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Safety
Early Warning 

against Landslides
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Before Massive Debrisflow of 1880

Sher-ka –Danda,Nainital
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After the  Massive Debrisflow of 1880

Sher-ka –Danda,Nainital
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Early Warning for the slide at
Sher Ka Danda Hill in Nainital 
was available as far back as 

1880

Mile 9 NH 31 A  Siliguri to Gangtok
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Early Warning for the slide at Mile 9
was available as far back as 

1964
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The Himalayan Heights on the India’s side of LOC provides
a  staggering contrast with the Himalayan Heights in the North East

Strategy
Tactics

Problems
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Schusier & Krizek (1958)

Extremely Slow Very Slow Slow Moderate Rapid Very Rapid Extremely Rapid
Hungr (1981)

Eckel (1958)

The only way we can command 
the Nature  is by obeying it

Scale for Landslide 
Speeds-cm/sec

Drought Floods Earthquakes

CREEP LAHARS
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Chamoli earthquake Tragedy
of 29  March 1999
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Roorkee

MBT

MCT

Uttar Pradesh

India

Uttarkashi earthquake
Tragedy of 20 Oct. 91

0 50 km

(Approximate Scale)

Kumaon

Garhwal

Landslide Tragedies
11-13 Aug, 98
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Bhagirathi Tragedy1978

Gangotri Earthquake Tragedy 1816

Badrinath Earthquake Tragedy1803

Malpa

Malpa Tragedy 18 Aug 1998

Uttarkashi Earthquake Tragedy
Of 20th October 1991

Mussoorie Earthquake Tragedy
of 1865

Ukhimath Landslide Dam
August 1998

Chamoli Earthquake Tragedy
Of 29th March 1999

Alaknanda Tragedy
of 1970

Landslide Tragedies
11-13 August 98

Nepal

China

Tibet

DISASTERS IN ALAKNANDA VALLEY
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NH 39 Nagaland-Km152.3

Moved out by 120m
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NH 39 Nagaland-Km152.3

CISF STAFF QUARTER AREA
Anand Nagar,Guwahati
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NH 52-Arunanchal Pradesh
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Hazard mapping at large scalecan  also help us
identify  unsafe locations
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Failure of a cutting by successive excavation at its Toe.
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Acoustic Emission Monitoring System
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Time Displacement Mapping 
Slope Surface and Subsurface

Accelerating Motion 
Real-time Monitoring
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Repetitive Seasonal landslides

Criteria for Early Warning ?
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Piezometric
Pressure (R3)

Rainfall Intensity

Cum.Rainfall

Month & Day27 April 7 July
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FIG    : Variations of the earthslide surface monements with rainfall for the period from 24 May to Sep 93

Date of recurrence of the earthslide
Cum.Rainfall

Close to the earthslide toe

On slopes below the railway track

Immediately above & below

On upper slope close to
the head of the earthslide
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3rd June 93
the track

Linkage between pore pressure 
and rainfall 

is most crucial 

IMD may consider including major landslide sites
In its plan for establishing

Automatic rain gauge Stations
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Acoustic Emission Technology
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Early Warning
against a great majority of Landslides

are possible but it is a highly specialized job.

There are various approaches
and multiple indicators

One needs extra-ordinary judgment to integrate
the  diverse observational information.

High quality sensors too are
available.
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Remote Sensing techniques
for early warning against

Landslides

• Aerial photogrammetry

• RADAR (Radio Detecting and 
Ranging)

• LIDAR (Light Detecting and Ranging)

• High resolution satellite images
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Real time Landslide monitoring using

GPS

monitors sub-centimeter deformations.

requires no line-of-sight between the 
stations unlike other conventional sensors

enables continuous monitor of 
deformations during unfavorable weather 

conditions.
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Disadvantage could be
poor visibility of satellite constellation.

Real time monitoring with GPS

1. Landslide site
2. GPS antenna + Receiver
3. Telemetry Unit at Slide
4. Telemetry Unit at Monitoring station
5. Processing UNIT
6. Telemetry to communication satellites

2

3

4

5

6
1



34



35



36



37



38



39



40



41


