On the use of high-frequency radar technology in alpine mass movement monitoring: principles and performance within torrential activities
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1. Introd uction 2. Principles of the radar device Fig. 1: Principle of the pulsed-wave Doppler radar device
In order to investigate distinct mechanism and parameters (e.qg. The presented radar device operates on a pulsed-wave Doppler method. In this connection,
velocity) supplementary to alpine mass movements and as short pulses withconstant high frequency are emitted by a directional antenna that also ~
decision tool for passive protection measures, a reliable samples the echo in distinct time intervals, corresponding to distance intervals, so called
monitoring system is required. The main objective of our research “range gates” (Fig. 1). In the case of detecting alpine mass movements, a travel time analysis  |reranpofie
project is to illustrate the principles and the potential of an of the echo signal is performed, i.e. the apparent difference in distance of the reflected
innovative radar system and its versatility as an automatic radar signal due to the motion of the targets relative to the radar device, yields a velocity
detection system for alpine mass movements. The high frequency spectrum/distribution within the width covered by a range gate.
radar .devi.ce was aIre§d¥ successfully tested in Iscth/TyroI in Fig. 2: Sketch of analyzing PC 7=
combination with artificial snow avalanche release in order to software 2l s
verify a successful avalanche release (Kogelnig et al., 2012). al
The analizing software uses the intensity of [
To this end we investigate the practicability of the system itself, the reflected radar signal, to give a rough S | — | Mfeengyedarda
regarding the usability under real test conditions, the prospective estimate of the mass movement size U . e
use as a standalone warning system and furthermore we analyze (Kogelnig et al., 2012). Additionally installed 4 Fig. 2 represents an example of the software, showing the velocity
the gained data from the radar device. cameras with high resolution provide visual jv : spectrum of an artificial released snow avalanche from 15.02.2012
L J data of the monitoring area. s anmmmmmmmLamamRRERm " | at the“Grosstal-Lawine” in Ischgl (Tyrol/Austria).The lower part of the _ et
. T _. sketch figures out the relation of the relative reflectivity and the e ot i ot s e e g
7 | avalanche front velocity within a distinct range gate. Information
i X X ) : of higher importance is marked with a yellow circle. The sketch on
4, Experlences from the first trial season : ‘ il| the upper side shows the position of the avalanche and its velocity
| it Lo gy Hjmﬂr‘v l| distribution at a certain time ste P.
As the radar device was installed in early 2012 at Lattenbach torrent, just data from this year g :
is available. The summer season of 2012 was characterized with heavy thunderstorms and L S ) ReferenceS'
massive rainfall events in Austria, causing the occurrence of several debris flows, though our y
monitored torrent showed only one small event (Fig. 4), causing no harm but thes et of an ~
alarm signal This is why we mainly focused our investigation on further useful applications of the radar p ~ S?r?rzri'bzrfsﬁl.e(gc%}gﬁ%:Fulfli-risrefc;g'hlcvrﬁ':'é;i?éEﬁ'eiat?;?fr:':ﬁyggfonn st it
system. As it is now the current status of research, the device is not only able to detect alpine 5. COHCI usion Norway, Cold Regions Science and Technology, 49, 39-53.
mass movements, but also is capable to take over the task of measuring the water level (Fig. 5) and Gauer, P, Kern, M, Kristensen, K, Lied, K, Rammer, L., Schreiber, H. (2007b): On pulsed
may be used as a weather radar, detecting heavy precipitation events (Fig. 6). The experiences of the first trial in summer 2012 in monitoring the Lattenbach torrent and the experiences gathered gjrf’ap;flrcgagg[dmReeagsl‘;fgecf‘et;fef Zﬁ'ﬁggﬂﬁiﬂg@';ggfr;mi.ca“"” toavalanche
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As our current studies proof, it is not only possible to detect moving masses under realistic test conditions measuring its Kogelnig, A, Wyssen, S, Pichler, J. 2012): Artificial release and detection of
avalanches: Managing avalanche risk on traffic infrastructures,

velocities and intensities, but also comparing and assessing water level changes based on data generated by ultrasonic a case study from Austria, Congress contribution ISSW 2012,

devices. Furthermore, reliable detection of heavy rainfall events with the same system is possible, with just little Rammer, L, Kern, M, Gruber, U, Tiefenbacher, . (2007): Comparison of

adjustments of the corresponding PC software. At present strong efforts are made to investigate a correlation function avalanche-velocity measurements by means of pulsed Doppler radar, continous wave
p .. . . . . . . radar and optical methods, Cold Regions Science and Technology, 50, 35-54.

of the radar data’s relative intensity to either the process intensity and/or its magnitude.

Skolnik, M. (1989): Radar Handbook, Second Edition, McGraw-Hill.
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Fig. 5 shows a distinct amplitude peak

Nevertheless the practicability and functionality of the radar device could be proofed, although no actual debris flows

every 10 minutes, from Lattenbach torrent close to value 200 on the x-axis, correlating Fig. 6 presents a sketch of a heavy rainfall eventocould bg monitored so fafr,. itis c;rucia.l to calil?rate the automatic detection parameters accprding to se\{eral events. ACk“OWI edg e:
throughout September‘12. On the x-axis with the speed of the flowing water. The event recorded at the 20th August 2012 at Especially environmental conditions (i.e. wind vortices, tree movement under the influence of W'”F’r heavy rainfall, e.tc.) Wildbach und Lawinenverbauung Stabstelle fiir Schnee und Lawinen, Schwaz
the velocity and on the y-axis the point of peak-position provides information about the 21:30 pm, where remarkably high reflectance, may be the cause on one hand of false aIarms and on the other hangl the reason for ba.d data quallty. The challenge is Widbach und Lawinenverbauung Sekton Trol, GBLIms
time is being plotted, showing remarkably current velocity and the area beneath the peak interspersed throughout almost the whole still to define proper thresholds of automatic detection parameters in that way they will not trigger an alarm due to
high velocities around frame 3.500, shows the relative reflectance, correlating with monitoring area, of huge water droplets was enwropmental cwcumstanc.es, but that already smaller t.orr(.entlal eve.nts may be deteFted and reported. Morepver itis A
representing the date of the event. An the water quantity. detected. essential to develop analyzing algorithms for each monitoring function and to examine whether or not the different Nt
measurement applications do not influence each other in a bad manner. A

alarm signal was set due to expedience of

the automatic detection parameter _ ﬁ

threshold.
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