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Figure 4. Direct comparison of the radar data and the conventional snow profile. The transition from air to snow in the cave was situated at about 0.6 m in
the hand-profile. The reflections are linked to the corresponding layers or transitions by the black bars.

Geographical and meteorological conditions as the distance to
the sea (salt or molecule concentration) and the average air
humidity can influence the average velocity of propagation.
The derived stratigraphic resolution of the radar data cor-
responds to the theoretical values. An adequate step in the
gradient of density as well as in layer thickness can be
reproduced in the radargrams. The question arises if this
vertical resolution is appropriate for the intended application.
FMCW systems are probably more capable to resolve the
stratigraphic layering in the snow pack and to determine
their spatial variability but are not feasible in conditions with
moisture in the snow pack [15]. However, the relatively cheap
and established GPR technology will be more realizable and
affordable for automatic snow pack monitoring. Additionally
a higher layer resolution is possible by increasing the applied
antenna frequency. The spatial resolution of snow monitoring
via GPR is not comparable to repeated laser scanning but
the capability is completely independent of the meteorolog-
ical conditions, which is an immense advantage compared
to laser systems. Additionally by increasing the number of
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sensors beneath the snow pack it is possible to improve
the interpolation among the measured points. In contrast to
ultrasonic systems these sensors can be installed at every
slope aspect and angle. These circumstances allow placing
the instrument at the most interesting and critical locations.
If the average density of the snow pack can be estimated by
nearby traditional measurements, snow water equivalent can
be determined accurately and with high temporal resolution.

In wet snow conditions with a completely temperate snow
pack the used GPR system was detecting the snow-air interface
in a very attenuated way [8]. Internal reflections were caused
by water layers and not by density or hardness steps. In
all spring measurements performed from above the snow
surface, the snow and ground-interfaces could be detected in
the radargrams.

The development and deployment of such an automated
snow pack monitoring system requires still a lot of work.
Up to now the problems of power supply, remote operation,
remote data transmission have not been fully discussed in
a further application. Nevertheless, these problems occurred
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already in other implementations as automatic weather stations
or satellite techniques and should not be the obstacle for
further investigations in this research.

V. CONCLUSION

This feasibility study demonstrated that it is possible to
derive snow depth and major snow stratigraphic features from
beneath the snow pack with a GPR system. Furthermore an
average value for the mean velocity of propagation of the
whole snow cover could be determined to calculate snow
depths in high winter conditions independently of a manual
snow profile.
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