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1. 1960  Chile 

2. 2004  Sumatra

3. 1964  Alaska

4. 1957 Aleutians

5.   2011  Japan

6. 1952  Kamchatka

7. 2010  Chile

8. 1906  Ecuador

10 biggest earthquakes since 1900

9.  1965  Aleutians

10. 2005  Sumatra 

...all on plate boundaries in the oceans
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Plate boundaries

Continental interiors

2004 Sumatra (227,000)

1976 China (243,000)
1920 China (235,000)

1900-2011

More people die in smaller 
earthquakes in continental 
interiors



>10,000 dead  
>100,000 dead

Earthquakes that killed more than 10,000 people in the last 1000 years

120 in total: 36 of them in the last 100 years



8 metres

1857 California:  San Andreas Fault

Earthquakes happen on faults
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Recent earthquakes at desert towns
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damaged in
1887, 1889, 1911

destroyed in 
855, 958, 1137, 1830

Bishkek

damaged in
1883

Also Ashkhabad (1948), Tashkent (1966), Wenchuan (2008)….

Little places become big places…

Why not 
live 

somewhere 
else?





Earthquakes 1962-2003

The earthquake belt of the Mediterranean – Middle East - Asia



East-west trade routes: the ‘Silk Road’



Trade routes follow the geological structures:
the edges of deserts, plateaus and mountains 

are all formed by earthquake faulting



>10,000 dead

>100,000 dead

Earthquakes that killed more than 10,000 people: 1000-2008 AD

Populations and cities concentrate in the dangerous places in Asia



The 2015 Gorkha (Nepal) earthqauke



300 million years ago
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Durbar Square Bhaktapur

Royal palace, Kathmandu
Degutale temple, Patan

1934 MW ~ 8.1 Bihar-Nepal earthquake

2015
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1934 Bihar Jawaharlal Nehru



TIBET

NEPAL

J-P Avouac, Caltech



1934

TIBET

INDIA

Bollinger et al., 2014, JGR, Fig8; also Sapkota et al, 2013, Nature Geoscience



Before the earthquake….  monitoring with GPS



GPS in Nepal

Tibet

India

Nepal

velocities relative to India

J-P Avouac



GPS velocities relative to India 

J-P Avouac

locked fault 
width 110 km

creeping zone
~17 mm/yr

TIBETINDIA



J-P Avouac

Kathmandu

Earthquakes 1995-1999
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Kathmandu
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Aftershocks M>4 until 14 May 2015

Bhattarai et al., SRL, 2015



Pass 2: post-earthquake

phase (distance) shift 

due to ground motion
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λ = 5.6 cm

Pass 1: pre-earthquake

Tim Wright
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John Elliott

Changes in line-of-sight distance to satellite
(each fringe = 10cm)

90 km

Kathmandu
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Fault slip in the earthquake



Change of stress in the earthquake
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Fault slip 
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earthquake

Stress change 
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After the 
mainshock, 
before the 

12 May 
aftershock
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aftershock



John Elliott

?

?It’s not over yet



Displacement GPS seismogram at KKN4

north of Kathmandu

Processed by SOPAC
(5 samples/second)

What happened during the earthquake?



Diego Melgar



Kathmandu valley

… a former lake basin



Kathmandu pre-earthquake



Kathmandu pre-earthquake



Kathmandu
pre-earthquake



Kathmandu
pre-earthquake



bedrock basin

seconds

KKN4

NAST

J-P. Avouac, D. Melgar



Gorkha April 2015 Mw=7.8 earthquake

5 Hz GPS data 

from the 

Kathmandu Valley.

Speeded up x5

Blue = bed rock

Orange 650 m 

thick mud

Uplift 1 m 

Translation 2.2 m

Roger Bilham

https://www.youtube.com/watch?v=VS6WV
z4V0ps

https://www.youtube.com/watch?v=8IgrC3hDbvY



Tomijung village



Majgaun (upper village)



Thulo Sabro Roger Bilham



Roger BilhamGogne



What use is science?



John Elliott

?

?It’s not over yet



Post-mainshock GPS displacements 25 April to 1 July
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Kathmandu



Post-mainshock GPS displacements 25 April to 15 September

J-P Avouac

50 mm

(landslide)

Kathmandu



The danger of  Earthquake Prediction



Zarand

Earthquake prediction is NOT the answer



Kelin Wang, SRL, 2014

Earthquake Prediction, 
as a risk mitigation policy, 

kills people



Tabriz, Iran

Supporting other scientists



Complex Physical SystemEarthquakes without frontiers

At-risk population density

earthquakes

1964-2007 

M>5

1900-2000

M>6

cities

>500,000

inhabitants

people per 5km2 in

earthquake zones

Italy
Greece
Turkey

Iran
Armenia
Azerbaijan

Nepal
India
Pakistan

China

Kazakhstan
Kyrgyzstan
Uzbekistan
Turkmenistan



Earthquakes without frontiers

Bam 2003; 30,000 killed out of 100,000 population

Vision

Better knowledge of

the hazards and their context

Find effective pathways to resilience 

in each country

More Mortezas and not alone: 

increasing local capability



Amod Dixit



EwF meeting at NSET



Roger BilhamBarpak reconstruction

“Earthquakes don’t kill people: buildings do”  (N.  Ambraseys)



NSET: National Society for Earthquake Technology



Pattan, Pakistan 1974

Importance of 
variability in local 
construction and 

design

Lumle, Nepal, 2015



7000 schools were damaged or destroyed



Retrofitted school, Lalitpur



Retrofitted school, Lalitpur





NSET



Women’s group, Kirtipur



Women’s group, Kirtipur





Leninakan, Armenia 1988

Skopje, Macedonia 1963



Tabriz, Iran

Congestion
+
Traffic
+
Pollution
+
Air quality
+
Water supply
+
Health
+
Poverty
+
+ …

+ earthquakes!

The problem: daily difficulties of urban life in Asian cities


