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Tonight Aurora is showing off again, waving eerie shades of green across the arctic sky. 

Back inside, we watch an unfortunate snow crystal being chased through the streets of a 

small big town. 

 

– Contemplating upon leaving reindeer land 

 

 

 

Abstract: One of the several practical studies during this winter’s field course about arctic 

glaciology consisted of a modest 800-MHz snow-radar traverse next to the Tarfala Station 

lab. Before the actual measurements, three metal stakes were buried on different depths in a 

wind scoop adjacent to this building. Man-hauling the radar system mounted on two sleds, 

we recorded a short profile of the snow bank and the steel pipes on March 30, 2003. The 

raw data were digitally processed and then represented in a Z-scope radiogram. Ground-

penetrating radar demonstrated to resolve the hidden targets thanks to the use of an ultra-

high frequency and associated high vertical resolution. The experiment also proved that 

snow radar is a useful tool to estimate snow-cover thickness and to map internal snow-

density contrasts. 
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Introduction 

 

Alpine environments are known to show considerable temporal and spatial variability in 

snow deposition. Probing is a simple and fast means to accurately measure the snow-cover 

thickness. However, this technique is only applicable when the pack is underlain by solid 

matter like ice, bedrock, permafrost or soil. In the accumulation area of a valley glacier for 

instance, where large amounts of snow plus a relatively thick firn layer are to be expected, 

probing becomes completely inefficient. Coring then offers a suitable solution to obtain 

snow-pack characteristics like stratification and seasonal layering. Snow pits potentially 

give the highest level of detail when directly studying snow density, hardness, temperature, 

crystal type, and grain size with depth. 

Snow cores and pits have two major disadvantages in common, though: (i) they’re 

rather labour-intensive and time-consuming to make; and (ii) each time they give accurate 

information for one point site only. Snow can easily be penetrated not exclusively by probes, 

drills, shovels and spades, but by radio waves as well. In the present report we investigate 

whether ground-penetrating radar (GPR) is an equivalent alternative tool to study snow 

cover. To meet this goal a short ultra-high frequency (UHF) impulse radar survey was real-

ized next to the lab in Tarfala Station. 

 

 

Methods 
 

Study site 

Our study site is a snow bank adjacent to the northern wall of the Research Station lab 

(67°55’N, 18°35’E) in the Tarfala Valley, northern Sweden. This location was chosen 

for the ease with which three metal stakes could be buried, leaving the internal snow 

structures virtually undisturbed. Distances between these steel pipes were measured and 

trigonometry yielded their relative position in the snow pack (Figure 1). An additional 

asset of the vertical wind-scoop edge was rendering unnecessary elaborate snow-pit 

digging for direct visual observations. 
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Figure 0. Schematic diagram of the experiment setup showing the arrangement of the metal
poles in the snow bank. Calculated vertical distances in blue contain errors up to 8 cm.
Sketch by Ariadna Heinz Vallribera. 
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Radar system and experiment 

The radar we used for this experiment is a RAMAC/GPR system with shielded 800-MHz 

antennas. As these antennae are shielded, the antenna configuration is fixed. Two plastic kid 

sleds served to accommodate the control unit, and the GPS and GPR antennas, respectively. 

Collection of subsequent traces was triggered by a constant time interval and monitored on 

a laptop screen. Time triggering obviously requires a less complicated setup than distance 

triggering with a hip-chain device, but demands constant walking pace of the operators tow-

ing the sledges. In order for the operators – and more importantly: the computer in particu-

lar – not to end up lying somewhere in deep snow, the path was first prepared by compact-

ing the top layer of fresh snow with skis. Hence, we managed to record a 7-m long west-

east radar profile on March 30, 2003. 

Unfortunately, a more extensive and realistic traverse with a snow vehicle in the 

Tarfala Valley had to be cancelled due to rather unfavourable weather conditions and some 

PC trouble. The same practical problems prevented us to conduct other planned measure-

ments with different antenna orientations to the moving direction, i.e. different polarization 

planes. 

 

 

Results 

 

Anna Sinisalo handled the digital image processing with specialized software, including 

removal of background noise and the DC-level from the raw data. The radar echoes were 

then visualized in line-intensity format (Figure 2). This Z-scope format plots each subse-

quent GPR-trace displaced according to horizontal distance and represents a pseudo cross-

section of the snow bank. For some dark reason the GPS-receiver did not register the sled 

position throughout the survey the way we hoped. As a consequence the horizontal distance 

scale of the GPR-image is only a rough approximation. Moreover, the two-way travel time 

can’t be converted directly to a depth scale, since the density of snow and therefore dielec-

tric permittivity and radio-wave propagation velocity are not constant along the vertical. 

Clutter, due to instrumentation and surface disturbance, obscures real natural phe-

nomena in the upper 5 nanoseconds. Nevertheless, two main features have become apparent 

in the processed image. The first type consists of clear refraction hyperbolas. Unlike a laser, 

shielded radar transmitters emit a beam of signals that we can assume is conical or fan-like 
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in shape. As the electromagnetic waves propagate away from the transmitter, the size of the 

ellipsoidal wave front gets bigger so when it finally reaches a reflector, that reflector may 

be far from the radar system’s nadir axis. Since the radar imaging principle plots the data by 

default as though all reflections come from directly below the transmitter, point refractors 

appear as hyperbolas in Figure 2. The nearly-perfect symmetric shape of the refraction 

hyperbolas suggests that moving speed of the radar team was reasonably constant. Sub-

horizontal reflecting layers make up an important second group of features. 

 

 

Discussion 
 

The boundary between snow and solid ground is visible at about 26 ns for 0 m, gradually 

rising to 18 ns at the eastern limit of the profile. Just on or below this slope the presence of 

numerous boulders becomes evident as an intertwining pattern of reflections. Snow densi-

ties ranging between 200 and 420 kg m-3 were measured in the lab’s vicinity on the same 

Figure 2. West-east 800-MHz GPR-
profile of a snow bank north of the Tar-
fala Research Station lab, March 30,
2003. The horizontal axis gives an ap-
proximate distance scale in metres and
the two-way travel time is in nanosec-
onds; vertical exaggeration ~ 3.7: 1.
Direct coupling is visible as a grey
band in the uppermost ns and red cir-
cles indicate the locations of three bur-
ied stakes in the snow pack. Radar im-
aging shows several density contrasts
as sub-horizontal reflecting horizons. 
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day, corresponding to an average electromagnetic wave propagation velocity of ~ 0.24 m 

ns-1. A two-way travel time of 22 ns from the snow surface to the ground surface and back 

to the receiver is consequently interpreted as a snow thickness of about 2.6 m. The latter 

value is in good agreement with direct observations. 

Air and snow temperatures being well below the freezing point before and during 

the field experiment, we are confident that the hyperbolas in the radar image are not in-

duced by internal liquid water pockets. Three refraction hyperbolas have been associated 

with the buried metal stakes. The tops of these features, highlighted with a red circle at 2.8 

m, 4.9 m and 5.9 m in Figure 2, indicate the positions of the pipes in the snow pack. The 

precise location of the middle pole in the radiogram remains subject to a certain degree of 

ambiguity. Because the second pipe was situated close to the snow base, its reflection seems 

to have melted together with those of the boulder-strewn slope, hampering ultimate dis-

crimination. It surely is not a complete surprise that the snow-radar system resolves the 

stakes of concern. The use of an 800-MHz UHF leads to a wavelength of ~ 37 cm in air and 

~ 30 cm in snow and thus a very high vertical resolution. Detection of the poles was further 

facilitated by the marked contrast in dielectric properties between snow and steel. 

However, such situations in which targets can be identified even before their detec-

tion are highly uncommon. The average glaciologist usually isn’t searching for objects he 

has hidden in the subsurface himself. Among his many interests we could mention snow 

stratification. Ground-penetrating radar is primarily sensitive to contrasts in electric permit-

tivity. In snow, the permittivity depends strongly on the melt-water content and density (e.g., 

Harper and Bradford, 2002). The snow in this study was dry so radar imaging reveals strati-

graphic horizons as the location of density contrasts within the snow pack. 

 

 

Conclusions 

 

This experiment illustrated that ultra-high frequency snow-radar has a very high resolution 

and is very well capable of determining snow-cover thickness. Moreover, although the 

snow pack did not contain any liquid water or significant ice lenses, radar imaging revealed 

several sub-horizontal internal reflecting layers, linked to density contrasts within the pack. 

Ground-penetrating radar thus demonstrated to be an effective and potentially rapid means 

to examine lateral variability in snow-cover thickness and to map stratigraphic horizons. 
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However, digging a number of snow pits or drilling some complementary cores undoubt-

edly remains indispensable to verify the true nature of these horizons and to validate the 

density-depth profile. We believe that the best results are obtained when deploying a 

snowmobile to tow the radar system, combined with proper coupling to real-time GPS-

measurements. In future studies the capability of impulse radar to track the boundary be-

tween snow and firn, as well as to trace the transition zone between firn and ice in the ac-

cumulation area of a valley glacier perhaps could be investigated. 
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