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2023-2024
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ABSTRACT. Variations of Nivometeorological Parameters During the Winter
Season 2023-2024. The paper presents and analyze snow and meteorological
parameters of the 2023-2024 winter, measured at the meteorological stations with
nivological program (Predeal, Sinaia 1500, Parang, Semenic, Vladdeasa, Ceahlau-
Toaca, Iezer, Cilimani, Tarcu, Balea-Lac, Varful-Omu), as well as the estimated
avalanche risk for each monitored massif. The aim of that study is to highlight the
importance of avalanche monitoring and snow studies in the mountainous areas
affected by avalanches, in order to provide a daily estimation of avalanche risk. The
data used are daily meteorological and nivological observations from the mountain
meteorological stations with nivological program. In order to improve avalanche risk
forecasting, both observations at the snow surface and inside the snowpack are
needed, together with a detailed weather forecast.
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1. INTRODUCTION

The study aims to present and analyze snow and meteorological parameters
evolution for 2023-2024 winter season, which are the basis for estimation of
avalanche risk in the monitored mountain massifs. High and very high avalanche
risk represents a potential threat to skiers and tourists, because in these cases the
snowpack is unstable and poorly bonded on most steep slopes and numerous natural,
spontaneous, avalanches can be expected.

This kind of analysis is carried out each winter season by all countries that have
a nivological service, for example France (***, Bilan de 1'Hiver), Austria (***,
Saisonbericht der Osterreichischen Lawinenwarndiesnte 2023-2024), Romania
(***, Bilantul nivologic, 2004-2024) and has been included in various articles and
presentations.

2. DATA AND METHODS

At Romanian National Meteorological Administration, meteorological and
nivological (snow specific) parameters are measured at some weather stations
situated in the mountain area, where the national nivological program runs. Based
on these data, the avalanche risk is estimated for eight Mountain Massifs: Bucegi,
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Fagarag, Parang-Sureanu, Vlideasa-Muntele Mare, Tarcu-Godeanu, Rodnei,
Calimani-Bistritei, Ceahlau.

The 2023-2024 winter season started on November 16, 2023 at all mountain
weather stations where the nivological program is running. The observation program
lasted until April 30, 2024 at Predeal, Sinaia 1500, Pardng, Semenic, Vladeasa, lezer,
Tarcu, Ceahldu-Toaca meteorological stations, May 15, 2024 at Calimani
meteorological station and May 30 at Bélea-Lac and Varful-Omu meteorological
stations. At all stations, 3828 observations and 208 snow pits and stratigraphic
profiles of the snow layer have been made, the last on May 17, 2024 at Varfu Omu.
Observations and measurements from the stations were entered into a specific
program, where they can be viewed graphically, daily, weekly, monthly and yearly.

Avalanche observations are also taken from local mountain rescue teams. Most
of the avalanche observations can be accessed online in the Annual Report [3].

Sibiu Regional Weather Forecast Service is in charge with the interpretation of
snow and meteorological data, estimation of avalanche risk, issuance and
dissemination of snow and meteorological bulletins for all the monitored mountain
massifs. First information of the winter season 2023-2024 was issued on November
20, 2023, and the last on May 20, 2024. For the whole season, a number of 92
bulletins and 19 snow-meteorological information have been made.

Daily bulletins that include avalanche risk estimations are issued since January
2005, according to the European Avalanche Danger Scale. Annual reports include
studies about the evolution of avalanche risk during winters [3].

2.1. NIVOMETEOROLOGICAL PARAMETERES FOR THE 2023-2024
WINTER SEASON

With GELINIV software (Météo France), used in operational activity, annual
schedule of daily meteorological parameters observed at the meteorological stations
can be seen. It shows the variation of snow thickness, maximum and minimum
temperature, wind speed and amount of daily precipitation. Important snowfall and
alternation of colder with warmer periods that favored partial snow melting and
surface wetness can be easily seen on Fig.1 and 2 (Gelinivw archive, ANM).

et T8 Décember ‘ prewm ‘ G
Fig.1. The annual nivometeorological observations from
Sinaia (1510 m) and Pardng (1470 m) weather stations [6]
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Fig.2. The annual nivometeorological observations from
Virfu Omu (2504 m) and Bélea-Lac (2055 m) weather stations [6]

The maximum snow layer thickness was recorded during the months of February
(Calimani, Ceahlau, Parang, lezer) and March (Varful Omu, Bélea-Lac, Vladeasa,
Tarcu), January (Predeal), December (Sinaia) and November (Semenic). The highest
value, 218 cm, was recorded at Balea-Lac on March 26, 2024. No other station
recorded snow height values higher than 200 cm. At the other stations, the highest
snow thickness values were: 163 cm in lezer (14.02), 152 cm at Calimani (13.02),
144 cm at Varful Omu (21.03), 132 c¢m at Tarcu (26.03), 62 cm at Parang (14.02),
58 cm at Ceahlau-Toaca (15.02), 53 cm at Semenic (29.11), 41 cm in Predeal (28.01),
31 cmin Vladeasa (14.02) and 25 cm in Sinaia (25.12), and the lowest value (Fig.3).
This season, the snow measured over 200 cm for only 8 consecutive days (21-28.03
2024) at Balea-Lac (Fig.3).

e Sinaa (ISI0m) Vi Oy (2504m) - Freceal (1090M) e BS-LaC (050M) b CoRNL (18STM) o CAMaN: (2022M) mbom ViSGoasa (183m) - TATCU (2180M) mbom Smenic (13T0) ~—bom Pasing (1548) mm lezer (1785)

Fig.3. Snow height variations for the 2023-2024 winter season [5]

The monthly average of the maximum and minimum temperatures recorded at
the meteorological stations with a snow program shows that the deviations from the
climatological averages (1991-2020) for both maximum and minimum temperature
show that they were most positive to all stations (Baza de date a ANM). Maximum
temperatures were slightly negative in November at all stations, May (Varful Omu,
Baélea-Lac, Sinaia, Predeal) and March (Vladeasa). Minimum temperatures were
also negative in February at all stations, January (Varful Omu, Predeal, Cilimani,
Ceahlau, lezer, Vlideasa) and May (Varful Omu, Béalea-Lac, Sinaia, Predeal,
Cilimani, Ceahlau, Iezer) — (fig.4). Snow layer remained continuous on high altitude
stations from November 11" until May and first days of June for the highest station,
Varful Omu (2504 m) — (fig.4).
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Fig.4. Deviation of the monthly averages of the maximum (left) and minimum (right)
average temperatures in the 2023-2024 winter season compared to the 1991-2020
climatological average [5]

The monthly precipitation average, recorded at the weather stations exceeded the
1991-2020 climatological averages in December and Ferbruary at all stations and
partially in October (Varful Omu, Tarcu, Parang, Sinaia), November (Cilimani,
Ceahlau, lezer), January (Tarcu, Parang, Sinaia, Calimani, Ceahlau, [ezer Vlideasa),
March (Varful Omu, Tarcu, Sinaia, Calimani, lezer, Semenic), April (Varful Omu,
Tarcu, Bélea-Lac, Predeal, Cilimani) May (Balea-Lac, Calimani), June (Tarcu,
Sinaia).

As for the snow cover amount, it was mostly deficient, except for Célimani (in
excess in December — April), Ceahlau (November, December), lezer (November to
February), Vlideasa (November), Semenic (November, December), Paring
(November, December) — (Fig.5).
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Fig.5. Deviation of monthly prectpltatwn and snow cover thickness for the
2023-2024 winter season compared to the 1991-2020 climatological average [5]

Deviation shows that the average snow cover for the 2023-2024 winter season
was higher (or equal) than the climatological average in the Western Carpathians
(except for November, January, May), Eastern Carpathians (except for October) and
Southern Carpathians (except for October, December; January, February, March
over 1500 m) - (fig.6).
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Fig.6. Monthly average deviation of number of days with snow cover in the winter
2023-2024, compared to the climatological average of 1991-2020 period [5]

2.2. AVALANCHE CASES

There were two avalanche cases having each a deceased victim: on January 29,
2024 in the Tarcu Mountains and on February 16, 2024 in the Fagaras Mountains,
at Balea-Lac. Favorable conditions for the triggering of avalanches included due
both heavy snowfalls, high thermal values or their sudden increase, as well as the
transformations that take place inside the snow layer that leads to unstable structures.
Avalanche cases with victims are registered in the EAWS (European Avalanche
Warning Service) database (www.avalanches.org) — (Fig.7)

SEASON 2023/24

TOTAL FATALITIES: 77

0" 14" 0" 27 187 1"

FATALITIES

0™ 137 0o 4" 2 25

2. 0D B a8l 0
Fig.7. EAWS database [8]
Analyzing the avalanche cases reported and recorded in each massif, (noted with

red vertical lines on the graphs), it is observed that they occurred in conditions of
both negative and positive temperatures, the formation of wind slabs — (Fig.8).
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Fig.8. Meteorological and nivological parameters of avalanche activity in the 2023-2024
winter season in Bucegi Massif, Virful-Omu meteorological station [6]
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In Fagarag Mountains, at Balea-Lac meteorological station, avalanches occured
in December in conditions of significant snowfall, increasing temperatures to
positive values or due to formation of wind slabs. In February avalanches occured
after significant snowfall episodes and slightly positive values of daytime
temperatures and in March after successive snowfalls, wind slabs and
transformations within the snow layer. In March and April the occurance of
avalnches was correlated mostly with positive daytime temperatures and snowfalls

— (Fig.9).
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Fig.9. Meteorological and nivological parameters vs avalanche activity during
2023-2024 winter in Fagaras Massif, Bilea-Lac meteorological station [6]

In the area of the Iezer meteorological station, the recorded avalanche cases were
related to wind intensifications and tformation of wind slabs and positive daytime
temperatures - (Fig.10).
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Fig.10. Meteorological and nivological parameters of avalanche activity during the
2023-2024 winter season in Rodnei Massif, Iezer meteorological station [6]

During this season, 120 snow resistance and stratigraphic profiles were made, the
first on November 24, 2023, at Vladeasa and Tarcu stations, and the last on May 17,
2024 at Varful Omu /7]. In fig.11, the profiles made at the beginning of February
show important differences in the thickness, structure, stratigraphy and resistance of
the snow at different locations, depending on the orientation of the slopes where the
surveys were made — (Fig.11).
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Sinaia (1510m) Predeal-Clabucet (1460m) Semenic (1350m)  Pardng (1450m)
(31.01.2024) (01.02.2024) (01.02.2024) (01.02.2024)

lezer (1785 m) Ceahliu (1897 m) Bdlea-Lac (2050 m)  Virfu Omu (2504)
(02.02.2024) (01.02.2024) (30.01.2024) (01.02.2024)

Tarcu (2100 m) Calimani (2022 m) Ceahldu (1897 m) Viadeasa (1836m)
(02.02.2024) (01.02.2024) (11 martie) (09 martie)
Fig.11. Resistance, temperature and stratigraphic profiles (Gelinivw archive)

3. AVALANCHE RISK ESTIMATION

Estimating the avalanche risk at one mountain massif scale is made in accordance
with the European avalanche risk scale [8] and rules internationally established and
agreed (McClung D, Schaerer P,1993). Maximum estimated avalanche risk for one
day is considered the highest between all monitored mountains. This season also, the
maximum estimated avalanche risk was the same with the one issued for Fagaras
Mountains at altitudes over 1800 m.

At Sibiu Regional Forecast Service, the interpretation of the snow data, the
estimation of the avalanche risk, the issuance and dissemination of the snow and
meteorological bulletins [9] for all the monitored mountain massifs were carried out.
For the 2023-2024 season, 19 information and 92 bulletins were issued, the first
meteorological information on November 20, 2023, and the last on May 20, 2024.
The most frequently maximum risk issued on the scale of the entire monitored area
was the significant one (3), in percentage of 49.4%, followed by moderate (2)—
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21.9%, high (4)-18.5 %, reduced (1) — 10.1%. No very high risk was issued (5) —
(Fig.12).
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Fig.12. Maximum avalanche risk estimated during 2023-2024 winter

riscul de avalansa

Comparing the estimated avalanche risk at altitudes higher than 1800 meters, it
is observed that high risk (4) was used for five massifs: Fagaras (14,6%), Bucegi
(4,5%), Parang (8,8%), Tarcu-Godeanu (9,2%), whith a higher percentage used for
Fagaras Mountains — (Fig.13).

AVALANCHE RISK ETIMATED FOR ALTITUDES > 1800 m DURING 2023-2024 WINTER
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Fig.13. The use of avalanche risk in the 2023-2024 winter, at altitudes > 1800 m
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The most frequently maximum risk issued on the scale of the entire monitored
area was the significant one (3), followed by moderate (2), low (1) and high (4) —
(Fig.13).

At altitudes lower than 1800 m, the most often estimated avalanche risk was
moderate (2) in almost all massifs, with a higher percentage in Fagaras (57.8 %),
Vladeasa (53,2 %), Rodnei (51,9 %), Calimani-Bistritei (47,6%), Bucegi (45,0 %),
Parang-Sureanu (40,2 %), Tarcu-Godeanu (38,4 %). Ongy for Ceahlau, the most
estimated risk was 3 (53,4 %) - (Fig.14).

For all massifs, the significant risk (3) was issued most often, followed by the
low risk (1). High risk (4) was estimated for Tarcu-Godeanu (3,0 %) and Bucegi
(2,8 %). No very high (5) risk was estimated for any of the massifs — (Fig.14).
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AVALANCHE RISK ETIMATED FOR ALTITUDES < 1800 m DURING 2023-2024 WINTER
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Fig.14. Use of avalanche risk in the 2023-2024 winter, at altitudes < 1800 m

Regarding the relationship between estimated avalanche risk and recorded
avalanche cases, most avalanches occurred on days when the estimated avalanche
risk for the massif where these happened was significant (3) — 25 days, then on high
(4) and moderate (2) risk — (Fig.15).

RISCUL MAXIM DE AVALANSA ESTIMAT vs ZILELE N CARE AU FOST CONSEMNATE AVALANSE
IN SEZONUL DE IARNA 2023-2024
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Fig.15. Estimated avalanche risk vs days with recorded avalanches, 2023-2024 winter [6]

There have been several periods with consecutive days where avalanches were
recorded: December 24-26 (4 avalanche cases within 3 days, of which 2 with risk 3
and 1 with risk 4), January 28-31 (6 avalanche cases within 4 days, of which 1 with
risk 3, 3 with risk 4), February 15-17 (7 avalanche cases within 3 days, all 3 with
risk 4), March 5-14 (21 avalanche cases within 10 days, of which 2 with risk 2, 7
with risk 3, 1 with risk 4) and March 29-31 (6 avalanche cases within 4 days, all
with risk 4) — (Fig.15).

4. CONCLUSIONS

The presented parameter variations and avalanche situations show that
avalanches occur mainly under the direct influence of heavy snowfall or increasing
temperatures, but also because of snow crystals transformations within the layer,
especially on the formation of faceted, unstable crystals inside. Increasing
temperatures due to climatic changes determine more melting avalanches, less snow,
even on high altitude and a rapid snowmelt in spring.

Because of the variety of conditions that can lead to instability of snow, every
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risk situations should be studied, in order to create a pattern of avalanche danger
(Green et al. 2006) and improve avalanche risk forecasting.

The increasing number of winter hikers and skiers in all Romanian mountains
demand special measurements, in order to avoid any human life loss, but also to
prevent massive accidents with significant economic damage. Though, permanent
snow and avalanche recording measurements are needed, especially in areas with
high tourist potential.
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