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INTRODUCTION

STUDY AREA

INSTABILITY FACTORS

MOTIVATION:

Landslides are natural hazards that leads a
huge economic and life losses.

Triggered by rainfall events and/or
earthquakes.

Y Khait Earthquake (M 7.4), 1949
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SUSCEPTIBILITY MODELS

PROBLEM:

* Poor landslide catalogues

» Limited amount of data to implement a lands|ides  —) Characterization of the surface
susceptibility model processes using geomorphic indices.

68°E 69°E T

Ectonics Climate

Earthquakes
Topographic uplift

Erosion

Landscape
Evolution
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INTRODUCTION STUDY AREA INSTABILITY FACTORS SUSCEPTIBILITY MODELS

Relation of triggering factors and the landslide
occurence

RESEARCH SIGNIFICANCE:

* |Improve of the landslide catalogue

* Creation of regional thematic information

« Methodologies based on free sources programs
and the handling of large dataset.

Landslide susceptibility

/ \

Likelihood of Probability of spatial
occurrence of slope
occurrence of a

: . . failure basis on certain
landslide given certain "y
conditions (Chung et

local conditions. al. , 1999). @\G Is @ pg’[hon @
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LANDSLIDE CATALOGUE
Main landslide type: Rock slide or rock fall

Drainage blockage

GQ\" gle Earth.

Imagery Date: 9/2/2017°  39°11'18.26" N 68°42!38.97"E elev.2035m  eyealt 5.64 km

Imabe ©'2018 CNES / Airbus
»

Yagnob River - Tien Shan

Red arrow: location of the view of the picture
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LANDSLIDE CATALOGUE
Main landslide type: Rock slide or rock fall

Drainage blockage

Image|©12018 DigitalGlobe - l GOOgle Earth

Imagery Date: 8/14/2013.  39°11'57.28"N 67°49'10.55%E elev,1866 m eyealt 5.18km

Seven Lakes — Tien Shan . . _
Red arrow: location of the view of the picture
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68°E 69°E 70°E

LANDSLIDE CATALOGUE

Qo

. arqand

z
* Inhomogeneous distribution of landslides
e Lack of information in the South of the
Panj River (High mountainous areas where
less remote sensing data is available )
z

Landslide area (km?)
© 0.0002-025 © 0.25-0.86 © 0.86-184 O 1.84-358 © 358-947 @ 9.47-1692
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THEMATIC VARIABLES

GEOM, 0.6% m%\o 3
Other morphometric GEOT | SE |-5[Pg
1.6% |0.9%
9 Other
5.6% Other
Elevation Precipitation EO
5.2% 2.8%
Curvature
7.2%

OA, 0.6%

Distance to road
3.3%

Aspect
8.1%

Land use/cover
71%

Geological Hydrological Land cover Morphological Other

(Reichenbach et al., 2018)

EO, Earth observation; GEOM, geomorphological, GEOT, geotechnical;
LR, landslide related; OA, other anthropic, OC, other climatic, SE, seismic.

Geomorphology

— Slope

— Aspect

Topographic

position index (TPI)

[ Surface Roughness
(SR)

~

Elevation Relief
Ratio(ERR)

—  Surface Index (Sl)

—  Local Relief (LR)

— EigenValues
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THEMATIC VARIABLES

Geomorphology Climatic and hydrological
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LR, landslide related; OA, other anthropic, OC, other climatic; SE, seismic.
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SUSCEPTIBILITY MODELS

THEMATIC VARIABLES

Geomorphology Climatic and hydrological Land cover
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LR, landslide related; OA, other anthropic, OC, other climatic, SE, seismic.



INTRODUCTION

STUDY AREA

THEMATIC VARIABLES

Distance Geo-
to fault structural
3.5% 3.4%

Geo-lithological
9.2%

Geological

Hydrological

Land cover

Morphological Other

(Reichenbach et al., 2018)

EO, Earth observation; GEOM, geomorphological, GEOT, geotechnical;
LR, landslide related; OA, other anthropic, OC, other climatic, SE, seismic.

LANDSLIDE

SUSCEPTIBILITY MODELS

Geomorphology Climatic and hydrological
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DISCUSSION
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CONCLUSIONS
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THEMATIC VARIABLES

Local description

68°E 69°E 70°E

* Slope
* Aspect
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SUSCEPTIBILITY MODELS

THEMATIC VARIABLES . o .
Broad description (Window size)
» Elevation relief ratio = Characterization of the
landscape
Zmean - Zmzn . . %
ERR = A — Window size

Zmax
Zmean igh (>0.5)
Zmin

38°N

Zmax
Zmean Low (0.2-0.5)

Zmin

i

Elevation Relief Ratio

Zmax __—

Very Low (0.0-0.2) 0.1

Zmean
Zmin
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THEMATIC VARIABLES .

Broad description (Window size)

» Elevation relief ratio = Characterization of the

landscape §
Z — T )
ERR = —/—= S Window size
Zma:r - Zmin
Zmax
Z
AT High (>0.5)
Zmin
z
Zmax

Zmean Low (0.2-0.5)

Zmin

Elevation Relief Ratio

DISCUSSION

69°E

Zmax [

Very Low (0.0-0.2) 0.25

Zmean
Zmin

CONCLUSIONS
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THEMATIC VARIABLES 65 69 0B
Broad description : | '

* Surface Index —> Discrimination

between erosional and steady-state landscape

39°N

SI = (DEM x ERR) — SR

Landslide density

le’

(o]
38°N
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Surface Index
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LANDSLIDE

THEMATIC VARIABLES

Tectonics
* Distance to fault Spatial association
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Landslide
susceptibility
model

Likelihood of occurrence of a
landslide

12
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Model Types (#)

Other analysis - -

Regression analysis - (0,5]
Dempster-Shafer analysis - (5,10]
Entropy based analysis - . (1 0,1 5]
Bivariate analysis - . (1 5’20]

Support vector machine -

Discriminant analysis

Statically

Analysis of FoS -
based- model y

Tree based analysis

Landslide
susceptibility
model

Linear regression analysis -

Heuristic analysis -
Probability based analysis -

Fuzzy sets analysis 4

Weight of evidence analysis -

Multi-criteria decision analysis -

Likelihood of occurrence of a ™
IandSIide Neural network analysis -

Data overlay analysis -

100 ., 150
(Reichenbach et al., 2018) Count (#)
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GENERAL WORKFLOW

7N
THEMATIC

VARIABLES

=

Discretization

L/\ T

I N
Weight of Logistic

evidence (WOE) Regression (LR)
NS NS
I N

Random Forest

(RF)

Binarization &
Normalization

NS

7N
LANDSLIDE

CATALOGUE

-

L

Training

points
N

Validation

points
N

13
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GENERAL WORKFLOW
WEIGHT OF EVIDENCE

Test of conditional independence

11 &

-4.5

Slopes

Aspect -

TPI -

Surface Index -

ERR -

Surface Roughness -

Selection of Local Relief - [l

: : Eigenvalues -
thematic variables Elevationabovechannel -

Lithology -
Seimo zones - l L =
Fault distance

Distance to glacier -
Precipitation -

Distance to channel
TWI -
NDVI -

3.0

Factors

1.5

.-.

0.0

TPI -

Surface Index -
ERR -

Surface Roughness -
TWI
NDVI

Slopes -
Aspect
Local Relief -
Eigenvalues -
Lithology -
Seimo zones -

Elevationabovechannel -
Precipitation

Fault distance -
Distance to channel -

Distance to glacier -

14
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SUSCEPTIBILITY MODELS

GENERAL WORKFLOW
LOGISTIC REGRESSION

Collinearity test
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GENERAL WORKFLOW
RANDOM FOREST

Ranking of importance

0.20 A

0]
o]0

Selection of 0.15 1
thematic variables
0.10 - H

0.05 - 1

ol
HHo
H[Fo
H o

0.00 A

SI -
SR -
TPI 4

Slopes -
|
Aspect { {0

DistFaults -

14

DistGlaciers -
EigenValues -
Lithology16 -
ElevChannel -
Lithology14 A
Precipitations -
DistChannel A
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GENERAL WORKFLOW G5B _ 69°E - _ 70°E

Data preparation

39°N

Selection of
thematic variables

Model
implementation

38°N

Random Forest - Landslide susceptibility map

MODEL 4 | : |
WOE = Total weight

LR = Probability of be or not a landslide (1-100)

[ Verylow LS [ | Low LS [ | Intermediate LS [ | High LS 2 Very high LS
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SUSCEPTIBILITY MODELS

GENERAL WORKFLOW

Data preparation

Selection of
thematic variables

Model
implementation

Model evaluation

True Positive Rate

0.4

Model error dispersion
Measure of overfitting

Receiver operator curve (ROC)
Measure of model performance

1.0

0.30 A

0.8
o
N
%

0.6

0.20

2 Standard Deviation
o
s
w

o
=
S)

0.2

0.05 o

—— Median ROC (area = 0.92) 0.00 +

4 T T T T T T T T T T
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
False Positive Rate Mean

Same model 50 times
16
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SUSCEPTIBILITY MODELS

BEST MODEL
Landslide susceptibility classes
[ Verylow [ | Low || Intermediate | | High [0 Very High
68°E 69°E 70°E 68°E 69°E 70°E 68°E 69°E 70°E

39°N

38°N

Landslide susceptibility map Landslide susceptibility map Landslide susceptibility map
Weight of evidence Logistic regression Random forest
0 50 100 Km
——
Mean ROC = 0.88 Mean ROC = 0.89 Mean ROC =0.92

17
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SUSCEPTIBILITY MODELS

INFLUENCE OF THE LANDSLIDE CATALOGUE

68°E 69°E 70°E 68°E 69°E 70°E

39°N
39°N

38°N
38°N

Altitude Logistic Regression - Landslide susceptibility map

0 50 100 Km
e TS | e MODEL 4 i |

Landslide density [ VerylowLS [ LowLS [ | Intermediate LS [ ] High LS Bl Very high LS

Spatial distribution bias. Influence in the reliability of the results.

More landslides in Tien San than in Pamir Results are less significant in the Pamir. ,
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SUSCEPTIBILITY MODELS Lol
68°E 69°E 70°E
THEMATIC VARIABLES T — s
More relevant
* Lithological information .
Cretaceous and Jurassic -
sequences where calcareous
rocks and shales are
dominant
 Valleys and ridges
Eigenvalues - TPl and z
Elevation relief values
e |dentification of erosive
areas A -
Surface ro Ughness Lithological units
(I) 5|0 1(.)0 Km
[ No data [[6 | Cretaceous - Jurassic [@27] Carboniferous - Igneous ! ' '
.. Quaternary Jurassic [13" ] Devonian
b Te Ctonlc |nf| uence Neogene Jurassic - Triassic Silurian
Paleogene [9°] Permian - Igneous [I57] Cambian/ Precambian
S u rfa ce I n d ex [4 ] Paleogene - Intrusive Permian

. 19
Cretaceous Carboniferous
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THEMATIC VARIABLES
More relevant

* Lithological information
Cretaceous and Jurassic
sequences where calcareous
and shales are dominant

e Valleys and ridges
EigenValues - TPl and
Elevation relief values

e |dentification of erosive
areas
Surface roughness

e Tectonic influence
Surface Index

20
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SUSCEPTIBILITY MODELS

THEMATIC VARIABLES

Relevant but not used

39°N

* Distance to glaciers
Important
geomorphological
environment; however,
create zonation.

38°N

. . . Weight of evidence - Landslide susceptibility map Weight of evidence - Landslide susceptibility map
° Precipitation MODEL 11-1 MODEL 11-2
] ] 68°E 69°E 70°E
Detailed data is need Distance to glaciers & Precipitation

in order to be Precipitation
considered a more
relevant input.

- | o

Negative Weight Contrast 0 Positive Weight Contrast

Weight of evidence - Landslide susceptibility map 21
MODEL 11-3



INTRODUCTION STUDY AREA INSTABILITY FACTORS LANDSEIDE CONCLUSIONS

SUSCEPTIBILITY MODELS

68°E 69°E 70°E

RELEVANT THEMATIC VARIABLES

Less relevant

« NDVI
* Aspect
e TWI

The values associated to the landslides are

similar to the areas with no landslides.
le’ i
4] I3e)
| 1.8
3 o
S
o
] 28
2] 3
-} } } !
1] e | S |
< 0 80
| Landslides area
0 0.4

P
]

0.0002-02547 © 0.8696-1.8486 @ 3.5875-9.4792
S 0.2547-0.8696  1.8486-3.5875 @ 9.4792 - 16.9289 22
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The landslides catalogue
created allows an assessment
of the landslides susceptibility
of the area; however, also
biases are introduced to the
models.

68°E 69°E 70°E

39°N

38°N

Altitude

e e |3 e
I T 1

Landslide density

23

N
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The interaction and the spatial
association between different factors
and mass movements is analyzed
based on landslide density and LT
. . Es| ¢
cumulative frequencies.
1e7 La ﬂdS“de denSIty 0.0 0.1 0.2 0.35|<0(0n.3 0.5 0.6 0.7
81 S "
5 N e
1 %8' ;I ..................................................................
0 J | | | I L o g| 2 ::: Ig’alar;qstli.dbest.scarps
0.6 0.4 -0.2 0 0.2 L | | B difference o4

Surface Index SI'> 0 (m)



INTRODUCTION STUDY AREA INSTABILITY FACTORS LANDSEIDE DISCUSSION

SUSCEPTIBILITY MODELS

understanding of the relation between
the different processes that modify the
landscape.

SR

The importance of each of the thematic ;-

variables is analyzed by the o

implementation of three different o1s{L] © T T8

approaches to landslide susceptibility. T

Different geomorphological parameters | H = oo

are proven as relevant in the | |l %I é 2

improvement of the results of the o %

landslide susceptibility models and the - % % 2 =
g

NDVI A
Aspect { [0

Slopes -
TPI -
ERR -+

DistGlaciers -
EigenValues -
Lithologyl16 A
DistFaults A
ElevChannel A
Lithology14 A
Precipitations A
DistChannel A

25
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THEMATICVARIABLEQ} R
| T

Discretization <«

1
Knowledge j\ /I Landslides

Individual methodologies are based " ht based

. eights Traini int Validation points
created to implement each of the based | [ra'"(';’éyf,’f'"s} [ (30%) }
statically-based landslide [ Test for conditional
susceptibility approaches. All of independence (x*

them based on free sources
programs.

Combination of
variables

WOE implementation
|

Prediction power
calculation (ROC)

\/

Best Model

A

Find the best model

26
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