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AVALANCHE AND MUDFLOW RISK MAPPING METHODS FOR ROAD
TRAFFIC AND POPULATION

Y.B.Andreev, A.N. Bozhinsky, T.L.Sidorova'

ABSTRACT

The mapping methodology of probable damages due to snow avalanches and
mudflow activity is considered on the base of according hazard maps and highway
traffic and population density statistics. Formulae, elaborated by the authors earlier, are
used for risk assessment. The level of risk is determined for the different sections of the
road from Zayukovo to Azau and for the settlements Terskol and Azau (Northern
Caucasus, Russia). The maps of avalanche and mudflow risk were produced for these
territories.

INTRODUCTION

Snow avalanches and mudflows are natural disasters phenomena and widely
spread on the planet. As a rule, the mapping of avalanches and mudflows relates mainly
to its geographical aspects. The paper deals also with an estimation of the level of risk
for various infrastructure in the avalanche and mudflow hazardous regions.

The goal of the paper is to consider the method of risk map compilation and to
estimate the level of risk caused by snow avalanches and mudflows for a highway and
settlements in the Baksan river valley in the Northern Caucasus.

! Research Laboratory of Snow Avalanches and Mudflows, Faculty of Geography, Moscow State University,
119899 Moscow, Russia.
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RISK ASSESSMENT FORMULA AND CLASSIFICATION SCHEME

For the risk assessment we have used the next equation(Andreev and Bozhinsky,
1994):

R= amk e(l/u)q j (D
where:
R - risk index, fatalities/year,
o - part of avalanche (mudflow) hazardous time in traffic schedule,
k - probability of road overlapping by an avalanche (mudflow),
® - avalanche (mudflow) occurrence , 1/year,
m - number of paths with equal avalanche (mudflow) occurrence over the given
sections,
1 - average length of hazardous sections, km,
u - average travelling velocity across the sections, km/h,
q - average number of passengers in an average personal and public transport
vehicle,
j - transport flow, 1/h.

In case that within some endangered road sections there are paths with essentially
different avalanche (mudflow) occurrences, it is necessary instead to use of mkol in
equation (1) the expression:

m
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Here it is interesting to consider the case when a road crosses the avalanche
hazard zone with variable overlap frequency (Figure 1).
In this case, the risk index might be calculated as the integral:

I
R=oqj [y(hdl (2)
I
y(I) = ko is the variable overlap frequency, the indices r and | refer to left and
right edges of the hazard zone.
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Figure 1. The crossing of a road by avalanches with variable overlap frequency:
| is the coordinate across the hazard zone

li, I; are the left and right edge of the hazard zone, respectively

v is the variable frequency of avalanches

Yo, y* are the minimal and maximal frequency, respectively

The avalanche release frequency decreases regularly with the distance from the axis of
the avalanche path and may be approximated with sufficient accuracy by a reciprocally
proportional or exponential function. The estimation on the base of such an
approximation demonstrated that the integral risk does not exceed value of aq jyo (I -L).
However, it can exceed by an order of magnitude the risk value, calculated with y=y*.

The risk assessment values may be ranged according to the next classification
table (Andreev and Bozhinsky, 1992; Andreev et al., 1994).

Table 1. Risk ranging by the number of fatalities in a year.

Risk level Number of fatalities

I 10° -10
I 10" -10°
m 10% -10"
% 10% -107?
v 10* -10?
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AVALANCHE RISK LEVEL AND MAP FOR THE TERSKOL - AZAU

ROAD

In order to estimate the flow of passengers the authors have used the traffic
statistics during the 80-th in the Baksan valley. The other parameters in equation (1)
were determined on the base of the large scale avalanche hazard map of the region, scale

1: 50 000, produced by Faculty of Geography, Moscow State University.

As a result, the risk assessment values were calculated and then put on the
avalanche hazard map (Figure 2). The corresponding risk values are presented in Tab.2.
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Figure 2. The avalanche risk map for the Terskol - Azau road. 1 - avalanche path
road sections numbers; 3 - borders of the zones with
various avalanche frequency ; 4 - one avalanche event per 10 years; 5 - one
avalanche event per 50 years; 6 - one avalanche event per 100 years; 7 - the road; 8

borders; 2 - hazardous

- settlements; 9 - I1I level of risk; 10 - [V level of risk.
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Table 2. The avalanche risk level along various sections for the Terskol -Azau road (for
notions, see equation 1).

Sect o y* m 1 U q j R Risk
-No [-] [-] [] [km] [km/h] [-] [-/h] level
1 0,4 0,0 1 0,40 60 6 30 5%1073 v
1
Gl 0,4 0,0 1 0,15 60 6 30 2107 v
1
3 0,4 0,0 1 0,75 60 6 30 3x107 11
2
4 0,4 0,0 1 0,08 60 6 30 3x107 v
1
5 0,4 0,0 1 0,07 60 6 30 3x10° v
2

MUDFLOW RISK MAP FOR THE HIGHWAY SECTION ZAYUKOVO - AZAU

The mudflow risk map for the highway section Zayukovo - Azau (Fig.3) was
prepared in the same way, based on the medium-scale mudflow hazard map for the
Baksan valley (scale 1: 200 000, Seinova, Perov 1990). In the Figures 2 and 3 the
different risk symbol systems have been used due to the different scales of the maps: on
the large scale map - linear symbols, on the medium scale - punches.

A potential user of such maps should consider the fact that the general risk
(while travelling along the road driving) is calculated by summing up several section
risk values. So the maps show hazardous road sections and allow to assess the risk of
travelling. The aim of these estimations is to show the potential risk in case of absence
of prevention measures such as “storm warning” and hazardous road sections blocking
for traffic. So these maps are important tools for road and prevention constructors, as
well as they could be used by rescue and emergency services, insurance offices,
administrations of settlements, resorts and tourist bases, etc.
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Figure 3. The mudflow risk map for the Zayukovo - Azau road. 1 - the borders of
mudflow basins, mudflow tributaries; 2 - road; 3 - settlements; 4- III risk level;
5 - IV risk level; 6 - V risk level.

An Example of Risk assessment for Areal Infrastructure

The authors have attempted to assess avalanche risk for areal infrastructure of
the settlements of Terskol and Azau. In this case the working risk equation is:

R= 8y mpN 3)

& - probable part of residents at home during avalanche hazardous time period,
N - general resident number in the avalanche hazardous zone,

B - possibility of total building destruction,

y - occurrence of avalanches in the considered area, 1/year;

m - number of paths with approximately equal avalanche occurrences in the area.
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For Terskol (6 ~ 0.5, B ~ 0.5) the risk assessment is 0.3 fatalities per year, i.e.
approximately 30 fatalities in 100 years. For Azau the risk is 0.1 (10 fatalities in 100
years). Unfortunately, the risk for the residents of Terskol and Azau is not the potential,
but the real one, since prediction in time and preventive protection measures are not

always effective.
\

CONCLUSIONS

In conclusion we give a list of basis necessary for an estimation of avalanche -
mudflow risks:
I.  Anavalanche (mudflow) hazard map.
2. The traffic statistics and population data for hazardous territories.

Usually, the traffic intensity along the hazardous road sections is not constant
within different periods of time. Also, it is helpful to estimate the “standardized” risk. It
is possible to recalculate the level of the risk, using the special diagram (Figure 4), for
example, taking the traffic density as of 100 cars/ hour. :
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Figure 4. The relations between the level of risk and changing of the traffic density.
Points 1,2,3 and 4 show the risk level for different road sections taking the
traffic density to be 100 cars per hour.
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The above mentioned method allows an estimating the risk level of snow
avalanches and mudflows and a preparation of special risk maps for a territory of
interest.
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