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ABSTRACT:  
The present work analyse dstatistically representative number of severe convective events 

reported for ESWD (European Severe Weather Database) which caused hail in Romania 

during 2007-2016. We used only data from QC1 (report confirmed) level of credibility. 

QC1 are reports confirmed by reliable sources by ESSL (European Severe Storm 

Laboratory) Quality Control Division and National Meteorological Institutes. The 

development of social media and an increasing number of people interested in severe 

weather in the recent years significantly raised the number of reports, too (often 

accompanied by a photograph of the event). This database does not include all of the hail 

reports, but it is the best existing source for the Romanian territory. For the 2007-2016 

period, 470 events with QC1 credibility were reported for ESWD. A spatial-temporal 

analysis of ESWD reports has been carried out. During the ten years, a high density of 

reporting has been observed in north-east, south-east and north-western Romania.. This is a 

consequence of the number of volunteers reporting extreme weather events and local 

climatic conditions. A greater number of hail days can be noted in 2008, 2009 and 2010, a 

decline in 2011 and 2012, and during 2013-2016, 10 to 12 of hail days per year were 

actually recorded. 
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1. INTRODUCTION 

The amount of damage caused by hailstorms grows even more in the agricultural 

sector, when considering the latest increase of crops in economic terms. The first step into 

hail suppression is to know its spatial and temporal features. The purpose of this study is 

the improvement of the hail forecast for the Romanian territory, which would help the 

nowcasting warnings, but also for the benefit of the National System of Hail Suppression 

that is in full development. 

In Europe, hail climatology or other studies related to hail have been assignedto most 

of the countries. Among these, we mention studies that focus on South-eastern Europe and 

neighbouring countries of Romania. A fully-consistent study of hailstorms and hail affected 

areas was made in 2016 (Punge & Kunz, 2016). The European Severe Storms Laboratory 

(ESSL) detailed a preliminary climatology based on big-sized hailstones (>20 mm) in 

Europe during 2000-2007 (Hand & Cappelluti, 2011).  
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Although it was based on a high number of observations coming from Germany, one 

can observe their high frequency close to the Pyrenees, The Alpes and in Romania. Another 

study (Punge et al, 2014) identified every single hail band with hailstones falls on the whole 

Europe’s territory. In order to detect severe convections and hail potential, a cloud-top 

brightness temperature was used. Therefore, for the 2004-2011 years, the spread and the 

spatial distribution of the severe convective storms was calculated. Along with the on-site 

observations of the hail size coming from the European Severe Weather Database (Dotzek 

et al, 2009), the cloud-top brightness temperature was usedin order to obtain a cartographic 

imitation of the hail’s probability formation on Europe’s territory. Moreover, a high density 

of such events can be seen close to The Pyrenees, The Alpes and in Romania.  

Počakal et al, (2009) made an analysis ofthe influence of orography over the hailstorms 

frequency in Croatia, using data gathered from the continental part of the country between 

1981-2006. According to the authors, the highest hail frequency is located in the hilly 

region of the western part of the country, while in the East, where low altitude is more 

common, we therefore find lower values. According to Simenov’s research (Simeonov & 

Georgiev, 2003), Bulgaria is exposed to a high number of hail days which causes damage in 

agriculture (between 54 and 99 days with hail damage on agriculture parcels spanning from 

25 to 30 km² for 70 years). As for Serbia, according to Ćurić & Janc (2012), the mean 

highest number of hail days per year (2, 4) is located in the western hills of the country, 

close to the Morava Valley, data confirmed by a reporting network of 235 observation 

points. In the Republic of Moldova, in an article about the efficiency of hail suppression 

(Potapov et al, 2007), it is stated the fact that the greatest number of hailstorms is recorded 

in the north and the higher lands of the central part of the country. Another study for 

Republic of Moldova (Cazac et al, 2017) shows that severe hail and an associated high-

impactweather phenomena cause considerable damage mainly towards the environment, as 

well as to the agriculture, buildings, transport and infrastructure, yielding 50% of the total 

damage which is comparable to the drought impact. 

Studies related to the hail subject, which included the Romanian territory, started to 

come into sight in the latter half of the last century (Bogdan, 1999; Iliescu et al, 1983; 

Erhan, 1986). The territorial distribution of hailstones is largely influenced by local climate 

conditions. Local conditions are also greatly influenced by the Carpathian chain that causes 

diurnal temperature differences, higher on the eastern side (Apostol & Sfîcă 2013) and 

severe rainfall amounts (Croitoru et al, 2015). 

Using data records from weather stations located all over Romania, in the study Clima 

României (2008), a map was made which showed the spatial distribution of hail in 

Romania. According to the authors, in most parts of the country, the mean number of hail 

days per year is lower than two days. Areas in which the mean number of hail days is 

greater, over 8 days per year (10,4 in Semenic Mountains, 9,7 in Vladeasa 1800), are 

located in the mountain perimeter of the western part of the country, where the instability 

brought by the Mediterranean or even tropical air masses is added to the strong convective 

physical processes. 

For the extra-Carpathian territory, in Moldova,high frequencies were registered in the 

high western areas (the interfluve between the hydrographic basins of the Siret and Prut 

rivers and of the Bârlad respectively) then on the west-east strips of the high strings (Bour-

Ibăneşti Hills, Copalău-Cozancea Hills, to a small extent the Jijia-Bahlui interfluve, the Iaşi 

Slope, the Racova Slope-Lohan Hills). High frequencies (1.02-1.09 days) were also found 

in big urban centers (Apostol & Machidon 2011, 2011b). 
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Fig.1 Spatial distribution of the mean hail days per year for the period 1961–2014. The black contour 

lines show the areas where the altitude is higher than 500 m (Burcea et al, 2016, p. 4292). 

 

The most recent study in which a hail climatology was performed and published for the 

Romanian territory (Burcea et al, 2016), a series of data coming from 105 weather stations, 

between 1961-2014, were used and the following statistics came out as the highest 

frequency value of hail, of 11,8 days per year, was calculated for North-West, and the 

lowest value – in the South-Est, near the Black Sea (Fig. 1). The authors also came to the 

conclusion that the variability  for the mean number of hail days from one year was 

connected to the variability of the low-pressure systems extent, that are initiating above the 

Atlantic Ocean, which could furthermore generate low-pressure system above the 

Mediterranean Sea which in turn would transfer humidity in the lower altitude towards the 

Eastern Europe. 

2. DATA AND METHOD 

Severe weather reports were derived from ESWD for years 2007-2016. The main goal 

of the ESWD database (Groenemeijer et al, 2004, Groenemeijer et al,2005) is to collect and 

provide detailed and quality controlled information on severe convective storm events in 

Europe using a homogeneous data format and web-based, multi-lingual user-interfaces 

where both the collaborating European national meteorological and hydrological services 

NMHS and the public can contribute and retrieve observations (Dotzek et al, 2009). The 

veracity of reports for severe meteorological phenomena in ESWD is verified by radar and 

satellite imagery. Concerning the country of Romania, there are studies where the on-site 

observations have been verified. For instance, a severe hail case dating from 24 May 2015 

was analysed using data from Doppler WSR-98D Bobohalma (Mures) radar (Somesan & 

Makkai 2016). Reports of very strong convective manifestations as tornadoes were made 

using satellite imagery (Nucuta, 2012). 

 European Severe Storms Laboratory (ESSL) rates the credibility of the reports on a 4-

level scale: as received (QC0), plausibility check passed (QC0+), there port confirmed 
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(QC1), and event fully verified (QC2). In the present study, only reports with the QC1 

credibility level were used. The development of social media and an increase in people’s 

interest in severe weather that took place in the recent years significantly increased the 

number of reports too (often accompanied by a photograph of the event). This database 

does not include all of the hail reports, but it is the best existing source for the Romanian 

territory. During 2007-2016 the ESWD received 470 reports tagged with the QC1 

credibility level. Processing statistical data takes place after receiving this very detail. First 

of all, the row of data concerning hail was analysedin order to achieve a temporal and 

spatial frequency of the phenomena on. In the spatial analysis, we took into account the 

relief stage in which the phenomenon and the number of inhabitants on the 10 x 10 km grid 

occurred in the year 2015. 

3. RESULTS AND DISCUSSION 

The density of large hail reports for the Romanian territory is low (50 - 70 reports per 

10000 km²) compared to Germany, Austria or northern Italy where there are over 200 

reports per 10000 km² (Groenemeijer et al, 2017). The highest density of reports came from 

north-east, south-east and north-western Romania. Many of these reports were received 

from the neighbouring places affected by the same hailstorm (Fig 2). In the northeast, there 

are big occurences of lightnings, with over 60 cases / 100 km² between 2010-2014 (Sfica et 

al, 2015) and thus they come in hand with a strong convective activity. 

 

 
 

Fig. 2 Spatial distribution of large hail reports with the rate of credibility QC1  

for the period 2007-2016. The black contour lines show the major relief divisions. 
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Throughout 2007-2016, several supercellular processes have been reported that have 

affected the northeast and northwest. Other areas, such as the central-eastern part of the 

Apuseni Mountains and the Transylvanian Depression, which include hail reports, coincide 

with areas where for the period 2004-2009, the meteorological radar from Bobohalma 

recorded numerous hailstones with a diameter of over 7 cm (Maier et al, 2010). Most of the 

reports are recorded in low plains, at altitudes below 200 m and the lowest in mountain 

regions, over 800 m (Fig 3). 

 
Fig. 3 Number of large hail reports by altitude classes 

 

Data shortage is coming from the most parts of the mountain areas to altitudes above 

800 m, can be explained by the low population density and the lack of witnesses who would 

report events such as hailstorms. 

 
Fig.4 ESWD large hail reports compared with population density 
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Regarding the Baragan Plain, Bârlad Plateau and Northern Dobrogea, the number of 

reports is extremely small. In general, the areas where there are no reports of the 

phenomenon may very well coincide with those where the population density is below 

5,000 places / 100 km². In the same time, the largest hail diameter reports come from more 

populated areas or near major urban centers (Iasi, Bucharest, Brasov, Cluj-Napoca) (Fig. 4). 

There are also areas where the high numbers of reports or occurences do not match 

with a high population density, such as the Carpathian Curvature area or eastern Oltenia. 

Most likely, this can be explained by the atmospheric circulation and the local climatic 

conditions. The Carpathian Curvature area is most affected by the instability caused by the 

Pontic Basin (Ionițe & Sfîcă, 2016) in the warm season. Oltenia and the entire south-

western part of the country are the most affected areas by the Mediterranean cyclone trails 

which come with a lot of warm and humid air that can often clash in contrast with the pre-

existing cold air (Garaba & Sfîcǎ, 2015). 

The number of reports over the ten-year period has been highly influenced by the 

progress of ESWD network. In the first year, 2007, a very small number of events were 

reported on Romania’s territory. During 2008-2010 there were recorded between 40 and 50 

reports per year. The year 2011 featured a small number of reports (Fig.5), which could 

mostly be a consequence of the climate particularities of that very year.  

 

 
 

Fig. 5 Annual frequency of hail days (red bar) and reports (blue bar) - left. 

Monthly frequency of hail days (red bar) and reports (blue bar) - right. 

 

The actual number of hail days shows a trend evolution which does not go in hand with 

the number of reports. A greater number of hail days can be noted in 2008, 2009 and 2010, 

a decline in 2011 and 2012, and during 2013-2016, 10 to 12 of hail days per year were 

actually recorded. The high numbers of reports related to the low numbers of hail days 

reports of the last lapse could be a cause of the heighten outcome for the convective 

physical processes and because of a better broadcast coverage of this meteorological 

phenomenon. 

The monthly multiannual distribution of reports number shows two peaks in May and 

in June (Fig. 5). June is the month with fewer hail days than May, but with a greater 

number of reports. This scenario is due to the climate differences between the two dates. 

The cumulus clouds systems in May are more frequent, a part of this month being 

overlapped by the highest rainfall in Romania (Clima României, 2008).  



116 

 

Furthermore, the first part of the convective season is characterised by a lower altitude 

of the 0⁰C isotherm (Istrate et al., 2016) thus,  greater chances for hailstorms to occur. The 

hourly distribution of the reported hail falls meets one peak between 13:00 and 15:00 hours 

and other two between 18:00-19:00 and 20:00-21:00, respectively (Fig. 6). 

 
 

 
 

Fig. 6 Hourly distribution of hail falls reported 

4. CONCLUSIONS 

For the 2007-2016 period, 470 large hail events with QC1 credibility level were 

reported. The spatial distribution of recorded hail falls is influenced by the population 

density in each region and by the number of people interested in reporting severe 

atmospheric phenomena. However, areas with high reporting densities are observed, such 

as the north-eastern and the north-western parts of the country or the Carpathian Curvature 

area. 

The annual evolution of the reported number of hail falls is fluctuating possibly 

influenced to a large extent by the climatic characteristics of each year. Regarding the 

monthly multiannual evolution, most reports were in May and June. 

Using the ESWD for large hail is very useful for studying this phenomenon. The 

increasing number of reports helps improve the climatology of hail and establish trends for 

the past decade. Also, on-site observations improve the hail forecast accuracy, which is 

fundamental for the National Hail Suppression System, that was recently implemented in 

Romania ( Istrate et al. 2016b). 
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