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JR East currently has in place structural measures for disasters caused 
by earthquakes, rainfall, strong winds, and the like, as well as non-
structural measures for those such as operation control, and such 
measures are implemented in a company-wide manner.  For snow-
related disasters, however, we rely much on technical experience on 
local characteristics of individual regions and lines.  For avalanches 
too, individual workplaces take measures according to their own 
plans for securing against disasters and inspection patrols based 
on guidelines on slope management (1983 version) developed by 
the former Japan National Railways (JNR).  As many years have 
passed since the development of those guidelines, workplaces have 
added their technical experiences to the basic interpretation of 
those guidelines, and as a result, response made varies between 
workplaces.  From the perspective of disaster risk management, 
it is desirable that risk management be implemented under rules 
where response is unified.

In this context, we put together a method of quantitatively 
evacuating risk of avalanches according to the basic flow of the 
guidelines on slope management (1983 version), taking into 
account recent glaciological findings, past research results, technical 
experience at workplaces, and technical evidence by data analysis 
in this research project.  In that work, we attempted to quantify 
and incorporate into such risk evaluation the protective effects of 
structural measures of disaster prevention.

This article will explain the method put together for evaluating 
avalanche risk level with an aim of applying that to slopes with a 
potential for avalanches, and it will report the results of risk level 
evaluation calculated by this evaluation method with for slopes 
along railway lines.

Concept of Evaluation of Avalanche 
Risk Level2

In this method, we evaluate potential risk of avalanches on two 
viewpoints.  One is the risk of avalanches occurring where whether 
or not an avalanche occurs is evaluated.  The other is the risk of 
avalanches reaching and causing damage to tracks.  This concept of 
evaluation has been adopted in the guidelines on slope management 
(1983 version) and in an existing handbook of glaciology.1)

Based on this concept, we define the degree of those two risks 
as the risk level (risk level of occurrence and risk level of reaching 

Introduction1
a given point (hereinafter, “risk level of reach”)) and express the 
total avalanche risk level by multiplying those risk levels.  In 
this research, we attempted to incorporate the protective effects 
of structural measures of disaster prevention in both risk level of 
avalanches occurring and risk level of their reach.  Specifically, as 
shown in the flow in Fig. 1, we incorporate the protective effects for 
both risk level of avalanches occurring and risk level of their reach, 
and we define the risk evaluation grade obtained by multiplying 
those two risk levels as the overall avalanche risk level.

2.1 Risk Level of Avalanches Occurring
We define the risk of avalanches occurring at a given slope as the 
risk level of avalanches occurring.  Whether an avalanche occurs 
or not is the event data expressed as “occurred” or “not occurred”.  
We put together a method of calculating the risk of an avalanche 
occurring as the grade (value from 0 to 100) from a viewpoint of 
statistical probability based on past data.  The following sections 
will explain the extraction of factors behind avalanche occurrence, 
the relationship between the evaluation grade and the probability 
of avalanche occurrence, and how to incorporate the protective 
effect of structural measures.

2.1.1 Setting of Factors Behind Avalanche Occurrence 
Avalanches occur as the result of a complicated combination of 
a variety of factors such as topography (gradient, orientation, 
relative height, slope pattern, etc.), vegetation (density, evergreen 
or deciduous, tree height, tree crown density, forest width, etc.), 
and weather (snowpack, wind direction and speed, temperature, 
humidity, rainfall, insolation, etc.).  It is therefore practical to select 
typical effective factors assumed to greatly influence occurrence of 
avalanches and evaluate avalanche risk according to such typical 
factors.

The basic elements in evaluating risk of avalanche occurrence 
are gradient, vegetation, and snowpack depth.  Past research1) 

Study on Methods of Managing Slopes with 
a Potential for Avalanches

•Keywords: Avalanche, Slope management, Risk level evaluation, Protection effect

Slopes along railway lines where avalanches can cause train operation disruption must be appropriately managed and the condition 
of the snowpack there monitored.  JR East workplaces have set out their own plans for securing against disasters and for inspection 
patrols in terms of slope management and monitoring based on technical experience and other knowledge.  We thus worked on 
development of a method of evaluating risk level of slopes with a potential for avalanches taking into account recent glaciological 
findings and technical experience gained at individual workplaces.  Calculating risk level evaluation grade by applying the developed 
risk level evaluation method, we found that there are four patterns of change in avalanche risk due to change in the condition of the 
snowpack.

*Disaster Prevention Research Laboratory, Research and Development Center of JR East Group

Hiroto Suzuki*Asako Togari* Masahiko Tomori*

Effects of avalanche control
structures (Tables 2 and 3)

Effects of vegetation (Table 4)

Effects of terrain (Table 5)

Effects of avalanche control
structure (Tables 6 and 7)

Risk level of occurrence (2.1) Risk level of reach (2.2)

Overall avalanche risk level

Fig. 1  Flow of Avalanche Risk Level Calculation



36 JR EAST Technical Review-No.27

Special edition paper

2.1.3 Probability of Avalanche Occurrence
The evaluation grade of the risk level of avalanche occurrence of 
a given slope is the total of the evaluation grades of the factors 
shown in Table 1 selected according to the condition of that slope.  
From the total of the evaluation grade, the probability of avalanche 
occurrence can be found using the relationship shown in Fig. 2 as 
explained as follows.

Probability of avalanche occurrence Po can be expressed as in 
formula 2 by the function with the evaluation grade of factors 
behind avalanche—total x of gradient x1, vegetation x2, snowpack 
depth x3, and snow cornice x—as the variable.

To actually find the function, we again used event data 
for occurrence and non-occurrence of avalanches.  For those 
occurrence or non-occurrence events, we calculated the evaluation 
grade per class of factors shown in Table 1.  Using the avalanche 
occurrence and non-occurrence data with the same evaluation 
grade as the population, we calculated probability of occurrence 
from the ratio between occurrence and non-occurrence.  The 
occurrence probabilities (observation data) marked ○ in Fig. 2 
are the actual values obtained in this procedure.  By fitting those 
actual values by the approximation of a high-degree polynomial as 
in formula 3 with coefficients b1 to b5,

we obtained b1 = -4.862 × 10-3, b2 = 3.725 × 10-4, b3 = 9.333,  
b4 = 8.481 × 10, b5 = -1.627 × 102.  The resulting approximation is 
the curve in Fig. 2, and the probabilities of occurrence corresponding 
to the total grades in integers are the values marked ● in Fig. 2.

2.1.4 Protective Effects of Avalanche Control Structures
The probability of avalanche occurrence P0 is the risk level 
assuming no structural avalanche control measures.  When there 
are effective avalanche control structures on the slope to be assessed, 
their effects should be taken into consideration and applied to 
the evaluation grade.  Here, the risk level of avalanche occurrence 
(P) taking account of such protective effect is expressed using the 
correction ratio (α) of the avalanche prevention effect as follows.

As it is difficult to quantitatively assess protective effects of the 
avalanche control structures with sufficient technical evidence, we 
decided to qualitatively represent the level of such effects.  Here, 
we attempted to quantitatively evaluate such qualitative effects by 
empirically allocating to them correction ratio α of the values from 
1.0 to 0.0.  Table 2 shows correction ratio α applied to protective 
structures, fences, and piles, and Table 3 shows that applied 

pointed out the following conditions as basic elements.
· Location with maximum snowpack depth of 1 m or more
· Location without forest effective in preventing avalanches
· Location with slope gradient from 30º to 60º 

In this research, we picked out possible factors behind avalanches 
such as snow cornice and slope orientation in addition to those 
above, and we analyzed by Hayashi's quantification method type II 
using avalanche occurrence data (quantity n = 1,012)1) 2) and non-
occurrence data of the same location of the same winter (quantity 
n = 648)1) 2) to identify the factors and calculate the scores for the 
categories of individual factors.  The event data for occurrence and 
non-occurrence of avalanches used here is extracted by reading 
aerial photos of the Hokuriku Region centering on the Uonuma 
area of Niigata Prefecture and the North Tohoku Region, both in 
winter of 1981 where Japan saw heavy snowfall.  Based on the 
calculated scores, we selected gradient, vegetation, snowpack 
depth, and snow cornice as the four factors.  We handled snow 
cornice as having less affect because it contributes to occurrence 
of an avalanche less than other three factors selected.  We thus did 
not adopt possible factors that contribute less than snow cornice.

2.1.2 Setting of Evaluation Grade by Factor
From the scores of individual classes of factors calculated in 2.1.1, 
we set out avalanche occurrence risk level evaluation grades for 
each factor.  The scores can be positive or negative real numbers, 
but we made evaluation grades to be integers as shown in Table 1.

In order to express scores of individual classes of factors in 
positive or negative real numbers as evaluation grades in positive 
integers, we made parallel translation of the whole data and 
converted them into positive integers so as to make the minimum 
value of the score in the class be zero.  The method of processing1) 
is as shown in formula 1.

Here, Si is the i sequential position score, Smin is the minimum 
score, Isi is the i sequential position evaluation grade (value after 
being converted into integer), and a is the coefficient.  We carried 
out processing by setting coefficient a as the minimum value to 
express the score difference between classes.  Here, we adopted a = 
2.0.1)  The reason is because we thought that it would be difficult to 
express that difference with numbers after the decimal point when 
converting scores into integers by integrating in formula 1.

Factor Class Grade Note

Gradient 
(θ)

1 25° > θ 0

Standard
2 25° ≤ θ < 30° 4
3 30° ≤ θ < 40° 7
4 40° ≤ θ < 55° 10
5 55° ≤ θ 4

Vegetation

1 Bare ground, Grass field, Brush lower than 2 m, 
Tree crown density less than 20% 10

Standard
2 Low trees: Tree crown density 20 - 100%

Middle-height trees: Tree crown density 20 - 50% 9

3 Middle- height trees: Tree crown density greater than 50%
High trees: Tree crown density 20 - 50% 7

4 High trees: Tree crown density greater than 50% 4

Snowpack 
depth (Hs)

1 Hs < 50 cm 0

Standard

2 50 ≤ Hs < 100 cm 3
3 100 ≤ Hs < 150 cm 4
4 150 ≤ Hs < 200 cm 6
5 200 ≤ Hs < 250 cm 7
6 250 ≤ Hs < 300 cm 8
7 Hs ≥ 300 cm 9

Snow 
cornice

1 No snow cornice 0 According to 
the situation2 Snow cornice can trigger avalanches 1

Table 1  Evaluation Grade per Factor of Risk Level
of Avalanche Occurrence 1) (touched up)
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Fig. 2  Relationship between Total Score of Evaluation Grade
per Factor and Avalanche Occurrence Probability
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to stepped structures.  As set in the formula 4, the smaller the 
correction ratio α is, the larger the protective effect.  A correction 
ratio of α 1.0 means that no protective effect is seen.

As a larger protective effect against avalanches can be expected 
on slopes with avalanche prevention structures, fences, piles, and 
other countermeasures, we set α = 0.2 and 0.0 (Table 2).  On the 
other hand, we set the upper limit of the protective effect at α = 
0.5 to stepped structures because it is difficult to build very high 
stepped structures from an engineering perspective, so protective 
effects cannot be set large with stepped structures (Table 3).

In order to allow persons judging in evaluation to select the 
protective effect, i.e. the correction ratio α , with the same criteria, 
we gave definitions like in Table 2 and 3 on the values of the 
correction ratio α based on different viewpoints and explanations 
of conditions per avalanche control structure along with visual 
reference photos.  This is because we think it is important to 
select appropriate correction ratios independently from individual 
judges so as to maintain the quality (accuracy) of the risk level 
evaluation grade.

2.2 Risk Level of Reach for Avalanches
The risk level of reach for avalanches is the risk that an avalanche 
occurring on a slope will reach a given location.  Whether the 
avalanche reaches and damages the location to be assessed 
(tracks, etc. in this research) is expressed by “reached” or “not 
reached” the same as with occurrence of the event in 2.1.  We 
put together a method of calculating the risk level of reach for 
avalanches as the grade (value from 0 to 100) from the viewpoint 
of statistical probability.  The following sections will explain 
the relationship between topographical conditions and the 
probability of avalanche reach and how to incorporate the effects 
of protective structures.

2.2.1 Probability of Avalanche Reach
A traditional empirical method that uses the angle of elevation to 
estimate the area of reach of an avalanche is shown in Fig. 3.3)  In 
this method, it is judged that a surface avalanche does not reach 
the viewing point when the angle of elevation for viewing the 
point of occurrence of the avalanche from that viewing point is 

less than 18º, and also that a total layer avalanche does not reach 
there when that angle is less than 24º.

Fig. 3 shows the geometric relation between the point of 
occurrence of an avalanche, the viewing point, and the angle of 
elevation.  According to knowledge from that traditional method,3) 
the furthest point to which an avalanche that occurs at the point of 
occurrence in Fig. 3 can reach (point of furthest reach) is Point A 
for total layer avalanches and Point B for surface avalanches.  From 
the relation of horizontal distance x1 > x2, we here define Point B 
as the point of furthest reach for every avalanche.  Therefore, at 
Point B where the angle of elevation of the point of occurrence is 
18º, i.e. the point of furthest reach, we can assume the probability 
of avalanche reach to be 0.0 from the aforementioned empirical 
value.3)

Fig. 4 shows the relation between horizontal distance X and 
relative height Y of the route of an avalanche.  The smaller the 
angle of elevation to relative height Y1 is, the larger the horizontal 
distance will be (x3 > x2 > x1).  On straight line Y = tanθmin X that 
represents the relative height at the horizontal distance to a given 
point of furthest reach, the angle of elevation θmin is 18º, so the 
probability of avalanche reach is assumed to be 0.0 as mentioned 
above.  In contrast, when the angle of elevation is θmax where any 
avalanche will reach the viewing point, it can be assumed that the 
probability of avalanche reach is 1.0 on straight line Y = tanθmaxX.  
Assuming the probability whereby an avalanche reaches (stops 
at) an arbitrary viewing point is a probability density function 
conforming to normal distribution, the situation will be as seen 
in the diagram at the upper right of Fig. 4.  Angle of elevation 
and probability of avalanche reach can be represented with a 
cumulative distribution function of the normal distribution.

Past research that compiled event data on angle of elevation and 
reach of avalanches4) compiled statistic data of reach of avalanches 
in Niigata and other areas of the Hokuriku Region as well as of 
the Tohoku Region obtained by reading aerial photos in winter 
(relative heights and distances between points of occurrence and 
reach of avalanches; quantity n = 751).  We used the relative height/
horizontal distance average values and standard deviation, both 
calculated in that past research, as the average angle of elevation 
and standard deviation in our research.  Here, we represent 
the frequency distribution of the angle of elevation by normal 
distribution (dotted line in Fig. 5) with the average value µ = 30º 
on the safe side (actually µ = 33º) and the standard deviation σ = 5º 
(actually σ = 5.1º), and we express the relation to probability of 
avalanche reach by a cumulative distribution function.  The 
cumulative distribution function of the estimated model of the 
probability of avalanche reach calculated is shown with a solid line 
in Fig. 5.  That cumulative distribution function can be found 
from the cumulative value of the normal distribution of the angle 
of elevation shown by the dotted line in Fig. 5 (hatched area in 
Fig. 5).

1.0 0.8 0.5 0.2 0.0

Effects of 
stabilization of 
snowpack on 
slope and 
avalanche 
prevention 
(whether fences 
or piles are 
covered with 
snow or not, 
etc.)

Type Focus Correction of avalanche occurrence risk:α

Avalanche
prevention
structures,
fences, piles

Completely covered 
with snow. No effect 
on surface avalanche.

Snowpack somewhat 
unstable, hanging 
over fence with small 
SB and overflow.

Snowpack slightly 
unstably hangs over 
fence.

Snowpack hangs 
over fence, but looks 
stable.

Fence height is 
sufficient for 
snowpack and 
function effectively.

1.0 0.8 0.5

Whether or not 
stepped structures 
are covered with 
snow.

Type Focus Correction of avalanche occurrence risk:α

Stepped
structures

Lines of stepped structures seen on 
snowpack surface are unclear and 
snowpack is unstable.

Lines of stepped structures seen 
on snowpack surface are vague 
and snowpack is slightly unstable 
with SB.

Lines of stepped structures seen 
on snowpack surface are clear and 
snowpack is stable.

18°

24°

Viewing point B
Horizontal distance: x1
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Fig. 3  Avalanche Reach Distance and Angle of Elevation

Table 2  Correction of Avalanche Occurrence Risk Level by 
Avalanche Control Structures: Avalanche Prevention

Structures, Fences, Piles

Table 3  Correction of Avalanche Occurrence Risk Level by 
Avalanche Control Structures: Stepped Structures
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2.2.2 Protective Effects of Avalanche Control Structure
As with the probability of avalanche occurrence P0 explained in 
2.1.3, the probability of avalanche reach Q0 is the risk level that 
does not take into account protective effects of avalanche control 
structures.  We thus considered and classified the protective effects 
into the following cases.  (1) Effective vegetation is present, (2) 
Effects of topography such as flat land between the slope and the 
track can be expected, and (3) Avalanche control structures are 
on the slope.  The risk level of avalanche reach Q is expressed as 
follows.

Here, β is the correction ratio of the effect of deterring avalanche 
reach, e1 is the risk level correction term of avalanche prevention 
effect by vegetation (1), e2 is the risk level correction term of the 
avalanche prevention effect by the terrain (2), and e3 is the risk level 
correction term of the avalanche prevention effect by avalanche 
control structures (3).

As with correction ratio α of the occurrence of avalanches, it is 
difficult to quantitatively assess those correction terms e1, e2, and e3 
based on technical evidence.  Again as with correction ratio α, we 
thus attempted to quantitatively evaluate such qualitative effects by 
empirically allocating values from 1.0 to 0.0 to correction terms e1, 
e2, and e3.  Tables 4 to 7 show the correction ratios e1, e2, and e3 for 
the correction against risk of avalanche reach applied here.

2.3 Overall Avalanche Risk Level
Overall avalanche risk level D is calculated by the following 
formula with avalanche occurrence risk level P and risk level of 
avalanche reach Q obtained in 2.1 and 2.2 respectively.

In this way, overall avalanche risk level is evaluated based on the 
risk of avalanches occurring and reaching a given point.

For the convenience in calculating the avalanche risk levels 
we came up with in this research and making records of actual 
site situations, we created a format sheet.  Important points in 
evaluation are explained in chapter 3.

Implementation of Avalanche Risk 
Level Evaluation3

As explained in chapter 2, avalanche risk level evaluation for slopes 
along railway lines is feasible.  In this chapter, we will explain 
important points of the actual evaluation procedure.
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Fig. 4  Relationship Between Relative Height and Horizontal 
Distance of Avalanche Route (touched up 2))

1.0 0.8 0.5 0.2 0.0

Avalanche 
accumulation 
space, clearance 
of bridge

Type Focus Correction of risk level of reach due to topography: e2

Form

As slope faces the track at 
a sharp angle, there is no 
space for accumulation of 
avalanche snow between 
slope and track.

Middle-sized space for 
snow accumulation.  
Effectiveness in trapping 
avalanches can be 
expected.

Slope where avalanches 
can occur is on the 
opposite side of a river.  
Avalanches will not likely 
reach.

There is sufficient space 
for accumulation of 
avalanche snow 
compared to avalanche 
scale.  Avalanches will 
not likely reach.

Angle of elevation is 
less than 18º.

Table 5  Correction of Risk Level of Reach Due to Topography

Table 4  Correction of Risk Level of Reach Due to Vegetation

1.0 0.8 0.5 0.2 0.0

Whether or not the 
top is sufficiently 
higher than 
snowpack surface.  
Whether or not 
there is sufficient 
space for 
accumulation of 
debris between 
slope and structure.

Type Focus Correction of risk level of reach due to avalanche control structures : e3

Likely to become 
ineffective at deeper 
snowpack depth.  Not 
expected to be effective 
when completely covered 
with snow.

Expected to be effective 
against relatively small 
avalanches.  Not covered 
with snow, but not 
expected to be effective 
against surface 
avalanches.

Expected to be effective 
against relatively small- 
and mid-scale avalanches 
and against usual 
snowpack of up to 2 m.

Expected to be effective 
against middle-scale 
avalanches if snowpack 
will not become deeper.

Sufficiently high and 
expected to be effective 
against deep avalanches.  
Effective against relatively 
large-scale avalanches.

Inducing 
structures, 
protective 
structures, 
preventive 
structures 
(retaining walls, 
fences, piles,
etc.)

1.0 0.8 0.5 0.2 0.0

Whether or not 
length is 
sufficient for the 
avalanche width.

Type Focus Correction of risk level of reach due to avalanche control structures: e3

Snow shed,
backfill after

forming
open-cut

tunnel

Insufficient for usual 
avalanches.

May be insufficient for 
larger avalanches.

Expected to be effective 
against relatively small 
avalanches.

Sufficient for small- and 
mid-scale avalanches.

Sufficient for middle- and 
large-scale avalanches.

Table 6  Correction  of Risk Level of Reach Due to Control 
Structures (Snow Sheds, Backfill after forming open-cut tunnel)

Table 7  Correction of Risk Level of Reach Due to Control 
Structures (Inducing structures, Protective structures, Preventive structures)
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3.1 Setting Units for Evaluation
Slope units are the units for evaluating risk.  A slope unit is an area 
unit enclosed by ridge lines indicated with contour lines as shown 
in the model diagram of Fig. 6.  They are units where an avalanche 
generated from snowpack in the area slides down at a right angle 
to the contour lines.

3.2 Creating Avalanche Records
We created a format sheet to easily figure out the overall avalanche 
risk level based on the evaluation grade set out to evaluate the risk 
level of an avalanche occurring and reach.  Fig. 7 is an example 
of an entered sheet.  The hatched section is the section to be 
entered by the user who judges the risk based on the evaluation.  
On the right side of the sheet, the assessment results of the ten-
year probable snowpack depth on the slope to be evaluated (here, 
the mesh weather value by the Japan Meteorological Agency) are 
shown for reference.  This is believed to help users with judgment.

A record is to be prepared per slope unit described in 3.1.  In 
the first step of the procedure, users select the evaluation grade 
of each class of individual factors such as gradient, vegetation, 
snowpack depth, and snow cornice shown in Table 1 applicable 
to the slope unit to be evaluated.  Then, users select the correction 
ratio due to the effects of protection against occurring and reach 
so as to calculate the risk level of an avalanche occurring and reach 
and the product of those risks, i.e. the overall avalanche risk level.  
In addition to overall avalanche risk level, non-numeric qualitative 
snow conditions on the slope unit such as snow wrinkles, 
snowballs, and snow cracks are important for identifying avalanche 
risk.  When users have such information, they write enter that 
in the remarks column.  The avalanche record by slope units is 
completed in this way.  

Estimation of Risk Level Based on Recurrence 
Interval Value of Snowpack Depth4

As explained in the previous chapters, putting together of a risk 
evaluation method has enabled calculation of the evaluation grade 
for risk level per slope unit.  The evaluation grade for avalanche 
risk level is subject in part to the predispositions of the slope to be 
evaluated (topography, vegetation, etc.), and such predispositions 
do not change unless environmental change by land development 
occurs or avalanche control structures are installed.  On the 
other hand, the evaluation grade varies according to the depth of 
snowpack even on the same slope and even in the same winter.  In 
order to identify how the evaluation grade varies as the snowpack 
depth changes and what is the upper limit to risk level on individual 
slopes, we decided to make estimations.  Here, the snowpack depth 
is the recurrence interval value obtained by handling past annual 
maximum snowpack depths as the meteorological extreme value.  

4.1 Calculation of the Recurrence Interval Value
Using extreme value statistics in weather statistics, we can know 
that snowpack depth of a certain probability appears.5)  Specifically, 
we can calculate the snowpack depth predicted to appear once in 
the recurrence interval of x years as the x-year probable recurrence 
interval value.

As the extreme value distribution in the extreme value statistics, 
we adopted Gumbel distribution, a theoretical distribution.  At 
snowpack depth observation points along the railway lines and 
other observation points, we collected data of annual maximum 
snowpack depths for many years and figured out the Gumbel 
distribution of each observation point for this estimation.

4.2 Estimation of Risk Level of Avalanche Occurrence
We attempted to make avalanche risk level evaluations on 36 
locations along a railway line (approx. 100 slope units) as model 
estimation.  When setting the avalanche occurrence evaluation 
grade in Table 1 and angle of elevation and determining conditions 
of avalanche control structures, we used topographical charts 
and aerial photos (including winter photos taken diagonally) of 
individual locations that are utilized as reference materials for slope 
management.  The snowpack depths used are 10-year, 20-year, 
30-year, 40-year, 50-year, and 100-year probable recurrence 
interval values obtained at individual observation points in 4.1.  
In addition to calculating the evaluation grades in Table 1 using 
the snowpack depth of the recurrence intervals, we evaluated the 
protective effects of avalanche control structures at such snowpack 
depths based on the aforementioned materials to compute the 
evaluation grade of the overall avalanche risk level of each slope 
unit.  In other words, this estimation is overall estimation based on 
existing reference materials and data.

Fig. 8 to 11 show examples of estimation of avalanche risk 
level.  Expressing the risk level of avalanche occurrence on the 
horizontal axis and the risk level of an avalanche reach on the 
vertical axis, the overall avalanche risk level can be read from the 
marks of the isograms at the upper right of the diagram.  Each 
diagram shows the evaluation results of a model slope unit, and 
the six line plots in each figure show the risk with the 10-year, 
20-year, 30-year, 40-year, 50-year, and 100-year probable 
snowpack depth respectively.  Based on those estimation results 
at the model locations, we could classify the avalanche risk levels 
into four patterns from A to D.  The characteristics of individual 
patterns are as follows.
(1)  Pattern A: Overall avalanche risk level < 40 at 100-year probable 

snowpack depth
As seen in Fig. 8, overall avalanche risk level of the slope 

evaluated is not high with this pattern, even at the 100-year 
probable snowpack depth.  Unless environmental change is caused 
by large-scale forest logging or land development, such slopes can 
be excluded from avalanche risk control.
(2)  Pattern B: Overall avalanche risk level ≥ 40 at 10-year probable 

snowpack depth
In contrast to with Pattern A, overall avalanche risk level grade 

of the slope assessed is larger than 40 even at the 10-year probable 
snowpack depth with Pattern B that shows a tendency opposite to 
that of Pattern A.  As seen with the example in Fig. 9, the avalanche 
risk level is quite high even at the relatively frequent 10-year 
probable snow depth, so structural measures and the like should 
be considered for such slopes.
(3)  Pattern C: Overall avalanche risk level ≥ 40 at 100-year 

probable snowpack depth, with risk level of avalanches reach 
remaining the same

Mountainside
avalanche

in relation to Point A

Stream avalanche slope

Mountainside
avalanche slope

Mountainside
avalanche slope

Slope

Fig. 6  Concept of Avalanche Slope Division
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With this pattern, the overall avalanche 
risk level grade of the slope evaluated is larger 
than 40 at the 100-year probable snowpack 
depth; however, it is characterized by risk level of 
avalanches reach remaining the same (Fig. 10), 
meaning the overall avalanche risk level depends 
on change to the value of risk level of avalanche 
occurrence.  It is thus expected that structural 
measures against occurrence of avalanches will 
be effective.
(4)  Pattern D: Overall avalanche risk level ≥ 40 

at the 100-year probable snowpack depth
Pattern D is the pattern that does not 

fit Patterns A to C.  With this pattern, total 
avalanche risk level grade is larger than 40 at 
the 100-year probable snowpack depth on the 
slope evaluated (Fig. 11).  In accordance with 
the change of the plotted line, we can consider 
effective types of avalanche control structures in 
advance, set the probable number of years for 
snowpack depth according to the importance 
of the facilities to be protected (rail lines, etc.), 
and consider other measures.

Future Plans5
We put together a new avalanche risk level evaluation method 
based on technical evidence with the aim of applying that method 
to avalanche control on slopes.  Applying the assessment method, 
we estimated the avalanche risk level for 36 model locations 
(approx. 100 slopes), and looked at the tendency of risk change at 
the statistically assumed snowpack depth.

We plan to make further estimations and considerations on 
more slopes in addition to those in this research and incorporate 
the results in new avalanche control guidelines.
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10-year probable 20-year probable 30-year probable 40-year probable 50-year probable 100-year probable

Fig. 8  Overall Avalanche Risk 
Level < 40 at 100-year Probable 

Snowpack Depth (Pattern A)

Fig. 10  Overall Avalanche Risk 
Level ≥ 40 at 100-year Probable 

Snow Depth, Risk Level of Reach 
Remaining the Same (Pattern C)

Fig. 9  Overall Avalanche Risk 
Level ≥ 40 at 10-year Probable 

Snow Depth (Pattern B)

Fig. 11  Overall Avalanche Risk 
Level ≥ 40 at 100-year Probable 

Snow Depth (Pattern D)

Serial No.,                  Suffix (1) Risk level per divided 
slope Survey date Line Surveyor Section Kilometerage

Basic conditions Conditions on the day Iiyama Line
Between 
Kamidaki 
and Kami-

Kuwanagawa

34km480m - 
34km735m

Occurrence/Reach Factor Condition Eval. Condition Eval. Slope assessed (upper), photo on the day (lower)

photo on the day (lower)

Occurrence factors

Gradient (   º) 40 - 49 10 Gradient (   °) 40 - 49 10

Vegetation (nil/little/medium/
dense) Medium 7 Vegetation of the day

Snow cornice nil Snow cornice of the day

10-year probable snowpack 
depth (cm) 290 8 Snowpack depth of the day                  cm, 

observation point (                                    )

Total evaluation score 25 Total evaluation score of the day 10

Risk level of occurrence P0 50 Risk level of occurrence of the day P0 

Preventive control structure No / Yes (            ) No / Yes (   )

Effective height m How much structure is seen on snow cover       m

Area / length Same as the left if no change                               0

Effect of control structure α 1.0 α of the day 1.0

Risk level of occurrence P = α × P0 50 Risk level of occurrence P 0

Comment on 
occurrence area

Condition of upper slope on the day

*Enter information about snowballs, snow cracks, snow 
cornices, snow cover condition, etc.

Condition of upper slope on the day

*Enter special remarks, if any

Reach factors

View angle (   º), Reach risk Q0 36 88 View angle (   º), 
Reach risk Q0

36.0 88

Vegetation protection effect e1 0.9 e1 of the day Yes / No 1.0

Control structure No / yes (            ) Control structure No / Yes (            )

*Effective height m Effective height How much structure is 
seen,                        m

*Area / length Area / length 0

Control structure protection 
effect e2

nil 1.0 e2 of the day Yes / No 1.0

Topography protection effect e3 nil 1.0 e3 of the day Yes / No 1.0

Reach risk Q = β × Q0 = e1 × e2 × e3 × Q0 79 Q of the day 88

Comments 
on route, 

accumulation 
area

Condition of mid slope to lower slope (to track) on the day

*Enter condition (approach to/reach track) of route, 
accumulation debris (accumulated after avalanche), etc.

Condition of mid slope to lower slope (to track) 
on the day

*Enter remarks, if any

Total avalanche 
risk level D

D =  Risk level of occurrence P/100 × Risk level 
of reach Q/100 40 D of the day 0

Avalanche history, 
signs, other 

remarks on slope

Past history, signs, etc. General condition on the day

Note

*Enter condition of the day (in hatched area).
*Select snowpack depth observation point of the day from PreDAS, AMeDAS, or other (direct measurement on the slope, etc.)

Surveyor, 
Checker

Dept.

Name

Enter existence of dangerous snow 
cornice on ridgeline as yes / no.

Qualitatively assess vegetation 
on the day in on a scale of 1 to 4.

Enter grade applicable to 
vegetation condition.

Enter snowpack depth on the 
day and applicable point.

Enter grade if snow cornice can 
be the cause of avalanches.

Enter grade applicable to the 
total evaluation score.

Judge any effect of control 
structure on a scale of 1 to 5, 
and enter correction ratio.

Judge near-track vegetation 
effect a on a scale of 1 to 4, and 
enter correction ratio.

Judge snow coverage condition 
of fence etc., and enter 
effective height.

Judge protective structure 
effect on a scale of 1 to 5, and 
enter correction ratio.

Judge avalanche capture effect 
by space on a scale of 1 to 5, 
and enter correction ratio.

Automatically calculated

Automatically calculated

Automatically calculated

Fig. 7  Example of Avalanche Record (hatched area:to be entered by user)




