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Abstract: The mountains in the vicinity of Krasnaya Polyana have been intensively developed due to ski and
mountain resort construction for the 2014 Winter Olympic Games in Sochi. This article describes a methodology
of avalanche risk assessment, presents the calculation of avalanche risk for the Adler-Krasnaya Polyana-Pslukh
road and gives a brief description of the avalanche activity at the lower and middle Mzimta valley. Taking into
account that from 5 to 20 avalanche victims per 100 years have been reported, the avalanche risk for the Adler-
Krasnaya Polyana-Pslukh road is estimated to be low. A map of avalanche risk for the area was created. Risk
assessment will help to predict and avoid hazards, reduce damage and develop plans of the long-term protective
measures.
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INTRODUCTION populated nowadays, is particularly important and

The most avalanche danger regions in the Northwest stability of natural phenomena and processes plays a
Caucasus are situated far away from settlements. They significant role in the study of their evolution. If the
include the Caucasian State Nature Biosphere stability of specific phenomena (atmospheric,
Reservation, Sochi National Park, the Bolshoy Tkhach hydrological, glaciological, environmental, etc.) is
Natural Park and other protected areas. affected, the process becomes unmanageable and can be

However, at the populated area of the lower and accompanied by natural disasters (avalanches, storms,
middle Mzimta River the avalanches are observed every mudslides, destruction of ecosystems, etc.). Intensive
year. It often lead to the fatal accidents. development of the area in the vicinity of Krasnaya

The snow avalanches impose the natural hazards to Polyana slated to host the 2014 Winter Olympic Games
life, property and economic activities of people. The makes it important to assess avalanche danger in this
problem of assessment of natural and anthropogenic area. Development of the Krasnaya Polyana ski and
hazard risks has been of an increasing interest for last mountain resort involves construction of new roads,
years [1-4]. The problem is related to instability of natural power lines and buildings within mountain area, which is
environment, which is caused by human-independent often associated with the risk of avalanche damage.
natural rhythms, technogenic influence of civilization and
interference between them. Therefore, it is very important Methodology:  The avalanche risk assessment is based on
to estimate the risks of unfavorable dangerous natural the following simple formula of risk estimation [5, 7]:
phenomena in human-environment interactions presently
and in the future. risk = probability of occurrence × impact of event (1)

Mountain resort development, mining operations,
construction of power lines and road construction works This is a general formula, which can be applied to risk
significantly contribute to the increase of risk of assessment of any natural hazards. According to the
avalanche damage. Avalanche risk assessment in the formula, avalanche risk means the probability of an
mountain areas, which are extensively developed and adverse outcome to the people and property occurred in

becomes a necessary practice [5, 6]. The evaluation of
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avalanche hazard zones. Any natural hazard is
characterized by time, place and damage potential.
Therefore, the general formula (1) encompasses the three
following factors: temporal, spatial and anthropogenic [7].
The temporal component characterizes duration of the
avalanche-prone period and frequency of avalanches. The
spatial component depends on the distribution of
avalanche activity within the study area and represents
the frequency of hazard events along the specific spatial
coordinate. The anthropogenic component is determined
by the human-induced environmental stress on the
mountain region.

Final numeric estimation of risk requires introducing
a unified risk indicator. This value can be a number of
avalanche victims per unit of time (usually per season or
per year) and/or property loss (in value terms per time
unit) [8, 9]. In fact, these two risk indicators are equivalent
because the human life can be evaluated in monetary
terms [10].

The average frequency of avalanching in the study
area is often used as the time component of the avalanche
risk. Any certain data on avalanche frequency in every
catchment of the study area provide with the valuable
information and should be used for calculation.

To estimate the spatial component, it is necessary to
use avalanche catchment density, which is defined as the
number of catchments per length or area unit. In some
cases it is possible to use the reduced density that is
equal to the product of catchment density and the
dimensionless coefficient indirectly characterizing the
avalanche relative volume. The frequency of human
presence within the avalanche-prone zones, including
tourism intensity, permanent residence and economic
activities, is used as an estimate of anthropogenic
component.

Then the general formula of regional risk estimation
for the road area can be written as follows [7]:

 (2)

Table 1: Risk ranking based on the number of victims per year

Risk class Value range Risk level 

1 > 10 Extreme2

2 10-10 Strong2

3 10 -10 Medium0

4 10 -10 Moderate1 0

5 < 10 Low1

where R is the risk indicator (victims/year);  is the part of
time of presence within avalanche-prone area in the
transport itinerary; k is a probability of crossing of the
road by an avalanche body;  is a frequency of
avalanches (1/year); m is the number of avalanche
catchments with the same avalanche frequency in a given
area; l is an average width of avalanche dangerous zones
in km; u is an average speed of the traffic in km/hour; q is
an average number of passengers in an average vehicle;
j is a traffic flow (1/hour).

In case of catchments with a significant difference in
the avalanche frequency and size of hazardous areas on
a dangerous section of the road in equation (2), instead of
mk l, the following expression is used:

(3)

The obtained values of the risk indicator can be
classified according to Table 1 [11, 12].

RESULTS AND DISCUSSION

According to the method of mountainous regions
zoning on the basis of avalanche mode type [7], the lower
and middle reaches of Mzimta River were characterized as
the regions of the southern type of avalanche. The local
avalanche-prone period lasts about 5 months from mid-
November to mid-September. The avalanche frequency is
from one to several avalanches per year. The avalanche
volumes range from several thousand to hundreds of
thousands of cubic meters.

Table 2: Risk level on different segments of the Adler-Krasnaya Polyana-Pslukh road (location of segments is indicated in Figure 1)
Segment # m l (km) u (km/hour) k  (1/year) q j R(victims/ year)
1 1 0,04 60 1 1 0,4 6 95 15×10 3

2 1 0,05 60 1 1 0,4 6 95 2×10 2

3 1 0,05 60 1 1 0,4 6 95 11×10 3

4 1 0,03 60 1 1 0,4 6 95 12×10 3

5 1 0,12 60 1 1 0,4 6 30 1×10 2

6 1 0,04 60 1 1 0,4 6 30 5×10 3

7 1 0,18 60 1 1 0,4 6 30 2×10 2

8 1 0,17 60 1 1 0,4 6 30 2×10 2
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Fig. 1: Regional map of avalanche risk.

Usage of the above methodology based on the data
available on the open sources allowed calculation of the
risk estimates for avalanche-prone sections of the Adler-
Krasnaya Polyana-Pslukh road (Table 2).

The analysis of the obtained results showed that the
avalanche risk on the Adler-Krasnaya Polyana-Pslukh
road is from 5 to 20 victims per 100 years and can be
classified as low on the 5-point rating scale (Table 1). A
map of avalanche risk was created using the spatial
parameters of the results of calculation (Figure 1).

CONCLUSIONS

After the avalanche risk estimation, it is necessary to
decide whether the risk is acceptable or not. If the
avalanche risk is low enough to be ignored, human
activities in the avalanche-prone area are allowed. If the
value of avalanche risk is very high, a certain financing
should be provided onto prevention of avalanche
accidents to reduce the risk to an acceptable level.

Until now, avalanche control measures have been
provided the absolute protection of the facilities in
avalanche-prone areas. As a rule, this includes expensive
anti-avalanche engineering constructions and activities.
At the present level of development this concept is
undergoing considerable change: with the current
development of riskology the use of certain protective
measures should be based on the optimal ratio of
potential losses resulting from avalanches and the cost of
avalanche mitigation efforts. At the same time the
acceptable level of hazard and risk should be determined
by minimum losses and costs.
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