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THEORY AND PRACTICE OF INDIVIDUAL
SNOW AVALANCHE RISK ASSESSMENT
IN THE RUSSIAN ARCTIC

ABSTRACT: In recent years, the Government of
the Russian Federation considerably increased
attention to the exploitation of the Russian
Arctic territories. Simultaneously, the evaluation
of snow avalanches danger was enhanced
with the aim to decrease fatalities and reduce
economic losses. However, it turned out that
solely reporting the degree of avalanche
danger is not sufficient. Instead, quantitative
information on probabilistic parameters of
natural hazards, the characteristics of their
effects on the environment and possibly
resulting losses is increasingly needed. Such
information allows for the estimation of risk,
including risk related to snow avalanches. Here,
snow avalancheriskiis quantified for the Khibiny
Mountains, one of the most industrialized parts
of the Russian Arctic: Major parts of the territory
have an acceptable degree of individual snow
avalanche risk (<1+107). The territories with
an admissible (10%-10) or unacceptable
(>1+107) degree of individual snow avalanche

risk (0,5 and 2% of the total area) correspond to
the Southeast of the Khibiny Mountains where
settlements and mining industries are situated.
Moreover, due to an increase in winter tourism,
some traffic infrastructure is located in valleys
with an admissible or unacceptable degree of
individual snow avalanches risk.

KEY WORDS: Arctic, concept of risk, Khibiny
Mountains, snow avalanches

INTRODUCTION

In the Russian Arctic, where seasonal
snow cover is one of the most important
components of the environment, the
regions endangered by snow avalanches
include: the Khibiny Mountains at Kola
Peninsula, the Byrranga Mountains, the
Putorana Plateau, mountain areas of Yakutia,
the Magadan region and Chukotka (Fig. 1).
Throughout Russia, the highest degree of
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snow avalanche danger is estimated for the
Khibiny Mountains and some areas in the
Magadan region. At the same time, from an
economic point of view these regions are
highly developed Arctic territories.

The region of the Khininy Mountains is
unique because of the long-term well-
documented dynamics both in industrial
development and in natural hazard activity.
The development in the Khibiny Mountains
started in 1929, when a decision was made
to establish an apatite-nepheline mining
industry of nationwide importance in this
area. The industry appeared in a previously
almost unsettled area during a few years.
The developers immediately faced the
threads of natural hazards, mainly of snow
avalanches, they were entirely unprepared
during the 1930°. After severe losses, the
Centre of Avalanche Safety JSC "Apatit” was
established, one of the oldest avalanche
warning services world-wide.

In 2012, practically all types of infrastructure
facilities can be found in the region, including
roads and rail roads, pipelines, electric power
lines, mining manufactures — both open
and pit type, residential buildings, as well
as tourism and alpine ski complexes. The
industrial complex changes the topography
of the territory. While some old mines with
the entire corresponding infrastructure are
abandoned, new mines in other locations
appear. Simultaneously, the development of
the tourism industry is remarkable. Due to
these changes, the region is a perfect natural
“laboratory”for risk assessment and for further
development of the conception of risk.

Of course, the processes of snow avalanche
formation and the avalanche site distribution
also have their unique features in the Khibiny
Mountains. Both are determined by the
Arctic climate conditions (intensive blizzards,
polar night). Moreover, anthropogenic
changes of relief including those in the
avalanche formation zones are responsible
for changes in the conditions of snow
accumulation. Numerous natural releases
of snow avalanches at the same sites during

one winter season, and scheduled artificial
snow avalanche releases as a result of Active
Avalanche Control are a typical characteristic
of this mountain region.

However, without doubts, in-depth analysis
of all these unique features within the overall
framework of the recently accepted concept
of risk can become a base for risk considerations
in the Arctic region exploration and
development, and would be of considerable
importance with respect to further adaptations
of the concept of risk for planning develop-
ment activities in any other territory.

NATURAL CONDITIONS
IN THE KHIBINY MOUNTAINS

The area of the Khibiny Mountains is about
1300 km? and the cross-section dimension
of the massif is approximately 40 km. The
Khibiny Mountains represent a tectonic rise
of an intrusion of the nepheline syenite — the
single massif with flat top, divided by valleys
formed among tectonic faults [Myagkov &
Kanaev, 1992]. Numerous denudation craters
and erosional cuts complicate the slopes.
Quite common are nonsegmented slopes.
Cirques and corries* can be found at the
highest altitudinal zone.

The absolute altitudes of the Khibiny
Mountais are nearly 1200 m a.s.l. The highest
top is Mt. Yudychvmchorr (1200,6 m as.l.).
The tops are usually flattened or slightly
inclined, which is favourable for intensive
wind-driven snow transfer and formation of
snow cornices and extra snow accumulation
on the leeward slopes. The slopes of the
valleys are rectilinear or slightly concave
with inclination of about 30°. The heights of
mountain slopes are 400-700 m.

The winter weather conditions at the Kola
Peninsula are determined by alternation
of intensive cyclonic activity with periods
of anticyclonic weather. The mean annual
temperature decreases from -0,5°C in the
foothills of the Khibiny Mountains to -4,9°C at

* Not synonymic in Russian geomorphological literature.



the tops. Stable temperatures below 0°C are
found from November to April. The minimal
temperatures at all the meteorological
station in Khibiny Mountains were registered
in January-February. Thawing can happen
during winter seasons.

The mean total annual amount of
precipitation depends on altitude and is
in the range of 1461 to 640 mm. The cold
season part of this also depends on altitude.
At altitudes above 300 m it is more than 50%
from annual, while below it is less the 50%.
The cold seasons' regime of precipitation is
irregular. The maximal cold season monthly
precipitations take place in the beginning
of a winter (October-November). The
monthly precipitation amount decreases
in December and January, decreases even
more from February till April-May, and then
increases up to and including September,
which represents the annual maximum in
precipitation amount.

The wind regime of the Khibiny Mountains
is characterized by intensive cyclonic activity
over whole the year. Winds of East (33%)
and North (31%) directions prevail on the
mountain plateaus. Others are the winds
of South (27%) and West (9%) directions.
The long-term mean wind speed changes
from 1,6 m 57" at “Vostochnaya”to 6 m s™' at
“Tsentral'naya” weather stations. The wind
regime is characterized by frequent and
strong gusts. The gusts are recorded in
20% of windy days in Kirovsk. The gustiness
increases with altitude — it is 35-40% at the
Lovchorr plateau [Zyuzin, 2006]. The wind
speed of gusts in the region of Kirovsk was
reported up to 48 m s, it was exceeding
60 m s at the Yukspor plateau and was up
to 80 m s~ at the Lovchorr plateau [Mokroy,
2000].

The blizzards are directly linked to the wind
regime. They are the leading factor in the
snow avalanches formation in the Khibiny
Mountains. Strong and prolonged blizzards
are the characteristic features of the cold
season here. The mean annual quantity of
days with blizzards is changing from 154 days
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Fig. 2. The map of the distribution of the mean
maximal snow depth in the Khibiny Mountains
[Kontsevaya et al., 1989] (55 x 45 km map):
1->400 cm; 2 - 200-400 cm; 3 - 100-200 cmy;
4-<100cm

at the flattened tops of mountains with the
altitudes up to 1200 m asl. to 86 days in
the bottoms of valleys with the altitudes
200-300 m as.l.

The snow cover in the Khibiny Mountains is
formed in the conditions of segmented relief
under the influence of wind-driven snow
transfer and has high spatial and temporal
variability (Fig. 2).

Figure 3 shows the dynamics of the maximal
snow cover depth at the meteorological
station of the Khibiny educational-
scientific base of the MSU. The data can
be interpreted as representing a slight
increase of the winter maximal snow cover
depth over time, with high inter-annual
variability.

THE CONCEPT OF RISK

The term “risk” is rather new in ordinary life
and environmental scientific literature in
Russia. Not long ago, the terms “risk” and
‘damage”were often considered as equal. For
distinction, the "damage” can be interpreted
as the weighted consequences of processes
and their effects presented in some units,
while the “risk” is the probability of such
consequences.
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Fig. 3. The winter maximal snow cover depth at the meteorological station of the Khibiny educatio-
nal-scientific base of the MSU in 1984-2012

Three approaches to the “risk” definition
can be allocated: statistical, institutional
and social-psychological (behavioural).
The most prominent definition of risk in
scientific literature is related to statistical
characteristics. The following can be noted
among them: the probability of danger
appearance [Ragozin, 1995; Osipov et. al,
1999]; the potential danger of obtaining
undesirable (negative) results [Osipov et.
al, 1999]; the repeatability of events with
certain intensity [Porfirev, 1991; Myagkoy,
1995b]; the mathematical expectation of
losses, the probability of events — death,
illness, accident, catastrophe, probability of
event multiplied by its consequences [Bykov
& Murzin, 1997; Myagkov & Shnyparkov,
2004]; the mathematical expectation in
terms of a decrease in life time [Bykov &
Murzin, 1997; Myagkov & Shnyparkov, 2004],
the probability of occurrence of undesirable
event [Kovalev et al, 1991], etc.

The institutional approach in the
determination of risk may be traced back to
Beck [1992]. He characterized the modern

society as a “Risk society” and his "risk”
definition was interpreted in Russia as a
result of certain accepted decisions by a
group of persons. This aspect was studied in
details by Porfirev [1991] during the analysis of
management in emergency situations. The
similar definition is widely used in jurisdiction
[Bratus, 1976; Oigenzikht, 1984].

Socio-psychologists note the specific of
relation of a person or group of persons to
risk [White, 1976; Al'gin, 1989]. At the end
of the 20" century the challenge of ethno-
cultural differences in the attitude to risk
was raised [Myagkov, 1995a; Vashchalova et
al, 1997, Myagkov et al,, 2003]. These works
consider attitude to natural and other risks
as determined by inherent perception and
ethnic experience.

It is very recent when scientists came to a
common definition and understanding of
the risk term. The Russian definition of “risk”
as accepted by majorities is the probability
of an undesirable consequence of a hazard,
thus making the “snow avalanche risk” to be



the probability of undesirable consequences
of the effects of snow avalanches on society
and industry.

Around the world, risk has been a focal topic
of many scientificand professional disciplines
as well as practical actors. Consequently, a
broad range of conceptualizations of the
term exists that show, nevertheless, as lowest
common denominator the combination of
the likelihood that an undesirable state of
reality may occur as a result of natural events
or human activities [Kates & Kasperson,
1983]. Undesirable states of reality are linked
to damage, loss, or similar negative and
thus adverse effects to those attributes
valued by mankind [Seliverstov et al,, 2008].
Although the potential for something
adverse to occur is appreciated, there is
uncertainty when it will realize its potential.
This inherently implies that people do make
causal connections between the trigger of
an event and the consequences. Therefore,
this concept is directed towards the future
state of the studied system [Renn, 2008b].

Technically, these processes and situations
that have the potential to bring about
undesirable states of reality are referred to
as a hazard, while two different meanings
thereby exist: (1) the physical process or
activity that is potentially damaging; and (2)
the threatening state or condition, indicated
by likelihood of occurrence and described
by a likelihood or probability of occurrence
of a given magnitude in a specified location
and a specified period of time [Myagkoy,
1995b; Fuchs, 2009]. Following the latter and
thus funnelling down the latent danger of
a specifically defined hazard setting, results
in the concept of risk, once the adverse
effects can clearly be linked to these settings
and quantified by numbers. The definition
of risk, therefore, contains three elements:
(1) outcomes that have an impact upon
what humans value; (2) the likelihood of
occurrence; and (3) a specific context in
which the risk may materialize [Renn, 2008b].
Thus, risk is the potential loss to the exposed
system, resulting from the convolution of
hazard and consequences at a certain site

and during a certain period of time. In
the perspective of natural sciences, this
relationship is regularly expressed by the risk
equation (Equation 1), which with respect
to natural hazards is conceptualized by a
quantifying function of the probability of
occurrence of a hazard scenario (ps;) and the
related consequences on objects exposed
(Coj)3

R, ;= flpg. cop. M

The consequences can be further quantified
by the elements at risk and their extent of
damage [e.g, Fuchs, 2009], and specified
by the individual value of objects j at risk
(Agy), the related vulnerability in dependence
on scenario i(vy; ), and the probability of
exposure (pg; ) of objects j to scenario i
(Equation 2).

R,= f(psi Agy Vo; si Poj si)- )

Thisquantitative definition of risk provides the
framework for probabilistic risk assessment
and has its roots in both technical risk
analyses [e.g., Schneider, 1991] and actuarial
analyses [e.g, Schwarz, 1996; Freeman &
Kunreuther, 2003].

Nevertheless, this technical concept of risk
analysis has attracted certain criticism from
the social sciences’ side [Freudenburg, 1988;
Adams, 1995] due to the following reasons,
cf. Renn [2008a]:

* What people perceive as an undesirable
effect is related to their values and
preferences, which is not mirrored by the
technical risk equation accordingly;

e Theinteractionsbetween human activities
and consequencesare more complexthan
average probabilities used in technical
risk analyses are able to capture [Fischhoff
et al, 1982; Zinn & Taylor-Gooby, 2006];

e Theinstitutionalstructureofmanagingand
controlling risks is prone to organizational
failures and deficits that may increase the
actual risk [Short, 1984];
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* Risk analyses cannot be regarded as an
objective, value-free scientific activity
[Fischhoff, 1995] and values are reflected
in how risks are characterized, measured,
and interpreted,;

e The numerical combination of magnitude,
frequency and consequences assumes
equal weight for the hazard componentand
the elements at risk exposed. Consequently,
no difference between high-consequence/
low-probability and low-consequence/
high-probability events is made, whereas
people show distinct preferences for one or
the other [Slovic, 1987];

* Technical risk analyses can provide only
aggregate data over larger segments of
the population and long-time duration.
Each individual, however, may face
different degrees of risk depending upon
the variance of the probability distribution
[Cullen & Small, 2004]. Moreover,
cognitive psychologists and decision
researchers investigated the underlying
patterns of individual perception of risk
and identified a series of heuristics and
biases that govern risk perceptions [Vlek
& Stallen, 1981; Slovic, 1987]. Studies
on risk perception, instead, have clearly
revealed that most individuals have a
much more comprehensive conception
of risk including aspects of voluntariness,
personal ability to influence the risk,
familiarity with the hazard and so on
[Slovic et al., 1982; Slovic, 1987].

These findings from social sciences stimula-
ted equivalent results within the geographic
hazard community. It has been repeatedly
argued that any natural hazard and resulting
risk, and consequently any form of natural
disaster is caused by humans and not by
nature [e.g, Wisner et al, 2004] since any
process operating in nature is only based on
physical laws. Any damage due to natural
hazards is thus the result of bad or false
adaptation to nature, such as misdirected
land use, improper development planning,
inappropriate building techniques and
materials, as well as missing preparedness

and insufficient awareness of the people
concerned [Dombrowsky, 2002], these
arguments are also used by natural scientists
with respect to the so-called passive mitiga-
tion of natural hazard risk [e.g, Holub & Fuchs,
2009]. Obviously, the concept of risk is rooted
in the interaction between society and the
physicalenvironment,whichisafundamental
starting point of any (and therefore also
geographic) research on natural hazard risk.
Most scientists point to Starr's [1969] seminal
article on social benefit versus technological
risk as the beginning of quantitative risk
analysis and the development of the risk
paradigm [Cutter, 2001].

Nevertheless, from a natural sciences point
of view, dealing with undesired outcomes
of natural events, above all triggered by
gravitational dynamics, is rooted in
hazard assessment [Schuster, 1978]. These
approaches had been further developed
towards the concept of risk, while in recent
years, the assessment of vulnerability
emerged as a concept increasingly in the
focus of research [Fuchs et al, 2007]. This
shift from hazard to risk and vulnerability
analyses and evaluation is, from a technical
point of view, mirrored in the risk equation,
where all parameters needed are combined
as a functional relationship (Equation 2).

With respect to mountain hazards, major
contributions to the historical development
of natural hazard risk management are given
in Fell et al. [2008] focusing on landslide
risk issues in a broader sense and taking an
international viewpoint. Complementary to
this,in alpine countries, namely in Switzerland,
essential inputs originate from the Berne
school [Kienholz, 1994]. These approaches
were further refined by Bollinger et al. [2000]
and Keiler et al. [2004] with respect to small-
scale (regional) analyses; and more recently
by Fuchs et al. [2008] and others focusing
on large-scale (local) analyses of individual
process areas. The overall concept of risk, as
currently in use in alpine countries to manage
natural hazard risk, is based on general ideas
outlined in Kienholz et al. [2004] and Fuchs
[2009].



RISK ANALYSIS

The main objective of hazard analysis
is to identify and characterize potential
processes together with an evaluation
of their corresponding frequency of
occurrence and magnitude [Vilchek et al,
2005; Fuchs et al,, 2008]. Thereby, qualitative
models include the analysis of event
documentation and other sources, while
quantitative methods include the statistical
analysis of process parameters, probabilistic
prediction analyses, and process-based
numerical analyses.

The qualitative identification of hazard
processes requires an understanding of
triggering mechanisms in relationship to the
process characteristics, ie. the relationship
between geomorphology, hydrogeology,
geology,failuremechanics,climateconditions
and vegetation cover [e.g., Shnyparkov, 2004;
Fell et al, 2008]. Methods, which may be used
toidentify hazardsinclude geomorphological
mapping, gathering of historic information
on processes in similar locations,
topography, geology and climate [e.g. from
maintenance records, aerial photographs,
newspapers, chronicles, etc, see Kienholz
& Krummenacher, 1995; Seliverstov et al.,
2008]. Such heuristic approaches, based on
a priori knowledge, local experience as well
as expert judgment, often provide the only
information available [Fuchs et al,, 2001] and
are therefore increasingly included in hazard
analysis procedures [Mazzorana & Fuchs,
2010]. Keiler et al. [2004] present a method of
how to convert analogue hazard information
into a GIS environment. As a result, the types
of potential processes under consideration
will be classifiable. Additionally, the physical
extent of each process will be identified,
includinglocation, spatial extentand possible
volumes available for displacement.

The quantitative process characterization
includes: (1) the determination of the
occurrence probability of the studied
processes, ie. the recurrence interval and
as such the frequency of the event; and
(2) the quantitative estimation of principal

process parameters needed for hazard
assessment, i.e. the process magnitude, run-
out length, and deposition area [Fuchs et
al, 2008]. In order to describe the frequency
of an event, several probability concepts
may be used. However, with respect to
mountain hazards, the probability of the
event itself is often not quantifiable due
to a lack of measurement data resulting
from the complexity between cause and
effect [Fuchs & McAlpin, 2005; Vilchek et al,,
2005]. Consequently, the probability of the
main triggering mechanism (e.g., recurrence
interval of meteorological phenomena) or
the probability to reach a defined point
during run-out in the deposition area will
be used as a proxy instead, which results
in considerable uncertainties of the hazard
assessment [Mazzorana & Fuchs, 2010].
Therefore it is necessary to explicitly
define the probability value to be used in
a set of calculations. Despite considerable
efforts to propose the likelihood of process
occurrence in a particular catchment, there
are no rigorous methods that allow a strict
assessment for the determination of an exact
probability of occurrence sofar, neither based
on physical characteristics of a catchment
nor statistical analyses [Fuchs et al, 2008]. The
(heuristically gathered) information available
on past process magnitudes is often the most
reliable indication. Quantitative methods to
characterize processes can be divided into
two different approaches [Fuchs et al., 2008]:
(1) statistical and probabilistic prediction
analysis;and (2) process-based and numerical
analysis. In contrast to qualitative methods,
quantitative approaches draw comparisons
and/or classifications of different process
events in a more comprehensible style. Thus,
quantitative methods are widely applied for
hazard analyses on a federal and regional
scales [Fuchs et al,, 2004; Shnyparkov, 2004].

RISK ASSESSMENT

Integrated  investigations, aimed at
developing methodologies and techniques
of risk assessment and possible damage
evaluationconnectedwithvariousdangerous
natural processes and phenomena, are

ENVIRONMENT
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being conducted in the Research Laboratory
of Snow Avalanches and Debris Flows for
a long time. More recently they become
also part of the research activity of the
Natural Risk Assessment Laboratory (Faculty
of Geography, M.V. Lomonosov Moscow
State University). These methodologies and
techniques can be used in different scales
and allow to get necessary estimations for
local population, migrating people and
tourists, as well as for many categories of
protected systems — roads, railways, means
of transportation, etc. To encourage a
consistent methodology of general use,
irrespective of the hazard or risk, in this
paper a method of individual avalanche risk
assessment for large mountain regions, as
an example of wider use, is presented. It was
elaborated on the basis of the methodology
suggested and already tested for karst risk
evaluation by Yolkin [2004].

Avalanche risk includes the probability of
various losses caused by snow avalanche
impact over a definite period of time in the
certain area [Myagkov, 1995b]. These losses
can be expressed by use of different indices:

¢ Annual number of fatalities;

* Probability of decease of an individual
from the particular group of people living
within the given area permanently or
staying there temporarily;

* Probable damage magnitude;

e Probable proportion of destroyed
and damaged buildings and other
constructions;

e Probable costs of forced stoppage
emerged in transportation systems as a
result of avalanche activity.

Possible damage evaluation takes into
account various social and economic
parameters, as well as a number of avalanche
activity characteristics, which determine
the probability of losses [Molotkov, 1992;
Seliverstov, 1992]. Thematic maps compiled

by researchers of the MSU Faculty of
Geography [Kotlyakov, 1997] were used as
the principal source of snow and avalanche
information. Calculations were made with
the help of GIS Maplinfo. All areas under
investigation were divided into exact squares
(grid cells), each side of which equalled
3 km on the map applied as a basis for
estimation.

To get the values of avalanche risk indices for
all grid cells subsequent calculations of the
following parameters were made:

Population vulnerability in time (v,): This
index defines the duration of stay (time
of exposure) of an individual in avalanche
hazard areas during the average day and year.
It is estimated as a function of the duration
of stay of an individual and his possible
location within the dangerous territory:

=l b 3)
24 365

where t, is the average duration of stay of a
typical local individual within the dangerous
territory during one day, t, is the average
duration of stay of a typical local individual
within the dangerous territory during one
year. The values of t; were estimated on the
basis of expert evaluation and generalization
mainly due to the presence or absence of
human settlements and roads in areas under
investigation. In this project the following
values are applied:

e |f there are no roads and human
settlements, t, is equal to 1 sec;

e |f there are some roads, t; is equal to 1
min;
e |f there are any human settlements, t4 is

equal to 1 hour.

The values of t, correspond to the annual
duration of avalanche danger period (the
number of days).

Population vulnerability in space (V,):
This is a function of a degree in which



a territory is exposed to the impact of
snow avalanches:

V = _y, (4)

where Syisthe area of a hazard zone (exposed
to the impact of natural disaster) within
the territory under investigation, S, is the
total area of the given territory. Small-scale
estimation of this index presents a rather
difficult task. That is why the corresponding
figures were calculated on the basis of
a close correlation, existing between
the susceptibility of a territory to snow
avalanches and such parameters as absolute
height, relative height and landscape type,
proved by Blagoveshchenskii [1991]. To
determine particular values of the index
both hypsometric and landscape maps of
different territories under investigation were
used.

Complete social (collective) avalanche risk (R.)
of fatal accidents among people is a function
of the population vulnerability in time and
space, avalanche frequency and population
density:

Roy=FxdxV,xV, (%)

where F is the recurrence interval of
avalanches, d is the density of population
in the area under investigation. This index
shows the annual number of fatalities as the
result of an avalanche impact.

Individual avalancherisk (R;,4) is the probability
of fatal accident led to the death of an
individual from some group of people within
the territory under investigation for the
period of one year. This index is calculated
by dividing the complete social risk on the
total population of the given area (p):

B (®)
p

Following the recommendations of the

Russian Ministry of Emergency Situations

[Vorob'ev, 2005], three types of zones with

different levels of individual avalanche risk are

distinguished on avalanche risk maps. Values

ind

less than 1-107° indicate acceptable risk
areas, where no special avalanche protection
measures for the population are needed and
new buildings and other constructions can
be erected without restriction. Values from
110 to 1-10™ define the boundaries of
admissible risk areas, where considerable
avalanche protection measures for the
population must be carried out and the
erection of buildings and other constructions
is possible only in combination with large-
scale avalanche control programs, which may
lower individual avalanche risk indices to the
acceptable level. Values more than 1-107
characterize unacceptable risk areas, where
no new construction projects are permitted
and for existing systems and developed lands
a whole set of avalanche control measures is
necessary and compulsory to protect the
population and to lower the level of risk.

AVALANCHE ACTIVITY
AND RISK IN THE KHIBINY MOUNTAINS

In average, the duration of an avalanche-
endangered period in the Khibiny Mountains
is 240 days. The mortis causa were reported
immediately after the first snowfalls.
Normally, the releases of snow avalanches
are noted in October and continue up to
May. In some years the first snow avalanches
releases were observed even in September,
while the last were observed in June. Most of
snow avalanches releases (slightly more than
50%) happen in the period from February
to April.

Practically all the types of snow avalanches
(classification by “cause of formation”
[Akkuratov, 1972]%) can take place in the
Khibiny Mountains. The majority is presented
by the avalanches caused by blizzards (about
80% of the total number of snow avalanches).
During the avalanche-endangered period, in
average, there are 44 days when actual snow
avalanches are observed. From year to year
this number varies from 22 to 71 days. The
repeatability of snow avalanche releases is

*The one, most widely used over several dozen years in USSR
and Russia with awareness on existence of other classifications,
including the International one.
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Fig. 4. The degree of snow avalanche activity:

1-low; 2 - medium; 3 - high

high. In average, 107 avalanches are released
from 50 avalanche catchments observed by
the Centre of Avalanche Safety JSC "Apatit’,
i.e. more than 2 avalanches per year. There

can be more than 10 avalanches per season
from some avalanche catchments. The
volumes of snow avalanches in the Khibiny
Mountains also vary in a wide range: from
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Fig. 5. The quantity of fatalities caused by snow avalanches in the Khibiny Mountains during the
period of registering by the Centre of Avalanche Safety JSC “Apatit” (1935-recent):

Blue - local people; Red - visitors of the region



a few thousands up to hundreds thousands
m?. The maximal volume during the period
of instrumental observations was reported
as 1125 thousand m>.

According to the classification, constructed
on the base of quantity of avalanche paths
per km of thalweg against the repeatability
of avalanches per season [Vikulina, 2009],
most of the region of the Khibiny Mountains
corresponds to a high and medium degree
of snow avalanche activity (Fig. 4).

The total amount of registered fatalities
from the 1930° to 2012 by the Centre of
Avalanche Safety JSC "Apatit” caused by
snow avalanches in the Khibiny Mountains is
164. Their dynamics are presented in Figure
5. Taking the long-term mean quantity of
people in the region as 34 000, the average
implemented individual snow avalanche risk
for whole the area is 6,3-107. This put the
degree of individual snow avalanche risk
to the middle of the scale [Vorob'ev, 2005]
between acceptable and unacceptable. Thus,
any considerable changes in population or
avalanche activity can move the total degree
of risk in any direction. At higher resolution
the variability is high (Fig. 6). Figure 6 also

shows the on-going change in the category
of the majority of the snow avalanches
victims — from the locals to the visiting
tourists.

Figure 6 shows the results of the individual
snow avalanches risk estimation for the
Khibiny Mountains by the method described
above.

CONCLUSIONS

The presented assessment of risk in the
Khibiny Mountains allowed to conclude that
themostoftheanalysedterritory corresponds
to acceptable (<1+107), according to the
recommendations of the Russian Ministry
of Emergency Situations [Vorobev, 2005],
degree of individual snow avalanches risk
(Fig. 6). The areas with admissible (107-107)
and unacceptable (>1-107) degrees of
individual snow avalanche risk (0,5 and 2%
of the total territory respectively) are situated
at the Southeast of the mountain massif,
where most of industry and settlements are
situated. Additionally, the territories with
admissible and unacceptable degree of
individual snow avalanche risk are situated in
the valleys of the rivers Kukisvumchorr and
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Fig. 6. The individual snow avalanche risk in the Khibiny Mountains
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Kuniiok, where most popular winter touristic
routes are. Thus, the main threat from snow
avalanches is to mining industry, motor and
railroads, ski resorts and winter tourists. The
territories with the highest avalanche activity
(Fig. 4) are not the same as the territories
with the highest individual snow avalanches
risk (Fig. 6).

The further development of the territory will,
without doubts, change the pattern presented
by Figure 6. However, at present time the
100% justification of the snow avalanche
forecast is impossible. It also applies to
complete termination of the people access to
the avalanches-endangered slopes during the
avalanche-endangered time periods, which
does not allow expectation of 100% success
in Active Avalanche Control. Due to high cost,
the 100% protection of people by technical
mitigation measures can hardly be expected.
Thus, the spatial and temporal vulnerability
of people to snow avalanches in the Khibiny
Mountains cannot be eliminated. It can be
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