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Abstract

On November 19, 2004, the High Tatra Mts. were struck by a severe windstorm Alzbeta.

The strong and cold fall wind that occasionally blows down from the mountains also known as the Tatra bora causes
serious damage to forest stands. The primary characteristic of the Tatra bora is a pronounced downward component
and higher speeds on leeward slopes compared to mountain peaks and ridges. This type of wind forms under a strong
flow of cold air of Arctic origin, driven by a sharp pressure gradient between a high-pressure system over southwestern
Europe and a low-pressure system centred north or northeast of Slovakia.

Strong fall winds most frequently occur on the southern slopes below Lomnicky Stit, where the Skalnaté Pleso
observatory is located. Long-term anemometric measurements at the observatory have enabled detailed analyses of
extreme wind events in different periods. These analyses reveal that the extreme winds recorded in the first half of the
20 century have not been surpassed in the last two decades. Since 2004, there has been a slight drop in the number of
windstorm days and a decrease in both the average annual wind speed and maximum hourly mean wind speed.
Furthermore, the historical record for the highest wind gust speed reached in November (78.6 m s, 283 km h!) was not
exceeded.

While wind speed is a key factor in windstorm-related damage, the extent of forest destruction depends not only on
wind strength but also on the overall condition of forest stands as well as on other factors including the dynamic
interactions between the atmosphere, hydrosphere and pedosphere. Twenty years after the windstorm Elisabeth, forest
§ regeneration within the Tatra National Park (TANAP) shows promising progress. Damaged areas are recovering, restored
204 | | 2l 2 L] ] b | ] | ] e A bl || |4 forests show greater species diversity, and the carbon balance is returning to pre-disaster levels.

Vysledky - Results

T T8 1T 22 [TT183 1 T2 13 [ T2 .Y Y Tabulka 1. Pravdepodobnost vyskytu vichrice na Skalnatom Plese pre rdzne obdobia

| | F " Table1l. Probability of occurrence of windstorms at Skalnaté Pleso for different periods
Stupnica sily vetra prevzata z publikacie Klima Tatier (Otruba & Wiszniewski, 1974)
Wind force scale according to publication Klima Tatier (Otruba & Wiszniewski,1974)

_ Rychlost vetra Pravdepodobnost vyskytu v roku

m st km h-1 1941-1960 1996-2004 2005-2024

> 18,3 > 65,9 15,9 %o 5,2 %o 12,9 %o
Silnd vichrica | >21,6 >77,8 5,9 %o 2,7 %o 5,1 %o
Mohutna vichrica > 25,2 >90,7 2,2 %o 0,6 %o 0,8 %o
>27,8 > 100 0,9 %o 0,3 %o 0,3 %o

Tabulka 2. Statistické charakteristiky priemernych hodinovych rychlosti vetra na Skalnatom Plese pre rdzne obdobia

Table 2. Statistical characteristics of average hourly wind speeds at Skalnaté Pleso for different periods

Obrazok 1. Univerzalny anemograf na observatoriu Skalnaté Pleso: meracia Priemerna roéna hodnota hodinovej rychlosti vetra (km h1) 14,3 11,3 12,8
hlavica zloZzena z Robinsonovho miskového kriza a veternej smerovky (hore) Absoltitne maximum priemernej hodinovej rychlosti vetra (km h1) 127 97 99

a registratny z3znam 2 19.11.2004 (dole), T 0502 0604 1503
Figure 1. Universal anemograph at the Skalnaté Pleso Observatory: _ 1952 2000 2013

measuring parts composed of a Robinson's bowl cross and a wind vane (the
upper one) and registration of wind characteristics on November 19, 2004 Tabulka 3. Statistické charakteristiky narazového vetra na Skalnatom Plese pre rozne obdobia
(the lower one). Table 3. (Tab. 3) Statistical characteristics of gusty winds at Skalnaté Pleso for different periods

Obdobie 1951-1960 1996-2004 2005-2024

Priemerna rocna hodnota maximalnych narazov vetra
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Obrazok 2. Kalamita vo Vysokych Tatrach po vichrici Alzbeta v roku 2004 . Obrazok 4. Veterné kalamity vo Vysokych Tatrach v obdobi rokov 1898-2004 s odhadom objemu kalamitného dreva.

Figure 2. Natural disaster In the High Tatras after windstorm Elisabeth in 2004.  Fjgyre 4. Wind disasters in the High Tatras in the period 1898-2004 with an estimation of the volume of fallen and damaged trees.
Zd roj/Sou rce: WWW,forestporta|,sk/odborna-sekcia-i/och rana-lesa/kalamity/ Zdroj-Source: Jankovic, J. et al. (2007). Projekt revitalizacie lesnych ekosystémov na tzemi Vysokych Tatier postihnutom veternou kalamitou dna 19.11 2004. NLC Zvolen

o

[$°7
N

Zaver

ke
ae

Ty

.
T

o Statistické ukazovatele naznacuju, Ze v polovici minulého storodia boli juiné svahy Vysokych Tatier vystavené
silnejSim vetrom ako v poslednych dekadach a to pred aj po roku 2004. V obdobi po nicivej vichrici Alzbeta v
novembri 2004 sme zaznamenali mierny pokles pocetnosti dni s vyskytom vichric, poklesli aj hodnoty priemernej
rocnej rychlosti vetra a absolutne maximum priemernej hodinovej rychlosti vetra. Extrémne vysoké okamzité alebo
aj rychlosti narazového vetra neprekonali historické maximum 78,6 m s (283 km h) z 29.11.1965.
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* Nebezpecné vichrice v tatranskej oblasti vznikaju pri silnom prudeni chladného arktického vzduchu, ktory je
vyvolany vyraznym tlakovym gradientom medzi tlakovou vysou nad juhozapadnou Eurdépou a tlakovou nizou s
centrom severne, resp. severovychodne od Uzemia Slovenska a to bez ohladu na oblast jej povodu.

* Rozsah poskodenia lesného porastu okrem sily vetra zavisi aj od dalSich faktorov. Extrémne kalamitné situacie
vznikaju v dosledku pdsobenia viacerych fyzikalnych procesov v Sirokom rozmedzi priestorovych a ¢asovych skal v
rdmci kontinua dynamickych vztahov v atmosfére, hydrosfére a pedosfére, pricom miera ich Gcinku zavisi od
celkového stavu porastov. V podmienkach meniacej sa klimy je preto dolezZité uplatfiovat najnovsie metody
vyskumu, ktoré budu analyzovat zlozené hydrometeorologické procesy a ich extrémne prejavy.

i Y, i e s s * Pokalamitny vyvoj lesa na uzemi TANAPu sa javi ako uspokojivy. Vyznamna cast plochy zasiahnutej vichricou je
Obrézok 3. Prirodzena obnova lesa po 20-tich rokoch od veternej kalamity. pokryta mladymi zmieSanymi lesmi. Pozitivny trend naznacuje aj bilancia uhlika, ktora sa po 20-tich rokoch od
poskodenia dostava na uroven pred poskodenim.

N

b gt §
RN
W

Figure 3. Natural recovery of mountain forests 20 years after the wind disaster.

Podakovanie: Tato praca vznikla s podporou Vedeckej grantovej agentury Slovenskej republiky, projekty VEGA 2/0048/25 a 2/0115/25.
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