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Conventional as well as numerical techniques are being
widely used for the prediction of snow avalanches.
The present approach combines both the techniques
and delivers avalanche danger warning for 24 h in ad-
vance. Initially different levels of avalanche danger
have been decided by observing fresh snow of 24 h
and standing snow from a snow-meteorological data-
base of the past ten winters (1992-2002) along with a
database of avalanche warning and occurrences. Finally
these levels have been characterized by a critical
range calculated by using a discriminant function,
which is a function of all the significant snow and me-
teorological parameters. The significant snow and mete-
orological parameters have been selected by correlation
analysis. For the selection of significant parameters
and to calculate the critical range for each of the danger
levels, a new term, i.e. index of avalanche has been in-
troduced and its variation in different ranges of snow
and meteorological parameters has been discussed. For
the winter of 2003-2004, model outcome has been
compared with the actual avalanche occurrences. Out of
total 122 days during winter, there were 27 avalanche
days and 95 non-avalanche days. The accuracy of the
model for avalanche occurrence is 67 % and for non-
occurrence it is 84%.
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THE Chokibal-Tangdhar road axis (C-T axis) is the only
route joining District Tithwal with Kupwara, J&K. It falls
in the Pir Panjal range of Indian Himalaya, and crosses
Nastachun Pass cutting across the Shamsabari mountains
at an altitude of 3120 m (from the avalanche atlas of C-T
axis). It is a stretch of about 36 km with 26 major ava-
lanche sites. Therefore, for safe movement and transpor-
tation during winter, avalanche warning has been issued
on this axis during each winter. In previous attempts of
forecasting avalanches on the C-T axis, numerical as well
as conventional techniques have been used. The present
study involves both the conventional (expert’s field ex-
perience) and numerical techniques of forecasting, thus
providing a regional assessment of avalanche danger.
Avalanche forecasting by statistical analysis began with
the work of Obled' and Perla’. Obled introduced an elemen-
tary index method to identify avalanche days for a limited
region (an avalanche day is marked by the release of at
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least one avalanche). Judson and Erickson® presented a
statistical linear discriminant function approach of ava-
lanche forecasting. Bovis* improved the linear discriminant
technique by stratifying the avalanche days on the slide
type and magnitude basis and by the integration of snow
and meteorological parameters over different time periods
prior to each avalanche or non-avalanche day. Statistical
avalanche forecasting models presently in use involve
nearest neighbourhood” and discriminant analysis® techni-
ques.

The objective of present study is to select the significant
snow and meteorological parameters responsible for ava-
lanches on the C-T axis, use of these parameters in the
development of a hybrid model to assess avalanche danger
and to check the performance of the model.

The database consists of two subsets: (i) the snow and
meteorological data (shown in Table 1) collected at the
experimental field (STAGE I, 2650 m) situated midway on
the C-T axis, and (ii) the record of avalanches and warnings
issued on that axis. These data are assumed to be repre-
sentative of the potential starting zone of avalanches on
the C-T axis area because most of these zones have the
same aspect as that of the observatory. Snow and mete-
orological data of the past ten winters (from 1992 to 2002)
along with avalanche occurrence data of the same period
have been considered in the analysis. Since some of the
meteorological variables show seasonal trends, it is not
correct to consider the winter season (November to April)
as a homogeneous period. In order to cope with this problem,
the months of November and April have been neglected
because of the difficulty in defining the exact beginning
and end of winter and also to reduce the inhomogenity of
data. Moreover, some derived snow and meteorological
parameters have also been incorporated in the analysis.
The parameters involved in the analysis have been listed in
Table 1.

To forecast avalanche activity, the integration of a
number of parameters into a model is required. Atwater’
proposed a list of ten contributory factors for avalanche
hazard evaluation, including quantifiable variables such
as snowfall depth, precipitation rate, air temperature and

Table 1. Snow, meteorological and derived data used
for analysis

Parameter Unit
Maximum temperature °C
Minimum temperature °C
Ambient temperature °C
Average wind speed in 24 h km/h
Relative humidity %
Fresh snow in 24 h cm
Fresh snow in 48 h cm
Standing snow cm
Fresh snow water equivalent mm
Pressure change in 24 h mb
Cloud cover okta
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