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We will discuss...

Definitions & Landslide Risk Management Framework

Landslide Susceptibility Analysis (LSA): Macro scale 1:50,000
* Why — Empirical Techniques ???

* Empirical LSA — Conceptual Model
* Empirical LSA — Processes and Steps
* Debris flow impact probability

Landslide Management Map
Landslide Hazard & Risk Analysis
o * Data Requirement and Methodology

e Limitations and Constraints
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Landslide — A complex hazard

Profuse loss
of resources

uﬁlﬁvgfr%n\:m Varied magnitudes ... varied extent of effects ... A HAZARD!
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Definition of Landslide Risk

 Risk is the amalgam of the likelihood and amount of
potential adverse consequences to an element at risk
arising from a landslide event of certain magnitude within a
stated period and area.

- Lee and Jones, 2004

www.gsi.gov.in



Definition of Landslide Hazards

O According to Varnes (1984) & UNESCO’s IAEG Commission on

B landslides and other mass movements and Guzzetti (1999), “landslide
':1 hazard” is defined as the probability of occurrence of a damaging
"-“"{ " | landslide of a certain magnitude in a given area and in a given period
ff%;?‘“ of time.

%ii; O Therefore, landslide hazard in a given area is a function of three

parameters, namely, spatial, temporal and magnitude probabilities of

landslide occurrence.
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Landslide Hazards Analysis

(d Spatial Prediction: Where will a landslide occur ???
J Temporal Prediction: When will it occur ???
J Magnitude Prediction: How large or how big that landslide/

the landslide event could be ?7??

Landslide Susceptibility Analysis (LSA) is the method to predict
the spatial locations where the future landslides can occur

www.gsi.gov.in



Hazard Analysis
Landslide (Danger) Landslide Susceptibility
Characterisation Analysis (LSA)
Analysis of Frequency
%) .
S 7 Consequence Analysis -
- - Landslide
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Landslide Zoning — A multi-scale & multi-purpose exercise

Purpose Type of Zoning Levels of Zoning Mapping
Inventary | Susceptibility | Hazard Intermediate | Advanced | Scale
Regional | Information 1;50,000
Loning | Advisory and
Statutory smaller
Local Infarmation 15000 to
Zoning | Advisary 1;10,000
Statutory
Site- Infarmation 1:5000
specific | Advisory or larger
Zoning Statutory
Design
* Purpose
- Applicable . Type
May be applicable . Level
- Not Recommended e Scale
May not be feasible
U |




Understandmg Landsllde Susceptlblhty

':i'
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Methodology: LSA (Macro scale 1:50,000)

o Using heuristic (knowledge-driven) approach, where
a-priori knowledge on landslides is insufficient or
absent (Direct and Indirect/ semi-quantitative)

o Or, through various data-driven empirical (statistical)
techniques using the a-priori knowledge on
past/present landslides
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Heuristic/ Knowledge Driven (Direct)

Geomorphic
mapping

Understanding
Processes as
well as
Landforms
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Heuristic/ Knowledge Driven (Direct)

Limitations & Constraints

v'Depends on the expertise and experience levels of the
e geoscientists engaged in geomorphic mapping.

v'Time consuming and costly exercise

v'Scope of validation in general is absent or not followed.

Follow us on:
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Heuristic/ Knowledge Driven (Indirect)

v'It is based on specified weights or ranks to a set of pre-
defined spatial factors (e.g. BIS method 1998)

v'"Which is an Indirect knowledge-driven (heuristic) method

originally proposed by Anbalagan (1992).

Follow us on:
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Heuristic/ Knowledge Driven (Indirect)

Geofactor  Description Category LHEF TEHD Val Landslide susceptible zone (LHZ)
Quartzite & Limestone 0.2 HD Values Class Catego
Type N gory
Granite & Gabbro 0.3 TR
Rock type 1 Gneiss 0a < 3.5 1 Very Low Susceptibility
L_\‘Lfl;l**th d (4); Type Sandstone & minor beds of claystone 1.0 gg : gg % II;'IO\: suicegtlbmt\é.b.l.t
\gnly weathere ! X P Poorly cemented sandstone with " " 0 erate uscep 1bifity
moderately weathered (3); 2 minor clay/shale 1.3 6.0-7.5 4 High Susceptibility
Slightly weathered (2) Slate & phyllite 1.2 >7.5 5 Very High Susceptibility
Type - 2 ** phy
" . Schist 1.3
:lcfl;ga?eelitaiﬁtie(?gé (3); 'gype Shale with interbedded clayey & 1.8
, Slightly weathered (2) non-clayey _
Lithology Highly weathered shale, phyllite & 2.0
schist !
Older well compacted alluvial fill material 0.8
Clayey soil with naturally formed surface 1.0
Sandy soil with naturally formed surface 14
(alluvial) ’
Soil type Debris comprising mostly rock pieces mixed
YP with clayey/ sandy soil (colluvial) - older 12
well compacted '
Debris comprising mostly rock pieces mixed
with clayey/ sandy soil (colluvial) - younger 2.0
loose material i
> 30° 0.20
Relationship of parallelism 21° - 30° 0.25
between the slope and 11°-20° 0.30
vulnerable discontinuity 6° - 10° 0.40
<5° 0.50
> 10° 0.3
Relationship of dip of 0° - 10° 0.5
vulnerable discontinuity 0° 0.7
and inclination of slope 0° - (-10%) 0.8
Structure < -10° 1.0 I:I -
. L 1: Very low susceptibili 4: High susceptibili .
:6:“15 250 g ;g 0 Skm 7 2: Logsuscepﬂblllty i s Va?-y high suscaptt‘;bility W Landslide (a)
Dip of vulnerable - . [ 3: Moderate susceptibility incidences
discontinuity 26°-35° 0.30 T
36° - 45° 0.40
> 45° 0.50
. < 5m. 0.65
Depth of soil cover 6 10m. 0.85
11 - 15m. 1.30
16 - 20m. 2.0
Escarpment / cliff > 45° 2.0
Steep slope 36° - 45° 1.7
Slope Moderately steep slope 26° - 35° 1.2
i Gentle slope 16° - 25° 0.8
i . Very gentle slope < = 15° 0.5
FH Relati < 100m. 0.3
reliah 101 - 300m. 0.6
> 300m. 1.0
Agricultural land / populated flat land 0.60
Landuse and Thickly vegetated forest area 0.80
land cover Moderately vegetated area 1.20
Sparsely vegetated area with less ground cover 1.50
Barren land 2.0
Follow us on: Flowing L0
Hydro- Dripping 0.8
3] | m geological ~ Wet 0.5 T 1: ve o . o H i
2 : Very low susceptibility Bl 4: High susceptibility ; WWW El G"-" II"I
u conditions  Damp 0.2 0 Skm : Low susceptibility 5: Very high susceptibility % Landslide g -93LGOV.
ibili d
Dry 0.0 : Moderate susceptibility incidences
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Heuristic/ Knowledge Driven (Indirect)
Limitations & Constraints

» Pre-defined factors & weights may lead to poor prediction

» Specific knowledge on landslide types & processes is not used

» No proper methods of validation suggested

Cumulative proportion of landslides
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Data-driven Empirical Method

o These methods are mainly based on various statistical
and/or mathematical techniques wusing the a-priori
knowledge on past/present landslides

= Bivariate statistics

=  Multivariate statistics (DFA, LR)
» Artificial Neural Network (ANN)
= Bayesian Belief Function ... etc.

Follow us on:
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Data-driven Empirical Method

Bivariate process

* Intuitive and instructive.
* Intervention by experts...possible
* Easy to use and understand the model processes.

Multivariate process or ANN

T%V% * Mostly black box type; difficult to understand model processes.
” e Scope of intervention by experts is limited to none.
 Sometimes select the predictors having least genetic implications.

Follow us on:
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Data-driven Empirical - Methodology

Conceptual Model

—— Slide Type -1 <
7y <
Factor-1
(Continuous) Factor-2 —
ry (Categorical|| Factor-3
A (Categorical)
) Factor-4 Factor-5
(Cont) (Categ.)
A L
Class -X | |Class -Y Value >=?
] [ |
Class - M
or Class -N Class-A| |Class-B
Value >= c¢1
S C2=<value<c1
e

C3=<value<c2
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Methodology-Landslide dominant terrain

Spatial Data Preparation Pre-field =T
Source Data [ ¥ maps [ 1l maps
Visual 1. Landslide inventor :
Multi-temporal Google n e inventory Field F 5
Imagery, LISS 1/ 1V, Interpretat || 2. Land use/ cover (LULC) checking 1. Landslide inventory map
Bhuvan Data, Old reports ion & GIS B.S;nmurph?lngv | 4 2. Land USthl:ﬂlVEI' (LULC)
ArcGIS Base Maps & Other —— 5, : 4.Slope Forming Materia : : 3. Geomorphology
legacy maps such as 1:50K OPEIRtion: | | cseas) Validation 4. Slope Forming Material (SFM)
Geology Map, NGLM data using 5. Regolith thickness 5 R lith thickness
atc, Proxy 6. Fault/ Fracture - REgON ' es
maps L 6. Slope
ASTER DEM (30 m X 5| 7. Slope 7. Aspect
30 m) | 8. Aspect 8. Curvature
Re-classified into S0 _|_) GIS processing using 9. Curvature 9. Proximity to Drainage
m X 50 m pixel size Spatial/ 3D Analyst 10. Drainage 10. Proximity to Fault/ fracture
Bivariate spatial Data Modeling
association analysis 1. LOFS_LULC
2. LOFS_Geomorphology I ¢
Calculation of Yule's Co-
efficient for each factor . LﬂFE_S-FI:ﬂ Inte rﬁtion of
class of all thematic 4. LOFS_Thickness B Raw Landslide
geofactors 5. LOFS_Slope LDFE'maps Susceptibility
Preparation 7. LOFS_Curvature WElghtEd
- of LOFS Maps | | 8. LOFS_Drainage Multi-class
' 9. LOFS_Fault/ Fracture Index Overlay
Calculation of | l
LOFS using
Normalisation . = Determination of break
. Classified Landslide € values after preparing the
Follow us on: S tibility M
usceptibility Map success rate curve _ )
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Methodology-Landslide dominant terrain
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Methodology-Landslide dominant terrain
Mathematics/ Algorithm

Yule’s Co-efficient (for Categorical Themes)
(Yule, 1912; Fleiss, 1991; Bonham-Carter, 1994)

= 0 = known geo-object of interest

= I = indicator (or evidence) pattern
= T = study area

I~ O =T, =345
IO =T, =141
IO =T, =382
IO =T, =2077

T=2945: 0=727

Y
\__/

1

T,=0
g_',h T=2945; [ = 486 = T21 = J- Tll
T.,=T-T,-T,-T, | YC =(SQRT(T11/T21)-SQRT(T12/T22))/

(SQRT(T11/T21)+SQRT(T12/T22))

Follow us on: . . i
o6oen Note: an example of I is a slope aspect class
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- @ [

[ =all other values>
Morphology
[]Active Flood Flain

i [1Highly Dissected Hills and Valleys
~ [ Landslide Example
D e e ey Which Geomorphology classes have positive spatial
) paoer Floed Plain association with landslides
Follow us on:
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Methodology-Landslide dominant terrain

Histogram Table of Geomorphology Cross Table of Geomorphology and
Theme (NpixC) Training Landslide Data (T11)

| Fie Ede Colmes Racors Weew Hep
£% peiset ; ¥ ; "
E:uu Flzed Flads FE FLIE I - k. i EH B

.'I.qﬂ Iy Cissected Nills and Valleye

Mumbar of pasis

e L R e Gecmscphology L3

s Fiaad Fain 343 Bk g " Astive Flood Plain = Slide Active Flood S$lide

B i -3 .8 13428250 Nighly Dissected Bills snd Valleys * Bighly Duseec Slide

candglide ¢ Blide wanigl e lide

” ia Lowly Dissected Hille and Valleys = ilowly Dissect S1lide
‘_‘."" x Medsrately Dissected Mills asd Valls Hf:h ataly D2 Slide
| lani Older !:I.:n-ﬂ Flaiz * Slide ldez Flood F 3lide
J'I-. River * Slide ;'.'rll:' Slide

T12 = NpixLS—-T11 T21 = NpixC-T11 T22 = NpixT—-T11-T12-T21

NpixC NpixT Til T21 NpixL5 Ti2 T22 b (] LOFS
Active Flood Flain 227078 TE4281 27 227051 7787 7760 529443 -0.835 0.00
Highly Dissected Hills and Val 222887 Te4281 3170 219717 TTBT 4617 536777 0.129 0.45
Landslide 905 Te4281 29 876 7787 7758 755618 0.285 1.00
Lowly Dissected Hills and Val] 115470 Té4281 1716 113754 7787 6071 642740 0.117 0.41
Moderately Dissected Hills am 141876 TE4281 2574 139302 7787 5213 617192 0.193 0.68
Older Flood Plain | 18936 Te2281 5 18931 TTBT 7782 737563 -0.727 0.00
River | 3712% Te4281 266 36863 7787 1321 719631 =0.092 0.00
Min 905 TE4281 5 876 7787 4617 529443 -0.835 0.00
£ & [ Max | 227078 Te4281 3170 227051 7787 7782 755618 0.285 1.00
W Avg 109183 Te4281 1112 108071 7787 6675 648423 -0.133 0.36
# StD ' 93983 0 1356 93217 0 1356 93217 0.458 0.39
Sum | TE4281 5349967 T787 756494 54509 46722 4538964 -0.931 2.54

Follow us on:
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Methodology-Landslide deficient terrain

Spatial Data Preparation —— D
Source Data maps maps
Multi-temporal Google Vi I ] .l I 'b
: Isua 1. Landslide inventory Field .y e
Imagery, LISS 1Il/ IV, Interpretat || 2. Land use/ cover (LULC) ekl 1. Landslide inventory map
ArcGIS Base Maps & Other _|_> ti 4. Slope Forming & 3. Geomorphology
b E s T Operation | material (srm) Validation | | 4, slope Forming Material (SFM)
Geology Map, NGLM data using 5. Regolith thickness T 5. Regolith thickness
etc. Pr,nx!.r L - E
ASTER DEM (30 m X maps 6. Slope 6. Slope
30 m) l - 7. Aspect 7. Aspect
Re-classified into 50 L|,| GISprocessingusing 8. Curvature 8. Curvature
m X 50 m pixel size Spatial/ 3D Analyst | A
Preparation of Data MDdE“ng
Analytical Hierarchy LOFS Maps
Process (AHP) |
) Integration of
1 g Pairwise Comparison . 1. LOFS_LULC LOFS maps -
Rating by Experts for Calculation 2. LOFS_Geomorphology using Raw Landslide
ﬂ"ap"r“ta' Hf:;?;chv of LOFS 3. LOFS_SFM Weighted Susceptibility
rocess (AHP) 5 using = 4. LOFS_Thickness Multi-class Score Map
Calculation of Fraction 5. LOFS_Slope Index Overlay
= Eigenvalues & Fraction Rating 6. LOFS Aspect
i ]
Rating 7. LOFS_Curvature |
Checking of consistencies L 4
or Calculation Determination of break values through
C i io (Cl ifi i . 5
ol _ onsistency Ratio (CR) CIaSS'f'E'_‘-" I_.E_mdSIIdE e——| weighting approach (30%-Low/ Moderate &
ollow us on: Susceptibility Map 50% - Moderate/ High)
B ' :
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Methodology-Landslide deficient terrain

Discussion to fix up pairwise comparison rating — expert-driven technique prior
to application of AHP

Follow us on:
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Methodology-Landslide deficient terrain

Thematic classes and their mutual rankings (in a scale of 0 to 9) for preparation of
knowledge-driven pairwise comparison matrix in AHP for states of Southern & Central
Region (MH=Maharashtra, KG=Karnataka and Goa, TN=Tamil Nadu, Ker=Kerala).

Curvature
MH KiG TN Ker
l:;., 1 Concave (upto -0.1) 4 4 4 4
et K 2 Flat (-0.1 to 0.1) 2 2 2 2
- 3 Convex (=0.1) B B B B
>t Slope . .
. MH | KG | TN Ker Pairwise
‘--.; 4 <15 2 2 2 2 .
o 15-25 4 4 4 7]
~ 2 CERT 5 2 2 2 comparison
7 35-45 3 3] & 4 H
{j’% ~ ’ S —— - matrix prepared
o Yol anduse/Landcover
ff MH | KG | TN Ker by EXpertS/
‘%i Q Barren 2 1 1] 2
. 10 Sparse Vegetation & 7 5 4 WOrkerS
a7 11 Moderate Wegetation 6 5 5 6
‘f; 12 Thick Vegetation 4 4 4 4
- 13 Fallow Land 1 1 1 1
14 Swamp 1] 1] 1] 1]
15 Mangroves 0 0 0 0
16 Salt pan 1] ] 0 1]
17 Barren Sand ] 0 1] ]
e 18 Extensive Slope Cut 9 9 9 9
' 15 QJuarry 2 3 2 2
20 Dumping Ground 6 6 6 6
21 Cultivation 3 2 3 2
22 Settlement 2 1 2 2
: 23 Settlement on modified slope 7 7 8 3
Follow us on: 24 Flantation (LHP) - 2 3 4 5
n|ﬂ| B | @ |ﬂ 25 Plantation (HHP) 4 4 3 4 www.gsi.gov.in




Methodology-Landslide deficient terrain
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Weighted Multi-class Index Overlay

= Multi-class predictor maps, §;, are combined using the

following equation, which calculates an average score, §, for

every location (or pixel): LI
y P TS,
N B
I i
LY
I
= Thrusts ~ MW = HHW T ~ MHE f/f
)
L. x1.4 . . .

-

5

Integration

Susceptibility
Score map

Landslide prone areas

Follow us on: -
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Landslide Susceptibility Map and Validation

LR

':i'
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Landslides: What tool we already have

GSI’'s National Landslide Susceptibility Mapping (NLSM) Project (2014-2022)

An excellent spatial forecasting tool for landslides

gs‘ Total NLSM Target = 434k sqg. km

~ \“5“‘ Mapping completed till March 2020 = 363k sq. km (~85%)
<
%%-a? Data uploaded in Bhukosh Portal for free download and use by all

ﬁb v NLSM Maps = 363k sg. km. (85% of total target)
v Landslide polygons mapped = 61,287 nos.

v' Landslide inventory with detailed field based attributes = 28,831 nos.

Follow us on:
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Landslides: Scenario in India

Northwestern Himalayas
Target area | Target area Landslide Landslides High Landslide No
State/ UT proposed | mapped so polygons | field validated | Susceptible Density %
(km?) far (km?) | mapped (Nos.) (Nos.) % o
_‘;‘at Himachal Pradesh 42100 42108 17127 6420 26 41
I8N Jammu & Kashmir (UT) & Ladakh (UT) 68700 68955 8303 2340 17 12
\ fl_Uttarakhand 39000 39009 14782 4927 22 38
» Total 149800 150072 40212 13687 22 27
%
A Eastern Himalayas
agil,:fﬁ | State Target area Target area Landslide Landslides . )
roposed (km?) | mapped so far| polygons |field validated High LLLRICT
T’——ﬂ- ”:f-) prop . Susceptible | No Density
EE (km?) mapped (Nos.) Y y
(Nos.) ° °
Sikkim 4980 4979 3379 651 17 68
West Bengal 2970 2980 1554 1529 17 52
Total 7950 7959 4933 2180 17 62

Follow us on:
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Landslides: Scenario in India

Northeastern Himalayas & Sub-Himalayana Region
Target area | Target area Landslide . . High .
Landslides field ) Landslide No
State proposed | mapped so polygons . Susceptible o
. - validated (Nos.) o Density %
(km?) far (km®) mapped (Nos.) %o

Arunanchal Pradesh 71210 Mapping in progress; completion by March 2022
Assam 24100 24144 527 598 2 2
Meghalaya 22020 22601 1525 791 1 7
Mizoram 21040 21864 4221 2003 18 19
Tripura 1300 1367 57 56 2 4
Manipur 22500 23250 2405 1548 14 10
Nagaland 16320 17294 2742 1554 16 16
Total 178490 110520 11477 6550 9 10

Follow us on:
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Landslides: Scenario in India

Western & Eastern Ghats
,ﬂ:" State Target area Target area Landslide Landslides Hiah Landslid
7 roposed (km?) | mapped so far| polygons |field validated 'gh andsfice
prop Susceptible | No Density
wel (km2) mapped (Nos.) y y
~ (Nos.) ’ )
,qﬁ . »|Maharashtra 28190 29191 1134 1152 3.68 4
{ﬁ? . |Karnataka & Goa 34160 34869 1324 1324 6.65 4
Wt
1f Tamil Nadu 10080 10549 782 863 6.64 8
70 [Kerala 19330 19301 1396 3016 11.29 16
Andhra Pradesh 1150 1124 29 29 6.26 3
Total 92910 95034 4665 6384 7 7
Follow us on:
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(http://bhukosh.gsi.gov.in/Bhukosh/Public)

of India - Hor X @ Bhukaosh b4 -+
Not secure | bhukosh.gsi.gov.in/Bhukosh/MapViewer.aspx

= 2+ Layers
'\;‘_’ Landslide Point

HP/SOL/53A16/2017/228

"E| HP/SOL/53A16/2017/2:
Name

E HP/SOL/53416/2017/2;

National geodatabase in public domain

Value

Metrics

Landslide Inventory

NLSM

Total number of download instances

6519

5322

Total no. of unique non-GSI users who downloaded

926

710

Number of different unique affiliations of the non-GSI

registered users who downloaded

487

394

The data is also shared through WMS with NDMA Map Portal

4 Landslide

£ nLSM
2 Seismotectdnic
_JMarine

One Geaolagy (I

= JOther Thefmatic

Follow us on:

C v @ in)

=] Landslide' Imientory

B bhukosh.gsigowin/Bhukosh/MapVi

£ Type here to search

1 ;',:
'i": :#i*': 7 il:'
. A
iy o L T ]
GCER24 "‘ . X '.
oy 'i ¥ SIRMAUR .

NH SH LOCATION
LANDSLIDE AREA
RUNOQUT DISTANCE
MATERIAL TYPE
MOVEMENT TYPE
MOVEMENT RATE
DISTRIBUTION

lewer.aspx#

SH 16
1124
8
Rock
Slide

Retrogressive
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Landslide Runout Hazards

Mirik
landslide,
Darjeeling:
In 2015, 19
o people died
Source: SU:
T Pettimudi Debris Flow, Idukki, Kerala Kerala, GSI
- H iy @ in) (06.08.2020) 66 people died www.gsi.gov.in




Debris Flow Modeling

CONCEPTUAL MODELS
i Spatial landslide susceptibility at catchment or regional scales are useful for hazard

7 indication zoning and for prioritizing target areas for risk mitigation.
% . PHYSICAL BASED MODELS
1{Q<z‘ﬁﬁ' o

| 80

L « Usually employed at slope scale

T} ) * Requires physical parameter of the material like type of material, its shear

strength, porosity and permeability, volume etc.
i@ » Limited to a single slope and a highly site-specific deterministic approach
Follow us on:

- Nl H@hin) www.gsi.gov.in



Debris Flow Modeling (Conceptual Model)

Source data

1) Debris flow inventory

2) Very high resolution DEM
3) Slope Forming Map

Methodology

1) We delineate source area from the
known debris flow inventory and/ or identify
possible debris accumulated zone as potential
oo source area

0.12

2) Define Topographic parameters from DEM of
the source area and possible stopping location
by running r.randomwalk conceptual model
developed by Mergili, Krenn, and Chu, 2015

3) Determine the probability of impact of pixel
by possible debris flow, following Monte Carlo
Simulation

Follow us on:

o6 o6 m
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Generation of Combined Susceptibility Model

(Initiation/ Source + Runout)

B High Initiation susceptibility

] High Runout susceptibility (From Debris
Flow Impact Probability Map)

Follow us on:

C LG

www.gsi.gov.in



Methodology: LSA (Meso scale 1:10,000)

g& o This is mostly being carried out through knowledge-
% driven technique only

¢ o Recently, GSI has finalised a methodology after
2oy carrying out five pilot studies in different terrains.

b
FE

At this scale, the area to be studied is much smaller (~30-50
sg. km.) and more reliance is given on field inputs only

Follow us on:
o0oE o

www.gsi.gov.in



Follow us on:

Methodology: LSA (Meso scale 1:10,000)

l

l

Carto-
DEM/ALOS
DEM/Base

map

DEM derivative product
like base map, slope,
aspect,
geomorphon, drainage

—

_ SPhete—

Data integration in GIS platform
and preparation of susceptibility
map separately for each domain
through assigning and integration
of LSER value to get final TESV.
Finally validation of the model
with landslide inventory data

Field study,
historical records,
remote sensing

data, etc.
Lab study
(Soil & Rock)
0
Results
(C,d, Strength 4
of rock, etc. l [
\_/_

/" Input data to be
checked/
Alternate
process of

e

Validation

No

_ . ;

C v @ in)

Finalization of
Domain map &

Thematic maps

\_/—

Yes

Susceptibility map

www.gsi.gov.in



Concept of landslide domain

Criteria used for mapping

(B

- f — M
B ¥ -“ ; = " § j‘:: o
s L o | g
< ey = e i E .
. 5 { s - 1 "l =
' '_.. o :\“ ...|.
o '_i h — ’l:.l. ¥
e HE) [ e
gL ' i el
- oy | .
A .,.' a

Debris Areas occupied by overburden-covered slopes
comprises of colluvium, compact debris, loose
debris, slope wash, regolith.

Earth failure domain Areas occupied by overburden-covered slopes
comprises of soil.

Rock failure domain  Areas with rock cover

Cut slope failure Buffers of 25 m, 50 m & 75 m of NH, SH and

domain important roads in Low, moderate and highly
dissected geomorphological terrain respectively on
the basis of visibility at the field.

No landslide domain These are the areas where there is no chance of
initiation of landslide like the one alluvium material
(sandy) deposited within the river channel and

Follow us © water bOdy
o6GoOeE, . e ee mmeggene JOVLN




Mapping Units and Geofactors

Geofactor _ Remaks

Mapping Unit Pixel (10 m/ 12.5 m) or Slope Facet

Slope Morphometry Factors Derived maps from either 10 m CartoDEM or 12.5 m Alos Pulsar DEM

Landslide inventory Prepare from all the sources (Remote Sensing, Field, Legacy reports, Media reports,
reports from other departments etc.)

Slope forming material Theme should be prepared/ confirmed through direct field inputs only, Prepare

(SFM) map geotechnical map using SFM (Kumar et. al, 2019, GSI Report )
Hydrology map Take the point data of hydrology condition of the slope e.g. dripping, flowing
condition

Land use/land cover map Prepared during pre-field but field validated
Structural data RMR, Kinematic analysis, Kinematic failure map

Field sample (Rock and soil) Sample (Approx. 5kg overburden sample, weight the overburden sample
immediately to know the wet weight for further calculation of the Natural moisture
content)

Geotechnical map SFM, Rock Mass Rating (RMR) for rock, C & @ for overburden (Other field
parameters for extrapolation of the polygon)



Follow us
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Rock Slidi

factor Weightage Factors Waightage

1, Gestechaical mag |GT)

2. Kinematic faflure (KF|

Tatal Estimated Susceptibdlity
Warleszs (TESY]

R fall
1. Gestechnical mag |GT)
2, Teggpling Failuee [TF)
LAl L.
Total Estimated Susceptiblity
Warlees (TESY]

For (Debris/ Earth Slide)

O-1{very low erosion)
1-2{low erosion)
2-5(moderate erosion)
5-10{High erosion)
=>10{very high erasion)

Flat

Ridge & depression
Shoulder, Spur & footslope
Slope

Hollow

Thick vegetation
Moderate vegetation

Tea plantation, cultivation and

grassland
Sparse vegetation
Barren

Very good
good

fair
bad

Map Weights
[ForRockfall | ForRockside |
Geotechnleal map|GT) Geotechnical map [GT)
Very good Very good
poad Gaad
Inir . Fair
Bad
Viery bad

05 1. Geofechnicalmap {GT] | [T
E. Langtarm [LF) 23
3. Stream Poaer e |59 | ol
a e Q.
Tatal Evtimsted SusceptiBility [ 1.0
Waluss [TESY]

bad
Wary bad

Cut-slape Fai .n:
1. Regolith thickness [AT]
. Slope map| %)
E. Geatihnicalfmap (GT)

& Relative Redied (RR]

| 1 eritical condition
1 eritical 2 eritical candition
condition 3 eritical condition
2 eritical 4 eritienl anditian

condition 5 critical condition

Cut slope
Regolith thickness [RT)

Stream power Index [SP1)

0.2
0.4
0.8

10 10

Landfarm map (LF) Relative Relief map (RR)

0.2
0.4
0.6
0.8
1.0
LandusefLandcover (LULC) Geotechnical map (GT)
0.2
0.4
0.6
0.8

1.0

Geotechnical map (GT) Slope angle(s)

0.2
0.4 0.4
0.6 0.6

0.3 35-45 0.8

Ratings
&
Weights

www.gsi.gov.in



Rock Fall susceptibility

> " i Combined susceptibility
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Susceptibility
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Landslide management map (1:10,000)

| e :/ '2“ N
Large map ~ Photograph vogutaton X
X *{‘:f-;. A\
TV ; llustrationof St . A
: — Section Remel:jial n;easures sy i = [
" . o S
//ﬁﬁ' | ) (2) Ret, g (RCC) } %
(G — N . Q)% @/ 4 e Houses
B High Susceptibility e /’_@ ~ A B ol
| Moderate Susceptibility .'\\ I HD / - (4) !
Low Susceptibility \\_\ S — R
| ] River Safe shelter location L ] ;// /
I IRo:d Retaining structure B _— . 1| // ¢
ETERRRE :I House ——— Stream/Nala === Concrete Viaduct .
€ e\
Landslide Management Advisories Disclaimer 3 ST, N Soncrete
(i) Photographs el o 'Q-_‘.“ : \ o
1. o { Q{aﬁ.‘s %.f ' Photographs
(iii) | a
3. W) Landslide Management Map of ... ... ... L
4 Geological Survey of India
- ) v .. ... Region _
Concrete culvert \\.
RO T
& . - - -
}w% Landside Management Advisory [1) Disclaimner (1)
EE 1. Prowision of RCC Retaining Wall on hillside 1. RCC Retaining structure to be designed based on insitu
2. Nala training 2 nos. with concrete culverts conditions
3. Weep holes for drainage and hillside Ined drains on 2. SFRS and Rock Bolting pattern to be decided after
road bench consultation of site geologists and engineers
" 4. On bare loosened rock face, Rock bolting and SFRS 3. Nala tramning and culverts to be constructed per
= awaillable site conditions
Landside Management Adwvisory [2) Disclaimer (2
1. Concrete viaduct/ tunnel for permanently avoiding the 1. Comncrete wviaduct to be designed after consulting insitu
rockfall zone condition, rockfall impact analysis, and rock fall
: - - =
Follow us on 2. Settements/ Houses to be relocated modeling after consulting a suitable Geotechnical
L v iie] Engineer iv.gsi.gov.in
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1:5000

0.3 km

y Bl Un: Unstable (Fs < 1.0) "
[_1 Crt: Critical (Fs =1.0-1.5)f
Bl Stb: Stable (Fs > 1.5)

[ Fiat ¢1) N

B North (0 %
[ Northea
[ | east(e7 (b)
- Southea Pa W
STI .. F
.t 0.3 km

Bl Un: Unstable (Fs < 1.0)
[ Crt: Critical (Fs =1.0-1.5)
Bl Stb: Stable (FS >1.5)

Follow us on: 2 Gayabari
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GEOLOGICAL SURVEY OF INDIA

Landslide Hazard & Risk
Analysis — not a trivial task!!!

Folowuson: @|63| 32 |@ |6 Www.gsi.gov.in



Landslide Inventory & Classification

69 80 93 98 04 07
I
N
A\ L L L L L L
E I I I | LI | LI I
N 99-02 04-06
T 6 7 9 9 0 0
O 8 9 3 8 3 7
R
Y
E
A%
E
N
T
68 79 84, 85 & 86 91 || 93 98 03 07
Follow us {
OG0 Confirmed landslide event Reported landslide event

Confirmed
landslide
days = 24

(1968-2007)

www.gsi.gov.in



How to classify events based on magnitude

Predicted
Total
No landslide Landslide
Cases for No landslide 4610 232 4842
model Original (Cdgt",';t)
calibration Landslide 4 16 20
Cases for Count No landslide 1196 58 1254
model Original (d‘;“',s)
validation Landslide 0 4 4

DS =-0.637 +(0.021DR) +(0.01 4R, ) +(0.004 AR, ) —(0.003 4R;)

Follow us on:
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Classification of Events based on Magnitude

5 - + Moderate = Minor
l
< |
4 - 0 |
(] : e.g., LI68, LI98
-4 S | &L103
3 - - |
O - 1
- o |
c L1
d) 2 _ m 1 +++ B ++ + + e.g., LI79, LI07
> o
Ll <
=
1 - mmm = == eg.,LI93, 2004
|
|
0 ! | | 1
2 4 6 8 10
Follow us on: DS
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0.9 -

0.8 -
Z
% 0.7 -
0 08 - i )
e Poisson’s
L - = =
o 0.5 1 Distribution
Q
O 04 - Model
E
- 0.3 - / :
e } . ] [
D 59 ==Minor landslide event
u . i
Ly o1 --Moderate landslide event

~ Major landshde event
n : .
0 5 10 15 20 29 30 -9 40
Period (Years)
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10-4

10-6

Probability Density (m-2)

10-8

Probability of Event based on landslide size
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Probability (Event) Temporal Prediction

Return
periods (years) t-------seeeceeacceaaanns
(for Py)

P .

} — I

Minor Moderate Major Extreme
L event event event event
r 3 5 4 10 40 300 years
" years years| |years years years| |(assumed)
jors Total predicted events = 30 Analysis period = 1968-2007
(40 years)
Major=4 (2) Moderate = 10 (4) Minor= 16 (8)

Follow us on:

oGO n Annual probability = 1/ Return period
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Hazard Scenarios and Maps

M itud Temporal Spatial Hazard
agnitude [ 1 propability Probability Scenarios
D(en:if.:;y »  HunT3Dmin
| RP=3 :
|_Years Densit
(Max)y > HMnTZDmax A
Minor _
D(en:lsr:;y »  HwunTsDmin
| RP=5
| Years Density ]
(Max) P HMnTSDmax -.
i o
e (Min) »  HuaT4Dmin E mmw :ggsﬁ ggﬁgj; W Rockslides
o = [ High 5.878E-04  9.794E-03 0 oo 2
| Years Density B VeryHigh 1713E-03  5.041E-02 L——o
> HMdT4Dmax
(Max)
Moderate —
Fn:‘.lis;:)y » HuaT10Dmin
RP =10
Years Densit 4
(Max)y *| HwaT10Dmax lr\i ~—
- DenISIty »  HwmiT20Dmin iy
ol [ rP=20 (Min)
e | Years Density
(Max) - HMJTZDDmax
Major —
en-s i »  HmyTs50Dmin Susceptibility Spatial probability
RP = 50 (Mln) (Debris slides)  Minimum Maximum s,
Follow us on: Y N S E Low 3.411E-05 :.54::3; W Debris slides g
ears Density Moderate  1.102E-04 75 _ _ ]
E-] - i 5 R 0 Kilometers 2 % : -
i | ']| u n |m (Max) HumyTsoDmax E ﬂag;'Hinh :;1155'53 ‘:':;:E::: L Mliometers | wWww.gsl.gov.in




Follow us on:

Loss/

Sp.
Risk

Consequence Analysis and Risk Maps

Major Moderate Minor
o - "
H =7/30 (0.23) H = 4/30 (0.13) H = 2/30 (0.07)
M =3/30(0.1) M = 2/30 (0.07) M= 1/30 (0.03)
L= 1/40 (0.025) L = 1/40 (0.025) L= 1/40 (0.025)
A B A
|
|
m— I o
C D C
Cell ., Cell gz, Cellasr,,
=15%0.23 + 10%0.1 =15%0.13 + 10%0.07 =15%0.07 + 10%0.03
(4.45) (2.65) (1.35)
Feeil,,, Feell,, Feelig,,
(SU=A) | =9/25 (0.36) =9/25 (0.36) =9/25 (0.36)
Lsy Lsy Lsy
=4.45%0.36 (1.6) =2.65%0.36 (0.954) =1.35%0.36 (0.49)
B High susceptibility (H) [ Lendslides Settlement
[] Moderate Susceptibility (M) [ Buildings 5 Unit (SU)

D Low Susceptibility (L)

P, calculated using Eq. 1

Loss/Sp. Risk calculated using Eq. 2

(b)

(d)

Minor
Losses
[ Low (<= 1)
. ogerste 184
B Very high (> 10 & <= 20)
A Moderate
Losses
[ Low (<=1)
T Moderate (> 1 & <=4)
B High (>4 &<=10)
Il Very high (> 10 & <=20) v
7 ,
t“.f\‘;? ,
3 -ﬁ{ b Major
L mp " KURSLONG -
Ll 1 Losses

LY

Hiah (= 4 & <= 10)

[ Low (<= 1)

|| Moderahe (= 1&=<=4)
B H

M Very high (> 10 & <= 20) g
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Hazard Rock falls from/|Slides of cuts|Small Individual

descriptor natural cliffs or rock|and fills on|landslides on|landslides on
cut slope roads or |natural slope |natural slopes
railways

Number/ Number/ Number/ Annual
annum/km or cliff annum/ km of km?2/annum probability of
or rock cut slope cut or fill active sliding

Very high >10 >10 >10 101

1to 10 1to 10 1to 10 1072
Moderate 0.1to1.0 0.1to 1.0 0.1to 1.0 103 to 104
Low 0.01to0 0.1 0.01to0 0.1 0.01to0 0.1 10~

Very low <0.01 <0.01 <0.01 <10°



Likelihood |[Annual |Consequences to property (with indicative
Probabil |approximate cost of damage)(1)(3)
' 1: 2: 3: 4: Minor 5
Catastroph Major Mediu Insignifica
IC m nt
200% 60% 20% 5% 0.5%

A — Almost e
10?2
10°
10
E-Rare  Flg

F-Barely [0
credible



Limitations & Constraints

o Incomplete historic landslide inventory data
> o Non-availability of landslide dates

_.»= o Non-availability of information on landslide dimension (area &

- olume)
Tl \Vell¥
\ :;;;%) o Poor spatial distribution of rainfall stations
w2
o Non-availability of rainfall intensity information
o o Non-availability of up-to-date census information
Follow us on:
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