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Are hand-held infrared thermometers and cameras useful  
for avalanche forecasting? For avalanche education? 

Bruce Jamieson1* and Michael Smith2 

1 bruce.jamieson@snowline.ca, Snowline Associates Ltd., Calgary, Alberta, Canada 
2 info@northwindwx.com, Northwind Avalanche and Weather Services, Whitehorse, Yukon Territories, Canada 

ABSTRACT: This paper presents new results for measuring the temperature of the snow surface (Tss) with 
hand-held infrared (IR) thermometers and of the pit wall with IR cameras, and identifies limitations includ-
ing adjustment of IR thermometers to ambient temperature, as well as radiative and turbulent heat transfers 
during the exposure time of the pit wall.  

Avalanche forecasting operations have three potential objectives for Tss measurements: 1) an indication of 
near surface faceting, 2) day-to-day change in Tss, and 3) the current temperature difference from the melt-
ing point. We identify constraints that undermine the value of IR thermometers for these objectives. How-
ever, we propose that IR measurements of Tss over terrain variations in aspect, slope angle, windy vs shel-
tered, and sunny vs shady surfaces are valuable for teaching – and for developing an intuitive sense of – sur-
face heat transfers over terrain.  

Avalanche forecasting operations are interested in the vertical temperature profile in the snowpack and espe-
cially in gradients adjacent to crusts. We took horizontal averages of IR pixels of a shaded pit wall and meas-
ured temperature changes of 1°C within a minute after exposing the pit wall. Temperature gradients also 
changed substantially within minutes. In contrast to the limitations of IR images of pit walls for avalanche 
forecasting, such images have considerable value for avalanche education. We show images that illustrate 
stronger temperature gradients in shallow areas and normal to the slope, heat flow along depth hoar chains, 
and the dependence of near surface temperature gradients on heat transfer at the surface.  
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1 INTRODUCTION 
We summarize research and new results for measuring the temperature of the snow surface (Tss) with hand-
held pistol-shaped infrared thermometers (subsequently called IR thermometers) and of the pit wall with an 
IR camera. These devices are passive sensors of the infrared radiation emitted by a surface (and not from be-
low the surface).  

Regarding avalanche forecasting, we identify limitations of IR thermometers for Tss and IR cameras for pit 
wall temperature profiles. 

In contrast to contact thermometers that need to be shaded, IR thermometers and cameras can measure Tss in 
the sun or shade. Using examples, we show the value of using IR thermometers and IR images for teaching 
about the heat transfers relevant to avalanche formation and release. 

An extended abstract of this paper is available in the Proceedings of the 2018 International Snow Science 
Workshop in Innsbruck, Austria. 

2 EMISSIVITY OF THE SNOW SURFACE 
The stated accuracy of the IR thermometers is typically 1.5 to 2°C but several of the tested units yield better 
accuracy in the range relevant to avalanche formation and release. The relationship between the snow sur-
face temperature and the radiative power measured by the IR units is governed by the Stefan Boltzmann law, 
and is linearly dependant on the emissivity of the snow surface. Clean snow typically has an emissivity of 
0.97 to 1.0 with some dependence on grain type and viewing angle (e.g. Hori et al, 2006) while snow con-
taminated with dust or other debris may be 0.93 or lower. Measurements of slush with a good quality IR 
thermometer (IR100) while varying the emissivity between 0.92 and 0.99 showed a nearly linear response in 
the indicated temperature (Figure 1). The same figure shows an apparent dependence on measurement dis-
tance. Although the viewing angle was not ‘seeing’ the walls of the cooler during these measurements it is 
possible that there were edge effects, resulting in a positive offset of measured Tss at greater distances from 
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the slush surface. Not shown is a fourth set of measurements where IR100 was allowed to equalize to an am-
bient temperature of -5°C under overcast skies just prior to sunrise. This is cooler than the stated operating 
range of 0 to 50C and likely reinforces past recommendations to transport the unit in a jacket and to avoid 
allowing it to cool to ambient temperatures below freezing (Jamieson and Schirmer, 2016; Section 3.1). 

 
Figure 1: Dependence of measured surface temperature on emissivity when using the IR100. Temperature was 
measured using a digital contact thermometer, and from distances of 10, 30 and 60 cm from the surface of 
slush in an insulated cooler. 

3 MEASURING THE SNOW SURFACE TEMPERATURE WITH INFRARED THERMOMETERS 
3.1 Sources of error and limitations 

Short-term fluctuations in Tss 

With an IR video camera pointed at a sunny snow 
surface, Jamieson and Schirmer (2016) showed Tss 
changes of ~1.0°C within a minute and 0.5°C with 
seconds (Fig. 2). While these fluctuations can be ex-
plained by wind gusts (turbulent heat transfer) or 
changes from direct to indirect solar radiation (inter-
mittent cloud shading) of the snow surface being 
measured, these short-term changes are not relevant 
to changes in mechanical properties of the upper 
snowpack and hence to avalanche forecasting. Some 
hand-held IR thermometers can be set to display av-
erage temperature over, say, a few minutes. Averages 
over 10 or more minutes (as used by downward-fac-
ing IR thermometers mounted on weather stations) 
are likely relevant to thermal and mechanical proper-
ties of the upper snowpack but averaging Tss meas-
urements with a hand-held IR thermometer is inefficient use of the time of field crews and may result in er-
rors from operator heating.  

Accuracy of units 

During the winter of 2017-18 in Calgary, Canada, over 100 TSS readings were taken with three different IR 
thermometers within ~10 s. The units are labelled IR30, IR70 and IR100, since their prices are roughly 
US$30, US$70 and US$100. IR100 is used for the reference temperature since it has shown to be accurate in 
previous studies and in slush measurements (below). Since the units can take up to 30 minutes to adjust to 
ambient temperatures substantially different from room temperature, the units were carried inside the opera-
tor’s jacket until the measurement. As shown in Fig. 3, IR30 displayed Tss very close to IR100 readings over 
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Figure 2: Temperature fluctuations of a sunny 
snow surface from an IR camera (adapted from 
Jamieson and Schirmer, 2016). 
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a wide range of surface temperatures. However, IR70 displayed Tss values 1 to 5°C above IR100 readings. 
While the lower price of IR30 is appealing, the buttons used to set the emissivity, etc. fell off during the win-
ter, suggesting the unit was of lower quality. Before buying IR thermometers for use in teaching, etc., there 
are advantages to seeking reviews on various units.  

In several indoor Tss measurements of clean stirred slush, IR30, IR70 and IR100 yielded average values of -
0.6, +1.1 and -0.2°C, respectively (with an emissivity setting of 0.98). 

IR thermometers adjusting for ambient temperature 

IR thermometers have a limited range of operating 
temperature (e.g. 0 to +50°C for the IR100). The 
specifications for some brands and models of IR 
thermometers state that 30 or more minutes are re-
quired to adjust to ambient temperatures substan-
tially different from room temperature. To assess 
this effect for avalanche workers who would prefer 
to carry IR thermometers in their pack but – to better 
approximate room temperature – could carry the 
units inside their jackets, we measured 38 differ-
ences in Tss measurements between two IR100 
units, one carried in a mesh pocket on the outside of 
a pack and one carried inside the operator’s jacket. 

The adjustment times between measurements 
ranged from 14 to 25 minutes and averaged 20 
minutes, during which the operator was cross-
country skiing. The position of the units was alter-
nated between measurements. The differences are 
plotted against air temperature (Ta) in Figure 4.  

The magnitude of the differences in Fig. 4 was less 
than 2° (approximately the stated accuracy of a sin-
gle measurement) when the air temperature was 
above -7°C. The magnitudes of the differences var-
ied up to 6° when the air temperature was be-
low -7°C. This is better than the IR100’s recom-
mended minimum operating temperature of 0°C. 
Based on this experiment with a single brand and 
model of IR thermometer, we recommend that ava-
lanche workers and educators carry IR thermome-
ters inside their jackets unless they are using their 
unit within the confirmed operating range of their unit. 

3.2 Application to avalanche forecasting 

Previous studies of avalanche operations have identified three potential objectives for Tss measurements: 
1) indications of near surface faceting, 2) day-to-day change in Tss, and 3) the current temperature difference 
from the melting point. Jamieson and Schirmer (2016) argued that IR thermometers and contact thermome-
ters were less useful than observations of sky conditions for Objective 1. The undesirable sensitivity to short 
term fluctuations in Tss of IR thermometers and the limited relevance of Tss (or top 1 mm) to the mechanical 
properties of the upper snowpack indicate that a subsurface temperature, say, T10 measured 10 cm below the 
surface, is more relevant to avalanche forecasting than Tss measured with an IR thermometer (see Section 
5.1).  

While contact thermometers are less sensitive to short term fluctuations than IR thermometers, the albedo of 
contact thermometers is lower than snow and hence they absorb more indirect short-wave radiation than the 

 
Figure 3: Over a wide range of surface temperatures, 
the IR30 unit (~US$30, orange dots) gives readings 
close to the IR100 unit but the IR70 unit (blue dots) 
reads ~1 to 5°C higher. 

 
Figure 4: Difference in Tss measurements between two 
IR100 thermometers, one carried on the outside of a 
pack and one inside the operator’s jacket. The magni-
tude of the differences was greater when the air tem-
perature was below -7°C. 
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snow surface. Jamieson and Schirmer (2016) showed that contact thermometers – even when shaded – are 
inaccurate for measuring Tss (i.e. the temperature readings are too high).  

3.3 Applications to education 

Heat transfers to and from the snow surface are diffi-
cult to teach but important to evaluating the stability of 
snow slopes and for avalanche forecasting. Fig. 5 
shows the difference between the snow surface and air 
temperature, Tss – Ta, for various sky conditions in a 
study plot during winter 2017-18. Under overcast sky 
(OVC), the snow surface was only about 1.5 to 3°C 
cooler than the air for the middle half of the measure-
ments (Q1 to Q3), suggesting that outgoing long wave 
(LW) was only slightly greater than incoming heat in-
cluding incoming LW from the clouds, etc. Under 
clear sky (CLR) and when shadows were sharp in the 
study plot (little or no diffusion by clouds), Tss in the 
shade was about 9 to 10.5°C cooler than Ta, indicating 
outgoing LW was substantially greater than incoming 
heat from various sources including atmospheric water 
vapour and nearby trees (downwelling LW radiation) as well as warm wind (turbulent transfer). For Few 
(FEW), Scattered (SCT) and Broken (BKN) sky, most values of Tss – Ta were between values for overcast 
and clear sky. 

Heat transfers to and from the snow surface also vary by aspect. Fig. 6 shows the image from an IR camera 
pointed south at mountains in the afternoon of a day with clear sky. The surface temperature on the west-
facing slopes (and west side of the trees) is warmer (warmer colours) than on the other aspects (cooler col-
ors), indicating that the cumulative heat transfers, including incoming SW radiation, have warmed the west-
facing slopes more than other slopes. On an overcast day, the temperature of the slopes with various aspects 
would be more similar. 

These and other IR images of the snow surface can be obtained by searching the web for “thermal photos 
asarc”. 

IR cameras record higher temperatures from sur-
faces that directly face the camera than from sur-
faces with the same Tss at lower viewing angles 
(e.g. Dozier and Warren, 1982). The relative tem-
peratures (e.g. warmer on west-facing slopes in the 
afternoon) have value for avalanche education. 
However, the absolute value of the surface temper-
ature on the various aspects from images like 
Fig. 6 may not be useful for avalanche forecasting 
largely because of the different viewing angles of 
different slopes. 

4 INFRARED IMAGING OF THE PIT WALL 
4.1 Sources of error and limitations  

Temperature profile and temperature gradient of 
the pit wall 

Avalanche forecasting operations are interested in the temperature profile in the snowpack and especially in 
the small-scale gradients adjacent to melt-freeze crusts (e.g. Hammonds and Greene, 2016). However, previ-
ous research has shown that IR images of a pit wall soon after shovelling has limitations for both objectives 
(Schirmer and Jamieson, 2014). 

 
Figure 5: Bar plots of the difference between Tss 
and air temperature (Ta) for various sky condi-
tions. The plus sign indicates measurements un-
der thick clouds. For each plot, half the measure-
ments lie between the first (Q1) and third quar-
tiles (Q3). 

 
Figure 6: Afternoon image from an IR camera 
pointed south towards Mt. Smart in Glacier National 
Park, BC. Ucalgary.ca/ASARC image. 
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To minimize the limitations identified in previous studies, we took horizontal averages of IR pixels of a 
shaded pit wall. The 75 cm high pit wall was exposed by shovelling quickly (Fig. 7a). The sky was clear, Ta 
varied from -1 to -2°C, and the wind was light gusting to moderate. From 0.5 to 12.5 minutes after the pit 
wall was exposed, twelve IR images were taken with a FLIR B300 mounted on a tripod.  

  
Figure 7a: Photo of shovelled pit wall, with 
vertical scoring from shovelling quickly. 

Figure 7b: Pit wall exposed for ~40 sec-
onds before first IR image, showing top, 
mid and lower rectangles. The horizon-
tal rectangles minimize the effect of the 
vertical scoring from shovelling. 

The images show three distinct temperature bands (or layers) in which the middle layer was the coolest 
(Fig. 7b). We took the average temperature of a horizontal rectangle of pixels for each of the three layers.  

From 0.5 to 1.5 minutes after exposure, the first and second images show that all three layers cooled, likely 
because outgoing LW radiation to the clear sky was dominant (Fig. 8a). Within this interval, the top and bot-
tom layers cooled by at least 1°C, and the cooler mid layer cooled by about 0.5°C. Over the 12 images and 
~12 minutes, the warmer layers (top and bottom rectangles) exhibited an overall cooling trend.  

  
Figure 8a: Time series of average temperatures 
for the top, mid and bottom layers based on 12 
IR images. 

Figure 8b: Time series of the magnitude of the aver-
age temperature gradients between the top and 
mid layer (TG upper) and between the mid and bot-
tom layer (TG lower) based on the first 8 IR images. 
The dotted lines show the gradients, extrapolated 
back to the time the pit wall was exposed. 

From about 4.5 to 5.5 minutes after exposure, the top and mid layer show warming, which may be due to a 
gust of wind since the air temperature was warmer than any of the layers. The bottom layer of the pit wall 
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showed the least warming, perhaps because it was more sheltered from the wind by the blocks of shovelled 
snow (Fig. 7a). 

For each image, we calculated the magnitude of two average temperature gradients: TG upper between the 
upper and mid rectangle, and TG lower between the mid and lower rectangles. The time series of these two 
average gradients are shown in (Fig. 8b), along with dotted lines showing the extrapolated gradients back to 
the time the pit wall was exposed. These dotted line segments are steeper than the next interpolated line seg-
ment since pit wall temperatures will change faster soon after exposure.  

TG upper and TG lower changed substantially within the first few minutes of the pit wall being exposed. TG 
lower crossed the 10°/m threshold (often interpreted as the threshold between rounding and faceting meta-
morphism of dry snow) within the first 30 seconds. TG upper crossed this threshold about three minutes after 
the pit wall was exposed. Of course, 10°/m is only an approximate threshold between the two types of dry 
snow metamorphism. 

Operator warming of the pit wall 

Prior to sensing of snow surfaces including pit walls with IR thermometers and IR cameras, LW radiation 
from the outer clothing of people can artificially warm the snow surfaces. To assess this potential error, an 
operator wearing a light shirt kneeled close to the left side of a pit wall for 3 minutes (Fig. 9a). The IR image 
taken about 10 s after the operator exited the pit shows the left side of the pit wall ~1°C warmer than the 
right side (Fig. 9b). 

  
Figure 9a: To assess operator warming, 
this person is wearing a single light shirt 
while kneeling close to the left side of a 
pit wall for 3 minutes. 

Figure 9b: Image taken about 10 s after the operator 
stepped out of the pit. The left side of the pit wall where 
the operator was standing is ~1°C warmer than the right 
side. 

This experiment suggests that operators with multiple layers of winter clothing will not substantially affect 
the temperature of snow surfaces in the first few minutes. However, this is a single experiment. Shea and Ja-
mieson (2011) calculated snow surface warming of 0.1°C per minute by an operator wearing winter clothing 
about 1 m away from the snow surface. Hence, their calculations and our experiment indicate that the warm-
ing effect of a single operator wearing winter clothing is weak within the first few minutes.   

4.2 Application to avalanche forecasting 

Other IR time series of pit walls may exhibit faster or slower changes in average temperature gradients 
(Fig. 8b). However, since forecasters are interested in the temperature gradient before a pit wall is exposed, 
any change due to exposure time is an error. Errors in small scale gradients will be greater than errors in av-
erage gradients (e.g. Fig. 8b). Also, Schirmer and Jamieson (2014) showed that small scale gradients may 
exhibit errors due to ridges and grooves in the pit wall. Since soft layers adjacent to hard melt-freeze crusts 
are prone to forming grooves during shovelling, substantial errors in the gradient can occur near hard crusts.  
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For avalanche forecasting, the utility of temperatures, or temperature gradients, derived from IR images of a 
pit wall appears limited to slope-parallel averages of major layers in a shallow pit wall (depth < 1 m) taken 
within less than a minute of exposing the pit wall. 

4.3 Applications to education 

In contrast to the limitations of IR images of pit walls for avalanche forecasting, such images have value for 
avalanche education. An image of a very shallow pit wall over a buried rock on a day with clear sky, Fig. 10, 
shows a strong temperature gradient in shallow areas, a stronger gradient normal to the slope than vertically, 
heat flow along depth hoar chains, and the dependence of near surface temperature gradients on heat trans-
fers at the snow surface (in this image, dominant outgoing LW to a clear sky).  

  
Figure 10: IR image of a shallow pit wall over a buried rock on 
a day with clear sky, and hence strong surface cooling by out-
going LW radiation. 

Figure 11: IR image of a slab avalanche 
take about 5 minutes after the ava-
lanche released. 

Also, Fig. 11 taken about 5 minutes after a slab avalanche shows trees as a source of LW radiation, the tem-
perature gradient in the slab at the crown, and, in this case, a bed surface that is cooler than the snow surface. 

5 SUMMARY 
5.1 Applications of surface temperature measurements to avalanche forecasting 

There are three potential objectives of surface temperature measurements (Tss) to avalanche forecasting: (1) 
an indication of whether or not near surface faceting is likely; (2) tracking Tss (or near surface temperature) 
change from day to day; and (3) an indication of the heat required to melt the snow surface. Jamieson and 
Schirmer (2016) argued that for Objective 1, sky observations are better than Tss measurements with contact 
or IR thermometers. For Objective 2, the temperature 10 cm below the surface (T10) is preferable since Tss 
measurements with contact or IR thermometers fluctuate over time scales of minutes or less due to fluctua-
tions in wind (turbulent heat transfer) or due to intermittent shading by clouds or trees. For Objective 3, T10 
is again preferable to Tss due to short-term fluctuations in Tss and because T10 better indicates the mechani-
cal properties of the upper snowpack than Tss.  

Hand-held IR thermometers can detect the short-term fluctuations (< 1 minute) in Tss; however, the short-
term fluctuations are not relevant to avalanche forecasting. 

5.2 Hand-held IR thermometers for the snow surface 

Hand-held IR thermometers have more merit for avalanche education than for avalanche forecasting. We 
recommend units with adjustable emissivity and good reviews. In our limited experiments, a unit costing 
$US100 outperformed less expensive units. 

For avalanche education, IR thermometers can be used to illustrate the effects of incoming SW radiation, 
outgoing LW radiation and turbulent heat transfer on various aspects. Some videos of using IR thermometers 
for avalanche education are freely available at vimeo.com/album/5317917. Some IR images of snow sur-
faces and pit walls are available by searching the web for “thermal photos asarc”.  

https://vimeo.com/album/5317917
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5.3 Thermal cameras for temperature profiles of the pit wall 

Within a minute of a pit wall being exposed by shovelling, the average temperature gradient of a thick layer 
can change by at least 1°C. Outgoing LW radiation and turbulent heat transfer contribute to these tempera-
ture changes.  

Schirmer and Jamieson (2014) showed that grooves and ridges in the pit wall can lead to larger errors in 
small scale gradients from IR images.     

A single person in winter clothing can warm the pit wall by 1°C in ~10 minutes, which supports the use of 
temperature profiles obtained from contact thermometers inserted ~10 cm into the pit wall. 

For avalanche forecasting, the utility of temperatures, or temperature gradients, derived from IR images of a 
pit wall appears limited to slope-parallel averages of major layers in a shallow pit wall (depth < 1 m) taken 
within less than a minute of exposing the pit wall. 

For avalanche education, IR images such as Figs. 10 and 11 and others at schulich.ucalgary.ca/asarc/re-
search/outreach/thermal-photos can help illustrate the effect of heat transfers on the snow surface, strong 
temperature gradients in shallow areas, heat flow along depth hoar chains, LW radiation from trees and sun 
exposed cliffs, the effect of shading by trees and terrain, etc.      
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