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Weather preceding persistent deep slab avalanches 
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ABSTRACT:  Deep slab avalanches release on persistent weak layers of facets, surface hoar, depth 
hoar, or poorly bonded crusts and are generally hard to forecast.  They are triggered either naturally 
from weather or are artificially triggered from localized dynamic loads such as skiers, snowmobilers, 
and explosives.  For natural deep slab avalanches, weather preceding the release plays a key role in 
formation.  For deep slab avalanches that are artificially triggered, preceding weather can also have a 
strong role.  For this research, 51 deep slab avalanches were accessed in western Canada between 
1993 and 2013 to obtain information on the persistent weak layer and overlying slab.  Weather 
parameters such as precipitation amount, daily minimum and maximum temperature, and wind speed 
and direction were obtained from the nearest weather station for the two weeks prior to release of the 
accessed avalanches.  Results indicate that the accessed natural deep slab avalanches typically 
occurred from either rapid mass loading via precipitation or wind transported snow or from snowpack 
warming by air temperature or incoming short wave radiation.  Higher cumulative precipitation and 
wind loading potential amounts were observed for the avalanches that likely released from rapid mass 
loading.  The natural releases that likely occurred from solar warming did not have high amounts of 
precipitation, wind loading, or warming and experienced clear skies during the day of release.  The 
most amount of warming was observed for the avalanche that likely released from temperature 
warming.  Similar weather trends for both natural and artificially triggered avalanches indicate the 
importance of analyzing the snowpack along with preceding weather. 
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1. INTRODUCTION 

Weather is one of the most important factors in 
snow slab avalanche formation, as it creates a 
layered and spatially heterogeneous snowpack, 
causes the release of natural avalanches, and 
can aid in the release of slab avalanches 
triggered by a localized dynamic load, e.g. 
skiers, explosives, oversnow machines.  
Persistent weak layers of surface hoar, depth 
hoar, and facets all exist because of influences 
from weather parameters.  The release 
mechanisms that form slab avalanches can also 
be caused by the weather.  Natural slab 
avalanches occur because of excess load above 
the persistent weak layer or elevated strain rates 
because of warm temperatures or solar warming 
from incoming short wave radiation.  Preceding 
weather trends may also influence the snowpack 
to allow for localized dynamic loads to trigger an 
avalanche.  Deep slab avalanches that fail on 
persistent weak layers release in the same 
fashion as other slab avalanches but occur less 
often and are more difficult to predict because of 
the relative depth to the persistent weak layer. 
This may limit the intensity of weather influences.  

Weather has been extensively studied in 
mountainous terrain because of the complexities 
associated with it.  The large variations in            
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topography and vegetation associated with 
mountains produce microclimates that affect the 
snow cover differently depending on aspect and 
elevation (Meiman, 1968), producing a spatially 
heterogeneous snowpack.  Weather is 
responsible for the formation of a mountain 
snowpack including the heterogeneous 
persistent weak layers within it.  Surface hoar 
generally forms during clear, cool nights with low 
wind velocities (Hachikubo and Akitaya, 1997).  
Facets and depth hoar are typically formed in 
shallow snowpacks from high temperature 
gradients because of cold air temperatures (de 
Quervain, 1958; Akitaya, 1967).  Melt-freeze 
crusts can be associated with any persistent 
weak layer and are caused by rain events on any 
aspect, warm temperatures on any aspect, or 
high amounts of incoming short wave radiation 
on southerly aspects during days with minimal 
cloud cover (Jamieson, 2006).  Such crusts often 
have a poor bond with the overlying or 
underlying snow layer and can be the cause of 
poorly bonded facets either above or below. 

Analyzing weather trends preceding natural 
avalanches has been studied by many 
researchers.  Atwater (1954) proposed five 
weather factors that contribute to avalanche 
hazard, including temperature, wind, 
precipitation intensity, snowfall intensity, and 
amount of new snow.  Ferguson et al. (1990) 
analyzed temperature, precipitation, humidity, 
atmospheric pressure, wind velocity, and sky 
cover for their avalanche forecasts in the 
Northwest Avalanche Center. Sky cover was 
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analyzed for an understanding of potential 
snowpack warming from incoming short wave 
radiation.  Stoffel et al. (1998) used a geographic 
information system to calculate avalanche 
activity which is based on the total area covered 
by avalanches for each respective day in the 
eastern Swiss Alps.  They found that small 
avalanche activity was associated with less than 
50 cm of snowfall over a 3-day period and large 
avalanche activity occurred for greater snowfall 
amounts.  However, they also found that no 
avalanche activity occurred for half of the cases 
with 3-day cumulative snowfall amounts of 
approximately 50 cm.  These cases were 
typically explained with warming trends.  Jones 
et al. (2000) found that 24 hour snowfall and 
precipitation was an important variable for 
forecasting skier-triggered avalanches.  
Jamieson et al. (2001) determined that wind 
speed and direction, temperature, precipitation 
factors such as snowfall intensity, and snowpack 
stratigraphy all play an important role in 
forecasting deep slab avalanches in the 
Columbia Mountains of British Columbia.  Jomelli 
et al. (2007) investigated the relationship 
between snow avalanches and meteorological 
parameters in the French Alps and found that the 
daily probability of avalanching depended on the 
precipitation amount the day before a given 
event as well as the mean air temperature for the 
day of the event.  Tracz (2012) analyzed the 
preceding weather from a database of deep slab 
avalanches in western Canada.  He found that 
air temperature tended to increase before days 
with deep slab avalanches and found that 
precipitation totals over 24 hours to 12 days prior 
to a deep slab avalanche were effective at 
distinguishing between the distributions of days 
with and days without deep slab avalanches.  
Although both Jamieson et al. (2001) and Tracz 
(2012) focused on natural deep slab avalanches, 
their datasets included avalanches that released 
within avalanche cycles (i.e. a period of time 
where many avalanches occur on a respective 
layer) along with those that failed after avalanche 
cycles.  Weather parameters preceding 
exclusively deep slab avalanches that failed after 
the avalanche cycle of the respective persistent 
weak layer have not been studied.  Also, 
weather parameters preceding deep slab 
avalanches solely triggered by localized dynamic 
loads have not been analyzed, although studies 
have been conducted on them (e.g. Davis et al., 
1999; Schweizer and Jamieson, 2001; 
Schweizer and Lütschg, 2001).  This paper 
analyzes weather preceding both natural and 
artificially triggered persistent deep slab 
avalanches that are hard to forecast. 

2. DATA AND METHODS 

A database of 51 persistent deep slab 
avalanches was created between the years of 
1993 to 2013 in western Canada; trained 
observers made measurements at each 
avalanche within a few days of its occurrence.  
Each avalanche was deemed hard to forecast, 
as they released after the avalanche cycle of 
each respective persistent weak layer.  
Snowpack information was obtained for many of 
these avalanches and is further discussed in 
Conlan et al. (2013).   

The avalanches were assigned to different 
groups, depending on whether they released 
naturally or if they were artificially triggered from 
a localized dynamic load and based on likely 
weather influences.  Natural releases are those 
that failed strictly from weather parameters such 
as precipitation loading, wind loading, 
temperature warming, or snowpack warming 
from incoming short wave radiation.  Artificially 
triggered avalanches are those that were 
triggered by a skier, snowboarder, snowmobiler, 
snowcat, helicopter, explosive, or triggered 
remotely.  For this study, natural avalanches that 
released from a localized dynamic load were 
also classified as artificially releases, including 
an avalanche that released from a cornice fall, 
an avalanche that stepped down, or an 
avalanche that released sympathetically with an 
adjacent start zone.   

Practitioners and recreationists often 
attribute natural avalanche releases to a primary 
causal weather factor such as precipitation 
loading, wind loading, or warming.  With an 
insufficient dataset for statistical grouping of the 
weather factors preceding the deep slab 
avalanches, we grouped them by the assumed 
primary weather factor and then graphically 
assessed the classifications.  The natural 
releases were grouped into likely weather 
release types, including precipitation loading, 
wind loading, solar warming, temperature 
warming, and unknown.  They were grouped 
based on expert knowledge from guides, 
forecasters, and patrollers at the local 
operations.  Similar grouping was conducted for 
the artificial releases, as preceding weather 
could factor into the cause of the release from 
the localized dynamic load.  They were manually 
grouped into likely primary weather influences, 
including loading via precipitation, wind 
transported snow, temperature warming, as well 
as a group of avalanches that likely were not 
strongly influenced from the preceding weather.  
This was completed primarily from looking at the 
1-day to 5-day precipitation, potential wind          
. 
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loading, and temperature trends.  Solar warming 
was not analyzed because of the difficulty in 
obtaining sky cover information. 

Weather data were obtained from the 
nearest weather station for each respective 
avalanche.  The data were obtained from 30 
provincially or federally operated telemetry 
stations and 21 weather station plots operated 
by resorts and backcountry ski operations.  
Telemetry data were typically hourly data 
whereas most manual weather observations 
from study plots were made daily.  Hourly data 
were aggregated to obtained daily values so that 
they were comparable to the manual weather 
stations for analysis.  This was completed to 
keep the dataset as large as possible.  
Parameters included daily minimum and 
maximum temperature (oC), daily minimum and 
maximum hourly averaged wind speed (km h-1), 
daily average wind direction (o), and daily snow-
water equivalent (mm).  Precipitation was usually 
measured in mm of snow water equivalent at 
weather stations whereas many operations 
reported daily snowfall as cm of snow.  It was 
assumed that the density of snow was 100 kg m-

3 so that each cm of snow was equated to one 
mm of snow water equivalent. 

Wind loading potential was calculated using 
the daily maximum hourly-averaged wind speed.  
The maximum wind speed was used because 
the wind at the start zones was likely higher than 
those at the weather station.  We feel that the 
daily maximum therefore would provide more 
realistic numbers than the daily hourly-averaged 
minimum or average.  The equation developed 
by Föhn (1980) was used to calculate the wind 
snow loading potential (∆H) in cm day-1: 

∆𝐻 = 𝑢3

125
     (1) 

where u is the daily average wind speed in m s-1.  
To account for the difference between the wind 
direction and the start zone aspect in 
determining whether the slope was likely lee or 
windward, the following formula was applied to 
calculate the wind loading potential (H) from 
transported snow in cm day-1: 

𝐻 = −∆𝐻 ∗ 𝑐𝑜𝑠 |𝜃𝑤 − 𝜃𝑎𝑠𝑝|    (2) 

where θw is the wind direction in degrees and 
θasp is the average start zone aspect in degrees.  
This equation adds load for lee aspects and 
removes snow for windward aspects.  Cross 
loading from a perpendicular wind direction to 
the start zone angle is not accounted for in this 
equation, although it can be significant in bowls 
and gullies (Schirmer et al., 2011).  Each 
avalanche was analyzed while in the field to 
determine if cross loading was likely important.  
This equation ignores veering winds at ridge top 

and if a fetch with available snow for transport 
was present. 

The weather data were analyzed as 1-day, 
2-day, 5-day, 10-day, and 14-day cumulative 
amounts and differences.  For precipitation, 1-
day cumulative amounts included precipitation 
from the day of release up until the hour of 
release along with the 24-hour cumulative 
precipitation from the day preceding the release 
for avalanches with telemetry weather stations.  
In this sense, the 1-day cumulative precipitation 
amounts covered an average of approximately 
36 hours.  For manual weather stations, the 1-
day cumulative precipitation amounts covered an 
average of approximately 42 hours, as the 
afternoon reading was used, which usually 
occurs around 5 pm.  The same was conducted 
for the wind loading potential.  For temperature 
variations, the n-day temperature difference was 
calculated as the temperature on the day of 
release minus the temperature on day n.  
Therefore a positive value represents a warming 
trend from day n to the day of release. 

A primary note on the dataset arises with 
the question of whether the weather at the 
station is representative of the start zone for 
each deep slab avalanche.  Although absolute 
values may not be representative, we assume 
the trends are similar.  This is especially true for 
temperature and precipitation, as it is likely that if 
temperature and snowfall rates are increasing at 
the weather station then they also are at the start 
zone.  Wind speeds and directions may not be 
as representative though, as many weather 
stations are at or below tree line where wind is 
substantially dampened and altered by the 
surrounding obstacles such as ridges and trees.  
The advantage of this small dataset is that each 
avalanche was analyzed individually to try to see 
if the data from the weather station were likely 
representative of the start zone or not.  The most 
representative weather station was used when 
data from multiple close stations were available. 

3. RESULTS AND DISCUSSION 

3.1 Natural avalanches 

Three natural avalanches were subjectively 
classified as likely releasing because of 
precipitation loading, three from wind loading, 
two from solar warming, one from temperature 
warming, and it is unknown why two of the 
avalanches released.  For some of these 
avalanches, it is possible that multiple weather 
parameters were responsible, but the assumed 
primary factors are examined within this 
analysis. 

Averages of 1-day, 2-day, 5-day, 10-day, 
and 14-day cumulative precipitation are higher 
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for the avalanches that likely released from 
precipitation loading than all other release types 
(Table 1).  The average 1-day cumulative 
amounts indicate the daily loading rate prior to 
release, which is substantially higher for the 
avalanches that likely released from precipitation 
loading than the other groups.  In these cases, 
the high loading rate applied more stress on the 
buried persistent weak layers while 
strengthening of the weak layers probably 
remained relatively slow (Schweizer et al., 2003).  
At a certain instance, criticality would have 
occurred in the snowpack of these start zones 
when the stress intensity from the overlying 
loads overpowered the fracture toughness of the 
persistent weak layers.  The low average wind 
loading potential values for some of the 
avalanches that likely occurred from precipitation 
loading are possibly because the wind sensors 
at the weather stations were not representative 
of the start zones.  This may be the case for 
some locations because weather stations in 
western Canada are often at or below treeline 
whereas many of the avalanches occurred 
above treeline.  Some warming is observed in 
the preceding five days (Table 1).  This is likely 
because of the warm temperatures typically 
associated with snowstorms compared to cold 
air that often precedes snowstorms in western 
Canada (Stewart et al., 1995). 

Average cumulative precipitation over the 
preceding fourteen days were high for some 
avalanches that were deemed not to be triggered 
by loading, and this is because much of the 
precipitation occurred within the preceding two to 
fourteen days.  It is expected that if the 
avalanche released largely because of 
precipitation loading that some of the snow 
would have been deposited within the day prior 
to release.   

Avalanches that likely released from wind 
loading had substantially higher average 
potential wind loading amounts than all other 
release types (Table 1).  These avalanches also 
have a relatively high average 1-day cumulative 
precipitation amount because the high winds 
were associated with storms for two of the three 
releases.  In these cases, a relevant loading 
value can only be obtained when wind loading is 
considered.  The associated storms are also why 
the average temperature warming is positive for 
these avalanches. 

The two avalanches that likely released because 
of solar warming from incoming short wave 
radiation are more difficult to analyze, as cloud 
cover is not an easy parameter to determine 
from most weather stations.  An incoming short 
wave radiation sensor is ideal for determining 
cloud cover, but most operations do not include 

this because of monetary costs and usefulness.  
For this study, field observations of sky cover 
were obtained from the operations that reported 
the avalanches to determine whether solar 
warming was a probable cause.  The other 
weather parameters provide further evidence 
towards these releases being caused by solar 
warming, as only a small amount of loading and 
not a substantial amount of temperature warming 
was observed (Table 1).  Some precipitation was 
recorded for the preceding one day for the 
avalanches that likely released from solar 
warming, which is counter intuitive as clear skies 
are expected for the highest amount of incoming 
short wave radiation.  However, this small 
amount of precipitation mostly occurred in the 
night and the sky had mostly cleared during the 
day when the avalanche released.  The small 
negative average wind loading values associated 
with these avalanches are because the slopes 
were calculated to be windward for a portion of 
the preceding fourteen days.  Both releases had 
a south to southwest start zone aspect. 

The deep slab avalanche that likely 
released from temperature warming showed 
small average cumulative precipitation amounts 
in the preceding fourteen days, small average 
wind loading potentials, and the highest average 
1-day temperature warming of all the groups 
(Table 1).  Trends are important for temperature 
warming, but absolute values are also important, 
as warming may occur but always well below 
freezing.  In this instance, the weather station 
reached above freezing levels, which is at a 
similar elevation to the released start zone. 

The two natural deep slab avalanches that 
released without explanatory weather trends 
show the difficulties in forecasting deep slab 
avalanches (Table 1).  The most obvious 
explanation is that the weather stations were not 
representative of the start zone.  This is a difficult 
problem to fix, as weather stations in western 
Canada are generally tens to hundreds of 
kilometres away from each other and most are at 
or below treeline whereas most deep slab 
avalanches occur in the alpine.  Another 
explanation is the time scale of the data.  Daily 
observations are used in this research because 
this is the smallest scale for much of the 
available weather data.  It is possible that a 
smaller scale, such as hourly, may provide 
further trends for some of these releases. 

Some of the aforementioned avalanches 
probably released because of multiple weather 
parameters.  Two commonly observed types in 
this dataset are wind loading associated with 
precipitation, similar to the findings of Schirmer 
et al. (2011), and temperature warming 
associated with precipitation.  Both of these
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Table 1:  Averages of cumulative precipitation, wind loading potential, and warming for natural deep slab 
avalanches.  Precipitation is reported as mm of snow water equivalent.  Wind loading potential is reported as cm 
of wind transported snow, with positive values representing added snow and negative values representing eroded 
snow.  Warming was calculated as the difference between the maximum daily temperatures, with positive values 
representing warming and negative values representing cooling. 

Group n 
Precipitation (mm) Wind Loading Potential (cm) Warming (oC) 

1-day 2-day 5-day 10-day 14-day 1-day 2-day 5-day 10-day 14-day 1-day 2-day 5-day 10-day 14-day 

Loading 
Precipitation 3 28 50 66 123 136 1 2 2 9 11 -1 0 3 0 8 

Wind 3 13 15 23 59 64 85 95 116 127 144 1 2 8 6 5 

Warming 
Solar 2 3 4 17 65 91 0 0 0 -2 -2 1 0 -1 0 4 

Temperature 1 0 7 36 65 86 2 4 18 17 39 3 3 7 10 10 

Unknown 2 2 3 31 46 48 0 0 1 2 3 -4 -3 -4 -2 0 

 

are understandable, as storms in western 
Canada with high amounts of precipitation are 
often associated with high winds and warmer 
temperatures than the preceding days (Stewart 
et al., 1995).  In the case of the second example, 
the load would apply stress on buried persistent 
weak layers while the warming would increase 
the strain rate.  It is possible that the load is 
more important than the warming for these 
release types, as the added snow would inhibit 
snowpack warming because of the new surface 
insulation from the snowfall.  Schweizer et al. 
(2013) indicate that warming by air temperature 
is generally not a strong factor for snow 
instability. 

3.2 Artificially triggered avalanches 

Two differing mechanisms could be at play 
with respect to weather leading up to an 
artificially triggered deep slab avalanche.  First, 
the weather may impact the buried persistent 
weak layer enough to allow the localized 
dynamic load to cause release.  This could occur 
from increased applied stress from snow load or 
from higher strain rates within the weak layer 
from snowpack warming (Schweizer et al., 
2003).  Second, the weather may alter how the 
applied stresses from the localized dynamic load 
affect the buried persistent weak layer.  For 
example, snow loading may reduce the stresses 
that reach the persistent weak layer because the 
distance between the localized dynamic load and 
the weak layer is increased.  Also, warming may 
reduce slab stiffness and allow for the applied 
stresses to reach deeper in the snowpack 
because of increased penetration, possibly 
reaching the buried persistent weak layer (Exner, 
2012). 

Keeping this in mind, each artificially 
triggered persistent deep slab avalanche was 
analyzed to speculate if any weather parameters 
played a role in the release.  Of the 40 artificially 
triggered deep slab avalanches, 13 were 

deemed to probably be influenced by 
precipitation loading, 2 by wind transported snow 
loading, 6 by temperature warming, and 19 did 
not show any substantial preceding weather 
trends. 

The precipitation and wind loading groups are 
well separated with this approach.  That is, the 
avalanches that were possibly influenced by 
precipitation and wind loading showed 
substantially higher precipitation amounts 
(Figure 1) and potential wind loading than the 
other groups (Table 2).  The warming group was 
less defined.  Warming trends were observed for 
all of the preceding days for the temperature 
warming group (Table 2), but the highest 
temperature warming was not observed for the 
temperature group within the preceding five days 
(Figure 2).  The large warming trends for the 
wind group are because the storms were 
associated with warmer temperatures. 

Some similarities are observed when comparing 
these results with the natural releases.  
Cumulative precipitation amounts are 
comparable for the precipitation and wind 
loading groups (Table 1, Table 2).  Similar 1-day 
and 2-day wind loading potential values are also 
observed for both natural and artificial releases.  
The similarities in the loading trends for natural 
and artificial releases show that the probability of 
triggering a persistent deep slab avalanche is 
elevated under such weather conditions when a 
persistent weak layer is present.  The results 
also indicates the importance of analyzing the 
snowpack properties in addition to the weather to 
determine why certain slopes failed naturally 
whereas others required a localized dynamic 
load when the same snow load was applied.  
Furthermore, such 1-day precipitation amounts 
occur often throughout a winter in mountainous 
terrain in western Canada where many start 
zones do not release at all.  Using cumulative 
snow loading amounts alone is therefore not 
adequate in forecasting persistent deep slab
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Table 2:  Averages of cumulative precipitation, wind loading potential, and warming for artificially triggered deep 
slab avalanches.  Precipitation is reported as mm of snow water equivalent.  Wind loading potential is reported as 
cm of wind transported snow, with positive values representing added snow and negative values representing 
eroded snow.  Warming was calculated as the difference between the maximum daily temperatures, with positive 
values representing warming and negative values representing cooling. 

Group n 
Precipitation (mm) Wind Loading Potential (cm) Warming (oC) 

1-day 2-day 5-day 10-day 14-day 1-day 2-day 5-day 10-day 14-day 1-day 2-day 5-day 10-day 14-day 

Precipitation Loading 13 29 38 66 104 126 1 2 3 5 5 -1 -1 1 1 2 

Wind Loading 2 16 20 35 57 58 78 98 177 375 412 3 4 7 -3 -4 

Temperature Warming 6 3 5 12 22 30 0 1 -2 -5 -8 1 1 1 3 4 

No Obvious Factor 19 3 8 27 50 73 0 0 4 17 20 1 -3 5 -1 -2 

 

 
 
Figure 1:  Boxplots of 1-day, 5-day, and 14-day 
cumulative precipitation for artificially triggered deep 
slab avalanches.  The avalanches are grouped by 
precipitation and wind loading, temperature warming, 
and no obvious weather factors.  Black line indicates 
the median, boxes span the interquartile range, 
whiskers span 1.5 times the interquartile range, and 
outliers are displayed as open circles. 
 

 
 
Figure 2:  Boxplots of 1-day, 5-day, and 14-day 
temperature difference for artificially triggered deep 
slab avalanches.  Warming values are calculated as 
the difference between the maximum daily 
temperature values between the day of release and 
the nth day.  Positive values indicate a warming trend 
whereas negative values indicate relative cooling.  
Boxplot format is the same as Figure 1. 

 

avalanches but can indicate times of higher 
hazard.  Schweizer et al. (2009) indicated a 
similar result for avalanche forecasting for a 
highway in Switzerland. 

No substantial trends are observed for the 
artificial releases that likely had small influences 
from the weather.  For such releases, it is 
possible that they were triggered because of the 
influx of skiers during fair weather (i.e. low 
precipitation amounts), as found by a survey of 
avalanche experts by Jamieson and Geldsetzer 
(1999). 

4. CONCLUDING REMARKS 

An analysis of weather preceding both 
naturally released and artificially triggered 
avalanches was conducted.  Natural avalanches 

were grouped as likely releasing because of 
precipitation loading, wind loading, solar 
warming, temperature warming, or an unknown 
cause.  Artificially triggered avalanches were 
grouped as either likely being aided by stresses 
induced by loading, reduced slab stiffness from 
temperature warming, or probably small 
influences from weather parameters. 

Natural releases showed higher cumulative 
precipitation amounts for avalanches that likely 
released from snowfall during storms.  The 
potential wind loading was substantially higher 
for avalanches that likely released because of 
wind loading.  Because of this, we were able to 
see the difference between the two loading 
groups and identify the importance of snow 
transportation from wind loading for some 
releases.  The two avalanches that likely 
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released because of solar warming did now 
show substantial precipitation or temperature 
warming but both experienced clear skies during 
the day of release.  The avalanche that likely 
released because of temperature warming had 
high temperature differences for the preceding 
one day to fourteen days.  The two avalanches 
with unknown release types did not show 
substantial precipitation, wind loading, or 
warming.  It is likely that either the weather 
stations were not representative of the start 
zones or that an inappropriate time scale for the 
data was used. 

The importance of analyzing the snowpack 
along with the weather is shown when 
comparing the average precipitation values for 
artificially triggered avalanches that likely 
released with the aid of snow loading with 
naturally released avalanches from precipitation 
loading; the average cumulative precipitation 
amounts for both groups were similar for 1-day 
to 14-days prior to release.  This indicates that 
although the weather preceding the releases is 
important to analyze, snowpack observations are 
just as important for determining causes of 
natural releases, as a persistent weak layer must 
first exist and its mechanical properties must 
reach criticality with the associated weather.  
Weather therefore cannot be used alone to 
forecast natural persistent deep slab avalanches, 
requiring snowpack observations and tests to 
determine the likelihood of release with the 
weather. 
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