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ABSTRACT

Avalanche runout-distance data from 130 Colorado paths,
90 E. Sierra paths and 52 Coastal Alaska paths are compared
with data obtained from III paths in Western Norway.
Positive correlations between alpha and beta were obtained
from all 4 mountain areas, however considerably more scatter
is observed in data from the 3 U.S. areas than in W. Norway.
A regression equation derived from W. Norway systematically
over-predicts alpha (underpredicts runout distance) in the 3
U.S. mountain areas studied.

INTRODUCTION

Reliable and objective prediction of extreme avalanche runout
distances (the "design avalanche") is often the most important aspect of
land use and engineering in avalanche terrain. When accurate, continuous,
and long-term (200 years or more) historical records are not available or
cannot be deduced.from vegetation damage, analytical procedures must be
applied to objectively estimate the stopping positions of design
avalanches.

The traditional procedure for calculating runout distance has been to
apply a physical model that predicts runout distances and velocities given
assumptions about friction coefficients (Voellmy, 1955; Perla, et. al.,
1980). A major limitation in the application of such physical models is
the sensitivity of predicted avalanche stopping position to the friction
coefficients used in the equations. Furthermore, the friction-term values
used in these physical equations have not been measured; consequently
they must be estimated, based on the experience of the user.

Avalanche-terrain research during the past 12 years has observed
extreme runout distances and related these measured distances to other
measurable features of the avalanche path (Bovis and Mears, 1976; Lied and
Bakkehoi, 1980; Bakkehoi, et. al., 1983; McClung and Lied, 1984; Lied and
Toppe, 1988). This method leads to statistical models in which the
stopping position is predicted from a data set of actual observations and
can be assumed correct to within a given tolerance. The statistical models
have been applied most successfully within the Western Fiords of Norway by
the Norwegian Geotechnical Institute (the "NGI method") and has sometimes
been applied to other mountain areas (Martinelli, 1986). This paper
applies the NGI method to large data sets obtained in Colorado, the E.
Sierra, and Coastal Alaska to determine the reliability of the method in a
variety of terrain and snow climates.
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RUNOUT DATA USED IN STATISTICAL MODELS

Following the procedures used in the NGI method, avalanche profile
data was obtained from the 3 mountain regions studied in the United States.
The measurements obtaine~ from each avalanche_path are shown in Figure 1.
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Figure 1. Avalanche Profile Data

Several profile measurements were obtained from each path, but only 3
will be discussed in this paper: (<X), the "alpha-angle" or mean slope
from the top of the path to the downhill edge of the runout zone; (ji ),
the "beta- angle" or mean slope from the 100 -profile-point to the top of
the path; and (H), the total vertical relief of the path. Only extreme
avalanche events with return periods on the order of 100 years (130 paths
from Colorado, 90 from E. Sierra, 52 from Coastal Alaska, and III from W.
Norway), were included in the data sets as summarized in Table 1.

Table 1. Profile Data Summaries, 4 Mountain Regions

PARAMETER ALASKA SIERRA COLORADO NORWAY
(N=52) (N-90) (N=130) (N=lll)

ALPHA min 18.90 14.00 15.50 18.00

med 25.3 19.8 22.2 27.3
avg 25.4 20.1 22.1 28.2
std 3.2 3.6 3.2 5.8
max 34.2 35.9 30.7 44.0

BETA min 23.0 16.5 18.8 21.7
med 29.5 25.9 27.3 30.1
a~g 29.6 26.3 27.5 31.3
std 3.3 4.1 3.6 5.8
max 38.2 40.7 37.7 52.3

H min 320m 104m 128m nla
med 725 357 549 nla
avg 765 429 543 'l60*
std 245 237 226 260*
max 1400 1145 1134 nla

* Estimated from Lied and Toppe, 1988.
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Table 1 presents the mlnlmum (min), median (med), average (avg),
standard deviation (std), and maximum (max) values for each of the 3
parameters considered in this paper. The avalanche paths from Norway and
Alaska are significantly larger (H is greater), and steeper (0( and~ are
greater) than paths sampled in Colorado and the Sierra. Furthermore, the
sizes of the Colorado and Sierra paths vary over a wider range than those
sampled in Alaska and Norway.

APPLICATION OF THE N.G. I. HETHOD

The procedure developed and applied by the N.G.I. in the western
fiords of Norway (Lied and Toppe, 1988), consists of measuring the t9 
angle on the ground or on a topographic map, predicting the 0< -angle, and
plotting the stopping position as determined from the predicted 0< on the
ground. The prediction equation has the simple linear form

0( = 0.96;9 - 1.70 , (1)

and has been proven reliable on the basis of a high correlation coefficient
(r = 0.93), and a small standard error of the estimate(+ or - 1.40 ).

Figure 2 plotsoc vs ~ for the Norway data set. The earlier N.G.I. work
(Lied and Bakkehoi, 1980; Bakkehoi, et. aI, 1983), utilized multiple
regression equations involving several topographic parameters, however,
recent work has shown that multiple regression,does not improve the
accuracy of the statistical model with the Norway data.
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Figure 2. 0< vsFJfrom Norway (Lied and Toppe, 1988)

The strong correlation between oc and~ in the N.G.I. data has
encouraged application of this method (using the Norway regression
coefficients), to avalanche runout prediction in other parts of the world
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(Martinelli, 1986). Data collected from Colorado, the Sierra, and Alaska
obtained for this study also indicate a positive correlation between 0( and fi
as shown in Table 2. However, none of the correlations are as strong as
those obtained in Norway. As shown in Figures 3, 4, and 5, considerable
scatter results in plots of 0( vs j3 This suggests that the j3 -angle is
not as reliable in predicting 0< in the 3 mountain areas studied here.
Because the standard error of the estimate is also high in the U.S. data,
regression equations similar to Eq. 1 are not presented here. Furthermore,
when the N.G.I. regression line (from Eq. 1 and Figure 2) is plotted on
Figures 3, 4, and 5 for comparison, it is clear that the 0< -angle would be
systematically overestimated (runout would be underestimated) in the 3 U.S.
mountain ranges by application of Eq. 1.

Table 2. Correlation Coefficients between~ and~

Mountain Area

Western Norway
Colorado
Eastern Sierra
Coastal Alaska

II of Paths Correlation (r)

111 0.93
130 0.77
90 0.71
52 0.78
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Figure 3. 0<: vs 13 from Colorado data with N.G.I. regression line
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Figure 5. 0( vs f9 from Alaska data with N.G. I. regression line.
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CONCLUSIONS

The data summaries presented in this paper suggest that the form of the
H.G.I. regression equation for predicting avalanche stopping position which
has proven so reliable in the western fiords of Norway overestimates the ~
angle in Colorado, the E. Sierra, or coastal Alaska. Avalanche runout must
depend on a) avalanche return period, b) snow conditions, and c) avalanche
path terrain, therefore the large degree of scatter in the u.S. data may
also depend on these factors.

The Norway data depends on a long historical record of reliable
observations generally more than one century long, therefore no short
return-period events were included in the data set. In contrast, the U.S.
data depends on obvious distribution of damage in avalanche paths. Only
assumed long return-period avalanches were included, but the true return
period may vary by as much as an order of magnitude (e.g., 30-to-300
years). This random error increases the scatter in the data.

The snow conditions during the times of the design avalanches are
generally unknown. Dry slab conditions probably occur in the majority of
the longest-running cases even in coastal areas, but the mechanical state
of the snow and the tendency for snow entrainment during exceptional
conditions can only be guessed at and is not included in analysis.

Of the 3 factors (a-c) listed above, terrain is the only one that can
be measured and included in an analysis. As Table 1 indicates, the data
populations from Norway and Alaska consist of larger paths than those of
Colorado and the Sierra. These populations of large paths are also steeper
and the differences between f} and ex tends to be smaller in the large
paths. The shorter differences between ,8 and 0( observed in the large
paths may also relate to snow conditions. ~fuen an avalanch~ path spans a
large elevation difference, snow conditions which are unfavorable for long
runouts may be encountered. This may reduce avalanche volume and shorten
the runout distance. The hypothesis that short paths produce relatively
larger differences between ~ and O£ has not been tested in this paper, but
future regression analysis with the u.S. data sets may require including
some measure of path length to improve the prediction of avalanche runout.
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