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Heavy snowfall in the Brst week of November 2019 caused snow avalanche that resulted in huge loss in the
form of lives and properties over Kashmir Valley in North India. About 17 people were killed including
11 soldiers by the snow avalanche resulting from heavy snowfall. Data from seven stations of India
Meteorological Department (IMD) have been used to study the snowfall events. These stations include
Kupwara, Gulmarg, Sher-e-Kashmir University of Agricultural Sciences & Technology (SKUAST),
Pahalgam, Kokernag, Qazigund and Konibal. Kokernag recorded the highest snowfall of about 120 mm
on November 8. SKUAST recorded snowfall of about 80 mm on November 8. Heavy snowfall started on
November 6 and lasted up to November 8, 2019. Gulmarg, Kokernag and Kupwara reported cumulative
snowfall of more than 100 mm during November 6–8, 2019. These stations are located in hilly region.
Heavy snowfall combined with steep slope resulted in heavy snow avalanche causing heavy damage. An
army camp situated in northern Gulmarg was swept away due to avalanche resulting in four causalities.
Heavy snowfall also aAected agriculture, horticulture, transportations and economy of the valley.
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1. Introduction
Past studies report changes in precipitation
patterns in changing climate (Goswami et al.
2006; Trenberth et al. 2009; Mishra and Liu 2014;
Mishra 2019). An increase in heavy precipitation
and decrease in low and moderate precipitation
have been reported. Jammu and Kashmir, a
northern state of India, also experienced an
increase in heavy precipitation (Mishra 2019).
Heavy snowfall combined with steep slope makes
Jammu and Kashmir a disaster-prone area. Snow
avalanches result in heavy loss in the form of life
and property. Jammu and Kashmir experienced a
Cood disaster in 2014 as a result of multiple heavy
rainy spells during Brst week of September

(Mishra 2015). Several thousand people were
aAected due to extreme Cooding over the region.
Heavy snowfall triggered a snow avalanche that
destroyed Waltengo Nard, a village situated in
hilly terrain in south Kashmir, in February 2005
(Margoob and Ahmad 2006). Kumar et al. (2017)
used GIS based modelling for avalanche susceptibility mapping of a valley in Himalaya. GIS
based technique was used to identify the avalanche sites over Himalayan mountains (Mohammed et al. 2015). Singh et al. (2019) generated
a reliable dynamic snow avalanche hazard map
using analytical hierarchy process method based
on multisource geo-spatial data for the Chowkibal–Tangdhar (C–T) road axis over Jammu and
Kashmir (J&K), India. High cumulative snowfall
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Figure 1. (a) Cloud cover (%), (b) relative humidity (%), and (c) surface pressure (hpa) during 6–8 November 2019 over
Kashmir valley. Heavy accumulation of clouds can be seen over Kashmir.

Figure 2. (a) Snowfall from IMD stations in Kashmir valley and (b) cumulative snowfall IMD stations. Different stations are
illustrated with different colors and symbols.

from multiple heavy snowfall spells in January
2017 resulted in catastrophic snow avalanche over
Kashmir causing heavy damages to lives and
properties over the valley (RaBq and Mishra
2018). These catastrophic events bring misery to
the people of valley. Transportation is disrupted
due to snow avalanche which aAected tourism.
Tourism is one of the major sources for the

economy of the valley. Thus, snow avalanche
aAects the economy of the region.
This short communication deals with the monitoring of a recent snow avalanche over Jammu and
Kashmir in November 2019 using rain gauge
observations. Seven stations have been identiBed
for this analysis. Geographic Information System
(GIS) has been used to map the area of avalanche.
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Figure 3. (a) Distribution of snowfall over IMD stations during November and total snowfall from November 6th to 8th,
(b) DEM map of study area and location of army camp is illustrated in highlighted picture, and (c) slope map of the region.
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2. Data and methodology
Rain gauge observations from India Meteorological
Department (IMD), Srinagar have been used in this
study. Seven rain gauge stations namely Kupwara,
Gulmarg, Sher-e-Kashmir University of Agricultural Sciences & Technology (SKUAST), Pahalgam, Kokernag, Qazigund and Konibal have been
considered. Locations of these stations are given in
Bgure 3. These stations are prone to heavy snowfall.
Inverse distance weightage method (IDW) interpolation technique has been used for exploring
accumulated distribution of snowfall. Selection for
this interpolation technique was due to dynamic
nature of snowfall in space and time. Weights are
proportional to the inverse of the distance between
station location and nearby region. As distance
from station increases, weights decreases.
Cloud cover, relative humidity and surface pressure data were archived from National Centres for
Environmental Prediction (NCEP) and National
Centre for Atmospheric Research (NCAR) for
identifying the area of low pressure system over the
study area. Six-hourly data from NCEP has been
used (spatial resolution of 2.5°) in this study. Data
description has been given by Kalnay et al. (1996).
Station data of rain gauge stations during
November 6–8, 2019 were exported in GIS environment for exploring the distribution of snowfall.
Favourable condition for heavy snowfall is
explored using meteorological parameters like relative humidity, cloud cover and low pressure areas.
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and SKUAST were other stations that reported
snowfall exceeding 60 mm on November 8.
Figure 2(b) shows cumulative snowfall during
November 6–8, 2019. Gulmarg, Kupwara and
Kokernag experienced cumulative snowfall in excess
of 100 mm during November 6–8. Kokernag recorded heaviest cumulative snowfall of about 138 mm.
Figure 3(a) shows the distribution of the snowfall over these stations. It can be seen that Kupwara experienced heaviest snowfall on November 6
and 7. Gulmarg and SKUAST received heaviest
snowfall on November 7. Kokernag station experienced heaviest snowfall on November 8. Kokernag, Kupwara, Gulmarg and SKUAST were the
stations with highest cumulative rainfall. These
stations received cumulative rainfall in excess of
100 mm. Figure 3(b) shows the slope of the study
area. It can be seen that Kupwara, Kokenrnag,
Gulmarg and SKUAST have very steep slopes.
Heavy snowfall combined with steep slope resulted
in devastating snow avalanche over study area. An
army camp (shown in Bgure 3b) was swept away
due to this avalanche which resulted in causality in
the form of four army personnel.
Field picture of aAected area is shown in Bgure 4.
A thick accumulation of heavy snowfall can be
observed from the Bgure.
Snow avalanche resulting from heavy snowfall
and steep slope aAected the transportation of the

3. Results and discussions
NCEP reanalysis data were used to explore the
presence of moisture, low pressure systems and
clouds over the Kashmir region. Dense and high
level convective clouds were formed as a result of
an increased water vapour and presence of low
pressure over the Kashmir region during November
6–8, 2019 as illustrated in black ellipse in Bgure 1.
Low pressure system and presence of water
vapour favoured the formation of western disturbance over Kashmir valley resulting in heavy
snowfall. Figure 2(a) shows the variation of snowfall
during November 6–8, 2019 over seven weather
stations in Kashmir valley. It can be seen that peak
snowfall activity occurred during November 8.
Kupwara station shows snowfall of about 40 mm on
November 6. Kokernag station recorded heaviest
snowfall of about 120 mm on November 8. Qazigund

Figure 4. Field picture of avalanche aAected region.
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valley. November and December are peak months
for tourism in Kashmir. Tourism is one of the
sources of income of the Kashmir valley. Flights
were cancelled due to snow avalanche which
resulted in huge loss to tourism sector of the valley.
4. Conclusions
This short communication focuses on exploring a
severe snowfall avalanche over Kashmir valley
using station data. Results presented in this study
point reveal that few stations experienced a daily
snowfall of more than 100 mm on November 08,
2019. Heavy cumulative snowfall during November
06–08, 2019 resulted in severe snowfall avalanche
over various parts of Kashmir valley. Case study
described in this short communication highlights
the importance of disaster mitigation strategies
against such disasters.
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