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Landslide Hazard Assessment & Mitigation
DML – 502 Lecture - 10

“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; Landslides in Cold Regions i.e., High Mountain Asia (HMA): snow/rock-ice avalanches, debris 
flows, cascading events.
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Cold Regions on Earth
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Permafrost and seasonal cold regions
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Predominant hydrological and mechanical processes in seasonally cold 

regions
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Slope instabilities caused by snowmelt and freeze-thaw action

❑ The frequency of 
snowmelt-induced 
soil slope 
instabilities is 
increasing in some 
seasonally cold 
regions because of 
climate change. 

❑ Reliable hazard 
assessment and 
risk mitigation of 
snowmelt-induced 
landslides require 
physically-based 
prediction models.
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Debris flows from Mountain Cryosphere

Debris flows originating in the mountain 
cryosphere (DFMC) are among the most 
globally important, widely distributed mass 
flows (and natural geohazards) in mountain 
areas with a high altitude and/or high 
latitude. 
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Landslides in Cold Regions – Rock/Ice/Rock-Ice Avalanches

▪ Upsurge of glacier-related hazards in 

High Mountain Asia (HMA) has been 

evident in recent years due to global 

warming. 

▪ While many glacial-related hazards are 

instantaneous, some large landslides 

were preceded by slow gravitational 

deformation, which can be predicted 

to evade catastrophes.

Fan, X., Yunus, A. P., Yang, Y. H., Subramanian, S. S., et al.(2022). Science of the Total Environment, 836, 155380.
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Hypothesis

Schematics of the impacts of climate warming on tectonic belts

▪ Like ice sheets induced 
isostatic crustal rebound 
during deglaciation, the 
glacial loading-unloading at 
local scale (and annual 
cycles) caused by climate 
warming can be considered 
for stress failures. 

▪ A few meters of snow load 
enhances compression and 
reduces the Coulomb 
failure stress by a few kPa, 
large enough to modulate 
the stress buildup. 

▪ Thermomechanical stresses 
and increased summer 
precipitation may cause 
more rock slope failures

Fan, X., Yunus, A. P., Yang, Y. H., Subramanian, S. S., et al.(2022). Science of the Total Environment, 836, 155380.
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Landslides in Cold Regions – Rock/Ice/Rock-Ice Avalanches

Global distribution of historical large 
rock‐ice avalanche events, with blue 
pentagrams marking event locations, 
and numbers within circles of different
sizes indicating the frequencies of 
events near the representative areas; 
(b) Statistical correlation between the 
apparent friction coefficient and 
volume in recorded rock-ice
avalanches and rock avalanches.
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Example

Pre-event condition of Chamoli region. 

Analysis of recent 
similar cases in 
HMA supported 
our inference on 
global warming-
induced glacier 
retreat and 
thermomechanical 
effects in 
enhancing the 
weakening of 
fractured rock 
masses in 
tectonically active 
mountain belts.

Fan, X., Yunus, A. P., Yang, Y. H., Subramanian, S. S., et al.(2022). Science of the Total Environment, 836, 155380.
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Slope changes

Pre-event and post-event condition of Chamoli region. 

Multi-temporal 
satellite data 
provide evidence of 
a precursor event in 
2016 and expansion 
of a linear fracture 
along joint planes, 
indicating 2021 
rock-ice avalanche 
is a retrogressive 
wedge failure.

Fan, X., Yunus, A. P., Yang, Y. H., Subramanian, S. S., et al.(2022). Science of the Total Environment, 836, 155380.
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Tectonic stresses and landscape control

Fan, X., Yunus, A. P., Yang, Y. H., Subramanian, S. S., et al.(2022). Science of the Total Environment, 836, 155380.
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Time series of deformation

Fan, X., Yunus, A. P., Yang, Y. H., Subramanian, S. S., et al.(2022). Science of the Total Environment, 836, 155380.
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Climate controls

Fan, X., Yunus, A. P., Yang, Y. H., Subramanian, S. S., et al.(2022). Science of the Total Environment, 836, 155380.
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Cases from High Mountain Asia

Multiple rock-ice avalanche in the Yarlong 
Tsangpu. (a)–(i) show he rock-ice avalanches 
that blocked the Yarlong River. Note that since 
2010, there were at least four failures 
occurring at the same glacier source.

Fan, X., Yunus, A. P., Yang, Y. H., Subramanian, S. S., et al.(2022). Science of the Total Environment, 836, 155380.
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Cases from High Mountain Asia

Fan, X., Yunus, A. P., Yang, Y. H., Subramanian, S. S., et al.(2022). Science of the Total Environment, 836, 155380.
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Cases from High Mountain Asia

Zhong et al., (2024) Landslides

RIA distribution in High 

Mountain Asia (HMA). Map 

showing the geographical 

extent of HMA via Global 

Terrestrial Network for 

Glaciers (GTN-G) sub-

regions (GTN-G, 2017). 

Yellow and orange dots are 

the spatial distributions of 

RIA. 

Light blue lines are major 

rivers (Lehner and 

Grill 2013). Blue shades are 

glaciers (RGI6.0, 2017). 

Purple shades are 

permafrost probable areas 

(defined below) (Obu et 

al. 2018). Inset is the location 

of HMA

https://link.springer.com/article/10.1007/s10346-024-02421-7#ref-CR15
https://link.springer.com/article/10.1007/s10346-024-02421-7#ref-CR26
https://link.springer.com/article/10.1007/s10346-024-02421-7#ref-CR39
https://link.springer.com/article/10.1007/s10346-024-02421-7#ref-CR37
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Cases from High Mountain Asia

Zhong et al., (2024) Landslides
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Causes

Zhong et al., (2024) Landslides
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Contribution of Permafrost

Zhong et al., (2024) Landslides
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Feature Importance

Zhong et al., (2024) Landslides
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Cascading Hazards

Zhong et al., (2024) Landslides
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Thank you very much for your 

kind attention and time!

Question time


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23

