
An update on digital penetrometer technology 

James Floyer, ASARC, University of Calgary 

Introduction  

Digital snow penetrometers offer the possibility for rapid assessment of snow stratigraphy in the 
field. With sub-centimetre layer resolution, these instruments are far ahead of the original 
Rammsonde penetrometer and there is no need to repetitively drop weights. It is quite feasible to 
sample multiple locations within a relatively short period of time, allowing an assessment of the 
spatial variability within the sample area. 

Penetrometer models 

Currently there are at least three models of digital penetrometer in development or use: 

1. The Snow MicroPen (SMP), developed by the Swiss Federal Institute for Snow and 
Avalanche Research (SLF). Measures force-resistance, which is an analogue for hand 
hardness (Schneebeli and Johnson, 1998; Schneebeli et al., 1999; Pielmeier and 
Schneebeli, 2000). It is probably the probe that is in the most advanced stage of 
development and has the highest sampling rate of all the instruments. It uses a motor 
drive to push the probe into the snow at a constant rate. The most expensive of the force-
resistance probes. 

2. The SABRE Penetrometer, developed by Himachal Safety Systems (HSS). Measures 
force-resistance and snow temperature (Mackenzie and Payten, 2002). Out of the box, 
this is the lightest and most portable instrument and the easiest to use. For our research 
purposes we required more accurate depth measurements than the standard instrument 
was able to provide; the modifications we made to achieve this are summarized in the 
second half of the article. 

3. The Capacitec Snow Probe, developed by Capacitec, Inc..  Measures the dielectric 
permittivity of snow, which is an analogue for density, and snow temperature (Louge et 
al., 1998). With further work, grain type might be deduced from the imaginary 
component of the dielectric permittivity signal. This unit has a low sample rate, which 
means that the instrument must be driven into the snow slowly to achieve a good vertical 
resolution, although the sample rate will be increased in the future. The instrument is 
driven into the snow manually and has been field tested in the Columbia Mountains 
(Conger, 2006). 

SABRE Penetrometer transect across a gully 

In order to test the ability of the SABRE penetrometer to detect variations in snow stratigraphy, a 
transect was taken using the SABRE penetrometer over a gully feature in the Columbia 
Mountains of British Columbia (Figure 1). The gully was approximately 20 m wide and 3.5 m 
deep. The two gully sides were not completely parallel, and faced east and south respectively. 19 
individual profiles were taken using the penetrometer at approximately 1 m spacing. The transect 
was surveyed on 20 March, 2006. 



The general shape of the profiles in Figure 1 shows a deepening of the snowpack in the central 
portion of the gully, where snow has accumulated from wind transport. Layer depths are 
substantially shallower on the south facing side of the gully compared to the east facing side due 
to increased solar radiation. Also present on the south aspect are a pair of sun crusts near the 
surface, with the upper crust being thicker and more extensive than the lower crust. 

Interpretation of the transect was aided by two manual snow profiles, one done on the east aspect 
near the start of the transect and one done on the south aspect, near the centre of the transect. The 
east aspect profile showed a thin surface hoar layer (060313) overlain by a thin layer of 
decomposing fragments. This layer combination is visible on the east side of the transect and is 
indicated by a shallow depression in the force-resistance signal but is not visible on the south 
aspect of the transect. At approximately 63 cm depth on the east aspect, a density change (P- to P 
in the manual profile) makes a convenient marker that can be traced well across the entire 
transect. Note that this layer boundary is only 47 cm down on the south facing side as a result of 
increased ablation on the solar aspect. Beneath this there is a second layer of surface hoar 
(060220) that is characterised by a thinner, more abrupt depression in the force-resistance signal. 
Although it is lost in the central portion of the transect, this layer can be found again on the south 
aspect side of the gully, which means that it was burred before solar radiation had a chance to 
melt it out. 

 

Figure 1: Transect of penetrometer profiles across a gully with interpretation of layers. The 
shape of the gully is shown above. 

Modifications to SABRE penetrometer 

We have been testing and modifying a SABRE penetrometer for the last two years. In field trials 
in the Columbia Mountains, depth measurements from the built in accelerometer (a device that 
measures the acceleration of the instrument) varied by up to 30% from manual measurements of 
layer depths measured at the same location as the penetrometer pushes. In order to be able to 



trace layers from one profile to another and infer changes in the structure of the snow, we 
required a greater accuracy and precision for layer depth and thickness measurements. In order to 
address this, we built an external depth encoder platform. The details of this modification are 
described below. 

U of C depth encoder platform 

The depth encoder of the U of C modified SABRE penetrometer comprises of a Tru-Trac TR1 
encoder wheel mounted on a custom built aluminium platform (Figure 2a). Both the depth signal 
from the encoder wheel and the force signal from the probe tip are recorded by a Campbell 
Scientific CR1000 datalogger (Figure 3). 

   
(a) (b) (c) 

Figure 2: (a) Encoder platform details including Tru-Trac TR1 encoder wheel; (b) Encoder 
platform in action – note adjustable legs; (c) Legs are removable, platform sides fold up and a 
cover plate fits over the top to protect the unit for transport. 

Depth encoder platform: This is constructed from 3 mm aluminium alloy. Swivel-mounted, 
multi-section ski pole legs allow for rapid adjustments to uneven terrain (Figure 2b). In order to 
allow for field portability, the legs are removable. The two sides of the platform fold up and a 
thin metal cover is fitted to protect the encoder during transport (Figure 2c). Once folded up in 
this manner, the encoder platform easily fits into a backpack and the legs may be strapped to the 
outside for transport. 

Depth encoder wheel: The Tru-Trac TR1 is an optical encoder wheel that pulses 1024 times 
each time the wheel is rotated by the descending probe. The TR1 is powered using the 5 V 
supply from the CR1000 datalogger and the square-wave output from the TR1 is recorded by one 
of the pulse counters of the CR1000. A 20 cm circumference wheel was specified; this results in 
approximately 5 pulses per millimetre. 

Force data recoding: In order to synchronize the force measurements with the depth 
measurements, force measurements from the penetrometer tip are also recorded using the 
CR1000 datalogger. After the modifications we did not use the original red power supply/D-A 
converter box supplied with the penetrometer. 9 V is supplied to the penetrometer tip to power 
the electronics circuits. The force signal output from the tip is connected to 10 of the single-
ended voltage inputs on the CR1000. When run at a program repetition rate of 100 Hz, this gives 
an overall recording rate of 1000Hz. However, an analysis of the output shows a regular pattern 
of duplicated values, indicating that there is another electronic component that is restricting the 
sampling rate to about 500 Hz. 



Temperature data recording: We have not implemented this, although it should be possible to 
record temperature measurements along with the force measurements. 

Datalogger control: The datalogger is controlled using a Palm Pilot handheld PC. We have tried 
a direct connection using a serial cable and an infra-red connection using an SC-IRDA cable to 
link the datalogger to the Palm. We found the most reliable connection to be with the serial 
cable, although the disadvantage to this is that only high-end Palm units are supplied with serial 
capability and a custom serial cable must be ordered from Campbell Scientific specific to the 
Palm unit that you have. CR1000 program control is quite straight forward using the Palm and 
data from the datalogger can be periodically uploaded onto the Palm to free up space on the 
datalogger for more profiles. We have found that the datalogger stores about 300 seconds of raw 
data, which equates to about 30 pushes (profiles) before data must be transferred to the Palm. 

 

Figure 3: Recording setup. Note CR1000 datalogger, large 12 V lead acid battery for the 
datalogger on the left under the Palm Pilot, and 9 V battery bank for the supply voltage to the 
penetrometer tip. 

Performance 

The modified SABRE penetrometer has performed well in field trials (Floyer and Jamieson, 
2006) and has proved to be reliable. Depth accuracy is ±1 cm for a 1.5 m push; precision is 
<1 mm for a 10 cm layer. A significant component to the depth accuracy is locating the exact 
surface of the snow when starting a push, since the operator is holding the probe at head height 
in preparation to push it into the snow, while trying to keep the tip just resting on the surface of 
the snow. This can be minimised by having an assistant sighting the bottom of the penetrometer 
tip, however, in practice, we do not consider this error to be important to the interpretation of 
profile results. 



Further information 

Further information regarding wiring diagrams, a control program for the CR1000, or any other 
aspect of this modification can be obtained from James Floyer, jafloyer@ucalgary.ca. 
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