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ABSTRACT: Snow and avalanche research in India took its roots during early sixties. Though
Indian Himalaya have a very large area which experiences seasonal snow cover and permanent
snow-bed, SASE has oriented its research to study problems related to specific areas of relevance.
Indian Himalaya, experience such a wide diversity in climatic and precipitation patterns that the snow
properties and related avalanche activity assume a wide variation. This has necessitated orientation
of its research programme, which is in slight variance with what is being followed in Europe and North
America.

In the field of Snow Physics and Mechanics, we are engaged in studying properties of snow in
the range of -10°C to -3°C and relating such studies to microstructure. In the field of avalanche
forecasting, we are engaged in developing a Nearest-Neighbour model and an expert system for
some specific areas while using a process oriented approach for the general area. In the field of
avalanche dynamics we are concentrating on development of dynamic models for wet and semi-wet
snow avalanches taking cohesion as an important friction parameter. In the field of avalanche control
structures, we are engaged in developing design criteria for retaining barriers encountering high
density semi-wet snow with large depths and rapid settlement. For assessment of snow cover
properties of a large area through satellite imageries, we are engaged in developing suitable
algorithms for change detection, pattern recognition and snow characteristic classification.

The paper describes the snow and avalanche problem with respect to Western Himalaya and
discusses some specific areas where snow and avalanche related research is being done at SASE.
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1. INTRODUCTION

The avalanche affected area in Indian
Himalaya lies in Western Himalaya, Central
Himalaya and North Eastern Himalaya. The
above area is spread over a distance of 2500
km covering 26° N to 37° N latitudes and 72° E
to 96° E longitudes. Of these areas, the area
falling under Western Himalaya covering the
states of Jammu & Kashmir (J&K) and Himachal
Pradesh extending from 31° N to 36° N latitudes,
73° E to 80° E longitudes and altitudes 2000 m to
7000 m is most populated and most frequented
area which has varying nature of terrain. This
area also experiences heavy snowfall and
avalanche activity. The complex nature of
terrain, its proximity to sub-tropics, high altitude
and heavy snow precipitation due to Westerly
Disturbances warrant special snow and
avalanche research programmes which are
specially suited for Indian conditions.
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2. CLASSIFICATION OF SNOW CLIMATE IN
GENERAL

For the purpose of classifying .the
avalanche actiVity with respect to weather
pattern, McClung arid Schaerer (1993) have
classified the avalanche areas into two
categories, as Maritime and Continental. As per
them, relatively heavy snowfall and mild
temperatures characterize the maritime snow
climate. Avalanche formation takes place during
or immediately following storms, with failures
occurring in the new snow near the surface.
Prediction of such types of avalanches based on
snow observations is fairly accurate.

On the other hand, continental snoW
climate is characterized. by relatively less
snowfall, cold temperatures and the locations
are considerably inland from the coastal areas.
Snow cover is relatively shallow and often
unstable due to persistence of structural
weaknesses. The avalanche frequency is
generally low and the low temperatures
.generally allow structural weaknesses to persist
for longer duration. Prediction of such



avalanches is rather complex and requires
continuous monitoring and evaluation.

3. CLASSIFICATION OF SNOW CLIMATE
FOR WESTERN HIMALAYA

Table 1: Terrain and Meteorology of Indian
Himalaya

Lower Middle Upper
Factors Himalayan Himalayan Himalayan

Zone Zone Zone
Terrain
Altitude 3200- 3500- 5000-

4100m 5300m 5600m
(76%) (100%) (100%)

Slope 30-38 32-40 28-32
(64%) (75%) (67%)

Ground Tall grassy Scree and Rocky,
cover boulders scree and

glacial
Meteorology
Snowfall in a 20-80 em 20-80 em 10-20 em
storm (56%) (81%) (51%)
Average total
yearly 15-18 m 12-15 m 7-8 m
snowfall
Temperature
("e)
Highest max 20.2 14.5 9.0
Mean max 6.8 0.96 -8.1
Mean min -1.6 -11.3 -27.7
Lowest min -12 -25.4 -41

From climate and avalanche actiVity
point of view, Sharma and Ganju (1999) have
classified the Western Himalaya in three zones
as, Lower Himalayan Zone or Subtropical Zone,
Middle Himalayan Zone or Mid Latitudinal Zone
and Upper Himalayan Zone or High latitudinal
Zone as shown in Figure 1. A brief description of
each of them is given below:

3.1 Lower Himalayan Zone or Subtropical
Zone

This zone could be classified as the
zone of warm temperature, .high precipitation
and short winter periods of three months. The
precipitation is generally concentrated between
December-March with the periods before and
after experiencing wet snow precipitation or
rains. The snow cover very soon changes into
isothermal snow pack. .
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Fig.1: Snow-avalanche climatic zones and the network of observatories in Western Himalayan
region.
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The avalanche activity is quite high, with
most of the avalanches triggering during
snowfall as direct action avalanches due to
excessive overburden, or within 24 hours after a
major snowfall on a clear sunny day. The peak
winter avalanches are generally moist slab
avalanches and late winter avalanches are melt
avalanches (thaw avalanches) containing snow,
mud and stones.

The mountainous areas falling in this
category are the Pir Panjal range in Jammu and
Kashmir and lower altitudes on the windward
side of the same range in Himachal Pradesh.
These areas have tree line up to 3000 m and are
heavily populated because of prevalence of
pleasant climatic conditions.

3.2 The Middle Himalayan Zone or Mid
Latitudinal Zone

The middle Himalayan zone is
characterised by the high mountain peaks and
numerous glaciers. The terrain is rugged and is
generally devoid of vegetation except in a· few
preferred areas where slopes up to 3000 mare
sparsely forested. The zone has ma~imum

avalanche slopes in 3500 - 5300 m range.
The areas falling in this zone are

windward side of the Great Himalayan range in
Jammu and Kashmir and upper reaches of Pir
Panjal range in Himachal Pradesh. This zone is
sparsely populated by virtue of being rugged,
cold and mostly glaciated. This range receives .
good amount of total snowfall during winter, 80%
of which is through moderate snow spells of 20
80 cm. Entire middle Himalayan range receives
dry snow between mid December and end
January. The rise in temperature from mid
February onwards generally moistens fresh
snowfall and after March the fresh snowfall is
often accompanied with light rain or wet snow
precipitation. Severe wind activity redistributes
snow from avalanche slopes very frequently in
this zone.

Severe avalanche activity is reported in
this range throughout the winter. The massive
slab avalanches from drift loaded slopes are
also observed. Thaw avalanche activity is also
observed from a few slopes in the months of
April and May.

3.3 Upper Himalayan or High Latitudinal Zone

The average height of this zone is about
5000 m and it houses some of the longest

560

glaciers of the world. The areas falling in this
category are a few slopes in the leeward side of
the Great Himalayan range (Jammu and
Kashmir and Himachal Pradesh), Zanskar range
and Karakoram range.

This part of the Himalaya is very thinly
populated. The climatic conditions at some
places in winter are closer to polar conditions.
Snowfall in this zone is generally scanty but it is
extended almost throughout the year. The
snowfall is mostly dry and bonds poorly with the
glaciated surface or with old snow. The· total
precipitation as well as the precipitation intensity
remains low in this region. However, whatever

. little precipitation that takes place remains for
longer duration till the melt season starts in May.
Since snow on slopes remains mostly loosely
bonded, the redistribution due to wind activity
takes place very frequently.

Avalanches occur from steep slopes in
this region, however, their frequency is not very
high. Since the ground conditions are not
conducive to anchor the snow pack, avalanches
from glaciated and steep rocky surfaces start
with as little as 30-40 cm of fresh snow. In
certain areas delayed action avalanches are
also observed.

4. SNOW RESEARCH

Keeping the above conditions in mind
some special research programmes in hand are
described below:

5. SNOW PHYSICS AND MECHANICS

The research work has been just started
on modelling wet snow grains and bond growth
.and bond dissolution. Bond distribution of wet

. snow is also being monitored with varying cyclic
temperatures in cold laboratory. Process of bond
formation has been monitored with the help of
thin sectioning under polarized light (SatYawali
and Sinha, 2000). In field, a high-resolution
penetrometer is expected to give some more
information with regard to the bond formation
and bond dissolution. Martin Schneebeli at SLF
(personal communication) finds some exciting
results using high-resolution penetrometer in the
field during melt period.

Constant load creep experiments at high
temperatures exhibit that creep-rate is very
sensitive to temperature level in the range of
-10°C to -2°C as shown in Figure 2. If
temperature is varied (from -5 °c to 0 0c) in a



6. SNOW COVER SIMULATION MODEL
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Figure 4: Critical strain rate
temperatures.

cycle during the experiment, axial viscosity
decreases with increase in temperature. Also
percentage increase and decrease in axial
viscosity decreases with successive cycles
(Refer. Figure 3). Critical strain rate (ductile
brittle transition) at _3°C was determined to be
10% of that at -10°C for a snow density of 400
kg.m-3 (Refer Figure 4). Critical strain-rate may
prove to be the most important failure criterion to
predict wet snow avalanches. A programme has
been initiated to conduct extensive experiments
on high temperature snow and to corroborate
the results with the field data particularly
acquired during the melting season. The
dependence of mechanical behaviour on
microstructure will be given more emphasis in
this work.
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First attempt to model physical processes of
the snow cover were initiated by Ganju et. at.
(1994). This model was mainly based on the
densification laws to predict the snow height at
various locations. In 1995 a new scheme has
been started to simulate the snow cover of the
three zones. The model is a one-dimensional
model. It calculates heat conduction, settlement,
phase change and water percolation in the inner
layers. Metamorphic processes are recently
being taken care of. The basic flow procedures
of the snow pack are displayed in Figure 5.

Figure 2: Creeping behaviour of snow at
different temperatures under compression tests.
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Figure 3: Axial viscosity with cyclic temperature.
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dimensional snow pack model.
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6.1 Test Results

.The model was tested on the data
collected at two well-instrumented observatories
of SASE representing diverse topographic and
climatic conditions (Singh et. al. 1999) (Refer
Figure 6). The first station Dhundi is located in a
valley at an altitude of 3000 m in Pir Panjal
range. The station experiences moderately high
temperatures, intense snowfall and moderate
winds.

The second station Patsio is located in
Greater Himalayan range between middle
Himalayan and upper Himalayan zone, at an
altitude of about 3800 m above sea level, on a
flat topography· where three valleys meet
together. The station experiences high wind,
relatively less snowfall arid low temperatures.

Figure 6: Snowcover evolution at Dhundi and
Patsio.

The salient points observed during
1998-99 winter are:
(a) Snowpack was simulated very well for the
middle Himalayan zone.
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(b) Snowpack in the lower Himalayan zone
was underestimated during melting period.
(c) Formation of TG snow retards densification.
Model could not capture this effect very well.
(d) Overall, extreme low and warm conditions
are the two major factors, which are to be
further studied in detail.

7. AVALANCHE FORECASTING

For covering the large area we follow the
method of process oriented approach to
avalanche forecasting. However, for specific
areas where we have a dense network of
observatories and where winter movements are
too frequent, we are in the process of developing
some numerical techniques for achieving higher
accuracy for avalanche forecasting.

7. 1 Expert SYstem

SASE uses an expert system for the
Chowkibal-Tangdhar road-axis, which was
developed with the help of an expert shell, C
Language Integrated Production System
(CLIPS). The rules are formed with28 snow-met
and snow profile variables derived from seven
winters data of an observatory situated on the
axis (Naresh et. al. 1999). The classification of
winters directly refers to the variation of the
snow and meteorological conditions from early
winter to late winter. This has led to the
development of rules based on the variables for
each winter month starting from December to
April. The site-wise rules, which deal with the
release of avalanches, can be termed as a sub
set of rules that control the avalanche days.
Therefore, these rules are activated only when a
day is declared as an avalanche day by the main
set of rules. .

The rule base consists of 358 rules. out
of these 173 rules are decision rules. The model
generates avalanche goals for separate
avalanche sites with separate possibility values
based on a given day's fact set. In this way, 24
hour forecasts are generated by the expert
system.

Table 2. Results of the 24-hour forecast for the
period 16 January - 6 April 2000 (87 days).

# . Category Predicted
Predicted Mis-
correct! Classified

1 Avalanche Days 38 11 28

2
Non-Avalanche 49 49 0

Days

3 Percentage 100 69 31



From Table 2, it is seen that the non
avalanche days predicted by the model were
observed as true non-avalanche days. The mis
classification in case of the number of avalanche
days is mainly due to non-reporting of
occurrence from the areas, which are not under
direct observation.

7.2 Nearest Neighbour Method

We are also utilising ·the numerical
technique of Nearest Neighbour Method for
avalanche forecast. This technique involves the
comparison of current day's snow-met condition
with that of past days' to select a set of days
having most similar characteristics. Forecaster
then analyses the events associated with each
selected day and draws an inference about the
likelihood of event that may take place on the
current day under the prevailing snow-met
condition. This technique is extensively being
used to predict avalanches of a highly avalanche
prone glaciated region in Upper Himalayan zone
in Karakoram Range. The data collected at 0830
h each day is used for calculations. Having
analysed the events associated with each
selected day, site-wise prediction is then made
in terms of probability. A record of predicted and
observed avalanche activities for 1998-99 winter
in this region is. presented in Table 3. The
information gathered through this method assists
the forecaster in preparing the final forecast.

Table 3: Number of days predicted and
observed avalanche occurrences by Nearest
Neighbour Method - 181 days

Number Predicted Probability (%)

ofdays 0 10 20· 30 40 50 60 70

Predicted 97 24 22 18 10 04 05 01

Actual 142 03 12 09 06 03 05 01

8. AVALANCHE DYNAMICS

The avalanche flow parameters are
directly related to its initial condition like fracture
area and fracture depth. According to Swiss
gUidelines, the fracture depth of a formation
zone depends on three days maximum increase
of snow cover depth. However, we have
observed fracture depth of the order of 1.0 - 2.5
m in the Lower Himalayan Zone and 0.5 - 1.5 m
in the Middle Himalayan Zone with a high
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frequency of the order of 1 - 3 avalanche
occurrences in a winter.

SASE has developed its model based
on Saint Venant type of differential equations for
continuity, momentum and energy, where the
effects of entrainment, detrainment, bends,
density variation have been considered (Kumar
et. a/. 1998). The study of the effect of cohesion
in snow mass is also taken into account.
Entrainment of snow mass locally increases the'
resistance to the avalanche flow due to
exchange of momentum, and if the avalanche
size is small it can stop the snow mass by
reducing the avalanche velocity. The detailed
study for the effect of cohesion has been carried
out. The important conclusions are: (a) Cohesion
clearly introduces a size effect into avalanche
dynamics calculation (Bartlet et. al. 1999). The
smaller avalanche will run shorter distances and
stop on the steep slopes and large avalanche
will run longer distances even on flat slopes. (b)
In comparison to the Voellmy fluid model, the
cohesive model is more sensitive to change in
channel flow width. This is due to the fact that
flow height increases in narrow channels and the
cohesive resistance is inversely proportional to
flow height, which produces less resistance to
the flow. This fact helps to explain the "train-like"
motion of a wet snow avalanche. (c) Cohesion
can rectify two discrepancies of the Swiss
guidelines Le. effect of avalanche size and wet
snow avalanche.

9. CONTROL STRUCTURES

9.1 Formation Zone Control

About 2000 m supporting structures in
the form of Snow rakes, Snow bridges and snow
nets have been installed in one of the avalanche
paths located in Pir Panjal range at an altitude of
3000 m in the Lower Himalayan Zone. For the
last 10 years, the studies on the effect of
supporting structures are being carried out. In
this location throughout the ridge, cornice of the
height of 5.0 - 6.0 m is formed, breaking of
which has caused some damages to supporting
structures as well as excessive accumulation of
snow over the structures. In the last three years,
the Jet roofs have been installed to prevent the
cornice formation and after its installation no
formation of avalanches has been observed
from the area of formation zone control
structures. The design force for snow pack
height 3.0 - 4.0 m varies between 60 kN m-1 to



100 kNm-1 as per measurement of snow
pressure on supporting structures which is
comparatively higher than the values obtained
from the Swiss guidelines.

9.2 Middle Zone and Runout Zone control

SASE has designed and constructed
earthen diversion dams at two locations. One on
0-11 avalanche site to protect National Highway
(Jammu - Srinagar) and other in Badrinath area
to protect the holy Badrinath Temple and a
village nearby. The dimensions of diversion dam
on 0-11 avalanche site are height 7.6m and
length.75.0m, and in Badrinath area, the
dimensions are height 6.5m and length 204m.
The diversion dam in Badrinath area constructed
on a ground slope of 14° was designed to
withstand the avalanche striking the dam section
at a velocity of 11.6 ms-1 at an angle of 17°. The
earthen diversionary dam was designed for a
height of 6.5 m with upstream slope of 1:1.3 and
downstream slope of 1:1.75. These structures
are working satisfactorily for over 15 years. Due
to frequent occurrence of wet snow avalanche in
these areas the transported rocks and boulders
have reduced the effective height by one meter
which needs maintenance work.

Recently, design of a snow gallery on
Jammu - Srinagar highway of length 410m and
width 10m has been carried out. The slope of
avalanche path at the road location is 14° to 17°,
where design avalanche velocity and flow depth
are 25.6 ms-1 and 6.72m respectively. The
gallery design is based on normal force of 5.65
tm-2 and shear force of 2.35 tm-2

.

10. SATELLITE IMAGERY FOR AVALANCHE
STUDIES

10.1 Snow Cover Area Estimation

Accumulation and ablation pattern of the
seasonal pattern of snow cover of an area in
J&K was studied using IRS WiFS images for a
period' between October 1996 and May 2000.
Five elevation zones at an interval of 600 m from
2600-m to 5600-m were created and seasonal
snow cover in individual altitude zones was
delineated. Algorithms have been developed to
quantify the snow cover accumulation at various
elevation zones during various phases of a
winter. Studies for further classifying the old and
new snow are in hand.
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10.2 Snow Cover Quality Analysis

Multi-date IRS 1C/1D PAN and L1SS III
data for a glaciated area have been analysed for
identification and determination of various snow
parameters, such as areal extent of snow cover,
differentiation between fresh snow, old snow and
ice. Using multi-date satellite data and also
Radarsat (microwave SAR) data, it is possible to
carry out change detection studies of various
identifiable features/phenomenon.

10.3 Virtual Reality for Snow Cover Studies

Use of Virtual Reality (VR) technique for
3D visualization as well as for creation of walk
throughlfly-through models of avalanche prone
slopes with details of terrain features including
forest cover, shrubs, snow cover can improve
the capability of assessing the behaviour ofa
slope. This work is being carried out for an area
in J&K using multi-resolution/date satellite and
ancillary data.

11 CONCLUSION

The above text covers some of the special
areas where snow research for solving specific
problems related to Indian Himalaya are in hand
for futuristic use. However, for solving our on
going problems,we are utilising the work already
carried out by various research institutions of the
world, while updating the above, time to time
through the inputs received through our work. It
is felt that the work in hand in some areas may
be of common interest to the community of the
snow scientists of various countries.
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