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Earthquake Induced 
Landslides

in Landslide Hazard Mapping
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Disaster History of the Area
24 x 7

Rainfall impacts on the slope
in the monsoon season
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An earthquake is an infrequent 
Natural event

All these combine to
Produce a  typical Landslide
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We map these landslides
and prepare a 

Landslide Map

No one knows how many of them have
Been earthquake triggered

Thousands of 
Landslide spots identified
And reliable ones digitally

plotted
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LANDSLIDE HAZARD  MAP OF INDIA

Himalayas

North Eastern
Hill Ranges

Western Ghats
& Nilgiris

The output
delivered

Scale 1:6 million

Very High

High

Moderate to low
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How reliable are 
Such maps?

•Process of Urbanization?
•Indiscriminate non-engineered
construction?

•Previous slope history?
•Progressive Failure?

How can we separate  out the influences
of gravity,water and seismicity?
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Landslides

Gravity & Geology

Water 

Earthquake 

Primary FactorProvocative Factor

Provocative Factor

Landslide Hazard Mapping Programs
do take in to account the known and 

the identifiable existing landslides
but make no attempt to map the 

probability of occurrence of landslides
due to the  Seismicity of the area
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Remote Sensing is commonly used
to  map ,with clinching evidence, 

landslides not seen on the earlier imageries
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IRS-ID PAN & LISS-3 MERGED
FCC
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Uttarkashi Earthquake
20th October1991

Magnitude 6.6 on RS
200 large landslides

and several hundred small landslides
were termed as 

Earthquake-induced Landslides

Survey of India Publication30 
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Chamoli Earthquake
March 29 ,1999

Magnitude 6.8  
Resulted in earthquake-induced landslides

Sah & Bartarya 2002

Likewise, landslides  observed
after every earthquake 

are being designated as
earthquake induced landslides
without citing  scientific clues
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Ravindran and Philip 2002 made use
of satellite data and listed old and new 

Landslides.

Similarly 
are we convinced about 

the classification old & new?
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Again,what evidence
separates identification

of  New Slides from the reactivation of 
old landslides?
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IGNORE
SHORTCOMINGS

past slides not obvious on surface

earthquake induced landslides

run out effects of  earth flows

consequential landslides

Delayed, progressive failures

anthropogenic factors

We continue to ignore
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Potentially Hazard zone

Zone in the danger of failure

Zone  threatened by
a potentail landslide

H

Height : H > 5m_

Inclination > 30°_

Road

Zone affected by
Landslide runout effects

2 - 3 H
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How Far will it go?
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Earthquake may in some cases take over
from gravity

?

Example:Retrogressive  Failure
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Consider two identical slopes
differentiated by a discontinuity

Slope with shear zone
may get provoked by an earthquake

and slide along the 
discontinuity
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Sustained Effect of Gravity Favours 
Slicken-sided discrete boundary shears

Earthquake-induced evidence will be different
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Rock falls get the best opportunity
to activate during an earthquake

Rock fall run out is equally important
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Incomplete and Unsystematic
mapping may do more 

harm than good
-It is a point for serious introspection

Scientific Mapping  of landslide hazards
will remain Illusory

as long as complementary 
Scientific studies are not pursued
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Simple Aids to Mapping
by experience

Slope near the shoulders of 

terrain of high relief
are more

prone to seismic 
landslides
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Slope Failures due to earthquakes are
more frequent in

convex slopes ,
whereas

those due to rainfall are more 
frequent in

concave slopes
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Topographic heterogeneities 
on the ridges and valleys 

trap seismic waves
which reverberate back and forth,

making convex topography 
such as 

hill tops and cliffs more vulnerable.

What is more, if the 
hilltop or a cliff 

comprises weathered 
rock masses,

the amplification may 
be still higher.
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By the same logic, 
deamplification occurs 
over concave features 

such as valleys.  

Catastrophic Landslide Events
are a

post-seismic
rather than a 

co-seismic phenomena
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A slope that has 
survived several past earthquakes

is unlikely to fail

unless subject to
an unprecedented event

If there are two slopes 
of different slope angles

but of equal factor of safety,

which one will fail first?
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the gentler slope
will fail under smaller 

acceleration 
than the steeper one

What is the Limiting threshold 
of an earthquake –induced

landslide ?

MM Intensity IV-VI
generated by an 

earthquake of Magnitude 4
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Isoseismal map of the Chamoli earthquake affected a rea  
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Seismic Thresholds (Keefer 1984)

Steep sided bedrock ridges 
are generally

subjected to more intense 
level of ground

shaking than adjacent 
valleys in the near field area,
close to the seismic source.
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Area within which landslide is generated
tend to increase with the magnitude of

earthquake shock,

from less than 100 km 2

at Magnitude 4

to about 500 km 2

at higher Magnitude

No Slope mass with Static Factor of Safety
of 1.7 or greater has failed in an
Earthquake no matter how large

The Magnitude
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Occurrence of  an Earthquake-Induced Landslide

Oldham(1899) an early Model

Soil Cover
on Slope

Displacement of alluvium 
along the foot of a hill
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