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Landslide Scenario in India

A Landslide-prone areai 4.34lakh sg. km. (12.6% of landmass)
A Involves parts of 19 States/UT and 179districts.
A

The most landslide-prone States/UT are located in the NW Himalayas, North-eastern

States,and in Western Ghats.

% s A 87474historic landslidesare inventoried and 31,545are field validated

e A Monitoring on real-time for such large number of landslides and developing Landslide
,,./) Early Warning System(LEWS) are extremely challenging

A Nodal agency(GSI) already started regional LEWS in many states, however, the system

needsto be more granular spatially and temporally to make it more effective
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Landslide Susceptibility Scenario of India
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‘High’ expectations vs high requirements .... Very few can
be monitored (deep seated slow moving landslides)
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MoU signed SDMA SDMA, Sikkim Addition of More 5 states Operational
Kerala IMD,, NRSC LEWS in India
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Current status of Regional LEWS

10

11

High
Sate Districts  Susceptible . °%" 2000 2021 2022 2023 2024
Landslide
Area%
West Bengal Darjeeling 14.72 557
Kalimpong 22.21 673
Tamil Nadu Nilgiris 9.53 245 Experimental
Rudraprayag 20.47 1057
Uttarakhand Chamoli 29.89 1534
Tehri Garhwal 14.88 2496
Uttarkashi 24.22 1687
Mangan 22 1373
%n(ygtok 11.69 612
o on
=Iedm Namch? 14.42 413
Gyalshing 17.54 979
Soreng
Himachal Shimla 14.95 1369
Pradesh Kinnaur 39.93 1560
Wayanad 3.86 83
Nall kK 17.16 563
Karnataka Kodagu 7.07 73
Mizoram Aizawl 20.65 753
Kohima 20.87 946
Nagaland Chumukhi Dima 5.46 73
DimaHasao 3.95 191
Assam Cachar 214 74
Meghalaya |East Khasi hills 2.7 1025

8 Districts

13 Districts

3 Districts
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Statusof Experimental and Operational Bulletin -2024

S. No State District Stage Total
1 |WestBengal | |Darjeeling Experimental 36
Operational 120

ii [Kalimpong Experimental 36

Operational 120

2  |SIkkim | |Mangan Experimental 147
il |Gyalshing Experimental 147

il |Soreng Experimental 147

Iv |Namchi Experimental 147

v |Gangtok Experimental 147

vi |Pakyong Experimental 147

3 |Tamil Nadu Nilgiris Experimental 34
Operational 184

4  |Kerala Wayanad Experimental 204
5 Uttarakhand | |Rudraprayag Experimental 134
ii {Chamoli Experimental 126

il |Tehri Garhwal Experimental 126

Iv |Uttarkashi Experimental 126

6 |Himachal Pradesh | i |Shimla Experimental 126
il |[Kinnaur Experimental 126

W.gsi.gov.in




Rainfall Threshold

Regional scaléd models (Subdivision / Taluk / Blocks)

A andslide Forecasting for RainfalFinduced Shallow Slides
ABased on Rainfall Threshold Model, Integrated with IMD and NCMRWF rainfall

Forecasts models
N

Rainfall Threshold for landslides
may define the amount of rainfall
that, have reached or exceeded,is
likely to trigger landslides

Likely Landslide
occurence

Alnstitutional Mapping: GSI Compiled
Historical Daily Rainfall and Landslide
Data from Various Organizations

Accumulated Rainfall

Unlikely Landslide
occurence

Rainfall Duration
IMPORTANT

The models prepared are probabilistic in nature and do not quantify the expected number of landslides,
however it provides the likelihood of occurring a landslide in a given time period for a certain amount of
rainfall.

The forecast models are prepared using the available landslide and rainfall data of the district and it has the
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Rainfall Thresholds -

Threshold Events ||

Darjeeling (207 ++ 13.3)D*(0.62 84
(Operational +/-0.09)
bulletin) (1968

2017)

Darjeeling (113 +£9.3)D*0.72 92

urban area +/-0.08) £
(20182022) ’
Sikkim (2010-  (72.4 +/ 3.9 D"0.72 121

2020) +/-0.06)

Rainfall Threshold + Rainfall Forecast =
Short Range Forecast

) Power Law
E WO U (R Ncp Do * Darjeeling_bulletin —— Darjeeling_bulletin50
E - Cumulated event rainfall (in mm) D 1 Fgainfall event + Daieing e R —
dur at i o n-s¢aling cohsdant (the idtercept) . Skiin S
3 - shape parameter (defines the slope of the power law curve) — — —
R — qJ aop depresent the uncertainties olUand 2 o oowm |
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Indian weather pattern research

~ MO, NCMRWF
A new set of objectively derived daily
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Daily mean precipitation (mm)

Medium range weather forecast (10 days ahead)

They have been applied to a trial

probabilistic weather pattern forecasting

tool

Pattern 1 (IMD | ERA-1)
Pattern 2 (IMD | ERA-I)
Pattern 3 (IMD | ERA-I)
Pattern 4 (IMD | ERA-1)
Pattern 5 (IMD | ERA-I)
Pattern & (IMD | ERA-)
Pattern 7 (IMD | ERA)
Pattern 8 (IMD | ERA-I)
Pattern 9 (IMD | ERA-1)
Pattern 10 (IMD | ERA-I)
Pattern 11 (IMD | ERA)
Pattern 12 (IMD | ERA-])
Pattern 13 (IMD | ERA-I)
Pattern 14 (IMD | ERA-I)
Pattern 15 (IMD | ERA-l)
Pattern 16 (IMD | ERA-I)
Pattern 17 (IMD | ERA-l)
Pattern 18 (IMD | ERA-l)
Pattern 19 (IMD | ERA-I)
Pattern 20 (IMD | ERA-l)

Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun Mon
1 2 3 4 5 6 7 8 9 0 1M1 412 13 414 15
Julo Jul Jul Jul Jul Jul Jul o Jul Jul Jul Jul Jul Jul Jul o Jul

High confidence forecast
for weather pattern 10 (an
active monsoon type) in
week 2

6% 10% 22% 20% 2% 4% 4% 20% 10% 20% 20%

14% - 8% 4% 8% 6% 8% 14% 10% 8% 14%

2% --- 10% (20% 20% 16% 26% 20% 10% &% 2% 4%

Pattern 21 (IMD | ERA-|) -- &%

Pattern 22 (IMD | ERA-I)
Pattern 23 (IMD | ERA-l)
Pattern 24 (IMD | ERA-I)
Pattern 25 (IMD | ERA-I)
Pattern 26 (IMD | ERA-l)
Pattern 27 (IMD | ERA-I)
Pattern 28 (IMD | ERA-])
Pattern 29 (IMD | ERA-l)
Pattern 30 (IMD | ERA-I)

4% 2%

Pattern Categery

Retreating Monsoon
Winter Dry Period
Winter Dry Period

Break Monsoon
Western Disturbances
Retreating Monsoon

Winter Dry Period
Winter Dry Period
Winter Dry Period
Active Monsoon
Break Monsoon
Pre/Post-Monsoon
Pre/Post-Monsoon
Pre/Post-Monsoon
Pre/Post-Monsoon
Winter Dry Period
Active Monsoon
Retreating Monsoon
Active Monsoon
Winter Dry Period
Active Monsoon
Pre/Post-Monsoon
Western Disturbances
Western Disturbances
Retreating Monsoon
Monsoon Onset
Westem Disturbances
Retreating Monsoon
Retreating Monsoon

Retreating Monsoon

www.gsi.gov.in



Medium range weather forecast (10 days ahead)

Darjeeling & Kalimpong- 5 out of 30 High risk weather pattern
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Integration of Landscape dynamics

I Hioh initiation susceptibility
- High runout susceptibility
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Household Literacy Population Working

<06 years population SH

1 1 1 0
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Landslide Forecast Levels

Landslide Forecast Levels
(Based on probabilistic Threshold)
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Forecast Bulletin

P
LANDSLIP

Experimental Rainfall induced Landslide Forecast Bulletin
Nilgiri District, Tamil Nadu
(Not for public use)

1st page contains
short-range &
medium  range
landslide forecast
information,
updated daily

Forecast maps
show the 24 hour
and 48 hour
landslide
forecasts for the
District.

Date of Issue: 06 August 2020 Time of Issue: 14:00 IST

Landslide Forecast

Day 1 (valid from 6 August 2020 14:30
to 7 August 2020 14:30 IST)

Day 2 (valid from 7 August 2020
14:30 to 8 August 2020 14:30 IST)

Description

Very high possibility
of occurrences of
landslides in many
locations
(widespread)

High possibility of
occurrences of
landslides in one or
many locations
(localised).

Moderate possibility
of occurrences of
landslides

Low possibility of
occurrences of
landslides, a few
small landslides may
oceur

SHORT-RANGE FORECAST

Study area Study area

Day 1: « High possibility of landslide occurrences in Pandalur, Gudalur Udhagai and Kundha Taluks. Multiple landslides may occur
in and around Nelliyalam (M), Nelliyalam, Cherangode, ‘O’ Valley, Ermud, Gudalur (M), Devarshola (TP), Naduvattam (TP),
Sholur (TP), Nanjanad, Mulligoor, Melkundha and Ithalar village panchayats. Low possibility of landslide occurrences in
Coonoor and Kotagiri Taluks, however untreated modified slopes (road/settlement cuts) are prone to failure.

Day 2: # High possibility of landslide occurrences in Pandalur and Gudalur Taluks. Multiple landslides may occur in and around
Nelliyalam (M), Cherangode, Gudalur (M), Devarshola (TP) and ‘O’ Valley village panchayats. Moderate possibility of
landslide occurrences in Udhagai and Kundha Taluks in and around TP), i and
village panchayats. Low possibility of landslide occurrences in Coonoor and Kotagiri Taluks, however untreated modified
slopes (road/settlement cuts) are prone to failure.

-
3 Valid from 8 August (14:30 IST) to 20 August 2020 (24:00 IST) Administrative Index
w

g Th i 3 s Taluks

o e period from 8 August to 13 August 2020 there is moderate possibility of

= occurrence of a weather pattern that can be associated with landslide 1. Pandalur

= | occurrence. 2. Gudalur

s 3. Udhagai

I | The period from 14 August to 20 August 2020 there is low possibility of 4. Kundah

g occurrence of a weather pattern that can be associated with landslide 5. Coonoor

a occurrence. 6. Kotagiri

=

Landslide Susceptibility Map of Nilgiri District, Tamil Nadu
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Forecast for any day is valid from 14:30 IST of day till 14:30 IST of next day.

For more details kindly visit www.gsi.gov.in or www.landslip.org. Phone: 033-22520137

The landslide forecast model is developed under the NERC/DFID funded research project LANDSLIP. Partners include
Geological Survey of India; British Geological Survey, UK; King’s College London, UK; Newcastle University, UK; CNR-IRPI, Italy;
Met Office, UK; Practical Action Consulting, UK and India; Amrita Vishwa Vidyapeetham, India.

Disclaimer: Experimental forecast for rainfall induced shallow landslides is based on data of a 400 km? study area.

(% G0

/

Important Information \

* There is a certain level of uncertainty in the landslide forecast, rainfall forecast, and landslide susceptibility maps.

* The landslide forecast information only covers shallow landslides caused by rainfall.

* Landslides caused or influenced by earthquakes or human activity are not covered in this forecast information.

* The landslide susceptibility map is based on 2012 land use condition and hence any changes in land use pattern, particularly
modification of slope may locally increase or decrease the susceptibility.

* Landslides caused by localised cloud burst rainfall events are difficult to forecast and are unlikely to be represented in the
forecast.

Even at low forecast levels, landslides may still occur /

www.gsi.gov.in




Geographical coverage
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by - gobel
d <300 ——— ‘ ' R |
300 5 d <3000 &
—foncbd 1975 1677 197 1961 1983 1985 1967 1989 1991 1993 1995 1957 1999 2001 2003 2005 2007 2009 2011 2013 2015 2017 2019
Campbell (1975) Kobe (2005) Sendai (2015)

1. Hong Kong (HGK), HK
2. San Francisco Bay Area (SFB), US
3. Westam Oregon (WOR), US
4. Seattie {SEA), US
5. Southem Calfornia (SCA), US
6. North Vancouver (NVC), CA
7. Rio de Janaro (RDJ), BR
8. Combeima valey (COM), CO
9. Java (JAV), ID
10. Chittagong Mesrcpoitan Avea (CHM), BD
11. Southem Taiwan (STW), TW
12 Emila Romagra (EMR), IT
13. Pedmont (PIE), IT
14. Umbria (UMB), IT
15. Tuscary (TUS), IT
16. Ugura (LIG), IT
17. Sardinia {SAR), IT
16. Apulia (APU), IT
19 Siily (SIC), IT
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20. Tatwan (TAW)
21. taly (ITA)

22. Narway (NOR)

23. Central America & Caribbean (CAC)
24. Indonesia (IDN)

25. Scotiand (SCT)

26. Global system (GLB)
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Global best
practices on

Regional LEWS

Country

Nos.

ltaly

US

Colombia

Indonesia

Canada

Taiwan

Hong Kong

Brazil

N e e e e

Bangladesh

Operational

14

Pre-operational

Experimental

Developmental
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Gaps & Challenges in Monitoring & LEWS

A Site-specific LEWS are deterministic and more accurate but since number of active

=) landslidesin India is huge,site-specificLEWS cannotbe a pragmatic solution.

<= A Monitoring mechanismsof large number of active landslidessimultaneouslyover a large

. landslide-prone areaare absentin India.

'ﬁ'

.,'-::LF‘:'- —

‘T%w) A To improve the spatial and temporal accuracies of regional LEWS, integration of
| ground-based AWS, and other sensorsin more numbers are required in GS | @ngoing

efforts of LEWS, which requires funding supports, implementation, monitoring and

continuoususeto improve the existing system

Follow us on;
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Future Plans
(20252030)

Experimental | 12 Districts

27 Districts

o make EWS Granular
anchayatlLevel

upto Gram

pscaling LULC to 10k scaleusing Bhuvan
anchayatproduct of NRSC

Landslide

State Districts High Susceptible Area% Landslide 2025 2026 2027 2028 2029 2030
West Bengal Dar'jeelmg 14.72 557
Kalimpong 22.21 673
Tamil Nadu Nilgiris 9.53 245
Rudraprayag 20.47 1057
Chamoli 29.89 1534
Uttarakhand  [Tehri Garhwal 14.88 2496
Uttarkashi 24.22 1687
Nainital 20.44 1083
Mangan 22 1373
S:“ky%g'é 11.69 612
Sikkim Namchi 14.42 413
Gyalshing 17.54 979
Soreng
Shimla 14.95 1369
Himachal Pradesh [kinnaur 39.93 1560
o, e
Kerla i 17.16 563
Kohima 20.87 946
At CL N e e 5.46 73
Arunachal Papum Pare 19.24 1108
Karnataka Kodagu 7.07 73
Maharashtra  |Raigarh 4.25 94
Mizoram Azam 20.65 753
Meghalaya East Khasi hills 2.7 1025
DimaHasao 3.95 191
Cachar 2.14 74
SN e 438 38
KamrupR 0.43 7
Goa North Goa 1.35 24
South Goa 8.23 52
AndhraPradesh |Mshakkhapatnam 6.27 29
J&K Ramban 21.02 553
Ladakh Kargl 23.44 170
. Senapati 18.91 395
Manipur 2481 704
Tipura North Tripura 3.26 41
Dhalai 1 16

Gradually Updating
Susceptibility Maps

Integrating Ground basedsensorsand iOT
deviceswith NLFC for real time data

www.gsi.gov.in



Automatic Weather Station (Existing & Proposed)

State Existing AWS AWS in Hilly Required AWS
Area

ANDHRA_PRADESH 91 1 20 Source :aws.imd
ARUNACHAL_PRADESH /8 73 536 Global Best Practices Example
ASSAM 104 27 267
GOA 10 9 36 Hongkong in about 1108 sq.
HIMACHAL_PRADESH 92 88 394 km 80 AWS- 1 AWS/14 sg. km
JAMMU_AND_KASHMIR 43 20 265
KARNATAKA 81 13 340 |taly = 2500+ AWS in 3 lakh Sq
KERALA 57 20 178 km areas (1 AWS/120sg.km)
LADAKH 12 6 337
MAHARASHTRA 172 23 345
MANIPUR 17 17 171 |l ndi ads | andsl i d
MEGHALAYA 24 24 143 4'3 |6_1kh Sq. km. o
ZORAM ” ” e Existing AWS availability 1/350
NAGALAND 19 18 93 5q. km
SIKKIM 9 9 39
- = i . We only have 518 AWS in hilly
— 21 1 18 areas 1 AWS/830 sg. km
UTTARAKHAND 184 144 282
WEST_BENGAL 79 4 70

Follow us opTOTAL 1230 518 3774
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Mesoscale projects completed till FS 20242025
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m Post NLSM 200 critical Sectors were identified for Mes@cale 1: 10k
160 projectscompleted in 17 states by 2024
Another 60 projects to be completed by 2028 Covering all 19 affected states/UT
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BhusanketWeb Portal

(www.bhusanket.gsi.gov.if)
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National Landslide Forecasting Centre
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] Landslide Forecast Bulletin =y

| Recent News ~ (View Archive)

GeologialSuvey of ndia Signs th Kyoto 2020 Commitmet At Koo, apan

Sikkim landside caused Rs 327 ¢r loss to Teesta-V proyect NHPC (The Economic Times.
dated: 22.10.2004)

Land subsidence near Kodaikanak: GSI allays fear (The Hindu, datedt 03.102004)

seven famiy ¢

rankal foods (indatimens, dated:05.10.2024)

Massave landshides block key road in Arunachal’s West Kameng dazers of vehicles
stranded (Northeastivety, dated: 05.102024)

i " finced (The Hinds, dte:
05102008

Project Status :
Landslide Inventory (Fild Validated)
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 Important Update

¥ Basemap Hilshade
Basemap imagery
Susceptibdity Map
Status of Experimental Landside
Forecast Project
Landshde Imentory
# Landside Forecast
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BhooskhalanMobile App

(Avallable on Play and App Store)

1St
Version

00 @®

A crowd sourced application for
enriching the national landslide
inventory

A Daily Forecast
Bulletin

A Landslide Inventory
A LSM Maps
A Recent News

A Projects status

A Landslide Reports

www.gsi.gov.in
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Way Forward T An initial step to the future

Total
In Crore ( INR) Year 1 Year 2 Year 3 Year 4 Year 5 (in CR)
5.1. | Integration of ground-
based sensors T NW
Himalayas (with N 4.5 4.8 3.9 3.5 3.2 19.9
Mandi)
Integration of ground-
based sensors 1 Kerala
(with Univ. of Kerala) 6.41 0.35 0.35 0.35 0.35 7.81
Integration of ground-
based sensors T
(with Amrita)
5.2 | Implementing MT-InS AR
for near real -time
ground deformation 19.45 1.41 1.50 - - 22.37
monitoring
Total Project Cost 35.36 11.56 09.71 4.00 3.72 64.36

WWWw.gsi.gov.in



Integration of AWS & Sensorsi NW Himalayas

Executing Agency: IIT-Mandi

UT: J&K

Project
Tenure =
05 years

(-

Himachal Pradesh

Project Cost =

..+ Rs.19.98 Cr

o ol

Follow us on;
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A Deploymentin three States/UT at critical locations

A 15 systemsin Uttarakhand; 13 systemsin Himachal
Pradeshand two systemsn UT: J&K ;

A Systems include AWS, force sensors, movement
sensorsand soil moisture sensors

A The collectedground data will be processedn real-
time, using advancedmachinelearning models

A Notifications on alerts if any will be disseminated
through multiple channels, including mobile apps,
SMS, and web portals through the nodal agency
(GSI)) in consultationwith SDMA/ DDMA

WWWw.gsi.gov.in




Integration of AWS & Sensorsi Kerala
Executing Agency: University of Kerala

W Nt
A A

AT
A

7%

h

N

Locations of In-situ AWS/ Soil Moisture Meter Installations

Project
Tenure =
05 years

Project Cost =
Rs. 7.81 Cr

Follow us on:
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Idukki District

nnnnnn

A

A

Deploymentin two most landslide-prone districts in
Kerala 1T Wayanad (22 sites)and Idukki (40 sites)
Improving the LEWS by installing and integrating
AWS and soil moisture sensors

In total, 82 AWS and 246 soil moisture sensorswill be
installed

Additionally, the installation of wireless sensor
network at two high-risk landslide locations through
deepearth probes, piezometers, dielectric moisture
sensors, strain gauges,tilt meters, geophones,and
weather stations

APIl-based Integration with GS | ONLFC for

facilitating forecastsand alerts by GSI




Al -enabled sitespecific LEWS solutions:Kalimpong district, West Bengal

Executing Agency:Amritha Vishwa Vidyapeetham

A To design,develop,and install loT-basedIntelligent

Project Tenure = 05 years

Project Cost = Rs. 14.28 Cr

Follow us on;
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Wireless Probes (IWP) for monitoring the selected
areasat four sitesin Kalimpong district, WB

ML and Al -baseddecisionmodelsfor detectionand
early warning of landslides(rock falls, debris slides,
mudslides etc.) for regional scale and site-specific
scenarios

Realtime software systems for developing data
visualization and deriving real-time decisions
Building of Decision Support Systemfor SDMA &
DDMA officials to assist in emergencies in

collaboration with GSI.

WWWw.gsi.gov.in



Monitoring landslide-prone districts using MT-InSAR
Executing Agency: NRSC, ISRO

A

&
gy £

) -

A

Landslides often cause surface movement in distinct patterns, such as: a) sudden acceleration of grour
movement in previously stable areas; b) slow but continuous displacement over time, which may indica
a creeping landslide. All the above aspects can be identified using the derivative velocities tiVEand
Up/down directions.

Further, SBAS MT-InSAR mode allows for the ongoing monitoring of landslide prone slopes by
producing time-series deformation.

This helps track the evolution of a landslide, including: a) Identification of new landslides; b) assessmer
of landslide movement (i.e., whether it's accelerating or decelerating); c) Early warning
INSAR can detect the early stages of ground movement, providing valuable time to issue warnings for g
risk areas.

Outputs of MT-l nSAR wi l |l Dbe i ntegrated with GSI 0 NLFC

d

|t

Follow us on;

Project Tenure = 03 years Initial test areas = 08 districts

Project Cost = Rs. 22.37 Cr

C L v @ dLin www.gsi.gov.in



Take Aways

A On implementation of the proposedproject of Rs. 64.36 Cr, a soundinitiation towards a

robust systemof landslide monitoring and early warning will be establishedin India

> A After successful implementation of this project, GS | ®NFC infrastructure will
SR integrated more real-time/ near real-time ground-based varied environmental, hydro-

€ meteorologicaland geotechnicalinputs to improve the resolution of the existing regional

<6 f»..;g«‘ “  LEWS.

‘ A This endeavorwill also develop a suitable satellite-based near real-time mechanism of

Tt' ) landslide monitoring for larger areassimultaneously

A MT-InSAR outputs canalsowork for validation purposesof regional LEWS too.

Follow us on:
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siNo oy
Surat

52 Tinsukia
53 Tiruchirappalli

54 Trichur
55 Vadodara

56 Vijaywada
57 Visakhapatnam

58 Amaravati (AP)

59 Ongole (AP) 2024- 2026
Udaipur 20232025
(Tripura)
61 Kolasib 20242025
(Mizoram)
62 Muzaffarpur 2024 2026
Follow us on (Bihar)
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: Instruments: The observatories are equipped with
& A Sicimicand GPSobs. (10 rios. I. Broadband seismograph (Trillium 240),
* GPS stations (25 nos.) ii. Accellerograph and
35" O Central Receiving Station, iii. High precision GPS instruments.
SGDRPC, Kolkata
L 30°

yore 10°
5
Follow us ¢ 65° 70° 75° 80° 85" 90" 95° 100°
L v G Longitude °E




THANK YOU
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Ground validation of RegionalLEWS sofar (WestBengal)

False Missed Missed&
.. . : False False
Daysof | Efficiency | Hit Rate | Postive Alert
State/ - t | Index (EN (HR) Rate Rate Alert Rate Alert
ate orecas ndex
. Sub-Division Year (FAR) Balance
FPR MAR
District (FPR) (MAR) (MFAB)
CP/ FA/ MA/ FA/ MA/
Total CP/ Total
(CP+MA) | (FA+TN) | (CP+MA) | (CP+FA) | (MA+FA)
Darjeelin
1€€ING 1 50002023 | 371 0.84 0.95 0.11 0.05 0.13 0.27
Sadar
West Jorebungalow | 20222023 143 0.90 1 0.089 0 0.097 0
Bengal/ Kurseong 20202023 371 0.78 0.99 0.18 0.007 0.22 0.02
Darjeeling Mirik 20202023 371 0.83 0.99 0.14 0.006 0.17 0.03
Rangli 20222023 143 0.87 1 0.11 0 0.12 0
Siliguri 20202023 231 0.74 1 0.21 0 0.26 0

Follow us on:
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Ground validation (West Bengal}2024

aturday, Jul 06, 2024 08:15 [IST]
Last Update: Saturday, Jul 06, 2024 02:42 [IST]
LANDSLIDES LITTER DARJEELING HILLS, NH 10 STILL CLOSED

DARJEELING;: Continuous rainfall in the hills triggered a massive mudslide at Lebong cart road here above Loreto
Convent School halting traffic for about 2 hours on Friday afternoon. Meanwhile, the Darjeeling Municipality has started

drive to remove encroachments on drains to curtail water overflowing on the streets

Experimental Rainfall induced Landslide Forecast Bulletin
Darjeeling District, West Bengal
(Not for public use)

Date of Issue: 05 July 2024 Time of Issue: 14:00 IST
July 2024
14301007 July 2004 1630 15T)

14301006 Jdy 2024 143015T) Landslide Forecast
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27" Sept

Heavy rains trigger landslides in Darj & Kalimpong Hills

t 2024 1220 AM
P L)

3rd
October

ain-triggered landslides claim life, wreck Hills roads
7> sHaRe | rouowus 8 |

a / Oct 4, 2024, 04:26 IST

Siliguri: An elderly person died in Pulundung
village in Darjeeling’s Jorebungalow-Sukhiapokhri
block on Thursday morning when the ceiling of his
house came crashing down in a rockfall caused by
landslides triggered by incessant rain since
Wednesday night.

Raghubir Rai (78) was in his kitchen when he was
buried under debris. His son, daughter-in-law and
grandson — who were in another room — had a

ucky escape.

et officials said Darjeeling received 184.4mm and Kalimpong 79mm rain in the last 24 hours.

Darjeeling, West Bengal

Time of lssue: 14:001ST

Day2 vl from 28 September 2024

143010 29 September 2024 1430) Landslide Forecast
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Rainfall Induced Landslide Forecast Bulletin
Darjeeling, West Bengal

Date of Issue: 3 Oclober 2024 Time o lssue 1400 18T

! 1430 024 1430
o4 Octches 2024 1435) 10§ October 2024 1430 Landslide Forecast
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Global Scenario

Operational Status of Landslide Warning Systems

Status

~T~

Follow us on;
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Closed Pre-operational

(136%) > 7o)

Operational
(63.6%)

Closed Cperational Pre-operational
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NWP Numerical Weather Prediction

QPF

Quantitative Precipitation Forecast

Data Source
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Seismic Zones
SN Cities covered by Seismic Hazard
® M| = . 2
| ZONEAY Microzonation studies

ZONE-III - ZONE-V

Sl. Study Area FS Year

No.

1 [Seismic Hazard and Riskicrozonation of Jabalpur Urban Area, 200003
Madhya Pradesh

2 [Seismic Hazard Microzonation of Mumbai Agglomeration 200307

3 [Seismic Hazard Assessment of Pune Urban Agglomeration and adjac{201214
areas, Maharashtra

4 [Seismic Hazard Microzonation of Satara, Koyna and Warna areas 201416

5 [Seismic Hazardicrozonation study in and around Indore Urban (201618
Agglomeration, Indore District, Madhya Pradesh

6 [Seismic Microzonation of Siliguri town, West Bengal 200205

7 [Seismiavlicrozonationof Patna town, Bihar 201214

8 |Seismic Hazard Assessment @arbhangaUrban Agglomeration, 201415
DarbhangaDistrict, Bihar

9 [Assessment of Seismic Susceptibility in and around Bhubaneswar Url{2016:18
Agglomeration

10 |Seismic and Tsunami Hazard Assessment in and around Port Bl|201718
Andaman & Nicobar Islands

11 |Seismic Microzonation of Delhi Urban Complex 200102

12 [Seismic Microzonation of Dehradun Urban Complex, Uttarakhand 200205

13 |Seismic Microzonation of Chandigarh Urban Comple 200507

14 |SeismicMicrozonation studies of Jammu Urban Agglomeration, J&K2007-09
state

15 |Seismic Microzonation studies of Jalandhar Urban Agglomeration 200913

16 |Seismic Microzonation studies of Panchkula Urban Agglomeration 201314

17 |Seismic Microzonation studies of Amritsar Urban Agglomeration 201416

18 |Seismic Microzonation studies of Srinagar Metropolitan Area 201417

19 |Seismic Microzonation studies of Meerut City 201618

20 |Urban Geology and Seismic Microzonation Studies of Agartala U|2004-05
Agglomeration, Tripura

WWW.gsI.gov.in
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21 |SeismidVicrozonationStudies and Hazard AnalysisGaiwahatiUrban 200406
AgglomerationKamrupDistrict, Assam

22 |Seismic Hazard Assessment of Jorhat Urban Agglomeration, Assam 201012

23 |Seismic Hazard Assessment of Gangtok and surrounding areas of {2012-14

24 [Seismic and Landslide Hazard Assessment of Aizwal Town, Mizoram |201214

25 |Seismic and Landslide Hazard Assessment of Kohima City, Nagaland |201315

26 |Seismic Hazard Assessment of Itanagar Urban Agglomeration, Arun{201517
Pradesh

27 |Seismic Hazard Assessment of Imphal City, Manipur 201719

28 |Seismic HazartMicrozonationof Visakhapatnam Urban Agglomeration,|2001-05
Andhra Pradesh

29 |Seismic Hazard Microzonation of Pondicherry Urban Agglomeration,{200507
Nadu

30 |First Level Seismic Hazard Microzonation of Chennai Metropolis 2007-09

31 [First Level Seismic Hazavticrozonation Studies of areas in and aroun 200912
Vijayawada Urban Agglomeration, Krishna District, Andhra Pradesh

32 |First Level Seismic Hazavticrozonationof areas in and arouridichur |201214
Urban Agglomeration, Kerala

33 |[Seismic Hazarticrozonationof areas in and around Kochi and 201416
Ernakulanrban AgglomeratiorErnakulanDistrict, Kerala

34 |Seismic Hazard Microzonation Study of areas in and around Mangalore |2016-18
Agglomeration, Dakshina Kannada District, Karnataka

35 [Seismic Hazard / Risk Microzonation of Ahmedabad city, Gujarat 200105

36 [Seismic Hazards and Risk Microzonation of Jamnagar city, Gujarat 200506

37 |[Seismic Hazard / Risk Microzonation (SHRM) of Greater Bhavnagal200608
Gujarat

38 [Seismic Hazard Microzonation of Greater Bharuch Town, Gujarat 200810

39 |Seismic Hazard Microzonation of Surat Town, Gujarat 201013

40 |Seismic Hazard Microzonation of Vadodara Town, Gujarat 201315

41 |Seismic Microzonation of Alwar City and adjoining ageAspart of 201719

National Capital Region (NCR), Alwar District, Rajasthan

www.gsi.gov.in



Monitoring of landslides i Importance

V Many landslidesare highly dynamic1 style & distribution changesrapidly
V Riskswidely variesin spaceand time

V Rapid land usechangesobliterates landslide signatures

V Collecting exactlandslide location and time of occurrenceare mostvital

V A great sourcefor understanding landslide activity and causalmechanisms

48
Sep2019 Sep2021

Mar2015

R

Sy . : A . (d) ‘
OG0 m WWw.gsi.gov.in




Monitoring of landslides i Importance

V Immediate relocation of settlement

V Mitigation basedon short-term suggestion®f remediation
V Rapid land usechangesobliterates landslide signatures

V Decidinglong-term actionson solutions

V Planning future detailed programs

...  rald

¥

Arubotay landslide, Darjeeling
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Existing AWS/ ARG in Shimla & Kinnaur
And Anantnag district, UK: J&K

77° 77"]15' 77‘:30' 77°[45' 7?° 78715' 78°|30' 78°|45' 7l9°

Districts, Himachal Pradesh

IMD Rainguage Locations in Shimla and Kinnaur districts of Himachal Pradesh
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IMD Rainguage locations in Anantnag district of Jammu & Kashmir

in
N o B
f\ S & &
r - . -
“7'\L‘ ey g | HASAGAM 73
P N PANCHTARNIA
S (\n y (_—» [~
{ 1
SHESHNAG §
E CHANDANWARI] L
\
/'N\ .
‘\ o
; <
) (a2}
J
<
E2
53 in
3 =
™M
™
QHARNOO %/»
IMD Rainguage * 2
B
™
O AGRO
O ARG
A AWS i
— National Highway
BN Km B
Anantnag District 02.755 11 165 22
T T T T T T T T T
750 75°15' 75°30'



Existing AWS/ ARG in Rudraprayag & Chamoli Districts, Uttarakhand
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