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EPISODES OF INSTABILITY IN TRANSYLVANIA
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ABSTRACT. Episodes of Instability in Transylvania in Summer 2024. This paper
analyzes several defining instability episodes for the summer of 2024 in Transylvania,
which captured the full range of instability phenomena characteristic of the warm
season, from simple convective cells to multicellular and supercell systems, with
severe potential, manifested by significant amounts of precipitation, large hail or
associated wind intensifications that had gust speeds of over 70-80 km/h. To analyze
the atmospheric conditions in which the mesoscale convective systems formed, we
have used data from global-scale models (ECMWF [4], GFS [5]), outputs from
mesoscale models (ALARO, COSMO, ICON) [3\, satellite data provided by
METEOSAT-09 [6], data from the new METEOR 1700 SDP10 (Dual polar in S Band,
Bobohalma) [2], data recorded from meteorological stations [1], and lightning data
provided by the LINET software [7].
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1. INTRODUCTION

Detailed knowledge of the mechanisms that generate severe weather situations,
of the ingredients that have the most important weight in the development and
organization of convective systems in those that can produce serious effects, are vital
in a society increasingly sensitive to weather disturbances, increasingly dependent
on accurate forecasts and early anticipation of risk situations. This paper aims to list
several scenarios in which such situations usually occur, through recent examples,
which are part of a more general pattern of severe weather and which have the role
of familiarizing the average user or professional in anticipating potentially severe
cases as easily as possible.

A first severe weather situation recorded in Transylvania is that of the second half
of June 27, 2024, a situation generated against the background of the presence of a
warm and relatively humid air mass and a southern circulation, as a result of which
significant amounts of precipitation were reported in short intervals of time (75.5
1/sqm in Medias in one hour) and which caused significant damage. The cause of the
extreme meteorological phenomena was the persistence of an Icelandic high-altitude
trough in Central Europe, with a cut-off core in the Adriatic Sea, which ensured a
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moisture supply and determined the development and slow propagation of
multicellular systems responsible for the fall of significant amounts of precipitation.

A second case captures an isolated severe weather situation that can occur on a
day with relatively beautiful and warm weather throughout the country, which
announced only the probability of moderate precipitation in the Eastern Carpathians,
but which, against the backdrop of persistent air convergences on the western slopes
of the Eastern Carpathians, determined the formation of a relatively stationary
convective system in the area and which in time led to the issuance of an orange
code, followed by a red one and the accumulation of a quantity of water of 74.4
1/sqm in Toplita, accompanied by 2 cm hail.

2. DATA AND METHODS

Starting from the spring of 2024, the national radar network of the National
Meteorological Administration is composed of the new Meteor 1700SDP10 radars,
manufactured by Leonardo Germany GmbH, double-polarized doppler radars,
which operate in the 2700-2900 Mhz (S-Band) band and which can cover a radius
0f 400 to 600 km. Unlike the old WSR-98D Doppler radars, which had, depending
on the product of interest, a resolution of 1 to 4 km and a full scan cycle of 6 minutes,
the newly installed radars have a finer resolution (657 m) and a full cycle of 5
minutes. In addition, dual polarization allows for easier identification of hail areas.

In this context, this work also aims to highlight the specific phenomena of
instability through the lens of the new radars, to be more easily understood by those
who will have interactions with the products provided by the new radar. Even though
the basic products of the new radars are the same as those of the old radars, namely
reflectivity, radial velocity and spectral width, the products derived from them are
much more numerous and of increased accuracy.

3. STUDY CASES

3.1. JUNE 27, 2024

The monnth of June was close to the thermal normal of the period and extremely
unstable, dominated by a depression regime for most of it, with periods of frequent
rain showers, accompanied by electrical discharges and wind intensification, with
significant amounts of precipitation throughout the region. We chose to analyze the
day of June 27, in which the instability potential was high, especially in the north
and center of Transylvania, which determined the issuance of weather warnings of
the nowcasting code orange type and led to significant damage in the north of Sibiu
County. The day was characterized as a warm one in western and central
Transylvania and temporarily unstable. Between June 27, 12 am - June 28, 3 am
(fig.1) a synoptic yellow warning code of temporarily accentuated atmospheric
instability was issued.

The synoptic warning captured well the area of manifestation of the storm
phenomena throughout the country, but in restricted areas the convective systems
were more intense and required the issuance of code orange nowcasting warnings.
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Fig.1. General warning issued and amount of precipitation per 24 hours

The present paper aims to highlight such a situation and the particularities that
led to the development and persistence of the mesoscale convective system, in order
to identify the favorable scenario for such developments and to underline the
conditions that deserve to be analyzed more carefully in the future, in order to issue
more precise forecasts in terms of spatiality and intensity of the phenomena.

In the early part of June 27 (10-11 UTC), the first convective developments began
in the Eastern and Southern Carpathians, and in the next two hours in the adjacent
submontane areas. Later, the instability extended to the central areas, and against the
background of a convergence present in the wind field, it intensified, leading to the
formation of more persistent multicellular systems, which led to significant
precipitation.

Fig.2. Images of the floods in Medias municipality on 27.06.2024 [6]

In the afternoon, an orange warning code was issued for immediate dangerous
phenomena (nowcasting type) for the northern area of Sibiu County, targeting
torrential downpours that could accumulate over 25...40 1/sqm, frequent electrical
discharges, increased wind, gale force winds, medium-sized hail. The high amounts
of precipitation recorded in these short time intervals caused significant damage in
the area of Medias, where several streets were flooded and certain roads were
blocked (fig.2).

On the synoptic maps it can be seen that on the ground, the north part of Europe
was under the influence of a high pressure area, with maximum baric values over
1017...1018 mb in the Scandinavian Peninsula area; the rest of the continent was
dominated by a low pressure regime, of 1010...1015 mb, with two active depressions
in the west of the continent, in the area of the British Archipelago and the Iberian
Peninsula. In altitude, two troughs were active, one wider in the western half of
Europe and one descending from the Adriatic Sea (fig.3, left).
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On the ground, our country was affected by a depression of Mediterranean origin
located southwest of the country, with a cyclonic core that had pressures slightly
below 1010 mb — (ﬁg.3 right).

Flg 3. Gfour‘td I;ressure at 00 (lef ) 9) and 12 (rlght) urc (D WD) [8]

In altitude, there was a trough in the northwest of the country and a cut-off on the
Adriatic Sea, with lower values of 576 dmgp in its central area, which determined a
high moisture input, including in the Transylvanian area — (fig. 4).

ALARO: Tomperarura + goopotontialul ia SUe nPa

Baza 27.06.2024. 90 UTC ¥ Fininiinl \vaiio 27 08 2024. 08 UTH ECMWF: Temperatura + geopotentialul la 500 hP
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Flg 4 Temperature and Geopotenttal at 500 mb on 27.06.2024 at 06 UT C(ALARO)
(left) and 12 UTC (ECMWF) (right)

On the maps below, which highlight the temperature distribution at 850 and 500
hPa, the presence of a significant vertical temperature gradient can be observed, with
a VTI (vertical index) of 27 degrees (T850-T500), which favored convection up to
altitudes of 10-11 km (from radar images) — (fig.5).

Fig.6. Temperature at 850 hPa and ground pressure, 12 UTC, DWD (left);
Temperature and Geopotential at 500 hPa, 12 UTC (right), ALARO

At medium levels, the circulation was predominantly southern, under the
influence of the high-altitude trough of Icelandic origin in Central Europe, which
had a cut-off core in the Adriatic Sea. Romania was positioned on the ascending side
of the trough, which thus ensured a supply of heat and moisture, as can be seen from
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the maps showing the distribution and intensity of the wind at 700 hPa and 500 hPa
(fig. 7).

The presence of the slightly higher pressure area located northeast of the country
determined a predominantly southeasterly air circulation at low levels, which is
highlighted in the wind maps at 10m (fig.8, left) and 850 hPa (fig.8,right).

VITEZA VANTULUI LA 10m (m/s) VITEZA VANTULUI LA 10m (m/s)

Fig.8. Wind at 10 m on June 27, 12 (left) and 15 (right) UTC, COSMO

Formation of convective clouds is facilitated by moisture and vertical thermal
gradient, usually captured by various instability indices (Doswell C.A et all,1996).
The initiation of convection is favored by certain triggering mechanisms, which
determine the start of the ascent processes. In the wind maps at 10 m (fig.8) and 850
hPa (fig.9,left) an area of convergence is observed in the SE-NW direction, an area
in which our system of interest developed and persisted, also having elongation in
the same direction.

As can be seen, in the center of Transylvania was a convergence of the wind at
low and medium altitudes, and these convergences always act as a trigger for the
convection at the lower levels of the troposphere in the conditions of an unstable
stratification of the air mass (Arturo Pucillo et all, 2009). This will be seen below
and in the radar images that capture the evolution of convective developments.

oz« Convergenia de umezeala

850 hPa—VANT S| UMEZEALA RELATIVA

Fig.9. Wind and moisture at 850 hPa (Irft) and Moisture convergence (right), 12 UTC
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The CAPE index had moderate values on the afternoon of June 27, 2024, locally
1500-2000 J/Kg, being an indicator for simple or multicellular convective
developments, in the absence of air shear (fig.10). CAPE or Convective Available
Potential Energy is the amount of fuel available to a developing thunderstorm. More
specifically, it describes the instability of the atmosphere and provides an
approximation of updraft strength within a thunderstorm. A higher value of CAPE
means the atmosphere is more unstable and would therefore produce a stronger
updraft.(USA National Weather Service)

potentiala disponibila CAPE_MU

Fig. 10. CAPE index analysis on June 27, 12 UTC (left) and 17 UTC (right),
(COSMO model analysis)

Radar data analysis

In the images below, the evolution of convective developments in the composite
reflectivity field can be observed, starting at 13 UTC in the northeast of Sibiu
County. In the first part of the day (09-10 UTC), first convective developments began
in the Eastern and Southern Carpathians and in the related submountainous areas.
Later, the instability also appeared in the central areas ; convergence in the wind
field made it intensify, leading to the formation of multicellular systems, which
caused significant rainfall — (fig. 11).

In situations of mass instability, convections usually initially appear in
mountainous areas, the cause being both the inclination of mountain surfaces
towards the sun in the morning hours, which allows for more direct absorption of
solar radiation and faster heating of the land surface, and from some circulation
convergences that also appear in the mountain borders, which frequently separate air
masses with slightly different properties.
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Fig. 11. Composite reflectivity dt 8:55 91 :25 UTC (right)

With the warming of the land surface in the plateaux from the midday hours,
convective developments appeared in the intra-Carpathian area, where they found
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sufficient moisture and lifting mechanisms; later, these developed and persisted in
certain areas favored by air convergences from the mid-levels.

The first more severe convective developments appeared between 14-15 UTC in
the east and northeast of Sibiu County (fig.12,left), which determined the issuance
of a orange warning code for torrential showers, frequent electrical discharges and
wind intensification, after in the northeast of the county significant precipitation had
already accumulated quantitatively, from radar estimates, through the precipitation

oV o N =l &E;:c& o

Fig.12. Left / Vertical Integrated Liquid (14:25 UTC); center / 6-hour precipitation
accumulation (14:35 UTC); right Echo Height (14:30 UTC)

It can be seen that the VIL (Vertical Integrated Liquid) algorithm estimated at
different times quantities of 40-50 1/m2 present in the vertical water column, which
justifies the large quantities fallen, considering that the mesoscale systems were
quasi-stationary. It is also observed in the Echo Height (maximum cloud height), that
the clouds reached heights of 11 km.

Lightning data analysis

In the images below (fig.13) we have represented the distribution of electrical
discharges, incloud and cloud to ground, in temporal scale. It is also observed that
the discharges occurred in clusters, which underwent gradual migrations over time.
On the right side we have highlighted the most active cells, where 418 lightning
strikes were recorded. LINET system is detecting CG (cloud-to-ground) and IC
(cloud-to-cloud or intracloud) strokes by measuring the electromagnetic radiation
emitted by lightning strokes with very high accuracy (75 m in ideal conditions) with
highly sensitive lightning sensors.
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Fig.13. In-Cloud and cloud to ground lightning on 27.06.2024,
09:45 (left) and 16 UTC (right) - LINET

95



Satellite data analysis

The figures below show satellite images (HRV-CLOUDS and Sandvich RSS,
from ESSL) from 14:00 and 14:40, which show the onset and maturity of the
convective system. The explosive convective developments on the visible maps
(overshooting tops) are observed (fig.14) and the fact that the clouds were very cold
in the upper part, with temperatures dropping below -40 degrees (fig.15)

n 2024
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Fig.15 RGB 20 infrared satellite images on 27.06.2024, 14:11 and 14:55 UTC

3.2. JULY 8§, 2024

At this time, most of Europe was in a belt of slightly elevated pressure, close to
1015 mb, with somewhat higher values in the northeast of Europe (over 1020 mb)
and with two active depressions, one in the extreme west of the continent, in the
Atlantic area, and another in the north of the Scandinavian Peninsula, from which a
frontal surface descended to the northwest of Romania. A heat wave had covered the
extreme south, southeast and locally central Europe, lower temperatures being
recorded only in northern Europe. In the south of the continent, small nuclei of
relatively low pressure, around 1000 mb, were present, generated from the
Mediterranean Sea basin and highlighted in the synoptic analysis of the German
Meteorological Service, DWD (Fig.16, left).

e SoMVVE l@Mperatura + geopotentialufla soo hea
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Fig.16. Lefi: Ground pressure at 00 UTC (DWD);
right: Temperature and Geopotential at 500 mb at 12:00 UTC (ECMWF)
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Fig.17. Left: Temperature at 850 hPa and ground pressure; center CAPE at 1 2:00 UTGC;
right: Wind and relative humldlty at 850 hPa 12 UTC

Fig.18 left 5 00 mb temperature and geopotentml center 5 00 mb wmsd arl,;fhwt 1 000 mb
wind and relative humidity, model ALARO, 12 UTC

In altitude in southern and southeastern Europe, a warm North African ridge was
active, while the center and north of the continent were dominated by a trough
deepening towards the Alps, that in the previous period had even descended to lower
latitudes and towards the Black Sea, but which had retreated in the last two days
amid the advance of the North African Ridge, which brought extremely high
temperatures to the Balkans.

Thus, in the Romanian area, a convergence of circulations in a southwesterly
direction could be observed, with slightly westerly components generated by the
ascending part of the trough and with southern components associated with the
Ridge, convergences that could support potential convective developments that
would have managed to reach the middle layers of the troposphere. At altitudes of
700 hPa, 850 hPa and even at 10 m, a convergence of circulations in the area of
interest, that of the central and northern groups of the Eastern Carpathians, can be
observed on the ECMWF and ICON maps, with the wind having easterly and north-
easterly components in the Moldova area and northern in the Transylvanian part,
thus creating the conditions for potential convective cells that would persist in
conditions in which the moisture in the lower layers was sufficient to initiate
con51stent developments

-----

Fig.19. Left: Probabtlzty of hail > 2 cm 15 UTC (ECMWF);
right: CAPE and Wind Shear 0-6 km 15 UTC (ICON)
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From the ALARO model maps, moderate moisture can be observed in the lower
layers, locally over 50-60% at 1000 hPa and 850 hPa, which provided sufficient
moisture for initial convective developments occurring against the backdrop of a
pronounced thermal gradient, with the isotherm of 16-18 degrees present at 850 hPa,
and -9 .. -10 degrees at 500 hPa (VTI of approximately 25-28, favorable for moderate
thunderstorm manifestations). Other instability indices and parameters also
suggested a potential for thunderstorm convective cells of a certain degree of
severity, with CAPE having values of 1000-2000 J/Kg in COSMO and Icon
estimates, and the probability of hail over 2 cm being 20-40%, with higher
probabilities in ICON estimates (2 cm hail fell in Toplita) — (Fig.19).

Radar images

The first convective developments appeared after 12 UTC in the mountainous
areas, predominantly in the Eastern Carpathians, which was expected from the
numerical model parameters that indicated sufficient moisture in that area, higher
gradient and wind convergences that could help both in initiating and sustaining
convection. Convective cells generated stronger signals after 14:30 UTC, until
around 18:00 UTC — (Fig.20).
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Fig.20. Composite reflectivity at 13:10 UTC, 14:30 UTC and

16:20 UTC
Echo Tops (maximum cloud developments) signals of 13.5-15 km/h have been
observed — (Fig.21, left), while accumulations on the atmospheric water column
estimated by the radar, Vertical Integrated Liquid (VIL), exceeded 50 1/m2 in some
places — (Fig.21, center)

160002 0812024
Bokohalna_P

Fig.21. Left: Echo Height (15:55 UT ); center: VIL (16:20 Ut ); right: Radar
measured radial velocity (16:00 UTC)

The probability of associated hail was over 80%, and the hail sizes had variable
values, up to 3-4 cm — (Fig.22).
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Fig.22. Left: Hail probability (16:35 UT C); center: Hail size (16:35 UTC);
right: 3-hour precipitation accumulation (18:05 UTC)

Satellite maps in the visible spectrum and in the Sandwich product (IR
superimposed with visible) precisely show the Overshooting Top of the convective
cell above Toplita, at the time of its maximum development — (Fig.23)

Fig.23. S’outhest Erope n images in visible and Sandwich product, 16.40 UTC [6]

First a yellow, than an orange code radar warnings gmzpotop la Toplita. Viiturile au
d inundat zeci de gospodarii
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were issued, followed by a red one over the area aroun
Toplita, where a quantity of 74,4 l/sqm water was
accumulated in a very short time, as well as 2 cm hail
stones. Many houses were flooded and damaged in the
town and needed intervention — (Fig.24).

Pompierii au fost solicitati sa intervind dupa ce zeci de
gospodarii din Toplita au fost inundate. Ei scot apa cu

Fig.24. Damage reported in the media e metopompeior

15U Harghita anuntd c& luni seara, aversale
municipiul Topia

4. CONCLUSIONS

From the few severe events carried out and analyzed during the summer of 2024,
we can say that the new radars used by the National Meteorological Administration
prove to be reliable and trustworthy in identifying convective cells with severe
potential, both by the intensity of the measured signal and by the resolution larger of
the images offered, this, being the main purpose of this work?

Even if situations of extreme instability are usually associated with cold frontal
passages or associated with low pressure cores or high altitude troughs, a situation
exemplified in the first studied case, we chose to present a second case, the one in
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July, where the event of severe weather appeared on the background of mesoscale
air convergences, a situation not predicted by any numerical weather forecast model.
The importance of a performing radar is more obvious in such cases, in addition to
the need to build conceptual models that better explain the thermodynamic
implications of such particular situations, which sometimes escape numerical
models of synoptic or national scale.
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