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36 

Hai8,	2010	

…we observed progressive 
westwards propagation of 
earthquakes… net stress build 
up over the past 250 years is 
the largest west of 70°.5 W … 
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Flying	bueresses		
Assisi,	Central	Italy	

Memory 	 		

Tradi8onal	buildings	
Golcuk,	Turkey	
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Memory 	 		

Tradi8onal	buildings	
Golcuk,	Turkey	



Venzone, Italy  
Permanent Exhibition 

on 1976 
earthquakes, Special 

labs for the 40 
anniversary 

Alfama, Lisbon August 2015 

Memory	=	
Awareness 	 		





1) Where				 	 	 	 	11%			

2)  How	long 	 	 	 	13%		

3)  Deaths 	 	 	 	 		35%		

Facts	about	1976	
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Transi8on	toward	preparedness	
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