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Abstract: On March 7th, 2007, in theaGun-Negoiu region two large snow avalanches have
occurred: one on the eastern slope, the other @wéstern slope. The last snow avalanche
has caught 10 climbers who were in a training sesand who did not heed to the warnings
issued by the Public Service SALVAMONT Balea LaHRéne purpose of this study is to
assess the topographical factors and climatic bisa which have determined the
accumulation of snow on one hand and on the othir highlight the outbreak and the onset
of snow avalanches. Therefore, using GIS, we haatyaed the topographic factors in order
to obtain thematic maps (elevation, slope and dps@enl weather variables (temperature,
solid precipitation and snow depth). In the samated, we have analyzed the synoptic
situation and the changing weather and snow pasamesing nivologic polls obtained by the
members of the Nivologic Laboratory of Bélea Laker the analysis of our results we used
CROCUS Program MEPRA PC, version Romania 2004.

Key words: snow avalanche, topographic factors, climate végiGiltun-Negoiu, Bgaras
Mountains, Southern Carpathians
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INTRODUCTION

The purpose of this paper is to assess the conditichich led to large amounts of snow
accumulation in the #giras massif between 05 and 07 march 2007 and to theocaitant
triggering of two snow avalanches in thél{@n-Negoiu area, one of which caught a group of 10
climbers from a training camp. In this context todistinguished, according to de Quervain (1972,
quoted by Holler, 2009) between spontaneously (aly) released avalanches or catastrophic
avalanches and avalanches triggered by skiersusistaavalanches. The two types manifest in
different space and time the conditions for catgtic avalanches are determined by heavy
snowfall and tourist avalanches by snow depth (der@in, 1972, quoted by Hoéller, 2009). In
both cases, the meteorological factors determimawvspack stability. The release of snow
avalanches depends on three variables (LaChafh6B8): (meteorology, snow structure and snow
mechanics. On the other hand McClung and Tweed@4)l@ivided these variables in three
classes: stability factors, snow pack parametedsnagteorological parameters.

The important role that weather situations playssnaw avalanches has been studied by
several authors in the world: by Fitzharris, Scha¢t980) and Fitzharris (1987) for Canada, by
Bjornsson, (1980) for Iceland, by Ikeea al. (2009) for Japanese Alps, by Fitzharris, Bakkehdi
(2007) for Norway, by Whettoret al. (1996) for Australian Alps, by Fitzharris (1976hdca
Hendrikx et al. (2005) for New Zealand, by Armstrong, Armstron®4ZT), Birkeland, Mock
(2001), Lachapelle (1966) and Mock, Birkeland (20f@® North American continent.

It is known that snow avalanches within theyiras Massif is a reality (Voiculescu, 2009).
Snow avalanches have a high prevalence and fregqueggistering human injuries and fatalities
almost every year, as shown by the statistics efMountain Rescuers or by the annual reports
developed within the nivo-meteorological progranthef National Administration of Meteorology
(2004-2005, 2005-2006, 2006-2007, 2007-2008).

Snow avalanches are some of the most importanraiatazards that act mainly on the
high mountain environment and cause each yeariésjuand fatalities (Holler, 2007, 2009;
Jamieson and Stethem, 2002; Keiler, 2004; Kedleal, 2005; Voiculescu, 2009) and serious
damages on human settlements and infrastructutehgret al., 2004; Fuchs, Briindl, 2005; Fuchs
et al, 2005; Jamieson and Stethem, 2002; Stetiteah, 2003; Voiculescu, 2009).

STUDY AREA

The Figiras Massif is located in the Southern Carpathianthatntersection of the 45°30' N
parallel and 24°30’ E meridian. Thédaras massif has approximately 1500 and is like a huge
ridge (70-80 km long) with an east-west orientafimm which two slopes detach - the northern and
the southern one. Theidgaras massif distinguishes through its highest masss®iaad the highest
altitudes in all of the Romanian Carpathians, rigtalith the following peaks: Moldoveanu (2544
m) and Negoiu (2535 m). They also show the mosbitapt inherited glacial relief in the Southern
Carpathians and present-day periglacial proce$besstudied area (figure 1) is the connecting ridge
between Negoiu andaGun peaks, situated in the glacial central sectoiqiescu, 2002).

It is characterized by the most impressive gladief of the massif, with high vertical
drop, highlighted mainly by the quaternary glagasion, long and steep slopes.

In this area there are also some of the greatégitiseof Figaras Mountains, represented by
the double peak &tun-Lespezi (2517 m, 2505 m respectively) and Ne@@885 m), the second
peak in the kgaras massif. The landscape is dominated by an impressigky component, with
large masses of different size detritus, some fizad some mobile, large boulders and stone
blocks on the base of the slope. Between the Vdifiite Strung{2475 m) and Negoiu peak there
is a huge and strongly inclined passage, calleagh§& Dracului (Devil's Passage). The passage is
included in the tourist routes of thédaras Massif and is secured by chains and cables finebe
rock, requiring the tourists a good climbing expade and knowledge of the local conditions.

In this area, on 07 March, near the Negoiu peak, dwalanches occurred, soon after one
another. The first one occurred on the westernestidghe glacial valley &darea Berbecilor. Split
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thickness measured about 1 m and the width was28@m. The second avalanche, the one that
we refer to, occurred on the eastern slope of ithgerconnecting the Varful dintre Strungi and
Negoiu peaks. The snow avalanche was triggeredhéypteaking of a piece of the overhanging
cornice on Devil's Passage, due to the shock optheious snow avalanche and intervention of
the ten climbers group, who tried to cut the cagriit order to exit on the ridge. According to the
snow avalanche description sheet, the snow avaamciturred at 11.30, to a -P& air
temperature; the triggering line was linear, anel deposit in the form of a truncated cone or
funnel. Although the group was warned by the MoimRescue team and the meteorologists from
the Bélea-Lac station that the estimated avalamichewas high, the phenomenon resulted in 4
injured climbers, 3 of them in need of urgent mablcare on site.
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Figure 1. Localization of the area affected by the avalanch the 07th of March, 2007

METHODS AND RESULTS

According to several studies, terrain factors aimatic variables can be used to evaluate
the magnitude and frequency of the snow avalan¢Bé&keland, Mock, 2001; Butler, 1979;
Butler, Malanson, 1985, 1992; McClung, Schaere®31McClung, 2001; Schaerer, 1967; Smith,
McClung, 1997a, 1997b; Weir, 2002).

Terrain factors

To highlight the characteristics of snow avalandieling surface and according to
McClung (2001), Perla & Martinelli (1976) and Schexe(1977), we performed the morphometric
analysis of the sector where the snow avalancherat: Therefore, according to Cherubini et al.,
(2000); Ciolli et al. (1998); Comunello et al., ); Ghinoi, Chung, (2004); Nagel, (2000);
Walsh et al., (1994) and using GIS Softwares, &reain digital model (figure 2) and thematic
maps (hypsometry, declivity, aspect) have beenimdda(figure 3).

The hypsometric map highlights the high altitudéshe examined sector, with values that
reach and exceed 2400 m in the starting area, 2800-m along of the track and 1900-2000 m in
the runout areas. The mean value exceeds 2170 m.

Slopes play a determining role in snow avalanchggering and represent the primary
variable in snow avalanche terrain (Maggioni, Grut2903; Luckman, 1977, 1978; McClung,
Schaerer, 1993). As mentioned in the literature, diptimal slopes for snow avalanches are
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between 25and 56 (Ancey, 2001; Armstrong et al., 1994; Embleton79:9McClung, Schaerer,
1993; Schaerer, 1977).

Céltun Peak 2522 m Negoiu Peak 2535 m

Figure 2. The digital terrain model of thea@un-Negoiu area

Snow layer thickness also contributes to snow a&edla occurrences, and so the following
categories have been established for correspoistiipg degrees and snow thickness:f605 cm
of snow; 3@ for 15 cm of snow; 22for 50 cm of snow (Pissart, 1987). The declivitpm
highlights the slopes steeper thar? 8bthe starting zone, $25°-35° in the tracking zone and
10°-1% in therunout zone. The aspect map highlights the predamai@ of the eastern and north-
eastern exposures in the studied area, followettiddgouth-eastern and south-western ones. These
values are very important if we consider the amafrgolar energy that an area receives during
winter or spring. The radiation of the sun usualytrols snow surface temperature more than air
temperature, playing an important role in snow dahgity (McClung, Schaerer, 1993) and
determining the snow avalanches type. Taking ictmant that the snow avalanche was produced
in spring, ,the temperature increase enhances litgalof snowpacks on shady slopes and
instability on sunny slopes” (Ancey, 2001, p. 3).

Any sliding surface along which the path of snowalawmche presents longitudinal
morphology (Walstet al, 2004) or three major morphological units (figdne the starting zone
(source area), the tracking zone and the runoue z@urrows, Burrows, 1976; McClung,
Schaerer, 1993; Muntaat al, 2004; Walstet al, 2004; Weir, 2002); start zone, upper and lower
track, runout track (Germaiet al, 2005); failure zone, tracking zone and depositaume
(Ishikawaet al, 2003); zone de départ (zone d’accumulation), m&ansit supérieur et zone de
transit inférieur (zone de transfer) and zone gmté&one d'arrivée) (Ancey, Charlier, 1996).

In the starting zone snow avalanches initiate aceklarate, in the tracking zone snow
avalanches reach maximum velocity and in the rurmmute decelerate and leave depositions
(McClung, Schaerer, 1993).
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Figure 3. Thematic maps: hypsometry, declivity, aspect
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Figure 4. The major morphological units of snow avalanaloenf Giltun-Negoiu area

Climatic variables

Romania is situated in the temperate-continenfatate area, which is characterized by
intense snowfalls and snow avalanches (Birkeland, Mock, 1208ageli, McClung, Schaerer,
1993; Mock, 1995, 1996).

Because of its geographic position, many typedliofatic influences can be identified on
the Romanian territory.The northern slope of thmaFas massif, where &tun-Lespezi and
Negoiu sector can be found, is under the influesfcthe humid western oceanic wind. As such,
the regional climate also determines the mode ofvsavalanche manifestation, with a powerful
influence from solar radiation, temperature, sndivgfaantity and type (McClung, Schaerer, 1993;
Weir, 2002).

Characteristics of the alpine climate of th#g#fas massif (table 1) are registered at the
mountainous weather stations Cozia and Balea-L#gearfgaras massif, and Vf. Omu in Bucegi
Mountains. Cozia weather station used to functietwken 1981 and 1999 and was located at
1577 m on a southern slope at the bottom of th@ealfioor. Balea-Lac weather station is located
at 2070 m altitude in the median floor of the gihaialley with the same name, on a northern
slope. The Vf. Omu weather station is situated5t52m in the upper alpine floor of the Bucegi
Mountains, located near thédaras massif, and thus is representative for our study.

Table 1 Climatic characteristics of theiggiras massif (average annual values)

Meteo station TC Pp (mm) Days Days with DZ‘ES:NO'( wshlflr;nt);\gfeyiss
(m) Ann | Min | Max with snow | snow cover (cm) Show cover
ViOmu-2505| -25| -109 58 1246.2 > 130 320 36.4 78.9
Bélea Lac - 207Q 0.2 -8,4 8,8 12462 > 96 > 224 4 66. 40-45
Cozia - 1577 3 -6,3] 123 844,2 > 63 150 39.5 30-35

In these conditions, it should be noted that snealeanche activity has been well monitored
by members of the nivo-meteorological program fadchdn February 2004 at Bélea-Lac
meteorological station, within the National Adminiion of Meteorology, in partnership with
Météo-France, Centre d’Etudes de la Neige-Grendbie. main purpose of the program is to
study snow and its future evolution, as well aslawehe triggering conditions (Nivological
Annual Report, 2004-2005, National Meteorologicalministration). The Crocus MEPRA PC
program, version Roumanie 2004, offers an oppdstuni assess the evolution of snow structure
and an estimation of the avalanche risk for difiérerientations, slopes and/or altitudes, based
upon the observations of snow structure (Giraual., 2002).



28 Mircea VOICULESCU, Alexandru ONACA, Narcisa MILIAN;lorina ARDELEAN...

Meteorological parameters are taken from GELINI\dgram (those already noticed) or
from the numerical models, for the next hours: fdin humidity, cloudiness and wind speed.
Simulations can be made for each massif, on sier@ifit orientations (North, East, West, South,
South-East, South-West) and three slope inclinat{@f, 20°, 40°). Finally a simulation of snow
evolution is obtained for each massif, with anraated natural and accidental risk of avalanches.
Snow avalanches activity has noticeably grown, whdn snow avalanches triggering conditions
are met, snow depth is regarded as a causal vaiiatdnow avalanches production (Birkeland,
Mock, 2001; FitzharrisBakkehgil986).

DISCUSSIONS

To highlight the climatic characteristics of thégkras massif and of the studied area as
well, an assessment of the synoptic situation ardugon of meteorological and specific snow
parameters was made, using observations from theaB&c meteorological station, and maps
representing the synoptic conditions before andnduthe day of March 7 (figure 5). Thus, until
the date of March 4, the Icelandic Depression acteer the European continent, with the
corresponding altitude structure. Meanwhile, Roradrad been passed by several frontal systems
associated with cyclonic centers. In the afternobmMarch 4", the Azorian High entered over
Romania, with the corresponding altitude.

The temperature at the level of 850 mb, decreassd £C (on March ¥) to (°C on
March 4", and -8C on March &, then began to increase up t6Glon March & and 8C again
on March 7. The 0C isotherm height decreased from 1800 to 1500 itucét on March %, then
down to 1100 m on MarchH"5and then began to increase, first to 1600 m (anckl8") and then
to 2200 m altitude, on MarcH"7Under these conditions, poor quantitative snatvdiewn up to
March 3% and the snow depth had no important variatiomemFthe afternoon of March™®3
weather has cooled and it started to snow. Up gontbrning of March 8 the layer new snow
reached 43 cm. The evolution of meteorological andw parameters showed a number of
features of the period between th&ahd the 7 of March.

530 IiPu HGT (gpun) — 5LP (Pu) B ) 930 IiPu HOT (punni) — =LE (nPy)

H12UTC () 3_{) 3. Dcten: NCZP Reanavsin
A 830 hPa = (°C} - FGT (gpdm)

s

Figure 5. Ground pressure, 500 and 850 hPa geopotentighetature at 850 hPa, between 3 and 5 March
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After a relatively long period in which snow hadt maried, since the afternoon of March
3 the weather cooled and it started to snow — @Enmew snow on the night between tHéahd
4™ of March. On March 4, between 8 a.m. and 2 p.ne,rtew and fresh snow mounted to about
16 cm, 9 cm until 8 p.m. and added another 9 cri tinet next morning - thus, the total amount of
new snow measured 43 cm during this period of aB6uhours. By the morning of March 6,
temperatures showed no significant variation, dredsnow depth decreased by 11 cm (figure 6).
Since the day of March 6, the weather heating becagpite important, and the maximum
temperatures positive®0 on March 6 and®Z on March 7. Also, on the night between tHeafd
7" of March, the temperature was high, reaching d@mim of -1.7°C (figure 7).
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Given the changes in meteorological and nivologiparameters outlined above, the
members of the Balea-Lac station made several gritsvand observations.The measurements
made on March 5, have revealed a surface layefafn2 new snow with very low resistance,
small density and no adherence to the layer undémeonsisting of a thin ice crust.

The top layer consisted mainly of fine grains aesslflat faceted, forming an unstable
fragile plaque structure of 40 cm, deposited ovéhia ice crust, which constituted the second
sliding level. At approximately 230 cm over the gnd, another sliding level could be identified.
Older structures have been found deep inside tfe,ldike wind plaque and several ice crusts of
different thickness. Last 100 cm from the groundfame was formed of cup-type and faceted
crystals; snow ram under its own weight has deteeththe high snow densities and hardness.

Given the above analysis we can thus classify tredaache from @tun-Lespezi and
Negoiu sector. In the literature, snow avalancheskssified according to several criteria, taking
into account topography, climate variables, tim¢éhefyear, and the triggering mechanism.

According to the geographical classification of Wa(l966), there are two types of snow
avalanches in theagaras massif: medium high-mountain (of slope and cos)oand valley floor
avalanches with a local character. In the firsecasalanches occur within the glacial cirques and
in the lower part of the glacial valleys, at altias higher than 2220-2300 m, as is the case wéth th
studied area; the avalanche could be classifiednasof medium high-mountain. From the path
morphology point of view, the snow avalanche aft@h-Lespezi and Negoiu was an open flat
track or unconfined avalanche (the Quervain, 1986ppen slope (Schaerer, 1972; McClung,
Schaerer, 1993). Taking into account the weathapfg, the snow avalanche can be classified as
new snow avalanche (the Quervain, 1966) or asextdaction snow avalanche (Capello, 1973;
Lachapelle, 1966), considering the fact that it wasduced soon after a huge snowfall. Likewise,
if we consider the month or season when it was ywed, then the snow avalanche can be
characterized as typical of the spring season (inack 1977).

CONCLUSIONS

Given this case, it is once again proven that thmdn involvement in snow avalanche
triggering is present in many situations (Schweigamponovo, 2001, Schweizer, Litschg, 2001)
and the snow avalanche prevention requires a gdacadon.

Establishing specific snow measurements at Baleadreteorological station was a
necessity and represented a first step in the modealysis of show and snow avalanches and
towards the understanding of their triggering medda. In this context, more snow
measurements need to be set in the mountains widlv @valanche risk, in order to collect
meteorological data useful for GELINIV and CROCU%RRA PC programs. Using these
observations and programs will be useful in thereffo draw the avalanche risk maps, as well as
to give daily snow information and warnings foresisi and tourists.

After the European avalanche risk scale was lauhaind 993-1994, Romania adopted it,
too, due to the need for unique avalanche preverdigeria (Voiculescu, 2009), which is the
second important step in this area taken by oumttguAn important part of the Romanian
Carpathians, such as the Eastern and Southern tGiamm (all except for the Western
Carpathians), has areas exposed to avalanchesaféegcorded in the European Spatial Planning
Observation Network (ESPON) Data base (Schmidt-Téa@2006).

In the same context of risk prevention, the viswalrning system should also be
considered. Unfortunately, at the moment, it onlisis in the Bélea glacial valley (from January
2009). Seconded by a good tourists education sgEgem can be very effective: for example, the
avalanche risk can be displayed on panels, togetithr warnings, as "No Stopping" or
"Avalanche Area", like in Canada (Weir, 2002) dnaatcountries.

Multidisciplinary teams need to be formed (geogeaphgeologists, meteorologists, forest
engineers, land-use planners, and also IT spédsialia order to develop programs that should
study this problem. The teaching units, the MounRé&scuers, as well as the media, need to set up
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educational programs for the population and raigaraness of the measures that need to be taken
in order to prevent snow avalanches.
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