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ABSTRACT:  Near-surface faceting produces weak snow grains at or near the snow surface and 
once buried has the potential to form weak layers in the snowpack structure.  A significant number of fatal 
avalanche accidents involve buried near-surface facets as the weak layer, and over the last three winter 
seasons have been responsible for 10 out of 11 avalanche fatalities in Utah.  To gain insight into the 
formation of near-surface faceting, iButtons (watch battery sized self contained temperature dataloggers) 
were employed to monitor the snowpack temperature profile.  The iButtons were stacked on a mounting 
strip and deployed into the snowpack to record temperatures around the clock at different levels within 
the snow, primarily in the top 5 cm.  Preliminary testing of the iButtons has shown promise.  Two distinct 
near-surface faceting periods were captured in the Wasatch Mountains of Utah, which after burial lead to 
almost 400 reported human triggered avalanches, including three fatalities and numerous close calls.  A 
primary goal for this study is to provide forecasters with an easy and practical method for collecting snow 
temperature profiles which may lead to a more intimate knowledge of the snow structure and near-
surface faceting in their region.  With more practitioners recording and analyzing snowpack properties, we 
hope to encourage more experimentation, possibly revealing a better understanding of this phenomena. 
 
1.  INTRODUCTION 
 

Near-surface faceting is known to 
produce weak snow grains at or near the snow 
surface.  Once buried these grains may result in 
weak layers potentially causing avalanches.  A 
significant number of fatal avalanche accidents 
involve buried near-surface facets as the weak 
layer.  Many studies have observed and 
investigated near-surface faceting (e.g., 
Armstrong 1985; Colbeck 1989; Birkland et al. 
1998; Hardy et al. 2001; Cooperstein et al. 2004; 
Hood et al. 2005).  Armstrong (1985) and 
Colbeck (1982) discuss how vapor pressure 
gradients (which are directly related to the  
mean temperature and temperature gradient) in 
the snowpack produce faceted crystals through 
vapor transfer between snow grains.  For the 
practitioner, the only realistic method for 
monitoring these gradients currently is to 
measure temperature with a handheld 
thermometer across certain distances within the 
snowpack.  This gives an indication of the extent 
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of vapor transfer and, ultimately, whether 
faceted grains are forming.  When diurnal 
recrystallization, one of three types of near-
surface faceting (Birkland 1998), is occurring, 
faceted grains are not necessarily growing 
continuously around the clock.  This poses a 
problem for the practitioner’s method for 
monitoring in that he would need to sample 
temperatures at regular intervals in 24-hour 
periods to gain a good understanding of when 
diurnal recrystallization is taking place.  

Previous studies have used temperature 
sensor arrays (commonly thermocouples) 
deployed into the snowpack and connected to a 
datalogger to record temperatures (e.g., Birkland 
at al. 1998; Cooperstein et al. 2004; Hood et al. 
2005).  The data show when, in 24-hour periods, 
faceting is occurring and when it is not.  
However, this method of monitoring diurnal 
recrystallization is not practical for most 
practitioners in that the equipment is costly and 
complicated to operate.  It is also bulky and 
heavy which limits deployment locations. 

The following is an investigation into an 
alternative, easy and inexpensive method to 
monitor diurnal near-surface faceting for the 
practitioner.  Using miniature self-contained 
temperature sensors and dataloggers (Maxim 
iButtons manufactured by Dallas 
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Semiconductor), temperature gradients in areas 
of interest, including remote locations can be 
observed.  This is the first part on an ongoing 
research project focused on whether the iButton 
temperature sensors perform sufficiently for use 
in collecting around the clock temperature 
gradients.  Provided they prove useful, there 
could be a number of different applications for 
the practitioner. 

 
2.  METHODS 
 
2.1 iButton Temperature Sensors 
 

Snow temperature data was collected 
using Maxim’s iButton Thermochron (model 

DS1922L) and Hydrochron (model DS1923) 
temperature sensors.  IButtons have recently 
been used successfully in snow research 
projects which involved snowpack evolution for 
hydrological purposes (Lewkowicz 2008; 
Lundquist and Lott 2008).   

The iButton Thermochron consists of a 
self contained temperature sensor, datalogger 
and battery.  The iButton Hydrochron is the 
same with the addition of a humidity sensor.  
The device is enclosed in a small 17.35 mm by 
5.89 mm water resistant stainless steel 
container and records the equilibrated 
temperature of the container.  A total of 8192 8-
bit readings or 4096 16-bit readings, taken at 
equidistant intervals ranging from 1 s to 273 hr 
can be stored.  The DS1922L has a temperature 
range of -40C to +85C with a manufacturer 
accuracy of +-.5C in the -10C to +65C range.  
However, Hubbart et. al (2005) demonstrated 
iButton accuracy to be +-0.21C which exceeds 
manufacturer specifications.  

 
2.2 Field Deployment Methods 
 

The iButtons were configured to record 
temperature at a given time interval, most often 
set at 1 hour.  They were then placed in 
mounting strips and carefully inserted into the 
snowpack (Figure 1).  Mounting strips, or 
probes, were made using semi-transparent 
white plastic.  Surface to 5 cm depth strips 
recorded measurements at 1, 3 and 5 cm and 

used a smaller strip (5 cm) to reduce effects of 
settlement and creep.  Temperatures from 10 to 
40 cm in the the pack were recorded at 10 cm 
intervals and used a longer strip (30 cm).  Nylon 
cord was attached to the probes to keep track of 
the units.  Air temperature and relative humidity 
measurements at 30 cm above the snow surface 
were recorded by suspending an iButton 
hydrochron on a separate probe.  The iButtons 
were left to collect data for a number of days, 
after which they would be retrieved and the data 
downloaded to a computer for analysis.   

 

            
 

Figure 1.  (A) iButton prototype mounting strips 
used for early tests.  (B) Typical deployment site 
includes iButtons in mounting strips deployed 
below the snow surface attached to a probe with 
cord.  A Hydrochron is visible behind a solar 
radiation shield on the probe. 
 

Deployment periods focused on high 
pressure weather systems known to be 
associated with clear skies, large diurnal cycles 
in temperature and possible near-surface 
faceting events.  These weather conditions also 
reduced the chance for the site to become 
buried with new snowfall.  Locations were 
focused on areas of concern, i.e., starting zones, 
thin snowpack areas and bed surfaces.  
Standard snowpack observations including 
snowpack profiles were recorded at the 
beginning and end of each deployment.  A 
number of the observations included 
photographs of grains in the top 5 cm to 
document changes in grain type throughout the 
observation period. 
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3.  RESULTS 
 
 Approximately 20 deployments were 
completed in the Wasatch Range during the 
2009/2010 winter season.  All deployments 
recorded measurements at 1, 3 and 5 cm depth 
while roughly half recorded measurements 
deeper into the pack at 10 cm intervals. 

The most interesting case captured was 
from 3-5 December 2009 in the East Castle area 
above Albion Basin at Alta ski area.  Figure 2 
shows temperatures recorded at 1 cm below the 
snow surface and 3 cm below the snow surface 
(line graphs).  Figure 2 also shows the 
temperature gradient in degrees per meter 
between these two points (bar graph).  This 
event resulted in a layer of advanced faceted 
grains.  Starting 11 December 2009, a major 
storm cycle dropped approximately 114 cm of 
snow and widespread avalanching on the buried 
surface facets began.  This layer proved to be 
very persistent and produced avalanches 
through February 2010.  It culminated in 190 
human triggered avalanches with 78 people 
getting caught and 3 fatalities. 
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Figure 2.  Snow temperature at 1 cm and 3 cm 
depth (solid lines) and temperature gradient 
between 1 cm and 3 cm (bars). 
 
4.  DISCUSSION 
 

During the winter of 2009/2010, 
numerous preliminary tests monitoring near-
surface faceting were completed with promising 
results.  Two significant events were captured 
with one event resulting in a very reactive and 

persistent weak layer once buried.  Additionally, 
several tests were done comparing different 
mounting strip techniques and materials. 

Due to the difficult nature of monitoring 
a snowpack in its natural environment there was 
no surprise challenges arose with settlement, 
creep and solar absorption.  Solar absorption of 
the sensors and mounting strip in the top 5 cm 
of the snowpack became the most difficult to 
mitigate.  Reflective paint, reflective tape, and 
closed cell foam tests did reduce solar loading.  
As of this writing, the reflective tape and closed 
cell foam configuration is preferred due to its low 
cost and ease of use (Figure 3). 

 
 
 

Figure 3. (A) Two 
iButtons in reflective 
tape ready for near-
surface deployment. (B) 
iButtons and closed cell 
foam ready for 
deployment for 10 cm to 
40 cm below the snow 
surface. 
 

 
 
Considering the iButtons measure the 

equilibrated temperature of its ~17 mm diameter 
stainless steel container, this relatively large 
footprint also is in question.  However, the 
preliminary tests performed during the 
2009/2010 winter season correspond well with 
manual observations during periods of near-
surface faceting.  This suggests that the iButton 
may be a useful tool in recording temperature 
gradient trends within the snowpack. 

Future work intended for the 2010/2011 
winter season includes continued remote area 
monitoring and use of the Atwater study plot in 
Alta, UT (in partnership with Utah Department of 
Transportation Avalanche Control).  Deployment 
of an iButton array at the Atwater site during the 
season will collect temperatures every 10 cm 
throughout the entire snowpack as well as a 
near-surface array in the top 5 cm to monitor 
near-surface faceting.  The arrays will 
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periodically be retrieved and redeployed in order 
to download data and add iButtons (in the 
deeper array) after each significant storm.  More 
work on mitigating solar absorption is planned 
and the effects of the iButton’s relatively large 
footprint will be addressed.  After the 2010/2011 
winter research hopefully enough will be known 
about the iButtons to determine if they are a 
useful tool for the practitioner. 
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