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Background

• The Gorkha Earthquake 2015 event 
triggered thousands of landslides in 
the central Nepal Himalayas. 

Mainshock: April 25, 2015 (7.8)
Biggest aftershock: May 12, 2015 
(7.3)

• Nearly 25, 000 landslides were 
reported by different researchers. 
• 14 out of 77 districts were several 

affected. 



Landslides in Sindhupalchowk and Rasuwa districts



Landslide Risk Management ≡ Landslide susceptibility, hazard and risk 
zoning

Shano et al., 2020; Australian Geomechanics Society Landslide Zoning Working Group, 2007

Landslide Hazard is defined as:
H(v,t)=T(v,t)U(v,t)S(v,t) 
where,
v =set of environmental conditions or 
landslide causative factors
t = time. 
T(v,t) = Time dependence (e.g. frequency)
U(v,t)= the measure of landslide magnitude
S(v,t) = landslide susceptibility . 

Landslide susceptibility,
therefore, is defined as
the chance of occurrence
of landslide in a
geographic location for a
given set of
environmental factors.





Methodological framework

Delineation of slope units (SU) 

Collection of inventories

Characterization of
slope units 

Selection of the 
causative factors

Comparing LSMsWe selected variables that have straightforward 
interpretation in terms of their effect on landslides. 

We obtained 
descriptive 
statistics and 
run a χ-square 
test to calculate 
the p-values for 
all independent 
variables in 20 
runs. 

We run logistic regression in LAND-SE 
software to obtain Landslide 
susceptibility maps (LSMs). 

Alvioli et al., 2016, 2020



Published inventories

Zhang et al., 2016 (A), Gnyawali and Adhikari, 2017 (B), Roback et al., 2017 (C), Kargel et al. (2016), Pokharel 
and Thapa, 2019 (E)

Inventory A: 2,645
Inventory B: 17,638
Inventory C: 24,915
Inventory D: 4,312
Inventory E: 1,416



Details of overlapping region

Inventory
Number of 

Landslides

Number of 

Unstable SUs

Landslide 

area [km2]

Landslide 

area (%)

A 2075 198 4.11 0.47

B 1,780 143 9.92 1.15

C 2,118 132 14.57 1.69

D 371 204 - -

E 359 74 10.92 1.26

Comparison of landslide 
susceptibility maps



Total number: 91,947
Total area area: 35,153.80 sq. km

Av. Area: 0.38 sq. km

Alvioli et al., 2016, 2020

Slope unit delineation



GRASS GIS: https://grass.osgeo.org/documentation/



Significance independent factors

How we trained the LR model?

Check for the smallest number 
between stable and unstable 

SUs among all inventories

74 unstable SUs (Inventory E)

75% of 74 unstable SUs 
and equal number of stable

SUs 
20 iterations

Implementation of glm() 
function  for 20 training 

samples

χ-square test to calculate p-
values 20 dataset



Pair-wise validation 

The table presents the mean with one standard deviation confidence level for the AUCROC obtained from each
testing/validating pair, with 20-fold random selection.



Performance of LSMs

Colored: 70% of 
stable or unstable 
SU as training

Grey: Smallest of 
stable or unstable 
as training

Dot: All SU



• We used LAND-SE software 
(Rossi and Reichenbach,2016) to 
generate LSM.

• Each SU is characterized by 
Landslide susceptibility index 
(LSI).

• The higher value of LSI indicates 
higher susceptibility.

Inventories Mean S.D

A 0.013 0.037

B 0.045 0.094

C 0.057 0.105



Conclusions

1. Reliability and interpretation of landslide susceptibility maps are influenced by the
differences in the significance of the predictors.

2. The values of AUCROC calculated from the different LSMs adopting different sampling
techniques were also shown to have different average values and variability. All these
points further exhibit that preparation of a landslide inventory is a subjective process.

3. The values of AUCROC calculated from the different LSMs adopting different sampling
techniques were also shown to have different average values and variability. All these
points further exhibit that preparation of a landslide inventory is a subjective process.
Henceforth, the derived LSMs are subjective as well and depend on many factors.



Significant outcomes

(1) SU will be available 
on http://geomorphology.i
rpi.cnr.it/tools/slope-units

(2) We have a paper close 
to be accepted in a high-
rank journal.

Source: https://www.slideshare.net/anupsingh3363/hvrc-analysis-for-school-safety

http://geomorphology.irpi.cnr.it/tools/slope-units
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