
INDIAN INSTITUTE OF TECHNOLOGY ROORKEE

Landslide Hazard Assessment & Mitigation
DML – 502 Lecture - 9

“To understand mapping and hazard assessment techniques of landslides and protection against
landslide.”  

Subject Code: DML-502

Course Title: Landslide Hazard Assessment & Mitigation 

Causative factors of landslides – natural including inherent factors and external factors as well as 
anthropogenic factors; Impacts of natural causative factors like lithology, structure, slope morphometry, 
relative relief, hydrogeological conditions and land use and land cover on stability of slopes ; Impacts of 
external factors like concentrated rain fall and earth quakes on slope stability; Various causes of slope 
instability in Himalaya; extreme hydro-meteorological conditions leading to landslide dams and related 
damages; 
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Landslide dams

The blocking of river courses by mass movements is very common in mountainous areas with 
deep and narrow valleys. Landslide dams may pose serious threats to people and their 
livelihoods downstream in the case of abrupt dam failure.
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Literature

Costa and Schuster (1988) and Korup (2002) addressed the complex interactions between landslide 
morphometric characteristics and magnitude, geomorphological parameters of the valley, and hydrological 
parameters of the river at a given location.
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Terms
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Classification
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Classification
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Classification

Landslide dam classification (Type I 
to VI) according to Costa and 
Schuster (1988) (% of landslide 
dams in each class) for previous 
inventories: moving from the outer 
ring to inner ring: 
(a)Worldwide - 225 cases Costa 

and Schuster (1988); 
(b)19 cases by Ermini (2000); 
(c) Italy - 300 cases Tacconi
Stefanelli et al. (2015);
(d) Cordillera Blanca, Peru- 51
cases
Tacconi Stefanelli et al. (2018).
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Classification
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Classification
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Classification

1. Dams formed by large 
rockslides and rock 
avalanches

2. Dams formed by volcanic 
mass movements

3. Dams formed by debris 
flows

4. Dams formed by 
slides/flows in 
unconsolidated 
sediments

5. Debris avalanches and 
complex landslides
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Classification
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Dam failure susceptibility
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Worldwide landslide dam database
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Classification from the database
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Geometry of landslide dams
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Stability Indices

Geomorphic stability indices, 
categorizing stable and unstable 
landslide dams verified against 
longevity for available cases from 
our new worldwide database.
Key to read figure: numbers after 
longevity denote the number of 
data-available cases. Read left to 
right, i.e. for Dimensionless 
Blockage Index, for > 20 years
longevity, 58 % cases are predicted 
stable, 17% cases are uncertain 
and 25% cases are falsely 
predicted as unstable.
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Timescale of landslide dams
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Timescale of landslide dams
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Longevity vs Type

▪ The longevity of landslide 
dams relative to landslide 
type according to our 
database. 

▪ Landslide dams for which 
material type is unknown are 
not shown. 

▪ The sooner cumulative 
percentage marches towards 
100 %, the lesser the 
longevity of the landslide 
dam.
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Landslide dams and landscape 

evolution

▪ Multiple knickpoints identified using 
‘knickpointfinder’

▪ Schematic representation of river piracy 
caused by a landslide dam.
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Landslide dams in Uttarakhand, India

Map of Uttarakhand, India, showing 
tectonic thrusts and landslide dam 
locations

The northwestern Indian Himalayas 
(Jammu & Kashmir, Ladakh, Himachal 
Pradesh, and Uttarakhand) are 
particularly susceptible to landslides and 
landslide dams due to weak, sheared 
bedrock and confined river valleys.
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Landslide dams in Uttarakhand, India
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Landslide dams in Uttarakhand, India

Map showing paleolakes of Alaknanda Valley, 
Uttarakhand, India

Map showing spatial distribution of paleolakes of 
Malari, Uttarakhand, India
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Landslide dams in Uttarakhand, India

Graph showing percentage of rivers affected by 
landslide dams in Uttarakhand, India

Graph showing percentage of months affected by 
landslide dams in Uttarakhand, India
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Landslide dams in Uttarakhand, India

Graph showing percentage of districts of 
Uttarakhand, India affected by landslide dams

Graph of landslide types that caused landslide dams 
in Uttarakhand, India
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Landslide dams in Uttarakhand, India

▪ Due to the evident climate change, landslide dams in the Higher Himalayas are common. The presence of 

debris material makes the landslide dam unstable, which may breach within a few hours or days. 

▪ However, rock fall/slide-type landslides form stable landslide dams, which, when breached, cause major 

floods in the state. 

▪ The 1970 megaflood of Alaknanda was one such example. 

▪ In the present scenario, the Alaknanda River and the Chamoli district of Uttarakhand are most susceptible to 

damming. 

▪ Analysis reveals debris slides as the most common landslide type, with a notable concentration of landslide 

dams occurring in August. Globally, landslide dam studies have evolved with time, and different geomorphic 

indices, geomorphometric parameters, and machine learning algorithms have been utilized to study the 

stability of landslide dams. 

▪ The Himalayan region is complex in its own way.

▪ Therefore, developing such indices and numerical models specific to the region is necessary to assess and 

monitor the dam’s formation and stability to reduce risk.
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Thank you very much for your 

kind attention and time!

Question time
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