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THE USE OF TIME LAPSE PHOTOGRAPHY

TO MONITOR AVALANCHE ACTIVITY AND

SNOW BEHAVIOURI

H.J. McPherson2

3F. de Scally

J.S. Gardner
4

Abstract. The development and use of a time lapse
camera system to continuously monitor avalanche activity on
two paths in Kananaskis Country Alberta is described. Wet
snow and dry snow soft slab avalanches predominated with
over 47 separate events of size 2 or larger being recorded
during the winter of 1982-1983.

INTRODUCTION

A major constraint to avalanche research has
been the lqck of detailed continuous records on
avalanche activity at specific sites. Usually
information on avalanche size and occurrence
is provided by observors'who visit at intervals.
While these observations are useful for identi
fying major events they do not provide a complete
record and small and intermediate sized avalanches
are often missed. Unless the observor is lucky
enough to be at the site during or immediately
af ter the event much valuable da ta on the nature
of the release and snow and wea ther cond i tions
at the time of the failure are lost.

During the winters of 1981-1982 and 1982-1983
a time lapse photography system was developed to
continuously monitor avalanche activity. The use
of photography in avalanche research is not'new.
A number of investigators, Kahn (1966a, 1966b,
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1972), Van Wijk (1967), Akitaya (1973) and Dent
and Lang (1982) have used a variety of photo
graphic techniques including photogrammetry, still
photographs, video and motion pictures photography
to study different aspects of avalanche behaviour.
Although time lapse photography has been employed
successfully in other disciplines to monitor
natural events Banner and Van Everdingen (1979)
it has not been applied to any major extent to
continuously monitor avalanche activity over an
entire season.

This paper describes a simple time lapse
photography system that was used to study
avalanche activity on two avalanche paths in the
Canadian Rockies over a 2 year period and some
of more important findings on the types of ava
lanch,es, causes of. release and opera tion of the
camera system.

STUDY AREA

The research was undertaken in Kananaskis
country in Southwestern Alberta. This area lies
mainly in the Front Ranges subprovince of the
Canadian Rockies about 75 kilometers southwest
of the city of Calgary. The topography is very
rugged and the area has large numbers of very
active avalanche paths. Over the past 7 years
the region has been developed into a major
recreation center by the government of Alberta.
With the opening of Kananaskis country to winter
recreationists considerable attention has been
focussed on the avalanche hazard in the region
and a number of research studies Gardner et al
(1983) McPherson et al (1983) have been under
taken.



RESEARCH DESIGN

The study was initiated during the winter of
1981 and completed in the late spring of 1983.

The first winter was an experimental phase
during which the camera system was extensively
tested and modified and the study methodology
refined. The second winter 1982-1983 provided
detailed data on avalanche behaviour, weather
and snow structure at two locations.

Winter 1981-1982

The cameras chosen for the research were
Kodiak super 8 Analyst time lapse cameras
equipped with a vGriable interval setting. These
cameras were chosen because they were relatively
inexpensive (approx. $450 Canadian) and use
standard super 8 film cartridges.

The cameras came equipped with a variable
interval setting range from 1.25 seconds per frame
to 90 seconds per frame. This was modified
to an 8 minute exposure interval to enable a
standard 15 metre film cartridge to run for 3
weeks before the film had to be changed.

A large part of each film was wasted as the
camera continued to expose frames during the
night. Consideration was given to installing
a photo cell which would have shut the camera
off during the hours of darkness. However as
the film is inexpensive it was concluded that
this modification was not worthwhile.

The first winters fieldwork provided guidance
on the cameras range, the degree of detail which
could be achieved, siting constraints and power
requirements. Results of the 1981-82 winter
tests showed that the cameras gave an acceptable
degree of detail and a large enough frame at
distances between 500 metres and 800 metres. At
distances beyond this, it was difficult to inter
pret the film. If care was taken when positioning
the camera it was found that the field was large
enough to include the starting zone, track and
runout areas of most paths.

Siting proved to be a problem during the
first winter. Because of a fear of vandalism
the cameras were set up in two remote locations
one at Highwood Pass and the other in the Smith
Dorrien valley. This proved a mistake as
gaining access to the sites was a major logistical
problem. The following winter more accessible
locations were chosen but the cameras were not
installed until very late in the year to avoid
the risk of vandals.

Power and heating for the cameras were
sources of frustration during the first winter.
The cameras are designed to operate on flash
light batteries. These however proved totally
inadequate under cold conditions. A number of
different batteries were tried including 6 volt
fencer batteries, automobile batteries and
rechargeable nickel-cadmium batteries. In the
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end the cameras were equipped with transformers
which permitted the use of Fulmen generator back
up batteries as the power source.

Winter 1982-1983

Camera System

The camera systems were setup in early
January when snowpack depths on the monitored
paths were sufficient for avalanche activity and
the systems continued to operate until the snow
cover finally disappeared in mid June.

Both cameras and batteries were housed in
heavily insulated and weatherproof shelters.
These were sheeted with tin to protect them from
rodents and porcupines. Double glass windows
were built into the camera shelters in line with
the lenses. The shelters were mounted on shelves
attached to large trees, high enough to be at
head height even with a deep snow cover. The
battery boxes were placed on the snow surface and
were raised as required.

Small inexpensive quartz clocks were mounted
on booms in front of the cameras. They were posi
tioned so as to be visible in a corner of the film
image and thus provided an accurate temporal
record of avalanche activity. The clocks origin
ally operated on standard flashlite batteries
but were modified to accept rechargeable nickel 
cadmiun batteries which provided more power in
cold weather.

Analysis of the film footage was time consum
mingo Each frame was projected on a screen-using
a Super 8 movie projector and any avalanche
activity noted. For this exercise a remote control
mechanism which allows individual frame advance is
essential.

Avalanche Paths

The two paths selected were chosen because
_dendrochronological studies- and other observations
of path morphology indicated they avalanched
frequently, McPherson et al (1983). Also both
tracks lie above and threaten major transportation
routes. The Mt Inflexible path is directly above
the Fortress mountain ski road which carries a
considerable volume of winter traffic while the
Highwood Pass track endangers the main highway
through the pass. Further considerations for
selection were that the tracks are quite widely
separated (35 km) and the Highwood pass site
generally experiences more extreme temperatures
and larger amounts of snowfall.

The first path Mt. Inflexible is located on
the scarp slope of the Kananaskis Range directly
above the Fortress mountain ski road. It is
a large northeast facing path descending 870
metres vertically to the road situated at an
elevation of 1750 m. Slope angles on the paths
range from SOD and 32° in the starting zone and
upper track to 10 0 in the runout zone. The



starting zone and upper and middle track are
unvegetated but Englemann spruce, subalpine fur
and willows occur on-the lower track and in the
runout zone. The camera was set up at a distance
of about 750 metres at the same elevation as the
lower track and provided an oblique view of almost
all of the path.

For the second camera location a site in
Highwood Pass was chosen. Again the camera was
positioned to provide an oblique view. In
Highwood Pass the avalanche paths merge and at
times it is difficult to distinguish individual
tracks. The path or series of paths selected has
a northeasterly aspect and a vertical drop of
520 metres to the runout zone at an elevation of
2210 metres. Slope angles range from 37 0 in the
starting zone to 0 0 in the runout zone. The
upper track and starting zone are largely bare
while krummholz and willows occur in the middle
and lower track and runout zones. In Highwood
Pass the camera was sited some 500 metres from the
path at the same elevation as the lower track.

Weather, Snowpack and Avalanche Observations

Weather and snow pack characteristics were
monitored at both sites from mid December to
mid May. The guidelines of the Canadian
Avalanche Committee (1981) were followed for
site selection and in the measurement program. A
Lambrecht thermograph provided a continuous record
of air temperature while data on wind speed, wind
direction and precipitation were obtained during
biweekly visits.

Detailed analyses of the snowpack were car
ried out every two weeks. Snow pits gave data
on new snow depths, total snow pack depth, grain
types, snow hardness, free water content, specific
gravity, layering and snow temperatures. Shovel
shear tests provided useful information on the
relative strengths of the different snow layers
and the Haefeli rammsonde was used obtain data
for rammsonde profiles.

RESULTS

The findings of the research can be divided
into two parts. First those relating to avalanche
type, snow instability and triggers and second
the performance of the time lapse system.

Avalanche Activity

Both paths proved extremely active during
the winter. Twenty nine avalanche events were
identified on the Mt. Inflexible path all of
which were size 2 or larger while 21 were record
ed at Highwood Pass. Eighteen of these were size
2 or larger.

Three types of avalanches were identified
wet snow, dry snow soft slab and dry loose snow
avalanches. Wet snow avalanches which occurred
in the spring were the predominant type on both
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tracks. In April, 15 wet snow avalanches were
recorded at the Mt Inflexible site where 25
out of the 29 events were wet snow avalanches.
At Highwood pass 11 of the 21 avalanches were
of the wet snow type.

Dry snow soft slab avalanches happened in
both winter and spring. Only 3 such avalanches
were recorded at the Mt. Inflexible path one
in each of the months of January, February and
April while 8 were recorded at Highwood Pass in
January and April. Dry loose snow avalanches
were a very minor occurrence with only one being
recorded on the Mt. Inflexible path and 2 in
Highwood Pass.

It is interesting to compare the results
from Kananaskis with those reported by other
researchers. In Kananaskis in 1982-1983 wet snow
avalanches were by far the most important on
both paths. Over 80% of the events at the
Mt. Inflexible site were wet snow avalanches and
52% in Highwood pass. Other investigators have
recorded lower percentages for wet snow avalan
ches. In the San Juan mountains of Colorado,
20% of the annual total of avalanches were
spring time wet snow, Lachapelle and Armstrong
(1976), while Judson (1967) noted that at higher
elevations in the Colorado front ranges wet loose
snow avalanches only account for 10% of the total.
In Juneau, Alaska however according to Hutcheon
and Lie (1978) wet snow avalanches are the most
common form of release. The large number of wet
snow avalanches observed in this study may
be a reflection of the climate of the particular
year or may be due to the very accurate recording
of individual events which use of the time lapse
system allows.

The development of the snow pack structure
during the winter at both sites was characteris
tic of a cold subhumid climate. Early in the
winter depth hoar grains formed in the basal
layers and under conditions of low temperatures
and low snowfall remained a source of instability
for much of the winter. In spring- (early
April onwards) the combination of above freezing
air temperatures and heavy snowfalls produced
complex upper snowpack stratigraphies of melt
freeze snow, crusts and new fine grained snow
with numerous weak interfaces.

At the Mt Inflexible site snow pack instabil
ity was judged to be moderate from mid December
to mid March, high from mid March to early May
and then changed to very high. The moderate
level of instability present from December to
March was the result of weak depth hoar underlying
the newer more cohesive layers. From mid March
onward the snow pack became increasingly unstable.
Initially this was due to layers of wet snow in
the upper part of the pack and later to a buried
layer of graupel and the development of increas
ingly complex melt freeze grain stratigraphies
and new snow layers.

In Highwood pass snow pack stability was
moderate in December and mid January, low from
mid January to mid March and varied from very
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Table 1. Avalanche Trigger Mechanisms

Table 1 displays the relative importance of
each avalanche trigger mechanism at both loca
tions.

On several occasions the fracture planes of
released slabs were observed in the starting
zones following releases triggered by snowfalls
associated with winds.

high to moderate from Mid March on. This high
level of instability coincided with the forma
tion of an increasingly complex melt freeze snow
stratigraphY,crusts and equi-temperature snow.

The time lapse photography also provided SOme
information on weather events. This was some
thing that was not anticipated when the study
was designed. The build up of snow on the clocks
and trees was recorded on the film. Comparison
with other measurements showed that the estimates
made from the film data were quite accurate. By
noting the movement of cloud shadows on the photo
graphy it was also possible to identify the gen
eral wind direction.

Snowfall triggered avalanches happened during
times of poor visibility and consequently it
proved difficult to establish an exact time for
their release. The occurrence of such events
was usually recognized from the form of the ava
lanche debris after the storm. However quite
often it was hard to determine the size and extent
of these avalanches as the fresh snow tended to
mask the evidence.

On the photographs it proved almost impos
sible to distinguish between loose snow and
slab avalanche and this information was obtained
from field surveys. Although at the Highwood
Pass site on several occasions the photography
was of a sufficient quality that it was possible
to identify slab avalanches.

The 8 minute exposure interval while adequate
for recording numbers of releases did not permit
the filming of actual events. The occurrence
of avalanches was interpreted from changes obser
ved in the path and the avalanche debris. Another
limitation was that it was not possible to dis
tinguish avalanche activity when the slopes were
in shade. On both paths the best snow detail
was visible when the slopes were in direct sun
light. Wet snow avalanches were easily identified
on the films as these generally occurred under
clear sunny skies. For wet snow avalanches it
was possible to pinpoint almost to the minute when
the release occurred. The lower albedo of the wet
avalanche debris as compared to fresh snow also
made these events more visible on the photographs.

The camera lens used was a standard type.
The use of a wide angle lens would have allowed a
much better, greater field to be photographed
and given a better definition of detail.

However several limitations to the technique
and the equipment were discovered.

.identified. Sometiines it was even possible to
ascertain the mode of failure for individual
releases.
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Both of the study sites are located on lee
slopes and wind is believed to have played a
secondary contributing factor in avalanching.
Wind data obtained from the Fortress mountain ski
resort indicates that winds with a mean speed of
2.7 m/sec-l accompanied almost half of the snow
falls. Two of the three snowfalls that caused
soft slab avalanche activity on the Mt Inflexible
path in December and February were accompanied
by moderate winds ie. 8-11 m/see-l .

The releases caused by a rise in temperature were
all wet snow avalanches. In each instances the
mean daily temperature was close to or above
O°C. A similar relationship was reported by
Armstrong (1976) in Colorado. The mechanism of
snowfall followed by thawing was especially impor
tant in the spring when snowfalls were accompanied
by warmer weather. Other authors Schaerer (1967)
have noted that this combination of fresh snow
and a rise in temperature is an important cause of
avalanches.

Highwood Pass

Mt. Inflexible

All of the avalanches recorded occurred
naturally and avalanche activity seems to be
closely correlated with weather events. Analysis
of the climatic records suggests that releases
were triggered either by fresh snowfalls, by
rises in air temperature or by a composite of
snowfall followed by thawing.

Conclusions
Time Lapse System

The time lapse system performed extremely
well. There were no breakdowns and a continuous
record of avalanche actively was obtained from
December until June.

The degree of detail displayed by the photo
graphs was satisfactory and allowed the size,
starting point and distance of travel to be

Time lapse photography is a promlslng tech
nique for continuously monitoring avalanche slopes
especially in remote or difficult to access areas.
Although the camera system employed has some
minor technical limi ta tions in general it pro
vided a satisfactory record at low cost. In
future studies it might be worthwhile to use a
camera with better optical capabilities.



On the two slopes monitored wet snow ava
lanches triggered by a rise in temperature or by
snowfall and a rise in temperature were dominant.
Soft snow slab avalanches which oceurred through
out the winter were secondary while only a few
loose snow avalanches were recorded.

The numbers of avalanches recorded at each
site is remarkable. At the Mt Inflexible path 29
events size 2 or larger were recorded while
18 were identified at Highwood Pass. If the re
sults from these two paths are in any way indi
cative of the level of avalanche activity on
other slopes throughout the area it implies that
considerable numbers of small and intermediate
sized avalanches may be expected in any given
winter.
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