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AVALANCHE HAZARD AND THE SOLUNAR CYCLE l

R. A. Sommerfeld, R. M. King and J. R. Bowles 2

Abstract.-~A statistical analysis of avalanche
accidents in North America indicated that there is a strong
relationship between accidents and time of day because of
variations in the exposure of people to potential avalanches
with time of day. No relationship to solunar tidal forces
was found.
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THE LEV-MOHWINKEL ANALYSIS

Lev and Mohwinkel (1980) presented a
statistical argument to support the relationship
of snow stability and the solunar maximum.
Essentially their argument was as follows. The
areas within the higher risk zones (high and
moderate in fig. 1) approximately equal the area

A new contributory factor (Atwater 1954) to
snow slope instability was proposed by Lev and
Mohwinkel (1980). They contended that, other
factors being equal, snow stability rises and
falls in a complicated way depending on the time
of the maximum vertical tidal force: the "solunar
maximum" (Knight 1983) and the day of the lunar
month. Figure 1a shows a diagram (Lev and
Mohwinkel 1981) which purports to show the level
of snow slope stability as a function of the lunar
phase and the solunar time. Their zones are based
on an analysis of avalanche accidents mainly
involving skiers and mountaineers. Figure 1b is a
replot of figure 1a arranged to show the time of
day relationship more clearly. Also shown is the
time trace of the solunar maximum (Knight 1983).
The higher risk areas appear twice because the
solunar maxima are similar during the full and the
new moon. Lev and Mohwinkel also claimed that the
same high risk occurs around midnight, because the
solunar force reaches a maximum twice a day. 3

However, we have not reproduced that part of their
diagram. There are only a few records of
accurately timed avalanches at night, because
there is much less human activity at night.
Excluding the nighttime period does not decrease
the validity of the statistical analysis presented
in this paper.

lpaper presented at the International Snow
Science Workshop, Aspen, Colorado, October 24-27,
1984.
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2Richard A. Sommerfeld is a Geologist,
Rudy M. King is the Station Biometrician, and
Jonothan R. Bowles is a Physical Science
Technician, all at the Rocky Mountain Forest and
Range Experiment Station, Fort Collins, CO.

3Lev , P., and C. Mohwinkel. 1981. Periodic
patterns in snow stability. Unpublished
manuscript.

Figure 1.--Lev and Mohwinkel's (1980) hazard
zones. Figure 1a is their diagram and 1b is
replotted to show the relationship to time of
day.

in the low risk zone. However, the number of
avalanche accidents within the high risk zones is
much larger than within the low risk zone.
Therefore, the snow must be more unstable in the
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Exposure varies during the day. It is very
low in the late night and early morning and peaks
just after noon, simply because more people ski
during the day than during the night.. Figure 2
shows a plot of cross-country ski use versus time
of day (Rosenthal 1977). It is readily seen that
when other factors are equal, the number of
observed avalanches should begin to increase
between 0800 and 0900 hours, because the number of
potential observers and victims starts to increase
at that time. Also, the number should decrease
greatly at about 1700 hours. This means that not
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The times of the solunar maxima vary somewhat over
a 19-year period. The times indicated in figure 1b
are for January 14 to February 13, 1983. However,
the diagram is based on data relating to avalanche
hazard (the occurrence of avalanche activity as it
relates to man and his studies), not to snow slope
stability directly. The difference is that
avalanche hazard is composed of two components: it
is (1) inversely related to snow stability and
(2) directly related to exposure, the degree to
which people are exposed to potential avalanches
(Avalanche Review 1984). We would like to
emphasize that the data on which figure 1 was
based consisted almost exclusively of avalanche
accidents in or around ski areas or associated
with ~ountaineering expeditions. The data that
did not represent accidents still had people
involved as observers. Lev and Mohwinkel (1981)
were forced to use avalanche accidents in their
analysis because they needed an accurate time for
each avalanche. Actually, there are very few
cases where avalanche occurrence times are known
and people are not involved as either victims or
observers. This provides a clue about a possible
lurking variable. Perhaps the variable that
caused the correlation that Lev and Mohwinkel
(1981) observed was the exposure of people to
avalanches and not snow stability. (For the sake
of brevity in what follows, we will use exposure
to mean the exposure of people to potential
avalanches. This is not to be confused with the
term that means slope orientation.)

high risk zones than in the low risk zone.
Furthermore, because the higher risk zones are a
function of the times of the so lunar maxima, it is
possible to predict when the slope stability is low.

POSSIBLE REASONS FOR THE CORRELATION

HAZARD, STABILITY AND EXPOSURE

Clearly, they assumed that the intensity of
observation of avalanches is the same (per area)
in their three different hazard zones because they
assumed that if the snow stahility were equal
(their null hypothesi.s), the different areas would
have similar numbers of avalanches accidents.

Three different reasons could explain the
correlation found by Lev and Mohwinkel (1981):
(1) The solunar tables published by Knight (l983)
are intended for the use of hunters and fishermen.
They claim to show the times when animals are most
active and, therefore, most likely to be caught.
Perhaps Lev and Mohwinkel (1981) applied the same
reasoning to skiers. (2) There have been claims
that the weather is subject to periodic variation
with a cycle the same as the moon. Weather is
known to have a major effect on avalanches, so
that a cycle in the weather would be expected to
cause a similar cycle in snow stability. (3) Some
variable that was not considered in Lev and
Mohwinkel's (1981) analysis is actually responsible
for the correlation. In statistics this is called
a "lurking variable" (Box 1966, Joiner 1981). Tbe
evidence that follows shows that this is probably
the reason for the correlation.

The diagram in figure 1b is a replot of the
Lev and Mohwinkel diagram arranged to show the
relationship of the hazard periods to time of day.

The tidal forces on the snow are about one
ten millionth of the force of gravity holding the
snow on the slope. 4 The force difference that
could be caused by the tidal force is much less
than the force difference caused by a skier
carrying an extra chocolate bar. It is about the
difference in force that an extra 0.0004 mm of
snow on a 1 m pack would cause. Also, because of
the complicated relationship between the solunar
maximum and claimed instability maximum, the
direction of the force varies between vertical
(full and new moon) and horizontal (first and last
quarters) during the lunar cycle. These
circumstances make it impossible that the tidal
force could make any detectable difference in the
snow stability. Therefore, some other explanation
for the results of Lev and Mohwinkel's (1981)
statistical study must exist. They recognized the
unlikelihood of the physical force being directly
responsible for their observed correlation, but
still felt that the effect is real even if the
cause is unknown.

4LaChapelle, E. R. [n.d.] Earth tides and
avalanches. Unpublished manuscript.

Figure 2--Percent of cross-country skiers skiing
versus time at Brainard Lake and East Portal,
Colorado, during the winter of 1976-77. From
Rosenthal (1977).
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general public. Also, figure 2 only represents
the cross-country segment of the exposed population.

Figure 4--Number of accidents versus time of day
from the file AVICTIM.

We performed simple chi-square tests of the
null hypothesis that the number of avalanche
accidents is proportional to the area inside and
outside Lev and Mohwinkel's (1981) higher hazard
zones (high and moderate hazard in fig. 1). This
is similar to the test they performed in which
they concluded that there were significantly
more accidents within their higher hazard zones.
The chi-square test is used to determine if it is
probable that two sets of data are different. In
this case: is the avalanche hazard different
inside and outside the Lev areas? If the p value
that corresponds to the chi-square value is less
than 0.05, the data sets probably are different.
As the p value grows larger, it becomes increasingly
more probable that the data sets are the same: in
statistical jargon, that the null hypothesis is
accepted. The results are as shown in table 1.
There are significantly more occurrences in the
higher risk zone than in the lower risk zone when
the time interval is from 0600 to 1800 hours.
However, as discussed previously, the two zones
have different probabilities of avalanche
observation as the result of the variation in
exposure with time of day, and they cannot be
weighted equally when testing snow stability as
Lev and Mohwinkel (1981) did. Therefore, we
progressively limited the time range to see how
the viability of the hypothesis changed as the
exposure level between the zones became more
equal. Table 1 shows that the significance
disappears as the time limits are narrowed.
indicating that the only significant correlation
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ANALYSIS

The data we used for our analysis is a record
of avalanche accidents compiled by B. Armstrong of
the Colorado Avalanche Information Center. This
set overlaps that of Lev and Mohwinkel (1981)
which was not readily available to us. It has
been screened for errors several times. Figure 3
shows a plot of these data. The times of the
solunar maxima are shown in figures 3 and 5 as
approximate average times, because the exact times
vary on a 19-year cycle. Note that the X-axis in
figure 3 is days before full moon, reversing the
usual direction of increasing time. No grouping
related to lunar phase is apparent. Figure 4
shows a plot of the number of accidents versus
time of day using the same data. It is very
similar in form to the plot in figure 2 although
the accidents appear to start a little earlier and
end a little later than figure 2 indicates.
Perhaps this is because the Ski Patrol is not
represented in figure 2. They are more exposed and
tend to be out earlier and in later than the

all time periods have equal probabilities of
avalanches being observed. The probability of
observing an avalanche was more than 25 times as
great at noon than at 0600 during Rosenthal's
(1977) study. Therefore, Lev and Mohwinkel (1981)
should not have assumed that the probability of
avalanche observation was simply proportional to
the areas within their different zones. In
effect, they equated the probability of avalanche
occurrence with the probability of avalanche
observation. To test the relationship of snow
stability and the solunar cycle, some method of
compensating for the variation of exposure with
time of day must be included in the analysis. The
method we chose was to see how the analysis
changed as we changed the range of times.

Figure 3--Avalanche accidents from the file
AVICTIM. The Y-axis is time of day and the
X-axis is days before the full moon. Note
that the direction of time on the X-axis is
opposite from the usual convention.
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Table 1--All accidents from AVICTIM. Degrees of
Freedom = 1.

Table 2--Non-storm accidents from AVICTIM.
Degrees of Freedom 1.

Lev and Mohwinkel (1981) asserted that their
analysis was only valid for avalanches not related
to recent storm events. They believe that storms
create an overriding effect that cannot be taken
into account in their analysis. We don't believe
this explanation is valid. If storm events caused
instabilities that were randomly distributed
throughout the solunar cycle, the avalanches that
were caused by storms would form a randomly
distributed background to the other avalanches,
and the effect of a solunar cycle still should be
detectible. However, if there is a solunar
periodicity in the weather, elimination of storm
related avalanches should cause the remaining
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Figure 5--Avalanche accidents that were not storm
related from the file AVICTIM. The Y-axis is
time of day and the X-axis is days before and
after the full and new moon, similar to
figure 1a.

day and the number of observed avalanches, because
the number of observed avalanches depends on the
number of observers. There is no evidence in the
best available collection of avalanche accident
data of a solunar cycle in snow slope stability.
The correlation that has been claimed is the
result of the fact that more observers are available
during the day than during the night •. The solunar
method of avalanche prediction only works in that
it predicts that more people are exposed to
avalanches during the day than during the night.
That prediction is not very helpful in the
operational evaluation of snow slope stability.

p

« . 0001
< • 0001

.0033

.2232

.2794

45.3974
26.7176
8.6349
1.4835
1.1677

Chi-SquareTime Period

in these data is with time of day which is closely
related to exposure. The change in chi-square is
abrupt as the time limits cross the usual range of
the skiing day (0900-1600), providing additional
evidence that it is the exposure part of the
avalanche hazard and not slope stability that is
important in the correlation. There is a slight
inaccuracy in this study, because we used the
average positions of the Lev zones on the time of
day, lunar day coordinates. Statistically, this
difference might be important if the results of
the chi-square analysis were marginal. However,
the results given in table 1 as the time range is
decreased is very clear and would not be changed
by eliminating this slight inaccuracy.

hours
0600-1800
0700-1800
0800-1700
0900-1600
1000-1500

Time Period Chi-Square p
hours

0600-1800 12.3333 .0004
0700-1800 7.2369 .0071
0800-1700 •8527 .3558
0900-1600 .3556 .5510
1000-1500 .1954 .6585

avalanches to exhibit a complimentary periodicity.
Therefore, we extracted the set of avalanches
where there was no evidence of snowfall in the
prior 24 hours (fig. 5) and performed similar
chi-square tests. These results are shown in
table 2. They are similar to the results in
table I, and indicate that there is no important
lunar periodicity in snow stability caused by the
weather.

CONCLUSIONS

This analysis found no correlation between
the solunar cycle and observed avalanches; no
weather related lunar periodicity in snow stability;
and a very strong correlation between the time of
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