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Snow avalanches pose severe threat to lives and prop-
erty in snow-bound regions of the Western Himalaya.
The Karakoram Range in Western Himalaya has the
highest mean elevation and is the most glaciated re-
gion compared to other ranges. Snowfall in this range
is frequent even during summer season. Snow accu-
mulation on mountain slopes results into frequent
snow avalanches and several lives have been lost due
to snow avalanches in the past. In this communication
we discuss about the development of avalanche infor-
mation system using remote sensing and geographic
information system (GIS) technology for the Indian
Karakoram Himalaya. High spatial resolution (0.5 m)
PLEIADES satellite images and digital elevation mod-
el (DEM) of ASTER GDEM V2 (30 m) and Cartosat
(10 m) have been used here. Terrain parameters, e.g.
slope, aspect, elevation, etc. have been derived using
DEM. Sites in avalanche-prone areas have been identi-
fied using terrain parameters and snowfall information.
Villages in the region, camp locations of border-
guarding personnel, pedestrian routes followed by vil-
lagers and border-guarding personnel, avalanche sites
along pedestrian routes, etc. have been digitized using
appropriate GIS vector features, e.g. point, line and
polygons. Past avalanche accidents along pedestrian
routes, past avalanche occurrences, climatology of the
region, etc. have been mapped in GIS environment.
Remote sensing and GIS technology proved to be
useful for the development of avalanche information
system in digital form. The system is being used for
avalanche forecasting and mitigation of avalanche
hazard in the Indian Karakoram Himalaya.
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THE Indian Himalaya is broadly classified into Eastern
Himalaya in the North East States of India, in central
Himalaya in Uttarakhand and Western Himalaya in Jammu
and Kashmir (J&K) and Himachal Pradesh (HP)'. The
western Himalaya consists of many ranges, e.g. Pir Pan-
jal, Shamshabari, Great Himalaya, Zanskar, Ladakh and
Karakoram®. These ranges receive snowfall during winter
season and most of them are snow-covered. Due to snow
accumulation and mountain topography, these ranges are
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vulnerable to snow avalanches. More than 1000 human
casualties have been reported in the Western Himalaya
because of snow avalanches during the past decades®.
Karakoram Himalaya is the highest, northernmost part of
the Western Himalaya. Many villages of Leh district in
J&K are located in Nubra valley, and villagers travel
along the pedestrian routes in avalanche-prone areas of
Karakoram Himalaya. The Indian territory in Karakoram
also shares its boundaries with the neighbouring coun-
tries. To safeguard the borders, the Indian Army is also
deployed in snow-bound regions of Karakoram. Villagers
and border-guarding personnel frequently encounter snow
avalanches during winter. Information about avalanche
paths in avalanche-prone terrain, avalanche occurrences
in the past, avalanche accidents and climatology will pro-
vide information about hotspot points vulnerable to such
accidents. Such information will contribute in reducing
human casualties due to snow avalanches in the region.
Remotely acquired satellite images play a vital role in
retrieving information regarding snow-bound regions.
Recently, snow cover area variability in different climatic
zones of Western Himalaya has been reported using
Moderate Resolution Imaging Spectro-radiaometer
(MODIS) data for more than a decade’. Eckerstorfer et
al.® presented a review on advancements in instrumenta-
tion, data analysis and automization techniques while
detecting snow avalanches using ground, air- and space-
borne remote sensing data. They highlighted the advan-
tages of remote sensing in snow avalanche study as large
coverage of inaccessible terrain without altering the phys-
ical property of the snow, possibility of upscaling from
point scale to mountain-range scale and all-weather capa-
bility in microwave remote sensing. Buhler et al.” pre-
sented an automatic mapping technique for avalanche
deposits in the Swiss Alps using high-resolution optical
remote sensing data, and highlighted the accuracies ob-
tained in detection and mapping. Geographic Information
System (GIS) in conjunction with remote sensing and
ground-based observation data has been used widely for
the development of avalanche information system and
simulation of snow avalanches in 3D environment. Rapid
Mass MovementS (RAMMS) was developed for natural
hazard assessment by simulating snow avalanches on
mountain slopes in three-dimensional terrain®. RAMMS
was successfully used for the analysis of avalanche flow
simulation in western Himalaya’. Biskupi¢ and Barka'®
developed a method for outlining the avalanche paths
based on computer simulations running in GIS environ-
ment in Ziarska valley, located in the Western Tatras,
Carpathian Mountain Range, sub-province Western Car-
pathians, Slovakia. Bourova et al.'' reported a compre-
hensive web-based snow avalanche information system
developed in France for managing various avalanche ob-
servation data. The three important datasets are (i) an
avalanche chronicle, (ii) an avalanche map and (iii) a
compilation of hazard and vulnerability data. Delparte et
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al.'* used GIS for runout modelling of snow avalanches
in Canada. They have generated snow avalanche runout
extent map using statistical alpha—beta model in GIS en-
vironment for skiiers, snowboarders, ice climbers and
snow mobilers in Rogers Pass area, Glacier National
Park, British Columbia, Canada. Omirzhanova et al.”
used GIS for predicting the avalanche zones in the
foothills of Trans Ili Alatau Mountain Regions of
Kazakhstan. In the Indian Himalaya, studies have been
conducted to retrieve various snow avalanche parameters
using remote sensing data. Gusain et al.® developed an
operational algorithm for generation of snow-depth maps
using remote sensing and in situ data. The generated
snow-depth maps assist in avalanche prediction in the
Himalayan ranges. Dewali et al.'"* generated a global po-
sitioning system (GPS)-based real-time avalanche path
warning and navigation system. They developed a custo-
mized application for Manali-Dhundi area in lower
Himalaya in GIS environment for the visualization of ter-
rain maps and navigation while moving in avalanche-
prone areas. On the basis of digitized avalanche maps, the
application updates the traveller on whether his position
is inside or outside of the avalanche path. In a few stu-
dies, analytical hirarchical process (AHP) has been used
for avalanche susceptibility mapping and automatic
demarcation of avalanche hazard areas in the Himalayan
region'>'’, Remote sensing and GIS are now being widely
used for snow avalanche applications and generation of
avalanche information system all over the globe. Ava-
lanche databases have been generated digitally in various
countries facing snow avalanche hazard problems, e.g.
Canada'’, Japanlg, Italylg, Switzerland®, NorwayZI, etc.
In India, Snow and Avalanche Study Establishment
(SASE), Chandigarh is the only organization which col-
lects records of avalanche occurrences in various ranges
of the Himalaya based on feedbacks from field travellers,
villagers and border-guarding personnel. SASE predicts
avalanches in the snow-bound regions of J&K, HP and
Uttarakhand Himalaya and various models have been
developed for prediction of avalanches in these regions™ .
SASE has more than 30 manned meteorological observa-
tories in the Himalaya and avalanche data collected at
these locations from various sources are sent to the Re-
search and Development Centre of SASE for compilation,
management and further research on the recorded data.
SASE has snow avalanche occurrence records in the
Indian Himalaya for more than three-decades. Based on
past avalanche records and ground survey in the Hima-
laya, the avalanche atlas in hard-copy format has been
generated for many important pedestrian routes and road
axes by SASE. Now, with the advancement of technolo-
gy, the avalanche atlas is being converted into digital
format using GIS and remote sensing data. In the present
study an avalanche information system has been deve-
loped using high-resolution satellite data and GIS tech-
nology for the Indian Karakoram Himalaya. The aim of
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the application is to provide exhaustive information about
snow avalanches of the Karakoram Himalaya in 2D and
3D GIS environment. The application is being used by
SASE for avalanche hazard mitigation in the Karakoram
Himalaya.

Figure 1 shows the study area. The Karakoram Hima-
laya is the northern most part of the Indian Himalaya and
has highest mean elevation compared to other ranges.
Generally this range is devoid of vegetation and valleys
are mostly glaciated above 4000 m amsl. The second
largest glacier outside the polar region, viz. Siachen
glacier is the part of the Karakoram Range. The region is
very cold and lowest temperature at an observation
station of SASE, viz. Siala (elevation 5500 m amsl) was
recorded as —40°C during winter. Mean of minimum and
maximum temperature during the last three decades at
this observation station was observed to be —28.6°C and
—15.1°C respectively, during the winter months of
November to April. Mean snowfall of 1240 cm/yr was
recorded at the observation station during the past three
decades.

Snow avalanches are frequently triggered on mountain
slopes in the Karakoram Himalaya after a snowstorm.
The feedback of the avalanche occurrences in the region
is regularly collected by Mountain Meteorology Centre of
SASE at Sasoma village from pedestrians, villagers and
border-guarding personnel. Figure 2 shows the total ava-
lanche occurrences reported to SASE during different
months in the Karakoram Himalaya during the past three
decades. More than 2500 avalanche occurrences have
been reported to SASE during different months. February
to May are the months with major avalanche activity in
the Karakoram Range. More than 200 lives were lost due
to avalanches in the Karakoram Himalaya in the past.

PLEIADES-1A satellite sensor data have been used to
develop avalanche information system of the Karakoram
Himalaya. Ortho-rectified images of PLEIADES at a spa-
tial resolution of 0.5 m in Panchromatic and 2.0 m in
multispectral were Pan-sharpened at 0.5 m spatial resolu-
tion for better visual elements of the information system.
Digital elevation model ASTER GDEM V2 at 30 m spa-
tial resolution and Cartosat at 10 m spatial resolution
have been used for elevation information and 3D viewing
of the terrain. Roads, pedestrian routes, locations, ava-
lanche occurrence sites, avalanche accident sites, etc.
have been digitized using Arc-Map software to generate
vector layers in GIS environment. Avalanche polygons
have been digitized using terrain parameters and feedback
reports on avalanche sites in the field. More than 300
avalanche sites have been marked in the study area along
various routes followed by villagers, border-guarding
personnel and field travellers.

The avalanche information system was developed on a
customized QGIS (previously known as Quantum GIS)
platform, which is a freely available open-source desktop
GIS. It functions as a GIS software and supports viewing,
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Figure 1.
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Figure 2. Avalanche occurrences in the Karakoram Range during the

past.

editing, managing and analysis of geospatial data, i.e. ras-
ter and vector data formats. The software code is written
in C++. The application has 2D and 3D viewing features
and the key features are seamless and interactive viewing
of geospatial data, dynamic viewing of satellite maps,
opening vector and raster data formats, dynamic viewing
of vector data with raster data, vector data editing, mul-
tiple theme selection (checking and unchecking of vector
and raster data), feature identification tool, layer control-
ler to on/off a vector layers, map annotation, editing of
map annotation, tools for pan, zoom-in, zoom-out and
overall view, measurement tool for measuring distance
and calculating polygon area, tool for rotating view of
display with respect to north, 3D navigation with zoom-in
and zoom-out option, display of terrain information (lati-
tude, longitude, elevation) corresponding to the curser
point and display of attribute data with vector selection.
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Indian Himalayan mountain ranges and satellite image of Karakoram Himalaya.

The application has 2D and 3D geographic user
interface (GUI) which is divided into five areas: (i) Menu
Bar, (ii) Tool Bar, (iii) Layer Legend, (iv) Map Canvas
and (v) Status Bar. Figure 3 shows the GUI of the appli-
cation.

The menu bar has features of selection of file, naviga-
tion control, video options and utility tools. The user can
select raster or vector file to open from the file menu.
Based on the selection, appropriate data are loaded in the
corresponding layer legend. The user can select multiple
files one by one, and checkin and checkout the files.
Using navigation control the selected map can be moved
and rotated up, down, left and right.

The user can directly interact with vector and raster
files utilizing different icons on the tool bar. He/she can
open vector or raster data file, pan and rotate the maps in
2D and 3D up/down/left/right. There are icons for line of
sight and feature identification. The user can display the
attribute data of the vector layers through display icon on
the tool bar.

The layer legend area lists all the selected raster and
vector layers. The check box in each legend entry can be
used to show or hide the layer in map canvas.

Selected raster and vector data are displayed in the map
canvas window. The map canvas can be panned, zoomed-
in and zoomed-out. Various other operations can be per-
formed on the map in the map canvas. The map canvas
and legend are tightly bound to each other. The maps in
the map canvas reflect changes which are made in the
layer legend.

The status bar holds labels displaying latitude, longi-
tude and altitude values. These are the values correspond-
ing to the curser point on the map in map canvas.

CURRENT SCIENCE, VOL. 117,NO. 1, 10 JULY 2019



RESEARCH COMMUNICATIONS

Tool Bar Map Canvas

/Menu Bar

S —
P 2o B td»2e0 0093600« [

Layer
Legend

Status Bar

Figure 3. Geographic User Interface of the application showing menu bar, tool bar, layer legend, map canvas and status bar.
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study area.

Vector layers of routes, stations, avalanche sites, zones
of avalanche sites, past avalanche occurrences, past ava-
lanche accidents, etc. have been generated using appro-
priate GIS elements. Stations, routes and avalanche sites
have been digitized using point, line and polygon respec-
tively. Avalanche sites have been identified using terrain
features and past avalanche records. First, those points on
the terrain are mapped where avalanches have been re-
ported in the past. Once an avalanche has been reported
at a location in the past, the path of the avalanche is iden-
tified using flow channels developed on digital elevation
model of the terrain. The terrain having > 30° slope in the
avalanche is digitized as formation zone, terrain with
slope >15° and <30° is digitized as middle zone, and ava-
lanche path with slope <15° is digitized as run-out zone®.
More than 300 avalanche sites have been mapped in the
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Karakoram Himalaya along the routes/pedestrian tracks,
where movement is affected by avalanches. Figure 4
shows the slope image of the study area. Figure 5 shows
the formation, middle and run-out zones of an avalanche
site in the Karakoram Himalaya based on slope image.

All avalanche occurrences and avalanche accidents in
the Karakoram Himalaya reported to SASE have been
digitized. Totally more than 2500 avalanche occurrences
have been digitized as point data. Each avalanche inci-
dent mapped as a point vector carries an attribute file
having details of the incident as follows: date of ava-
lanche occurrence, time of occurrence, latitude and longi-
tude, road axes, number of persons caught in the
avalanche, number of persons who died in the avalanche,
number of persons who survived, etc. Figure 6 shows
details of an attribute table related to an avalanche acci-
dent. The table will open as one presses the information
icon given in the tool bar after selection of the particular
vector point related to the avalanche incident from all the
digitized incidents. These vector layers can be updated as
the new incidents are reported to SASE.

SASE has 10 ground observatory locations in different
parts of the Karakoram Himalaya, viz. north, central,
south, west, etc. These observatories collect snow-meteo-
rological data at 0830 h and 1730 h local time, according
to the World Meteorological Organization guidelines.
Climatological graphs of the parameters maximum tem-
perature, minimum temperature, snowfall and wind
speeds of past three decades have been included in the
avalanche information system and one can view them by
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Figure 6. View of attribute table related to one of the avalanche accidents in the study region.

selecting the climatology icon in the menu bar. A list of
observation locations will appear and after selection of
one observation location climatological graphs will
appear on the screen of the selected observatory.

In summary, a novel application has been developed
for snow avalanche information in the Indian Himalaya,
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although it covers only the Karakoram Himalaya. High
spatial resolution PLEIADES images provide detailed
surface features of the terrain at 0.5 m resolution. Open-
source QGIS is customized for the development of the
application using the code in C++. Cartosat DEM of 10 m
and ASTER GDEM V2 of 30 m have been used in the
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application for 3D-viewing of the terrain. Vector layers
of the avalanche sites, avalanche zones, pedestrian routes,
camp/village locations, locations of past avalanche occur-
rences, locations of past avalanche accidents, etc. have
been created in GIS environment. Each vector layer has
an attribute table with detailed information about the
vector. The attribute table can be viewed along with the
vector layer on the desktop. The application has 2D and
3D GUI, and the terrain can be navigated using zoom-in,
zoom-out and rotation features. The application has
detailed snow avalanche information of the past three
decades for the Karakoram Himalaya, and also includes
climatology of the region. Remote sensing and GIS tech-
nology proved to be useful for the development of ava-
lanche information system in digital form. Presently, the
application is being used in the mitigation of avalanche
hazard and forecasting of snow avalanches in the Karako-
ram Himalaya by SASE in the country.
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