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Abstract: In Romania, foehn winds are short-time atmosph@renomena of low-to-medium
intensity, which do not appear always in the weastation-performed observations. Such
situations require additional data to provide géarand dynamic picture in comparison with
the punctual information sent by stations. Thisquagms to capture, present and analyze the
characteristic parameters of northern Oltenia foemus, in the Carpathian-Balkan Internal
Curvature. Herein, it is shown a typical foehn &iton revealed by weather stations and also
by satellite images (MSG), atmospheric radio songsiiand numerical modeling.
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INTRODUCTION

The Foehn, according to the World Meteorologicag@ization definition (1992), is a
wind warmed and dried by descent, in general onldbeside of a mountaift. can occur any time
of the year, but it is seen more often in winted apring function of local circulation. Foehn
winds depend on small-scale topographic featutdsugh they require also adequate conditions
on a larger scale than the regions wherein theyrocc

The region of interest is located in South-WesiRomania between the rivers Danube and
Olt and the Carpathian-Balkan Internal Curvaturetegraphic barrage (figure 1). In 2007,
Candrea putted into the GIS environment the gedigcap limits using the,Geomorphological
units” (scale 1:800, 000) of Posea and Badea, 1984.

The northern Oltenia foehn is a small-scale phemmmeclosely connected to the
topographic features. In this regard a very firsasurement network is necessary to capture the
phenomenon. In such context, METEOSAT8 (MSG) imdgmee become a needed tool, given
their fine temporal resolution (15 minute).

Regional Climatic Model RegCM3 output data for 28tade levels were also used,
mostly for the active surface level (similar tot&ia-recorded meteorological parameters) and
the vertical levels related to the boundary layed the lower troposphere (Kiehl at al., 1996;
Ramanathan and Downey, 1986; Slingo, 1989; Dickinsbal., 1993; Giorgi at al., 1993).

http://istgeorelint.uoradea.ro/Reviste/Anale/anhten




Unlike data recorded at weather stations (spacee i@n 50 km apart), this model’s outputs
build up a unique database that describes 3-D mategical parameters at a much higher
resolution (10 km).
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Figure 1. Location of the study area

AVAILABLE DATA

To identify and characterize a foehn in the integion a number of data types have been used:

- synoptic maps;

- radio sounding data;

- meteosat Second Generation (MSG) images; imagesved every 15 minutes enable a
temporal analysis of fast-developing meteorologi@ients (the National Meteorological
Administration archive);

- regional Climatic Model RegCM3 output data.

Standard climatologic analyses are mostly baseguoctual data recorded by weather
stations (the National Meteorological Administratiarchive) and include such parameters as air
temperature, relative humidity and precipitation.

DATA ANALYSIS
To mark out the north Oltenia foehn, the qualityb&fing representative was chosen as
criterion for the 18 September 2008 situation.

Synoptic Analysis

Before this phenomenon, at7 September 200812 UTC, the synoptic situation over
Europe was characterized by the presence of ane8zotticyclone centered on the North Atlantic,
ridge extended north-east, while East Europe wademithe influence of the East-European
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anticyclone that developed westward over the Scaviin Peninsula, wherein the Scandinavian
anticyclone was present. A baric low was interposetiveen these anticyclones areas, over the
British Isles, in relation to a second low centereest of Portugal. The Mediterranean cyclone
developed in the Eastern Mediterranean, extendmglirect influence over Romania. It moved
fast eastward so that at 18 UTC it was alreadyeredtover the Eastern Black Sea region.

On 18 September 20080 UTC,the low centered over the British Isles disintegdat
and the whole continent was under the dominancanoénticyclonic regime resulted from a
merge between the Azores anticyclone and the Easipgean one. South-East Europe (the
Eastern Mediterranean and Black Sea regions) wdsrutihe influence of the Mediterranean
cyclogenesis (there were two cyclones in the Bl&ek area). At 06 UTC, the North Europe
anticyclonic belt extended southward a ridge tlvatits motion along this trajectory, moved
south-eastward the cold front of the cyclone cesteover the Black Sea (figure 2). This
situation continued over the next hours.

Figure 2. Spatial distribution of air pressure (Mean Seadl&ressure) at 18.09.2008, 06 UTC
(Source: www.wetter3.de)

Analyzing the satellite data information

In this context, the air masses came from nortthenarea of interest, which is clearly
shown also on satellite images. Keeping watch awer evolution and motion of cloud
systems on the 17 - 18.09.2008 METEOSATS8 imagewai found out the time when these
systems changed direction (17 UTC) from south-westorth. It was also noticed the clear
skies area is associated with the action of cloisgipating foehn (figure 3). This was a very
large area. The above mentioned evolution contirtbheslghout 18.09.2008. For this analysis
there were used false-color images (product 018 WRE.2-WV7.3; G=IR9.7-IR10.8;
B=WV6.2), to facilitate identification / detection.



Figure 3. Evolution in time of cloud systems over the regadrinterest, 18.09.2008:
a) 00:00 UTC, b) 01:00 UTC, c) 02:00 UTC, d) 03t0DC, e) 04:00 UTC, f) 05:00 UTC, g) 06:00 UTC, h)
07:00 UTC, i) 08:00 UTC
(Source: data processed after MeteoRomania Archive)

Analyzing the radio soundings

On 18.09.2008, 00 UTCthis sounding revealed the presence of a coleigtos and lower
relative humidity at the Bucharest Station in congmn with the previous day, from ground level
up to 1500 m altitude. Winds blew from south-ea&wa hundreds of meters from ground level
and from north-east up to 3000 m altitude (figuyre 4

Conditions changed at 12 UTC (figure 5):

- ground - level air temperatures were highénan a day before (there was recorded an
increase irair temperatureover the first 800 m while thequipotential temperaturdéad a similar
evolution only for the first 200 meters);

- relative humidity reached lower values than a day before from grdemdl to 5,000
meters and above;

- wind directionchanged from the preceding radio sounding: soutstevly over the first
150 meters and westerly up to and beyond 10,008rmet

Analyzing the meteorological data
On 18 September 2008ir temperaturedad the following features:
- a typical diurnal evolution at each analyzedmtaiCaransebe Targu Jiu, Craiova andarcu);
- moderate diurnal amplitudes on the windward warg4.4°C...2.1°C at Caranseband
arcu, respectively) and more intense ones on thaitie (12.7°C at Targu Jiu) as well as across
the plains (10.0°C at Craiova);
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- the thermal step between 06 UTC and 08 UTC waremuarked across the Téargu Jiu
depression as against the plain areas - Craiow@is{#igure 6).

Figure 4. Atmospheric radio sounding on Figure 5. Atmospheric radio sounding on
18.09.2008, 00 UTC - Bucharest Station 18.09.2008, 12 UTC - Bucharest Station
(Source: data processed after MeteoRomania Archive) (Source: data processed after MeteoRomania Archive)
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Figure 6. Air temperature evolution on 18.09.2008
(Source: data processed after MeteoRomania Archive)

An analysis of theelative humiditydata showed that:

- on the windward versant€@aransebe), this parameter topped 80% throughout the day and
100% on the crest ércu);

- on the lee sideT@rgu Jiy as well as in the plain€(aiova) these values ran down to 40%
at 11 UTC (figure 7);

- from 10UTC to 21UTC, relative humidity at Targu dvas lower than at Craiova.

A comparative analysis concerniray temperature and relative humidityevealed the
presence of a foehn, which was highlighted by thet that between 10 and 21 UTC, while
temperatures were comparable, relative humidity agr at Targu Jiu than at Craiova, within
different physical-geographical conditions.
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Figure 7. Relative humidity evolution on 18.09.2008
(Source: data processed after MeteoRomania Archive)

On the windward side, cloud formations brought mht atmospheric precipitation
(1 - 10 mm), while on the lee side their absenagsed a lack of precipitation (figure 8).

Figure 8. Spatial distribution of atmospheric precipitatiom 18-19.09.2008
(Source: MeteoRomania Archive)

Numerical Modeling

By using the Regional Climatic Model RegCM3, thaevere analyzed the parameters
connected to foehn action, grouped as folloastive surface-related parametel(2-m air
temperature, 10-m wind speed and direction, distitm of precipitation); parameters
derived from a vertical scan of the atmosphegpeertical air motion - upward / downward, air
temperature, wind speed and direction, derivativeemperature).
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The first lead is given by theevolution in time of active surface-related tempara,
wind speed and directiorAfter analyzing these parameters, it was noticediramease in
temperature of about 1.5°C (figure 9, empty circle)nds from north (figure 9, full circle)
with intensifications of at least 2.5m / s (figu®e full quadrate) from OOUTC to O3UTC.
Therefore, the first two criteria to identify a faewere met.

Figure 9. Evolution of temperature differences between te reference regions (empty circle),
meridional flow (full circle) and wind speed (fuluadrate) on 18.09.2008
(Source: data processed after MeteoRomania Archive)

To mark out the above mentioned features, it wadyaad the space distribution of these
parameters at model-related times (three hourthtoactive surface and six hours for the vertical
evolution). So, at 06 UTC, on the active surfaceelehere were several warmer areas in the
region of interest (a 2°C difference in relatiorthie adjoining environment), winds from north and
higher speeds beyond the mountain obstacle (figdye

At 15 UTC,the warmer surfaces were still present and wirggkdkept its 06 UTC features
(figure 11). As it can be noticed, winds blew mgd$tbm north across Romania, which can also be
seen by analyzing the synoptic maps.

The analysis by vertical sections was focused erfdifowing parameters: temperature, vertical
motion of air (vertical velocity omega), wind speedl direction, and derivative of temperature. firse
three were analyzed for five longitudinal profilestween 46°N and 43°N, while the derivative of
temperature T / 1) was calculated for latitude profiles ranging bew 23°E and 24°E. The vertical
section-measured air temperatures for 23°E lorgittmbw a difference of 6°C between the lee side and
the windward one (up to 950 hPa). The warming m®oe ground level reached a high between 44.6 and
45.0°N, while wind speeds were highest a few ditdegrees to the north (figure 12).



Figure 10.Spatial distribution of air temperature, wind speed direction at 18.09.2008, 06 UTC
(Source: data processed after MeteoRomania Archive)

Figure 11. Spatial distribution of air temperature, wind speed direction at 18.09.2008, 15 UTC
(Source: data processed after MeteoRomania Archive)
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Figure 12.Distribution of air temperature (colored contounflavind speed and direction (vector),
18.09.2008, 06UTC (vertical section, 23°E longifude
(Source: data processed after MeteoRomania Archive)

Figure 13.Vertical velocity omega (colored contour), wind egeand direction (vector), 18.09.2008, 06UTC
(vertical section along 23°E longitude)
(Source: data processed after MeteoRomania Archive)



Figure 13 shows theertical motion by vertical velocity omegiP/dt*10°Pa/s, where the
negative values stand for upward motions and thsitipe ones for downward motions. On 23°E
longitude, ascending air reached maximum speed5&°M latitude, while the descending
motion started at 45.4°N latitude and got highgstesls at 45.2°N latitude, followed by a new
ascending motion (mostly above the ground leveilesmn ground level it could be noticed only
around 44.6°N latitude) and again by a new descgndne.

Afterwards, these waves could be found only intwd#, which highlights the undulatory
motions of air when an obstacle is crossed — tlweeBdlieforth theory (Atkinson, 1981). Taking
into account the topography of the model, it cannb&ced that, at this longitude the greatest
heights are located on 45.35°N latitude. Thersfair ascends on the windward side, while the
descending motion occurs right after the cresteiacihed. It should be emphasized that the
horizontal movement of air reaches highest speetisg the sectors of downward motion, from
North-North-West. Above 45.9°N latitude, winds blow West-North-West the first horizontal
levels, tending to go round the mountain.

The North-North-West direction prevails along timtire height of the section.

The last element to analyze was the distributiopretipitation over the active surface.
At 06 UTC, precipitation fallen during the previottwee hours reached 20-30 mm north of
45.5°N latitude, on the windward side of the moimtavhile on the lee side there were not
recorded any precipitation amounts (figure 14).

Figure 14. Distribution of atmospheric precipitation on 182808, 06 UTC
(Source: data processed after MeteoRomania Archive)

CONCLUSIONS

The intensity of foehn winds in the area of inte¢risssignificantly diminished as this
area is located inside the curvature formed by Glagpathians and the Balkan Mountains.
Foehn winds here have not the intensity of thos¢hm Alps, whose effect is much more
increased by the higher altitudes and a perperai@rientation in relation to the more humid
air masses, as against the Southern Carpathiaes cas
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As the program of observations and measuremengetitng shorter and some weather
stations are liquidated, the features of foehn windl be marked out and analyzed using the
regional climate model RegCM3 resulfsith high space-time resolution: 10 km and 3 hdors
the active surface and six hours for the vertioalion), atmospheric radio sounding and
satellite imageswhich add tahe climatic information.

From a synoptic point of view, the presence ofyfuleveloped cyclones in the Black Sea
region and the anticyclonic belt of Northern Eurgpenerated favorable conditions for foehn
winds to occur on 18.09.2008 in the area of interes

Every analyzed element confirmed the occurrencéelin winds on 18.09.2008, which
developed in the well known manner.

The features of the 18.09.2008 foehn winds are ethodkit by the following observations:

- air temperaturesn the vertical section differed by up to 6°C be&m the two versants of
the Southern Carpathians within the area of intetbge highest ground-level warming having
occurred between 44.6 — 45.0°N latitude;

- relative humidity of airwas recorded with differences of 40% between theside (Targu
Jiu Station) and the windward side (Caransektation);

- wind speedrom North-North-West reached highs along the ssabd downward motion,
the most intense gusts having been recorded upstteaarea of highest warming;

- precipitationon the windward side of the mountain reached 0t80 mm, while on the
lee side they were absent;

- upward and downward motion@ertical velocity omega) provided information redjag
the presence of undulatory motions (waves) ondheside.
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