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with less than 0.5m. Zones of clear skier erosion
were easily identified, some of them expected,
some not so apparent but lately explained by the
combination of different factors such as conflu-
ence of two pistes plus steepness plus distance
to snow guns.

N
n in the Portella
slope of Ordino-Arcalis (March 3).

Figure 3: Snow depth distributio

During the test of capturing the snow movement
during grooming (Figure 4), a scan at maximum
resolution and a short distance (100m) was per-
formed to check the capacity of this technology to
achieve accurate and high-resolution results. The
results were remarkable with RMSE <0.1m.

Snow accumulation and snow removal was cap-
tured at centimetric resolution even capturing the
miller marks and the differences of grooming
modes that the machine changed during the test.

Figure 4: Test during with grooming machine to
capture high-resolution and high-accuracy snow
movement in Grau-Roig GrandValira ski resort.
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The last test was to capture the spatial variability
of snow depth with a UAV and a LIDAR sensor
(905 nm) embarked on it. In this test only accu-
racy was checked in order to identify the re-
sponse of a low-medium cost LIDAR sensor with
snow properties and its ability to capture snow
depth and how UAV operations can affect such
as the impact of the flying altitude on measures.

Figure 5: UAV with a LIDAR sensor used for the
test and image with one of the flights to measure
snow depth distribution in a slope of Grau-Roig-
GrandValira ski resorts.

Sensor responded remarkably with snow surface
so measures from the sensors could be used to
calculate snow depth. RMSE increased signifi-
cantly with flying altitude. RMSE was acceptable
with low altitude flights around 0.1-0.25 below 40
m of altitude. The RMSE was higher than 0.5 m
when the UAV was flying above 40 m. This issue
resulted that only short areas could be captured
by this technique as a rotor UAV was used in this
test.
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4. CONCLUSIONS

The different tests were designed with the ski re-
sort managers and workers in charge of the
snowmaking systems and grooming operations.
The results were also analyzed and discussed
with them in order to study the potentiality of
these techniques to improve the information they
have for their daily decisions and planning strate-
gies when managing ski areas.

Results, with both TLS and UAV techniques im-
proved significantly the information they currently
have to take the decisions. Compared with state
of the art products ski resorts are using, such as
SNOWsat or similar, where information is only
available once the grooming machine has passed
through the slope, these techniques permit to
have the distribution of the whole slope and not
only the groomed area and in advance to start the
operations. This issue could improve significantly
the planning of both snowmaking and activities
grooming activities. Having in advance the whole
picture could permit to plan and redefine strategy
of management, such as the decision of which
guns should be producing snow or not or snow
mass movements to reallocate efficiently the
snow in the slope. Results revealed that in mid-
season and later the variability of the spatial dis-
tribution is underestimated by operators. So, an
important degree of increase in the efficiency of
operations could be achieved thanks to these
techniques with a significant impact on the water,
energy and workers time devoted to these activi-
ties. Even though some test were done with the
application for avalanche risk management no in
deep analysis was performed and the results
were not included in this study but ski managers
identified a good potential of these techniques to
improve avalanche intervention plans and some
test will be further developed in the coming winter
season.

However, refinements in the technique and pro-
cedures should be developed to finally achieve a
fully operative tool for ski areas. On one hand,
TLS performed the most accurate and precise
measures, sometimes higher than the real re-
quirements of the ski managers necessities. The
range, having a very good performance at dis-
tances within 700m was one of the best specifi-
cations of the use of a TLS. The poor flexibility to
capture different areas or shapes with no direct
vision of the capture point was a major constraint.
Usually slopes changes from steep areas to mid-
elevation flat areas and combining different as-
pects. This makes that ski areas with a high topo-
graphic complexity will need several points of vi-
sion. So, the complexity to be full operative with
one single device and less cost is a problem in
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these cases. The cost of this technology is also
one of its constrains.

UAV techniques, be photogrammetry or LIDAR,
can overcome this issue. The versatility of UAV
permits to rapidly access to remote areas with
poor vision form the ground. The capacity of cap-
ture huge areas is lesser in the case of multirotor
UAV but similar as TLS for fixed-wing UAV. Pre-
cision and accuracy of UAV photogrammetry is
lower than the one achieved with TLS but ski area
mangers reported as sufficient and remarked the
versatility of the first. In further work we will focus
on the improvement of the accuracy and precision
by comparing photogrammetry with future devel-
opment of a LIDAR sensor embarked on the UAV
and in the improvement of autonomy and area
coverage using these systems. Moreover the ap-
plications for avalanche risk management in ski
resort will be further studied and the potential sav-
ings (economic, energy, water, and hours/opera-
tor) will be estimated both for snow management
of slopes and avalanche risk management of the
case study ski areas.
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