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Abstract. In this case study I have analysed a winter outbreak produced at the 

beginning of 2012/2013 cold season. The first part comprises the social and 

economical effects at local scale as a result of the snowfall and blizzard from 8–

9 December 2012, followed by a detailed synoptic analysis, including 

soundings, vertical cross sections and other meteorological data sources.  
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 1. INTRODUCTION 

 

 It is well known that cold seasons in the Western part of Romania are 

milder than in the rest of the country. Even when it happens to have colder 

periods, it is more likely in the second half of the winter, such as January and 

often February, as it was the case in the last few years. Contrary to this fact in 

the last winter there was a rather different pattern from this point of view as it 

started with a cold snowy outbreak at the ending of the first decade of 

December. There was the deepest snow for December since we have 

measurements at our meteorological station in Timisoara. Moreover, this period 

was of particular importance because of parliamentary elections held on 

09.12.2012.  
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 Similar situations of winter outbreaks during politically important days 

occurred in the USA (which was nick-named "President’s day blizzard"), as 

well as in Great Britain and Canada, with major cold snowy periods called 

"Snowmaggedon"; our case study could be called "Election snow" or "Election 

in blizzard".  

 

Situation at local scale: The consistent depth of snow, fallen in a relatively 

short time blocked some portions of Timisoara-Arad so that it was closed for a 

few hours. One couch coming from Germany to Timisoara was stucked in the 

snow for 10 hours after passed the Hungarian-Romanian border, not far away 

from Cenad. Concerning the election day of 9
th

 December, 200 election centers 

could not be opened in due time and other 14 were closed the whole day. The 

electricity was interrupted in some villages because of the blizzard. 

 

 

 2. DATA AND METHODS 

 

 Several data sources were used in the study, as described below.  

(a) Local data: 

– temperatures, snow depth, wind and Doppler images were offered from 

Meteorological Office (S.M.A.C.) of Regional Weather Forecasting  Center 

Banat-Crisana and from meteoromania.ro website.  

(b) Global data: 

– Sea surface temperature (SST),  NOOA;  

– GFS analysis for the whole NH from meteociel.fr;  

– GFS  synoptic analysis for Europe, wetter3.de;  

– Parameters and vertical cross sections (VCS), eumetrain.org;   

– Skew-t soundings, University of Wyoming;  

– Backward trajectories from HYSPLIT Trajectories NOAA.  

 

 

 3. CASE STUDY 

 

 Most important meteorological data from the studied period: 

 As seen in figure 1 on 09.12 after about 20 hours of heavy snowfall, 

excepting the mountains our region had the deepest snow in the whole country. 

After the snowfall ceased on 10.12, the snow depth in Timişoara reached 33 

cm, Jimbolia 36 cm, Banloc 41 cm. These are the highest values ever reached in 

our region for December. 
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 A severe weather yellow code warning was given for the whole country, 

concerning snowfall and blizzard. Moreover, on 8
th

 December our regional 

center gave two orange code warnings as nowcasting. Those covered Caras-

Severin county for severe blizzard of wind gusts over 80-90km/h. 

Finally the next winter appearance was the bitterly frost. Daily average in 

Timisoara sunk with 12°C under the climatological average of 10
th

 December, 

as seen in figure 2. 

Some temperature values measured on the morning of 10
th

 December, as Banat 

was on top regarding the bitterly cold weater: 

Timisoara -17,3°C 

Sannicolau Mare -17,5°C 

Banloc -21,4°C 

Jimbolia -22°C 

 

 
Figure 1. Snow depth measured on 09.12 06.00UTC, after 24 hours and the total snow on 

10.12 06.00UTC. Source: meteoromania.ro 

 

 
Figure 2. Daily average temperature at station Timisoara, comparing with climatological mean 

(blue line) 

 

 Initial synoptic situation: 
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 Exactly 24 before the onset of snowfall, our region is situated in the 

center of an anticyclone with cold arctic air advection on its Eastern side, as 

seen from equivalent-potential temperature (theta-e) map in fig.3. The magenta 

color means those very cold air masses with low humidity, known that theta-e 

is a combination of temperature and humidity. 

 Another remarkable aspect observed on that map is the resemblance 

between the MSLP field and a mechanical planetary gear. The anticyclone is 

surrounded with smaller depressions like the sun gear is encircled with gears 

running around it. 

 

      
Figure 3. MSLP and theta-e temperatures over Europe, as well as a comparison of pressure 

distribution and a mechanical planetary gear. GFS -wetter3 

 

 The most important from those small cyclones is the deep one well 

developed situated on its Western side. So, in these conditions of clear sky the 

soil has been prepared to deposit snow without any melting. 

 But let’s go back a few days to describe the birth of that cyclone which 

gave us a great amount of snow and the most winterly conditions in December. 

At the baroclinic interface between cold Greenland and warm North Atlantic 

ocean, one could find the best conditions for cyclogenesis. Greenland covered 

with ice and snow and having a high ground, develop cold catabatic winds, at 

the same time the warm SST anomaly of North Atlantic, owning it partly to the 

positive phase of AMO (Atlantic Multidecadal Oscilation) seen in fig 4. The 
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combination of this creates a baroclinic zone favorable to formation of 

cyclones. In figure 4 is indicated this region with a green line.  

 On 5
th

 December the new born cyclone starts to travel down towards 

Europe on a path defined by the jet stream on the back-side of the cold trough, 

crossing the North See. The green arrow in fig.5 indicates the direction of the 

cyclone and the red one the warm air advection on its Eastern side. 

 
Figure 4. SST Anomaly at 6

th
 December from NOAA. 

 

 
Figure 5. MSLP, 500hPa geopotential height and relative 500-1000 hPa geopotential height 

between 05.12-07.12.  

 

 Let’s look first at the global factors. The main factor contributing to this 

cold spell has been a stratospheric disturbance. There was a small SSW (sudden 

stratospheric warming) but this is not the object of our study. Nevertheless what 

I need to mention is the imbalance of the vortex and its asymmetrical position 
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regarding the NP. This enhances the thermal exchange between the polar and 

more southern latitudes as Europe.  

 It is not difficult to forecast a SSW but more difficult to know which 

region of  the NH will experience a cold spell. Sinking of the AO index (Arctic 

Oscilation) is a direct consequence of SSW. 

 

   
 

Figure 6. Polar stratospheric temperature at 10hPa on 6
th

 December (left), geopotenţial heigth 

anomaly at 500 hPa on 9
th

 December (right) GFS by Meteociel.  

 

 In figure 6 we see the cold pool shifted towards Europe and North 

Atlantic region. On the other side the positiv GP anomaly at 500 hPa over the 

NP is a precursor for blocking and perturbance of zonal circulation. The + GP 

anomaly over – GP anomaly in the North Atlantic is a specific case for turning 

the North Atlantic Index (NAO) to its negativ phase, and NAO is a kind of 

local representation of AO West from Europe. Put together these two aspects 

we had the proper conditions for a winterly start of the cold season. 

 Figure 7 reflects those written above, both indices turned to very low 

values, most pregnant was the AO getting as deep as –4. 

 

 

 
Figure 7. AO and NAO index values in the first 12 days of December. 
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 Concerning our country, NAO has a better correlation in the lower 

regions such as South and East of Carpathian Mountains and in the Panonian 

lowland where we are positioned. Those aspects have been studied by Bojariu 

and Giorgi (2005). Figure 8 shows the correlation index between temperature 

and precipitation. 

 
Figure 8. Correlation coefficients of SLP/T for DJF between 1962-1990. From Bojariu and 

Giorgi (2005).  

 

 Developing synoptic situation: 

 

  
Figure 9. MSLP, 500hPa geopotential height and relative 500-1000 hPa geopotential height; 

Eumetrain analysis of temperature advection (TA) at 700 hPa and wind (isotachs) at 500 hPa, 

both overposed on IR satellite image. 

 

 18.00 UTC: The Azoric ridge pushing high towards North in the Atlantic 

on 07
th

 December, amplifies the thermal gradient at the Western side of the cold 
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trough over the English Channel. Under these conditions the cyclone moved 

fast toward South-East reaching the Northern side of the Alps as pictured in 

figure 9. Because of the orographic blocking it partly passed by the mountains, 

regenerating south of the mountain chain as the "Genoa Cyclogenesis". 

 The strong thermal advection (TA) at 700 hPa on the Eastern side of the 

cyclone is obvious from Eumetrain analysis. This fact proves the fool process 

of cyclogenesis. From the same analysis the frontal part of a jet streak moves 

south to offer dynamical support for the cyclone to further develop. 

 The tropopause folding can be seen on GFS model by high IPV values up 

to 8 PVU, in good corelation with Eumetrain analysis (figure 10). The frontal 

zone is clearly delimited from the VCS by the slope towards vertical and high 

gradient of isentropes [5]. This region has the highest PVU gradient situated 

south of the Alps where our cyclone is positioned. 

 In the night from 8/9
th

 December (figure 11), the baroclinic region South-

East of Greenland give birth to more depressions and the one we are interested 

in has fully regenerated South of the Alps, being ready to shift towards our 

region. 

 At the isobaric level of 300 hPa there is a pronounced divergence given 

by the entrance zone of a jet streak (tail region of the jet streak) and diffluence, 

too. The two above mentioned factors contribute to the deepening of the 

cyclone by ventilating the air in the vertical column through "furnace effect". 

Thermal advection is strong, too.  

 

   
Figure 10. Isentropic potential vorticity (IPV) on 320K Theta-e level (left image); vertical cross 

section (VCS) marked with yellow (right). 
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Figure 11. MSLP, 500hPa GP and relative 500-1000 hPa GP ; (left); divergence and jet at 300 

hPa (right up); TA and GP at 850 hPa (right down) on 08.12 00:00UTC. 

 

 The soundings taken 12 hours later from Belgrade (fig.12), show 

substantial changing on the whole vertical structure of the atmosphere. At the 

beginning the air subsides and the wind on ground level is weak, specific for 

anticyclone.  

 Through the night, once the warm advection sets on, an inversion arises at 

the 940 hPa level and the air saturates top-down. The wind gets veering, 

another sign of warm advection. 

 

   
Figure 12. Soundings from 07

th
 12.00UTC and 08

th
 December 00.00UTC from Belgrade. 

 

 Synoptic situation at the starting of snowfall: 

 The morning of 8
th

 December represented the start of heavy snowfall and 

wind gusts, spreading rapidly in the whole region. The pressure gradient shows 
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high values on the Northern and Eastern side of depression, as seen in figure 

13. The divergence gradient at 300 hPa has further deepened. In the satellite 

image of fig.13 there is a remarkable dry intrusion and cummuliform clouds as 

a sign of potential instability. In that region a lot of lightning has been detected. 

  

     
 

Figure 13. MSLP, 500hPa GP and relative 500-1000 hPa GP (left); divergence and jet at 300 

hPa (top right); IR satellite image from Eumetsat (down right) on 08.12 06.00UTC. 

 

 Synoptic situation at highest point: 

 On 8
th

 December (figure14) the deposited snow and wind gusts arised the 

first inconveniences throughout Banat. The cyclone overlapped the whole 

Central Mediterranean See and Balkans. A small trough from that cyclone 

developed over our region. 

 The vertical ascending speed at 500 hPa reached values over 40 hPa/h and 

the IPV advection was highest. Another aspect is the accumulation of very cold 

air in Western Russia and Northern Poland, ready to invade central and 

Southern Europe as the cyclone moves away to the West.  
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Figure 14. MSLP, 500hPa GP and relative 500-1000 hPa GP (left); ascending movements 500 

hPa (top right), IPV (down right) on 08.12 18.00UT 

 

 At this time the maximum warm advection is over South-Western Banat 

and the tropopause folding with values down to 700 hPa over the Adriatic See 

as figure 15. 

 

    
Figure 15. Eumetrain analysis on 08.12 18.00UTC. Thermal advection in red and blue, 

tropopause level in magenta (left). Isohypse at 300, 500, 700 and 1000 hPa, represented with 

light blue, green, brown and black (right). 

 

 The right image of figure 15 shows us the isohypse from 300 hPa to 1000 

hPa making clear the slope of the trough with height to West, North-West. As 

well known this is a sign of active phase of depression.  
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 The Eumetrain VCS’s from figure 16 cut through the green line starting 

South from Northern Lybia- near Benghazi (20E, 30N) all the way North to 

Southern Poland- in the proximity of Kracovia ( 20E, 50N) is passing only a 

few kilometers West from Timisoara. The red segment is the direction from 

Timisoara normal to the cross-section to better see where is Timisoara 

positioned from a latitudinal point of view. This VCS crosses at a Southern 

position the Dinaric Alps up to Tatra Mountains in the North. 

 

 
 

 
Figure 16. Eumetrain VCS’s represented by the green line in the top-middle IR satellite image. 

Further explanations in the text. Period of time from 08.12 1200 UTC to 09.12 0000 UTC.  

 

 The highest peaks of Dinaric Alps than the Tatra Mountains is probably a 

graphical error which should not be taken into account.  

 On 8/9
th

 December the middle and high troposphere warming seen by the 

isentropes in the region of interest as an "upside down turned bell" is due to 

latent condensation heat. 

 From a deeper analysis of the VCS’s of figure 16 we can conclude: 

• the slope of the isentropes (black iso-lines) shows the frontal zone which 

separates the colder air masses to the North (right), having a higher stability of 
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the air in the lower troposphere. In the left lower extremity of the images which 

means South, there is a region of high instability shown by concentric positions 

of isentropes.   

• humidity (green) and vertical ascending motions (light blue continuous 

isolines) shows high values due to warm front entering on middle and high 

levels of the troposphere, slowly protruding down. 

• warm advection (red) is present on all levels of the troposphere and has a 

maximum over our region of interest. 

• then through the night already appears the cold advection from the center 

of the cold trough and the warm air is gradually squeezed in the middle layers, 

staying detached from the soil as it is unable to penetrate to due to the high 

stability of the cold air under 900 hPa. 

 The skew-T soundings from 8
th

 December (figure 17) shows a completely 

saturated atmosphere with high PW values for this season. Moreover a 

considerably warming of the lower/middle atmosphere could be observed, 

having its peak at 900 hPa inversion. The warm advection veering wind 

continues and an interesting mesoscale feature is the double low level jet at 900 

and 700 hPa. Despite of the strong warm advection, the temperature profile 

stabilizes as it is balanced by the evaporative cooling which ends but is replaced 

with the incoming cold front. At this time the wind goes down in intensity, 

getting a more Northerly direction and backs a lower levels.  

 

   
Figure 17. Skew-T soundings from Belgrade on 08.12 1.00 UTC and 09.12 00.00 UTC.  

 

 As a support to the above statement the Doppler velocity field radar 

image from figure 18 supports the feature from skew-T of two low-level jet and 

the varying wind.  
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 In the right image of the same figure the backward trajectories coming to 

Timisoara shows the origin (region) and the height changes of the air masses. 

Cold northerly advection in the lower atmosphere and Southerly Mediterranean 

air masses in the higher levels. The trajectories that come in are at heights of 

10m (red), 2000 m (blue) and 6000 m (green). 

 

   
Figure 18. Doppler velocity field radar image from RDTM Timisoara (left), backward 

trajectories of the air particles from 10 m, 2000 m and 6000 m. 

 

 The third aspect of these backward trajectories is the speed of the air 

particles as a direct function of the distance between two points on the 

trajectories indicated in the map. Recall that the temporary distance between 

two points is fixed but the dimensional distance is higher for a faster air particle 

as it covers a larger distance in the same time. 

 

 Final situation: 

 The cyclone retreats slowly to the East and lose in strength, giving place 

to an anticyclone filled up with very cold air. In altitude a cold trough sets with 

the axis over our region as seen in figure 19. Arctic air masses are advected as 

seen in the theta-e map, but they will be short lived.  

 If we further analyse the Eumetsat images we can conclude that all 

conditions were fulfilled for the very low temperatures in the next morning of 

10
th

 December. Such as after the snowfall ceased during the evening, in the 

night the sky cleared shortly, the wind stopped to blow (less than 5 m/s) and the 

RH got down to values as low as 20 % (marked with light blue). At last but not 

at least the deposited fresh deep snow cover had another main contribution to 

the onset of frost. This is explained with the isolating capacity of snow to 
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prohibit the longwave radiation escape from the earth surface, named radiative 

loss. 

 

   
 

   
Figure 19. From left to right: Eumetsat analysis of ground wind, cloud type from SAF NVC 

and relative humidity (top row), GFS 850 hPa temperature, theta-e temperature and relative 

humidity at 700 hPa (bottom row) on 10.12 00:00 UTC.  

 

 VCS’s in figure20 indicates a pronounced increase of stability in the 

region of interest, proved by a high gradient of isentropes and there horizontal 

position. At the same time in the Mediterranean Sea a high degree of instability 

with strong ascending vertical movements are maintained. 
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Figure 20. Same Eumetrain VCS’s as in fig.16 but at 10.12 00:00UTC 

 

 The whole atmospheric column is dry (brown dotted isohumes) as a result 

of the dry conveyor belt and the temperature advection is generally speaking 

weak in the lack of frontal activity. In the middle and lower atmosphere we can 

see divergence and in upper convergence as a result of anticyclonic regime. 

 Skew-T soundings from Belgrade on evening 9
th

 December indicates 

drying of the whole atmosphere from top-down in the same manner as it 

saturated one day before. This is a consequence of the dry intrusion. The 

tropopause is lower than at previous soundings by about 100 hPa. The wind 

turns predominantly North North-Westerly up to 700 hPa. 

 

   
Figure 21. Skew-T soundings from Belgrade on 09.12 1200UTC and 10.12 00:00 UTC 
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 The last sounding indicates the anticyclonic subsidence and slight 

warming caused by the adiabatic compression. The tropopause is not any more 

so sharply indicated by an accentuated change of temperature profile. The 

whole vertical profile has northerly wind and cold advection and in the lowest 

part the wind speed decreases. 

 

 

 4. CONCLUSIONS 

 

 The conclusions of the present study are summarised below.  

 (1) Northern hemispheric global conditions play an essential part in 

forecasting cold winterly outbreaks. They are represented by the teleconnection 

indices representative for NH and mainly for Euro-Atlantic region, such as AO 

and NAO index. The first one gives mainly a measure of Northern hemispheric 

zonal circulation and the second one the North-Atlantic blocking 

 (2) Sudden stratospheric warmings (SSW first recognized by Richard 

Scherhag, meteorologist at Freie Universität Berlin) are the main precursors for 

negative AO index followed by cold outbreaks over the NH. This phenomenon 

happens in average 3-4 week before the first signs in the lower troposphere. By 

smaller events like the one in our study, the lapse time was shorter. 

 (3) The highest difficulty is to pinpoint the region where the cold spell 

will take place.  

 (4) Mediterranean See and its temperature anomaly is the main source of 

cyclones in the winter. With a favourable position of the deep southward 

elongated cold trough over Europe, our region can get much snow. Similar 

winter episodes took place in February 2012 and 2013.  

 (5) The dynamical factors and thermal advection played the main role in 

developing and deepening of the cyclone. 

 (6) The large meridional and zonal scale of the cyclone activity let us 

forecast it quite precise alone by synoptic models.  

 

References  
Meteo Romania website: www.meteoromania.ro 

Barry RG, Chorley RJ (2009) Atmosphere, Weather and Climate. 9th Edition.  Routledge, UK. 

536 p.  

Bluestein HB (1993) Synoptic-Dynamic Meteorology in Midlatitudes. Volume II: Observations 

and Theory of Weather Systems. Oxford University Press,  New York.  

Bojariu R, Giorgi F (2005) The NAO signal in a regional climate simulation for the European 

region. Tellus 57A: 641-653. DOI: 10.1111/j.1600-0870.2005.00122.x 

Draghici I (1988) Dinamica atmosferei. Editura Tehnica Bucuresti.  

Grundlagen zu Radiosondenaufstiegen – Felix Welzenbach website: http://www.wetteran.de  



 101 

Holton JR (2004) An introduction to dynamic meteorology. 4th Edition. Elsevier Academic 

Press.  

Hoskins BJ, McIntyre ME, Robertson AW (1985) On the use and significance of isentropic 

potential vorticity maps. Q J R Meteorol Soc 111: 877-946. DOI: 10.1002/qj.49711147002.  

 


