SNOWSTORM — A CLIMATE RISK PHENOMENON
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La tempéte de neige est un phénoméne climatiquesgupasse durant I'hiver mais
également en dehors des limites de saison, quirperies activités humaines, et qui démontre
ainsi des caractéristiques de hazard naturel. rpé&te de neige a un impact négatif sur les
activités humaines sous l'effet combiné de deuxnéhts: des vents de grande vitesse et
d'abondantes chutes de neige. Dans les montagn&sgPées conséquences engendrées par les
tempétes de neige se traduisent le plus souvemntgsabloquages et relentissements sur les routes
touristiques, en particulier le long de la créte (es décés ont été recensés), interrompant le
trafic sur la route nationale 67C entre Novaci e&gion touristique de Ranca.

L'objectif de cet article est d'identifier le caexe aléatoire et la dangerosité du
phenomena (hazard) de tempéte de neige et sesjoensés potentielles en termes de dommages
matériels et environnementaux et/ou en termesaligngs dans les montagnes Parang
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1. Introduction

In the latest years, thoroughly studying and deepletstanding of
hazardous phenomena (snowstorm included) have leecmndatory, so as to
achieve as accurate as possible forecasts, in trdeduce the large number of
victims and the economic damages.

As regards the mountainous environment, naturahridazand risks are
the result of the temporary intersection of certamvironment conditions
mainly pertaining to geological structure, morplgidal and morphometric
disposition of the active surface, state and dynarof the atmosphere or the
flowing manner of surface waters. All these supsepan intensely human-
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modified environment by various activities (tourisoattle breeding, forestry
and mining), with which it interacts §8dulache, 2010).

In the Romanian scientific literature (Cheval, 1p9¢he hazard is
considered to be the most comprehensive term wsddfine natural sensitive
phenomena. The term of hazard is close correlaidu the one of risk. The
hazard is a phenomenon that can have severe cameguand negative
impacts on the society and natural environmentclwviieans that it can induce
the risk. The hazard is focused on the causes whieleisk is focused on likely
potential consequences (Bogdan, Ma#énik007).

Of those phenomena, snowstorm is a very complexlmiag defined as
a snow transport above ground surface, caused fiicisntly strong and
turbulent wind, accompanied or not by snowfglisteaet al, 1965). In Parang
Mountains, snowstorm is a winter phenomenon presaci year. Its regime is
non-uniform in time and space due to the largeatdlity of the atmospheric
circulation and the local relief conditions whichgrint certain nuances.

The snowstorm has been analysed across countryiewsr (Bilescu,
Besleadi 1958, 1962, Bdeadi, Ciuci, 1979) or case studies, which refer to this
phenomenon (Gaceu, 2005, Marii2006, Bogdan, 2008).

2. Study Area

Parang Mountains are a subunit of Southern Caguathibeing situated
in their central-western part , in the homonymowsuntain group Kigure 1).
Parangul Mare Peak has the maximum altitude inntleentainous massif
(2519 m.a.s.l), thus being the second highest itmd®va and the most
representative within the Pardng Mountains Group.rdgards the climate, it
displays high mountains characteristics, pronéeooccurrence of both summer
and winter hazardous weather phenomena.
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Fig. 1. Geographic location of Parang Mountains

3. Methodology

The database is made up of (monthly and annualpraed maximum
climate data series over 20 years (1983-2002) fRemang and Petyani
weather stations. For comparison purposes, data Bélea Lake and Omu
Peak weather stations were also used.

In view to establish the hazardous character af phienomenon and its
potential to cause human deaths, along with méatamichenvironmental damage
in the study area, the following methodologic apglees were completed
(Bogdan, 1996):

» the average characteristics of the analysed atreospphenomenon
were established, which gave us the general picfuaeclimate element
able to generate a risk;

* maximum values were extracted representing theilgessariation
limits and the risk thresholds (risks are highleghtis climate extremes);

» deviations of the studied climatic parameters warmputed against
the multiannual mean, considered normal, whichvedid settling the
risk threshold;
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« the snowstorm occurrence likeliness (spatial pritihgbhaving hazard
character was established through correlatingltiified climatic indicators;

* vulnerability was estimated and risk exposure waaldished through
charting the most important properties as well a$iviies and
inhabitants (Sorocovschi, 2007); those indicatoerewselected and
guantified so as to describe the vulnerability loése elements to a
climatic hazard. Further on vulnerability was remedecartographically.

The above mentioned methodological steps were dgedplith results of

statistical analysis of climatologic data serieshwnformation received from
local public institutions (Gorj County Inspectordta Emergency Situations
and Petrgani and Tg. Jiu Mountain Rescue Public Servicdsycawith field
observations accompanied by photos. Thus, it cansdid that standard
statistical processing methods were used for thapotation of the mean
monthly and annual values, for the extraction ofreme values and the
classical methodology (Dumitrescu, aal, 1972) was used for the graph
representation. Another work technique, increagingled in scientific research
and in many other practical activities (Haidu, 1p98 the Geographic
Information System approach (Irimescu, 2014).

3.1. Climatological analysis of thesnowstorm

The climatological analysis of the snowstorm wasfggeed through
computing the monthly and annual mean and maximumber of days with
snowstorm, as well as with the interval favoralolét$ occurrence. Snowstorm
is conditioned by negative temperatures, being ethily the mean occurrence
dates of frost throughout the year, as well astipng and turbulent wind.

The mean annual intervdhvorable to snowstorm occurrence widens
with the altitude, as circumstances for snowfall amtense wind are more and
more favorable. Thus, on the upper Carpathian JéhelImean annual interval is
a steady 10 months period (September to Juneheomiddle Carpathian level
it is of 5-6 months/year (November to March), wizsren the lower Carpathian
level it spans 3-4 months a year (between Deceraber February). It is
thereafter obvious that the longest interval falt@do snowstorm occurrence is
the one unfolding in the alpine environment.

It can be noticed (Fig. 2) that on the lower moundas level and mostly
in Petrgani Depression, the average annual number of dijisswowstorm is
small (0,3 days, with an annual frequency of 0,084g to the local sheltering
conditions. However the frequency of snowstorm eases with the altitude,
although remaining small (1,2 days at altitudes1600 m, with an annual
frequency of 0,3%). Snowstorms become more fregatealtitudes higher than
2000 m (14-26 days, with an annual frequency of 8y8%).



SNOWSTORM — A CLIMATE RISK PHENOMENON IN PARANG MONTAINS 41

Davs (no)
30
23
20
15
10

3

0 : . E 3 .

VEOmu Bilea-Lac Parins Petrogani
Weather station

Fig. 2. Variation of average annual number
of days with snowstorm (1983-2002)

Like the mean annual interval, thgerage monthly number of days with
snowstormis influenced by altitude and local relief conditio At the alpine
level, the most numerous days with snowstorm arerded in the winter months
(2,7-5,7 days), but the phenomenon is not absetiiteirspring months as well,
when it occurs more intensely at elevations highan 2500 m (0,3-4,2 days)
and less enhanced below 2000 m (0,1-1,6 days aaBalke weather station).
In the latter mentioned area, snowstorm may alsmroat the beginning of
summer (0,1-0,5 days in June) but also early irurant (0,1-0,2 days in
September). On the middle and lower mountainouseldevsnowstorm
exclusively occurs in the winter season, with a fesgquency Figure 3.
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Fig. 3. Variation of mean monthly number
of days with snowstorm (1983-2002)
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With regard to the frequency of this phenomenonsbgsons and by
mountainous level in Pardng MountainBalle 1and Figure 4, it can be
noticed that it is characteristic to the winter sseathroughout the massif. Its
maximum frequency is encountered in the lower mainous level (100%),
decreasing with the altitude (about 80% in the heiddountainous level and
50% in the upper one). Whereas in the latter twelte snowstorm may also
occur in spring and autumn, its occurrence in thene level is not to be
excluded in summer either (with a frequency smalian 2%).

Table 1
Seasonal frequency (%) of snowstorm occurrence

Weather station Spring Summer Autumn Winter
Omu Peak 26 1.9 15.9 56.2
Bélea-Lake 211 0.7 11.9 66.3

Parang 8.3 - 8.3 83.4
Petrogani - - - 100
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Fig. 4. The frequency variation (%) of the occurrence
of snowstorms by season

Snowstorm is a phenomenon characteristic mostthdchigh section of
Pardng Mountains and it shows variability evert iflid not occur during the
whole observation intervaF{gure 5. The absolute maximum number of days
with snowstorm was recorded in Omu Peak weathd&iostarea (83 days with
snowstorm in 1987), whereas the smallest numberregistered at Petgani
weather station (one day in four years observaignod).
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Fig. 5. Variability of annual number of days with snowstorm

3.2.Snowstorm — A Climatic Hazard.

The maximum monthly and annual number of days swibwstorm
ascertains this phenomenon as a climatic hazdrdréing Mountains. To be noted,
the maximum annual number of days with snowstorhigh on the alpine level
(more than 50 days) and smaller with altitude desegless than 10 days).

The most numerous days with snowstorm occur invitmter season at
every mountain level, however with different freqog and intensity respectively:
in the alpine level, snowstorms take place in Dderand January and is extended
from 16 to 20 days; in the sub-alpine level — gitienomenon extendsfrom 7 to
15 days, in the middle alpine level — from 2 tod@/sl whereas downwards, to
the foot of the massif values of less than onewli#ly snowstorm are recorded
during the winter seasoidble 3.
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Table 2
Monthly and annual maximum number of days with snovstorm
Weather station Max. no./date Jan Feb Mar| Apr| May| dn
Omu Peak Max. no. 20 17 18 11 4 3
Date 1987 1985| 1988 1987 1987 1985
Max. no. 11 14 4 4 2 1
Balea-Lake Date 1983 | 1985 11%%% 1984 | 1983| 1995
Max. no. 2 3 1 — — —
Parang 1987,
Date 1985 2001 1088
Max. no 1 1 — — — —
Petrasani 1988,
Date 1997 1993
Weather station Max. no./date Sept Oct Nov Dec Anral
Max. no. 2 3 16 16 83
Omu Peak Date 1988 | 1086] 1987 1984 1987
Max. no. 1 2 6 7 36
Balea-Lake Date 1996, | 1999 | 1985| 1993 1985
1992
Paran Max. no. — — 1 2 4
9 Date 1986 | 1995 1985
Petrasani Max. no. — — — 1 1
¥ Date 1991 4 years **

*  data processed from Meteo Romania Archive
** whole observation period

As for the other months of the year, snowstorms urdgld mostly in the
transition months (in spring and autumn) but afstha beginning of summer
(in June) in the alpine level.

The aggregation of the deviations of the maximurouating values of
the snowstorm with respect to the multiannual medinthe days with
snowstorm renders the probability that snowstorta kice a climatic hazard in
the environment of this mountain massif. These atens are wide in the
alpine level (where snowstorm acts more intenselyvinter but also in the
transition seasons and even at the beginning ofr&rrin June) and smaller at
altitudes lower than 2000 m where it is specifitydo winter season (Petani
Depression) or to beginning of spring and end dumn (Pardng weather
station) Figures 6 — a, b, c,d
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In the high area of the massif, snowstorms actdil@imatic hazard not
only in the cold semester of the year, when it laaard mostly because of its
intensity, but also at the beginning of the warrasea, in June or at autumn
start, in September. Although it is a winter-spiegfhenomenon, in the upper
mountainous level it is characteristic to the spseason, too.

In the middle mountain level, snowstorm unfoldshwitarious intensities
especially in the cold season but may also occuspring or in autumn,
particularly in March and November. Downwards tce timassif's foot,
snowstorm is exclusively a winter phenomenon actimgugh moderate wind
speeds (6-10 m/s).

The maximum annual number of days with snowstignhigh in the
alpine level (83, in 1987, at Omu Peak weatheiastaand lower with altitude
decrease (36, in 1985, at Balea Lake weather sfatidays with snowstorm at
Parang weather station in 1985 and just one dathetmountain foot at
Petrgani weather station)r@ble 3.

The correlation between the maximum number of deiyls snowstorm
and the altitude allows us to identify the verticghdient and compute the
variation of the number of days with snowstormaiaous altitudesKigure 7).
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Fig. 7. Correlation between the maximum annual numberg§ dvith snowstorm and the altitude

The intensity of snowstornis given by the wind speed-ifure 8.
Climatic hazards are considered to be those claizetl by high speeds of the
wind (Bogdan, Niculescu, 199%trong snowstormsvhen the wind speed ranges
within 11-15 m/s andiolent snowstormsvhen the wind speed overpasses 15 m/s.
As regards the characteristics of the wind gustariihica, 2006), those may
reach 18-20 m/s (in the case of strong snowstaans)may largely exceed 20 m/s
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(when snowstorms are violent). A third type miglet &dded, having in view
that a high mountain area is analysed in this pagién cases of wind recording
speeds higher than 21 m/s that may caweg violent snowstorm€n the

highest crests of Parang Mountains very violentwstorms may well occur

(with wind speeds exceeding 20 m/s and reaching aganuch as 40 m/s).

At altitudes lower than 2000 m wind speeds mayheli:20 m/s during
a snowstorm event, whereas towards the mountainhsioowstorms act with
speeds much smaller than 11 m/s.
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Fig. 8. Variation of annual frequency (%) of cases withdvspeeds able to generate snowstorm

After having computed the variation of the vertiggiadient of the
maximum number of days with snowstorm, taking atoount the frequency of the
annual occurrence of the snowstorm phenomenorhendind speed intensity, we
determined the snowstorm-likeliness classes faiuiRpMountainsTable 3.

Table 3
Snowstorm-likeliness classes in Pardng Mountains
N- max. no Maximum F — annual
Likeliness | Distribution e S ) frequency
: of days wind intensity
classes by altitude . of phenomenon
with snowstorm (m/s) (%)
: 29 -34 m/s... 0
Very high > 2200 m > 50 days > 40 m/s >20%
High 1800-2200 m 20.1 — 50 days 25— 28 ml/s 5-20%
Average 1200-1800 m 1.1 — 20 days 16 — 20 m/s 1-5%
Low <1200 m <1 day 6 —10m/s <1%
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Through integrating in the Geographic Informatioyst8ms the human
elements within the area of Parang Mountains (clemed hazardous elements)
and through correlating them with the likelinesseaar the snowstorm-
vulnerability map was obtained for the studied agemure 9. Very high
vulnerability is recorded in the alpine level, wldslizzard occurs with the
highest frequency and the mountain crest tourigteras very much used by
tourists. Low vulnerability is recorded at altitsdeinder 1200 m, where,

although human elements are present to a hightesteowstorms occur with a
low frequency.
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Fig. 9.Parang Mountains — Map of the vulnerability to sntoms

4. Hazard Aspects. Snowstorm Impact on the Environmeraind Population

For snowstorm to become a hazard phenomenon, it mast certain
conditions. Given that it is a phenomenon esséntlaracteristic to the winter
season, snowstorm must be accompanied by windergthigh speeds and
abundant snowfalls or must occur outside its tymeason (either very early or
very late, in the extra-season).
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During a snowstorm event, visibility decreases wanch, which makes
concomitant snow falling impossible to assess, tléing a winter-specific
phenomenon with consequences of the most severaldmtvery spectacular
(Ciulache, lonac, 1995).

All types of snowstorm (strong, violent or very hnt), accompanied by
massive snowfalls determine the formation of a 60-dm-deep snow layer and
snow heaps 1-2 m deep or even more, which causeéance in the environment
and human victims among those taken by surprisiaddyphenomenon. In such
situations the wind speed makes the human’s boapdeature decrease fast
and intense, this effect being called Wind ChMaginica, 2006), defined as the
temperature felt by the human body at a certairdsjeed.

That means that not any snowstorm may be consideddichatic hazard
phenomenon. Moderate snowstorms, for instancenguwhich the newly
fallen snow is drifted by winds weaker than 10 awe not considered climatic
hazards. Such moderate snowstorm events drifrédst snow, leaving the rock
exposed to freezing (if such a phenomenon occutiseirextra-season, especially
early in autumn, the snow amount is likely to balsnthe rock is thus subjected to
intense freezing-thawing cycles) and accumulatirgsnow in sheltered places.

In Pardng Mountains, besides the problems poséaltists, snowstorm
often renders road traffic difficult, especiallyoay the 67C National Road,
between Novaci and Ranca. Massive snowfalls andstoom caused numerous
traffic congestions in one or both traffic directso(Table 4, which surprised
and blocked tourists climbing towards Ranca re@égure 10.

Table 4
Traffic congestions along 67 C National Road, betwaeNovaci and Ranca,
caused by massive snowfalls and snowstorm in 20066

Date and time of Acting from... -

No. phenomenon Effects of phenomenon to
occurrence

1. 19.012006, 18:45 Traffic stopped in both diratsi Km 16 — 34
2. 30.01.2006, 09:30 Traffic stopped in one diacti Km 24 — 34
3. 24.02.2006, 11:10 Traffic stopped in both dimt Km 24 — 34-400
4, 3.03.2006, 16:10 Traffic stopped in both direes Km 16 — 34
5. 4.03.2006, 20:15 Traffic stopped in both direns Km 26+500 — 34
6. 5.03.2006, 09:00 Traffic stopped in one dirattio Km 24 — 34
7. 5.03.2006, 16:20 Traffic stopped in both direns Km 33+500 — 34
8. 5.03.2006, 21:00 Traffic stopped in both direes Km 33+500 — 34
9. 13.03.2006, 07:45 Traffic stopped in both dimt Km 24 — 34
10. 13.03.2006, 11:10 Traffic stopped in both dicets Km 24 — 34
11. 3.01.2007, 09:20 Traffic stopped in both dimetd Km 22 — 34
12. 3.01. 2007, 11:40 Traffic stopped in both ditets Km 27 — 34
13. 4.01.2007, 04:40 Traffic stopped in both dimt Km 27 — 34
14. 4.01.2007, 11:15 Traffic stopped in one dimtti Km 27 — 34
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15. 28.01.2007 Traffic stopped in one direction Ko 29
16. 29.01.2007, 04:30 Traffic stopped in both dicets Km 16 — 34
17. 29.01.2007, 10:00 Traffic stopped in both dicets Km 16 — 34
18. 30.01.2007, 04:26 Traffic stopped in both dicets Km 16 — 34
19. 30.01.2007, 16:30 Traffic stopped in one diogct Km 32 — 34
20. 2.02.2007, 04:15 Traffic stopped in one diatti Km 16 — 34

* data processed from the Archive of the Gorj Coungpéctorate for Emergency Situations.

Petrgani public Mountain Rescue Service intervened o9&81986 to
save two radio amateur tourists caught by low teatpees, with strong wind,
snowfall and snowstorm on Céarja summit (2405 m)erghthey had put up their
tents. Tourists were wearing summer outfits ag ttegit was torn apart by the
rough wind and the snowstorm. They were found lgyrtlountain rescuers and
brought back to the mountain foot safely.

The situation was not at all the same on 10.09.198i&n three well-
equipped youngsters (two boys and a girl) attempiesbmplete the crest route
and were caught by severe freezing, with snowstamnch massive snow falls
(almost half a meter deep, the first layer that)yeehe youngsters were found
dead along the crest path, first the boys, (500+&0&part), then the girl, after
two days of searching, in the area of Mohoru peak.

Fig. 10.Hampered traffic and automobiles blocked by snomst
and frost on Transalpina road, towards Ranca
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5. Conclusions

Snowstorm is a weather phenomenon with permaneoctr@nce in
Parang Mountains environment at various frequeneied intensities, thus
being specific to this mountain massif, with thé&elihood of inducing
significant risks. Snowstorm affects both populati@nd infrastructure,
especially in its extra-season, whereas in the ewimbonths it acts highly
frequently and intensely.

The biggest problems are reported in the alpinellealong the tourist
routes accessed by tourists and along Transalpgavhy, mostly between the
settlement of Novaci and Ranca resort.

The latest mentioned resort has developed significén the last years
and has improved its tourist offer with new skicks, which has increased the
number of winter sports lovers visiting it.

The number of tourists heading towards Ranca rdsstconsequently
also increased and not all the involved automolalesproperly equipped for
the winter conditions there. It must not be ovekkm that in snowstorm
situations visibility is very low, the traffic isften discontinued or cars remain
stuck in the snow. In the last years, snowstorme tkdled people in the tourist
areas within the alpine level and have created <hadtraffic, fully proving its
hazard features.
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