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Introduction 
 
Accurate measurement and characterization of snowfall in mountainous environments is 
important for operational avalanche and water supply forecasting, however presents many 
challenges due to inherent variability in snow cover across the mountain landscape.  The 
snowpack is a dynamic medium with constantly changing densities and depths as a result of 
both mechanical and energy balance parameters.   Further, typical snow monitoring 2

instrumentation, especially at higher elevations, is not only prone to inaccuracies due to wind 
transport, but is often subject to significant objective hazard from loading, settlement and 
avalanching.  
 
Thus, effective measurement and characterization of the mountain snowpack at higher 
elevations is relatively rare and requires appropriate location selection and/or specialized 
instrumentation consideration.  
 
The monitoring methods discussed here were influenced by SNAPS Northern Periphery 
Program that devised the SM4 snow sensor to monitor dynamic snow levels and temperatures 
in northern European and Icelandic snowpacks.   Though, here we use a different approach to 3

determine height of snow (HS), our objective is two-fold:  
 
First, a summary of methods to determine HS from temperature arrays is provided, and second, 
HS outputs from both temperature-based HS time-series and a sonic-transducer-based time 
series are compared at a single alpine site in SE Alaska over the 2015/2016 winter season.  
 
Background 
 
Snow data collected over the 2015/2016 winter season was in support of logistics and 
operations at Palmer Project, a multi-ore mining project located in SE Alaska.  This mountainous 
region experiences a relatively deep maritime snowpack.  Site operations called for two 
high-elevation monitoring sites, one at 1260 m and the other 875 m above sea level.  The lower 
site experienced a failed guy support wire and began tilting.  While a usable dataset was 
generated, results from the lower site are not discussed here.  Snowpack data collected in this 
application was threefold: to support operational avalanche forecasting and dynamics, to help 
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drive potential snow management infrastructure design and to understand and subsequently 
model a local hydrologic regime.  
 
Instrumentation was sourced from BeadedStream LLC  .  Sensors and controls platform 4

consisted of (Figure 1):  
 

1. Maxbotix - HRXL MaxSonar WRS Series, 5 m range, 1 mm resolution - Datasheet 
2. BeadedStream Custom DTC, +/- 0.1 accuracy - Datasheet 
3. BeadedStream D405 Satellite Logger, Solar Powered/Iridium SBD - Datasheet 

 

 
 
 
Figure 1: Spring-time photo at upper site (1260 m).  ~ 5 m pole is guyed to rock anchors.  The sonic is on a ~ 1 m 
boom.  The yellow box is the solar-powered satellite transmitting data logger and interfaces with the multi-point 
temperature string (DTC), which is coupled directly to the mast.  
 
 
 

4 BeadedStream LLC is an Anchorage, Alaska-based manufacturer of temperature monitoring solutions.  
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Methods  
 

To assess the temperature and acoustic snow depth time series, data was downloaded directly 
from BeadedStream’s data platform in a *.csv format. Data was then read into the Octave GNU 
platform for conversion into a *.mat format to facilitate further handling. 

 
As acoustic sensors often result in relatively ‘noisy’ data, an effort was made to ‘clean up’ the 
time series, while also leaving it in its most raw form. This was accomplished by eliminating all 
negative values from the time series, while leaving some likely erroneous values within the data 
presentation. Negative values from the sonic result from acoustic pulse ‘misses’; essentially the 
sensor does not receive the echo from its pulse and records an error value. Noisy data on these 
devices often results from movement/vibration of the physical platform (wind effects), 
interference due to vegetation or falling snow, or an uneven target or obstruction such as rough 
ground or the sonic is too close to the mast. With some post processing, some errant intervals 
were still present in the time series. 

 
Given the nature of digital temperature measurements, temperature data from DTCs is quite 
reliable. However, interpretation of temperature data to produce an HS time series has some 
inherent inaccuracy as well as subjectivity. 

 
First, the accuracy of HS data extracted from TAC data is a function of the sensor spacing. More 
tightly spaced sensors will increase resolution. The sensor spacing on these DTCs was 20 cm, 
thus the resolution is at best, +/- 20 cm HS. 

 
Second, the accuracy of HS data is also dependent on how to interpret where the snow/air 
interface occurs by evaluation of the data. As the snowpack has a damping effect on sensible 
heat exchange from the air, the temperature change into the snowpack is not linear. Further it is 
highly dynamic over time due to a variety of environmental conditions and a constantly changing 
snowpack. Lastly, the string experiences thermal effects from direct solar exposure, heat 
conduction from the mast, and also air convection – mostly in the spring due to ‘welling’ around 
the mast – all which can influence snow temperature readings. The goal here is to automate this 
conversion uniformly across each temperature profile interval. 

 
For a given time interval temperature profile, the change in temperature over depth was 
calculated. Assuming that the snow/air interface occurs at the largest node difference, we take 
the absolute value of each profile derivative and identify the largest rate of change between 
nodes starting from the bottom sensor. The derivative interval with the largest value denotes the 
jump from in-snow temperatures to in-air temperatures, given that the air temperatures are 
relatively consistent (Figure X).  This differs from the SNAPS protocol in that in-snow 
temperatures were directly compared with air temperatures to delineate snow depths. 
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Figure 2: Graph of sample temperature profile data compared with calculated variable aimed at determining HS from 
temperature profiles. The red arrow points to the black peaks which help delineate the snow/air interface. 

 
A subjectivity component comes in when attempting to designate whether the upper or lower 
sensor that defines the derivative should be used to mark what the HS is at that time interval. A 
couple issues arise that 

 
1. Welling around the mast, which was documented at 875 m (Figure 3), would likely 

produce effects where the sensed depth is less than the actual depth as convective and 
radiative energies penetrate deeper into the snowpack. This phenomenon is more 
common during the spring as solar radiation strengthens and surface melt creates a 
positive feedback as heat is conducted down the mast and temperature cable. 

2. Natural effects of the snow would create uncertainty as a sensor lying near the surface 
of a low- density, earlier winter snowpack might show snow temperatures more in-line 
with air temperatures than snow temperatures.  
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Figure 3: Photo taken during an early April site visit.  Positive thermal feedback results in welling around the mast. 
The DTC is largely decoupled from the snowpack during the ablation season.  

  
Thus the upper sensor was chosen to represent a higher depth and likely more consistent with 
the location of the snow/air interface for the bulk of the winter season. In any event, 
compounding uncertainties between this method and the inherent resolution of the sensor 
spacing produce an HS accuracy of +/- 40 cm.  

 
Results and Discussion 

 
Below temperature profiles per time interval are graphed as elements (Figure 4). The image 
depicts a seasonal snow time series consistent with the sonic-derived data (Figure 5). 

4 

https://coldneve.com/


 
Seligman, Z.  Analytical Methods Used in Determining Height of Snow (HS) from Temperature Sensor Arrays for Snow and 
Avalanche Applications.  NEVE LLC, 2016.  

 
Figure 4: Temperature Acquisition Cable data graphed over time for site 1260 m. Profiles show snow temperatures 
over the course of the season. The snow/air interface can be depicted from the graph. Y-axis shows HS in cm. The 
colorbar on the right represents snow temperatures in Celsius. According to snow temperatures, the snowpack 
become fully isothermal on April 1st, 2016. 
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Figure 5: Sonic data from Site 1260 m. 
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Comparisons of DTC HS and Sonic HS for the two sites can be seen in Figure 6. 
 

 
Figure 6: Graph comparing HS between the sonic and TAC derived values at 1260 m. As an example, max HS from 
sonic sensor was 390 cm, while max HS from temperature algorithm was 360 +/- 40 cm.  

 
Regarding differences throughout the season between TAC- and sonic-derived values there is 
some explanation. During the early season (October/November), there are little to no computed 
DTC depths likely due to difficulty in the algorithm’s ability to detect significant differences 
between air and snow temperatures. In this way, the interface between the two media would 
show little difference. The pack is shallow and the temperature gradient is high, often creating 
surface hoar frost as is common in autumn snow packs. 

 
During middle season (D/J/F/M), there is a good match among the two data sets as the 
snowpack is deeper and dampens air temperature fluctuations well, allowing good thermal 
delineation between air and snow. 

 
Lastly, late in the season (A/M/J), the time series diverge as welling occurs around the mast 
(Figure 3), allowing air temps to penetrate deeper into the snowpack and creating a discrepancy 
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between the data sets. As a result, the algorithm did not detect significant differences between 
air and snow temperatures.  

 
Conclusion 
 
Given the difficulty in obtaining HS at higher elevations, monitoring methods that utilize 
temperature arrays provide an alternative HS characterization solution that can more easily 
accommodate the mechanical considerations associated with settlement, creep and mass 
movements associated with snow avalanching, on steep, exposed slopes.  Further, beyond 
basic sonic-transducer data, temperature profiling in snowpacks also allows insight into thermal 
characteristics of the snowpack.  Surface facets typically form with gradients of at least 10 C/m, 
discrete temperature data can provide accurate gradient characterization.  Shifting from a winter 
to spring snowpack sheds light on flood forecasting, diurnal melt/freeze and flood potential, as 
well as changes in avalanche types (i.e. glide cracks, point-releases) as the season wanes.  
While adequate datasets were obtained for the application at hand, a few drawbacks to the 
temperature-based method might be:  
 

1. Produces a noisier dataset; not as refined as that collected from a typical sonic 
transducer.  

2. HS characterization is limited to inherent sensor spacing of the cable.  This application 
used 20 cm spacing, however 10 cm spacing over probable HS levels is possible to 
achieve. Operationally, however, HS accuracy is likely double that of the sensor spacing.  

3. Expense.  BeadedStream DTCs utilize digital sensors which are addressable and allow 
a low-profile product.  However, costs are roughly 10X more than a typical sonic sensor. 
Cheaper methods may employ typical thermistor or thermocouple arrays, however in this 
case additional value was had in combination of an integrated monitoring solution.  
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