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Landslide and Avalanche
The most frequent natural hazard due to 
geological processes is slope instability

Venezuela, December 1999



Global landslide statistics

Casualties for different natural 
hazards during 1990 - 1999
Source: CRED



Much of damage and 
casualties attributed to 
earthquakes and floods are 
caused by the landslides
triggered by them.



Landslides as a consequence
Earthquakes

Heavy precipitation & flooding

Major landslides/ground failures
- 2001 El Salvador Earthquakes
- 1999 Turkey Earthquake
- 1976 Guatemala Earthquake 
- 1964 Alaska Earthquakes

Major landslide damage
- 2005 Hurricane Stan in Guatemala
- 1999 Venezuela flooding disaster
- 1998 Hurricane Mitch disaster
- Monsoon rain in Asian countries



Approach for development of global 
landslide & avalanche hazard & risk maps



Model for Landslide Hazard Mapping

Hazard = SUSCEPTIBILITY   *  TRIGGER   
(after Mora & Vahrson)

• SUSCEPTIBILITY: Function of slope, lithology (geology),
soil moisture, …..

• TRIGGER: Function of seismicity and precipitation



Global soil moisture index SH
(1961 – 1990)
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Expected monthly extreme values 
for the 100-year event (mm / month)



Seismic trigger factor 



Hazard prediction and validation
Armenia - Landslide

HotSpot Avalanches - World - Second analysis - NGI

Yerevan

Global Landslide Hazard Zonation - Hot-Spots
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Global Hot-Spot Landslide Hazard Zonation - NGI classification and Landslide inventory for Armenia



Jamaica landslides



Hotspots for landslide hazards



Hotspots for landslide hazards
Central and South America



Hotspots for landslide hazards
Middle East and Central Asia



Risk Model
(based on expected No. of fatalities)

Risk proxy = Hazard * Exposed Population * 
Vulnerability

or

Risk proxy = Physical Exposure * Vulnerability



Vulnerability 
indicators



Results of vulnerability / risk 
multi-regression analysis

• 98% of the recorded landslide victims lived in 
countries affected by landslide classes 5 and 
higher.

• Physical exposure, Human development index 
(HDI), %age forest, and %age arable land 
explain 73% of the landslide risk on national 
level.



Distribution of Risk from proxy in 
Central America



Distribution of Risk from proxy in 
South America



Distribution of Risk proxy 
in Central Asia



CONCLUSIONS - Hazard

No surprises on hazard:

• Mountainous areas with lots of rainfall and 
earthquake activity are susceptible to 
landslides.

• Mountainous areas with lots of snowfall in 
winter are susceptible to snow avalanche.



CONCLUSIONS - Risk

• 98% of the recorded landslide victims lived in 
countries affected by landslide classes 5 and 
higher (on a scale of 1 – 9).

• Physical exposure, Human Development 
Index (HDI), %age forest, and %age arable 
land explain 73% of the landslide risk on 
national level.
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