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Abstract

In our study we focused on advanced software applications to allow simulation of an avalanche. We used
the model ELBA+, by which we tried to assess the vulnerability of mountain environments around the old
mining settlement called Magurka (1036 m a.s.l.), which lies below the main ridge of Low Tatras at the end of
Lupgianska valley. The avalanche in the Durkova valley released on 14™ March 1970 went down in history
because it is still one of the largest avalanches recorded in Slovakia. Using archived data of the Avalanche
Prevention Centre in Jasna, we tried its most faithful reconstruction. Then we tried to simulate an avalanche in
the Viedenka valley using the same amount of snow in the release zone as it was supposed to be in 1970.
Because a part of the Magurka settlement is situated at the mouth of this valley, which has more direct and
shorter terrain than the valley of Durkova, we examined the possibility of intervention by the avalanche.

Abstrakt

V naSej Studii sme sa zamerali na moderné softvérové aplikdcie umoziiujiice simuléciu laviny. Pouzili
sme model ELBA+, pomocou ktorého sme snazili zhodnotit' ohrozenost’ horského prostredia v okoli starej
banskej osady Magurka (1 036 m n. m.), ktord lezi v zavere Cupcianskej doline pod hlavnym hrebefiom Nizkych
Tatier. Do historie sa zapisala hlavne lavina v doline Durkova zo 14. marca 1970, ktora dodnes patri medzi
najvécsie laviny zaznamenané na Slovensku. S pouzitim archivnych udajov Strediska lavinovej prevencie v
Jasnej sme sa pokusili o jej ¢o najvernejSiu rekonstrukciu. Nasledne sme sa pokusili o simulaciu laviny v doline
Viedenka pri pouziti rovnakej vysSky snehu v odtrhovom pasme ako sa predpoklada pri lavine v roku 1970.
Ked'ze cast’ osady Magurka je situovanych pri Usti tejto doliny, ktora ma priame;jsi aj kratsi priebeh ako dolina
Durkova, skiimali sme moznost jej zasahu lavinou.
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1 INTRODUCTION

Avalanches are a frequent phenomenon of our mountain landscapes during winter. They pose a threat to
inhabitants of the mountains areas, skiers, climbers and tourists. In the past, people were looking for possibilities
how to protect against avalanches. In order to avoid a formation of avalanches or minimize their destructive
consequences, different measures are used. These might be in a technical, biological or organizational form ® 1n
the process of making a decision about prevention and technical avalanche measures, software applications may
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help, mainly in the form of simulation programs. Their purpose is to faithfully describe the movement of an
avalanche in an endangered area. The mentioned applications allow us to determine the parameters of potential
avalanches (mainly the avalanche length) by using specific terrain and concrete conditions of snow cover. These
help us to make decisions on evacuation, closure of the area or landscape planning. Furthermore, there are good
accessories for dimensioning technical measures. It is necessary to say that the applications are only simulation
models of upcoming situations. The degree of similarity between simulation and reality depends on the quality of
input data. The models can be classified according to more aspects: one or more dimensional, fluent, powder or
combination models. The best known applications are RAMMS, ELBA+, Samos AT, AVAL 1D, Alfa-Beta.

2 MATERIAL AND METHOD

2.1 Characteristics of area

Our research was carried out in Magurka, an old mining settlement. It is located at an altitude of
1036 m.a.s.l., at the end of the Cupcianska valley, below the main ridge of the Low Tatras Mts. (Slovakia) in the
part of Chabenec - Latiborska hora Mt. (Fig.1). The settlement administration belongs to a town of Partizanska
Lupca, but it is located 20 km away from it.

dol. Viedenka
dol. Durkova

Fig. 1 Magurka settlement and its surroundings !

Surroundings of Magurka are from a geological aspect mainly made from rocks of Tatricum
crystalline “%, on which cambi-podzolic soil and at higher altitudes modal and humus-iron podzolic soil © are
found. The forest consists mostly of spruce (Picea abies) with addition of fir (Abies alba) and beech (Fagus
sylvatica), at higher altitudes with addition of rowan (Sorbus aucuparia), alder (Alnus viridis) and dwarf pine
(Pinusmugo) .

2.2 ELBA+ model

ELBA + is fully integrated into ArcGIS 10. When working with geographical data, it is not necessary to
convert input or output data. The program development has been running for 15 years by the NiT-company
located in Pressbaum, Austria. At present, we work with the 3" edition. The program creates a 2D simulation
model and was used in countries such as Russia, Bulgaria and Switzerland. The utilisation for the purpose of
education is free. For the data administration, it is necessary to create a database of programs. This is directly
possible from ArcGIS, which is the most frequent GIS-application . The input data for the simulation are
represented by Catchment, Size of release area and Digital elevation model (DEM). The following layers were
shown automatically during opening the database:

ELBA CATCHMENT - definition of area

ELBA _CONTOURS - in these layers we can see the results of simulation, lines of selected avalanche
characteristics (max. pressure, max. velocity, max. flow height, deposit, avalanche front ...)

ELBA_PROFILES — interesting lines as roads, power lines, tunnel...
ELBA RELEASEZONES - release zone
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ELBA_SIMCLIPS — layer with supplementing data for simulation, for example forest cover...

Catchment, Profiles, Release zones and Forest cover are loaded using the order editor. The next step is to
import terrain in a form of DEM or TIN. The suggested pixel resolution of the DEM is 5-10 metres. Later, the
following parameters are inserted for the simulation: Snow height in release zone, Height of snow entrainment in
avalanche path, Roughness and Terrain model. These input parameters can be entered for the whole area, or
possibly for a raster or a polygon. Now we can choose from three roughness models: Voellmy, Mohr-Coulomb
and their combination. Here we can edit further parameters as Minimal flow height, Snow density and Critical
stress.
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Fig. 3 Input data for avalanche simulation in Viedenka valley

In the first step of our work, we tried to create the most faithful reconstruction of the avalanche released
on 14" March 1970. We used archived data from the Avalanche Prevention Centre in Jasna: the layer of
avalanche, the data on deposit, snow density, weather, the snow height in the release zone and photos. The best
model for this avalanche was the combined roughness model with an average snow height in the release zone of
1.7 meters, a roughness coefficient for the forest 1 and in an non-forest area 0.2, a minimal flow height of 1
metre and the height of snow entrainment in the avalanche path of 0.5 meter. Accordingly with these parameters,
the potential avalanche in the Viedenka valley and the real avalanche released on February 2013 were simulated.
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The data for simulation were obtained from an archive from the Avalanche Prevention Centre. The actual
orthophotos, DEM, polygons of the release zone, the forest position in past were obtained from the Centre. The
actual forest position was obtained from the orthophotos with a pixel size of 0.5 meters in a coordinate system S
JTSK Krovak East North. DEM with a pixel size of 5 metres was generated from a contour line with the vertical
interval of 5 metres. Figs. 2 and 3 show the input data of simulations.

3 RESULTS AND DISCUSSIONS

3.1 Reconstruction of avalanche from year 1970

We confront our results with another two sources: Milan and Kresak™and Biskupi¢ et al. . The first
source consists of information from avalanche observers, employees of the Avalanche Centre who accurately
recorded the avalanche path and the deposit. The avalanche released on 14™ March 1970 was the third largest in
Slovakia and it aroused much interest. Thus, at present, we have good information about the position of the
release zone, the avalanche path and the deposit size. Biskupi¢ et al.”! used these data for the faithful
reconstruction by using the RAMMS model. This two-dimensional numerical simulation tool is used to calculate
the geophysical mass movements as snow avalanches, hillslope landslides and debris flows. The model was

developed at the WSL Institute for Snow and Avalanche Research, SLF in Davos ™.

Our result of the avalanche reconstruction from the year 1970 is characterized by a high value of
conformity, mainly in the avalanche length. Our simulated avalanche length is 8 metres shorter than the
measured value of the avalanche length. In this avalanche with a length of 2 200 metres, the difference is 0.4 %.
We remind that the pixel size in the raster result was 5 metres. We summarize that our simulation of the
avalanche length corresponds exactly to reality. Biskupic et al. 2 who used the RAMMS simulation brings a
similar conclusion.

When evaluating the avalanche cubature, we obtained a little underestimated result (- 10 %). This result
was influenced by the parameters like Snow height in release zone and Snow entrainment in avalanche path. In
our simulation, we used a snow height in release zone of 1.7 metres and an entrainment snow height of 0.5
metres. Especially these parameters show the most significant uncertainty. In an avalanche report, Milan
and Kresak!™ estimated a minimal snow height in release zone of 1.8 metres, in glens 12 metres and an average
snow height of 2.6 metres. The most accurate is the exact snow allocation in the release zone for each raster cell.
This is not simple and it is possible only with exact weather data, such as wind speed, wind direction, snow fall
amount during the time period before the avalanche fall.

Tab. 1 Comparison of model results from ELBA +, RAMMS with reality

Parameter Sﬂ\f{;zueﬁg R;eAst/ll tl\/[IZ]S ErI;EuAI\t-I- beg\)/\;(fe];er: e;‘neZleI)ity Difference
and ELBA+
Avalanche length [m] 2200 2221 2192 8 -0.4%
Deposit length [m] 1 800 1725 1800 0 0%
Deposit cubature [m?] 625 000 626 029 563 858 - 61142 -9.8%
Avalanche front height [m] 20-25 4-5 4-5 -16-20 -80%
Total area [ha] 39.1 51.4 51.2 12.1 +30.9 %

The most significant undervaluation (80 %) we can see in the avalanche front height. In the first place, the
possible deviation sources might be the non-ability of the model to simulate the entrainment of other materials
into the avalanche flow. The forest covered lower and peripheral upper parts in the avalanche path (Fig. 2). In
such large avalanche, the forest was totally destroyed in the avalanche path. Materials as broken trunks and
boughs, which were in the avalanche flow, changed their inner friction. The avalanche decelerated and the force
from backside uplifted its front. In the Elba+ simulation, the forest is only an external braked factor which
changed from the value of 0.2 in the non-forest area to the value of 1 in the forest. Other materials (such as
wood, rocks...) in the avalanche increase its destructiveness . Milan'® states that the avalanche destroyed 3.6
ha of the forest with 600 m® of wood.

In our case, the total avalanche area is overestimated by about 31 %. Our simulated avalanche is more
widespread in side, more diffluent. In reality, it was more located in the valley. The primary result was
widespread, but after an adjustment of the minimal flow height from 0.1 m to 1 m, it reached better conformity
with reality. The problem with too wide simulated avalanche was indicated by Volk 2 as well. Fig. 4 shows the
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differences between the deposit and the path in our simulation of the avalanche and the layout from the year
1970.

Fig. 4 Comparison of ELBA+ result with reality

3.4 Avalanche in Viedenka

We tried to simulate the avalanche in the Viedenka valley with the same parameters as in Durkova, with
an average snow height in the release zone of 1.7 m. The simulated avalanche has a length of 2 230 m, and
cubature of 610,000 m® and a total area of 58 ha. Because a part of the Magurka settlement is located at the
mouth of this valley (Fig. 5), our result shows a possibility of hit.

Fig. 5 Mouth of Viedenka valley with part of settlement

Fig. 6 shows a potential deposit, because the valley has a direct shape and a shorter distance between
Magurka and the main ridge of the Low Tatras Mts. From the view of historical sources, there are no
observations of such large avalanches. The avalanche in the year 1984 took one victim, but its deposit was
shorter and shallow '®. Marks from the other avalanche can be found even today. It fell down from the left glen
(downstream) and destroyed the forest of the opposite slope totally.

Our results show that if the avalanche hits the settlement, it could reach a flow height of 5-7 metres,
pressure up to 70 kPa and velocity up to 15m.s™. These results can be much undervalued. The pressure and also
the destroyed potential would be significantly higher, because the flow cannot exist without other materials
originated from the destroyed forest by the avalanche.
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At the end of February 2013, a medium to large avalanche fell down in this vaIIey[“]. It probably came
spontaneously from two glens in the release zone centre. We surveyed its area with a GPS-device. The deposit
was 1-2 metres high and contained broken trees, wood and soil. The avalanche was 1 200 m long and destroyed
the forest of 1,5ha (Fig.7). We estimated a one-meter snow height in the release zone. Immediately we tried to
simulate this avalanche in Elba+. Figure 8 shows the difference between the simulation and our mapped path.

The deposit allocation simulated that the avalanche is very similar to its real state. Its length is 25 m
longer, which differs by 2 % form the total length. In this simulation we used other parameters as in previous
cases, because this avalanche was significantly smaller and fell down under other conditions (snow, weather ...).
We changed the friction coefficient p in the avalanche path from the value of 0.155 to 0.3 and in the
accumulation zone from the value of 0.35 to 0.4 for better conformity with a real avalanche. These parameters
were determined by interpolation.

Fig. 7 Avalanche in Viedenka valley from February 2013
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Fig. 8 Simulated avalanche from February 2013

4 CONCLUSIONS

The models used for the avalanche simulation give us a picture about the size and impact of potential

avalanches. We can use them in avalanche prevention, projection and in dimensioning technical avalanche
measures. The other usage area is landscape planning. In our work we used the model ELBA+ for the
reconstruction of a historical avalanche and the evaluation of a possibility to hit Magurka, the old mining
settlement located in the Cupéianska valley below the main ridge of the Low Tatras Mts. Surroundings of this
settlement were hit by avalanches many times. Our results are summarized in these points:

e We were able to successfully reconstruct the avalanche released on 14™ March 1970 with differences
in length of 0.4 % and cubature of 10 %.

e The front height of the simulated avalanche is significantly undervalued (80%) and the total area of
the simulated avalanche is overestimated by about 31 %.

e In case that the avalanche falls from all release zones and with an average snow height of 1.7 m in
Viedenka, it is possible that it hits a part of the settlement.

e This avalanche with its cubature and the area of 58 ha can overcome the avalanche in Durkova from
the year 1970.

e In case of an impact on the settlement by an avalanche, the flow height could reach 5-7 metres and
stops in the grass field below.

e For the evaluation of simulation results, there is a need of facticity to realize approximate calibration
or research of a situation in environment marks and historical date.

REFERENCES

[1] BARTELT, P. et al. RAMMS-User Manual v1.4 Avalanche.2011. [cit.02-04-2012] Available at:
http://ramms.slf.ch/ramms/downloads/ RAMMS_AVAL_Manual.pdf

[2] BISKUPIC, M.et al. Rekonstrukcia historickej laviny s vyuzitim modernych néstrojov GIS. Zivotné
prostredie. 2011, 45. 2. pp.83-88.

[3] BUKOVCAN, V.Laviny a lesy. Bratislava: Slovenské vydavatel'stvo podohospodarskej literatury n. p.
1960. 196 pp.

[4] GOOGLE EARTH, 2012 [cit.02-04-2012].Available at: http://www.google.com/earth/index.html

[5] MILAN, L.&KRESAK, K. Sprdva o lavinovej udalosti zostavend diia 10. 6. 1970. Jasna: Archiv SLP
HZS,1970.15 pp.

[6] MILAN, L.2006. Laviny v horstvach Slovenska. Bratislava: Veda, 2006. 152 pp. ISBN 80-224-0894-8

GeoScience Engineering Volume LIX (2013), No.2

http://gse.vsb.cz p. 1-8, ISSN 1802-5420



8

[71 NIT TECHNISCHES BUERO GmbH, ELBA+. 2013. [cit.02-04-2013]Available at: http://www.elba-
plus.net/

[8] NLC, Lesnicky informacny systém. 2012. [cit.02-04-2012] Available at: http://Ivu.nlcsk.org/lgis/

[91 SALY, R.& SURINA, B. Pady.Atlas krajiny Slovenskej republiky. Bratislava: MZP SR, 2002.pp.106-107.
ISBN 80-88833-27-2.

[10] SGUDS,Geologickd mapa SR. 2008. [cit.02-04-2012] Available at:
http://mapserver.geology.sk/pgm_sk/mapviewer.jsf?width=1368&height=808

[11] TIROL. LANDESREGIERUNG, Ausbildungshandbuch der Tiroler Lawinenkommissionen. Innnsbruck:
Amt der TirolerLandesregierung, 2009. 290 pp.

[12] VOLK, G.ELBA+. Presshaum: NiT Technisches Buero GmbH, 2005. 94 pp.

RESUME

V nasej praci sme sa zamerali na moderné softvérové aplikacie umoznujliice simulaciu laviny. Tieto
programy vyuzivame pri hodnoteni ohrozenosti horského prostredia zasahom lavinou, ako aj pri dimenzovani
technickych protilavinovych opatreni. Na zaklade zvolenych vstupnych tidajov, ku ktorym vacsinou patri model
terénu, tvar arozloha pasma odtrhu ako aj udaje o snehovej pokryvke, ndm tieto aplikacie podavaju obraz
0 moznom dosahu laviny, ako aj charakteristikach jej priebehu, ¢i uz maximalny tlak, rychlost’ a vyska toku. My
sme vo svojej praci pouzivali model ELBA+, pomocou ktorého sme snazili zhodnotit' ohrozenost” horského
prostredia v okoli starej banskej osady Magurka (1 036 m n. m.), ktora lezi v zavere Lupcianskej doline pod
hlavnym hrebeiiom Nizkych Tatier. Okolie osady bolo mnohokrat zasiahnuté lavinami, ktoré si vyziadali obete
na l'udskych zivotoch, ako aj rozsiahle §kody na lesnych porastoch. Do historie sa zapisala hlavne lavina v doline
Durkova zo 14. marca 1970, ktora dodnes patri medzi najvicsie laviny zaznamenané na Slovensku. S pouZitim
dochovanych archivnych tdajov Strediska lavinovej prevencie HZS v Jasnej sme sa pokusili ojej ¢o
najvernej$iu rekons$trukciu. Nasledne sme sa snazili nasimulovat’ o simulaciu laviny v doline Viedenka pri
pouziti rovnakej vysky snehu v odtrhovom pasme ako sa predpoklada pri lavine v roku 1970. Ked'Ze ¢ast’ osady
Magurka je situovanych pri tsti tejto doliny, ktora ma priamejii aj kratsi priebeh ako dolina Durkova, skamali
sme moznost’ jej zasahu lavinou. Lavinu z roku 1970 sa nam podarilo relativne presne nasimulovat, ¢o sa tyka
hlavne dizky (rozdiel 0,4 %) a objemu (rozdiel 10 %). Po zhodnoteni vysky nanosu a celkovej plochy bola
skuto¢na lavina viac lokalizovana v dolinke, ako nasa vyslednd namodelovana lavina, ktord sa vyznacuje
vyraznym postrannym rozsirovanim a tym aj nizSou vyskou cela laviny (rozdiel 80 %). Pri pade totoznej laviny
v doline Viedenka by pravdepodobne doslo k zasahu ¢asti osady. Vyska toku laviny by mohla pri vniknuti do
Casti osady dosiahnut’ 5 az 7 metrov a zastavila by sa pri naraze do protisvahu na luke pod fou.
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