
Conceptual design of a digital snowpack probe 
 

Tegan Morrison (tegan.a.morrison@gmail.com), Cristina L’Heureux 
(cristina.lheureux@gmail.com), Vicki Mitchell (vpmitch@gmail.com),  

Alexander Quartero 
 

Department of Civil Engineering, University of Calgary 

 
No one is going to argue that current snowpack profiling techniques are not 
subjective. The best efforts have been made to standardize the tests, such as the 
hand hardness test, but in the end it comes down to the opinion and experience 
of the observer. A digital snowpack probe has the potential of reducing the 
subjectivity of snowpack analysis by quantitatively measuring important 
snowpack properties.  
 
In this article we will discuss the approach we took to developing a conceptual 
digital snowpack design. Before we begin, the context of the project itself 
warrants an explanation. We are a group of fourth-year civil engineering students 
at the University of Calgary. In order to graduate we are required to complete a 
fourth-year design project. While the list of potential projects usually consists 
solely of pedestrian bridges and overpasses, this year Dr. Bruce Jamieson 
managed to sneak in a snowpack stability probe design project. We were lucky 
enough to make the cut and have worked together for the past eight months to 
complete the project.  
 
The objective of the project was to generate new ideas for a snowpack stability 
probe that meets the needs of avalanche forecasting programs. Although a few 
snowpack probes have already been developed, most were designed by 
researchers for research. We took a fresh approach and focused on developing a 
probe specifically for avalanche forecasting. We began by interviewing several 
forecasters to compile a comprehensive needs assessment. Then we looked at 
the current snowpack probes and talked to several researchers who were either 
involved with the development of the probes or who have used the probes in their 
research. Finally, we came up some new ideas for a preliminary probe design 
based on the results of the needs assessment and an understanding of current 
probes. 
 
Our needs assessment consisted of the results from six forecaster interviews. 
We interviewed 

• Rob Whelan, ACMG Ski Guide and Assistant Manager Kootenay, Canadian 
Mountain Holidays  

• Colani Bezzola, IFMGA Mountain Guide and Mountain Safety Manager, 
Canadian Mountain Holidays  

• Marc Ledwidge, IFMGA Mountain Guide and Manager of Mountain Safety 
Programs, Banff, Yoho, and Kootenay National Parks 
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• Scott Aitken, Ministry of Transportation, Avalanche Technician Coast – 
Chilcotin  

• Anna Brown, ACMG Ski Guide and Public Avalanche Forecaster, Canadian 
Avalanche Centre 

• Dave Iles, Avalanche Control Program Director, Lake Louise Mountain 
Resort 

We asked each forecaster a series of questions regarding the ideal physical and 
technical characteristics of a snowpack probe, and some of their requirements 
regarding application and use. The important interview results are summarized in 
Table 1.  

 
Table 1: Summary of forecaster interview results. 
 Highlights 
Physical 
Characteristics 

• Weight: less than 3 kg 
• Size: fits into a standard (35 L) day pack 
• Easy assembly: 10 – 15 minutes for set-up and push 
• Replaceable parts so that individual components can be 

replaced without sending the whole probe away for repairs 
Functionality • Snow hardness and temperature are the two most important 

snowpack parameters to measure 
• Depth accuracy between 1 cm – 5 cm 
• Layer detection resolution of less than 1 mm 

Data Acquisition 
and Output 

• Results immediately available in the field 
• Option to attach meta data and GPS coordinates in the field 
• Wireless data transfer 
• Dual-Format display with both the digital profile and “block” 

profile available.  
 
From these results we came up with 13 design goals, which we used to develop 
the design constraints and criteria for our design. One of the most important 
goals was to develop a probe that not only met the performance requirements of 
the forecasters, but also costs less than $5000. 

 
We looked in depth at four existing digital snowpack probes to assess the 
advantages and disadvantages of their designs.  

1) SnowMicroPen (SMP): A motor driven probe with a cone tip that 
measures hardness relative to depth (Marshall et al., 2007). 

2) Capacitance probe: A probe with a wedge shaped tip that measures 
the density of the snow relative to depth (Louge et al., 1998). 

3) New Generation Rammsonde (NGR): A fixed length probe (1.67 m) 
that measures hardness, conductivity (wet or dry snowpack), and 
reflectivity (relative density of the different layers to predict grain 
shape) relative to depth (Abe et al., 1999). 

4) SABRE probe: A probe with a round tip that measures hardness and 
temperature relative to depth (Mackenzie et al., 2002).  



 
We spoke with six researchers who were either involved in the development of 
an existing probe or who have used at least one of the probes in their research. 

• Dr. Hans-Peter Marshall, Research Associate, Arctic and Alpine Research 
Department at University of Colorado – SABRE and SMP 

• Steve Conger, Avalanche Specialist/Applied Meteorologist at Ava Terra 
Services Inc. – capacitance probe  

• Eric Lutz, PhD Candidate, Earth Sciences at Montana State University – 
SMP 

• Christine Pielmeier, Scientist at Swiss Federal Institute for Snow and 
Avalanche Research – SMP  

• Dr. Osamu Abe, Snow & Ice Research Center, National Research Institute 
for Earth Science & Disaster Prevention, Japan – NGR  

• Dr. James Floyer, Geoscience Department, University of Calgary – 
SABRE  

 
We began the design process by establishing design constraints based on the 
results from the forecaster needs assessment. The five design constraints were 

1) Measures depth 
2) Measures temperature 
3) Measures hardness 
4) Portable 
5) Operable in typical winter weather conditions. 

 
We divided the probe design into seven components, identified the problems 
associated with each component based on existing probes and the researcher 
interview results, re-thought important concepts, generated new ideas, 
researched alternative technologies, and developed a preliminary design for 
each component. 
 
Preliminary Design 
Probe structure: 
Structurally the proposed probe consists of 50 cm segments with a custom 
connector design. The length of the probe can be easily adjusted by varying the 
number of segments used, and the connector design eliminates the need for 
cables running between the segments. Figure 1 is a schematic of the custom 
connector design, which was based on the power switch for the Ortovox F1 
transceiver.  
 

 
Figure 1: Custom connector design. 
 



Probe tip: 
After assessing the advantages and disadvantages of the wedge shaped tip 
(capacitance probe), the hemispherical tip (SABRE), and the conical tip (SMP 
and NGR), we decided on a conical tip with a maximum diameter of 10 mm to 
balance maximum sensitivity to changes in layer hardness and durability. The tip 
is shown in Figure 2. 
 

 
Figure 2: Conical probe tip design. 
 
Force measurement: 
We settled on a subminiature load button to measure hardness. The 
subminiature load button is not as accurate as the technologies used in the 
existing probes but it is inexpensive, it operates well below freezing, and is 
accurate enough to measure the subtle relative changes in force resistance 
between layers. 
 
Temperature measurement: 
The challenge of using a temperature sensor at the tip of the probe is finding a 
sensor material that has a short enough response time to accurately measure the 
temperature gradients as the probe is pushed through the snowpack. To 
overcome this challenge, we incorporated a strip of passive temperature sensors 
along the length of each probe segment. An external radar unit transmits a signal 
to the passive sensors and the reflected signals vary according to the 
temperature of the sensors. The temperature response time of the passive 
sensors is slow, so the probe will have to be left in the snowpack for a short time 
for accurate results. We justified this acclimatization time because it gives the 
forecaster time to record meta data. 
 
Depth measurement: 
Accurately measuring the depth of the tip as the probe is pushed through the 
snowpack has proven very difficult. It seems there are no easy answers. We 
propose a new approach to depth measurement that has not been tried before. 
Ambient light sensors are spaced at 20 cm intervals along the length of the 
probe. As the probe is pushed into the snow and the light sensor moves across 
the air/snow threshold, the sudden change in light intensity will trigger the sensor. 



Because we know the distance of each sensor from the tip of the probe, as each 
sensor is triggered we can determine the depth of the tip. 
 
Data transfer: 
Problems with the wires running from the measurement devices within the probe, 
through the length of the probe, and to external data collection devices have 
plagued researchers using the existing probes. With the recent advancement in 
wireless data transfer technology it is now possible to avoid these problems. The 
data signals from the force measurement and depth measurement devices in our 
probe will be transferred from the probe to the external handheld computer using 
Bluetooth® technology. 
 
Handheld device: 
The major challenges of finding an appropriate handheld device for data 
collection and display was to ensure the device was operable well below 
freezing, that it had enough memory to store the data collected from upwards of 
200 pushes, and that the screen was visible outdoors. The Trimble Recon® 
(Figure 3) computer was built specifically for harsh outdoor conditions, and 
despite being the heaviest and most expensive device we considered it is by far 
the most rugged and appropriate for this application.  
 

 
Figure 3: Trimble Recon® handheld computer 
(www.trimble.com/outdoorhandheld.shtml) 
 
The final probe design incorporates each of the seven components (Figure 4). It 
is important to remember that this is a conceptual design and requires further 
mechanical and electrical development.  
 
In order to successfully meet the objective of the project our proposed probe had 
to be lightweight and cost less than $5000. Table 2 shows a summary of the 
preliminary cost and weight calculations. Additional costs such as machining, 
electrical connectors, software and profit have yet to be considered.  
 
 
 
 
 



Table 2: Cost and weight comparison table. 
Component Cost (CND) Weight 

Probe structure $30 300 g 

Probe tip ~$20 ~100 g 

Force measurement: 
   Subminiature load button 

$400 ~20 g 

Temperature measurement: 
   Passive sensors and radar unit 

~$100 ~250 g 

Depth measurement ~$50 ~5 g 

Hand held display unit $1500 500 g 

Data transfer ~$100 ~50 g 

Total $2200 1225 g 

 
At this point in the design process we are set to achieve the goals that we set 
forth. However, this conceptual design incorporates new ideas and technologies 
that have yet to be tested.  We hope that the ideas presented here are a fresh 
approach to the development of a digital snowpack probe that will be carried 
forth. Our 185 page project report is available from tegan.a.morrison@gmail.com. 
Please contact us with any questions, suggestions, or comments.  
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Figure 4: Final probe design 
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