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w antycyklonalnych typach cyrkulacj i (styczeń 1951 - luty 2008) 

Mapy 13. Częstość występowa nia opadów ekstremalnych zwi ąza nych z przejściem różnych frontów (typ Fr) 

w cyk lonalnych typach cyrkulacji (styczeń 1951 - lu ty 2008) 

Mapy 14. Częstość występowania opadów ekstremalnych związa nyc h z frontem okluzji (typ Fo) 

w antycyklonalnych typach cyrkulacji (styczeń 1951 - lu ty 2008) 

Mapy 15. Częstość występowa ni a opadów ekstrema lnych zwi ąza nych z frontem okluzji (typ Fo) w cyk lonalnych 

typach sytuacj i synoptycznych (styczeń 1951 - lu ty 2008) 

Mapy 16. Częstość występowania opadów ekstremalnych związanych z frontem stacjona rnym (typ Fs) 

w antycyklonalnych typach cyrkulacji (styczeń 1951 - luty 2008) 

Mapy 17. Częstość występowania opadów ekstremalnych zwi ąza nych z frontem stacj onarnym (typ Fs) 

w cyklona lnych typach cyrku lacji (styczeń 1951 - luty 2008) 

Mapy 18. Częstość występowa nia opadów ekstremalnych związanych z lini ą nieciągłości (typ Fn) 

w antycyklonalnych typach cyrkulacji (styczeń 1951 - luty 2008) 

Mapy 19. Częstość występowa nia opadów ekstrema lnych związanych z linią niec i ąg łośc i (typ Fn) w cyklonalnych 
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typach cyrkulacji (styczeń 1951 - luty 2008) 

Mapy 20. Prawdopodobieństwo wystąpienia ekstremalnych opadów (ExO) w antycyklonalnych typach cyrkulacji 
(styczeń 1951- luty 2008) 

Mapy 21. Prawdopodobieństwo wystąpienia ekstremalnych ąpadów (ExO) w cyklonalnych typach cyrkulacji 
(styczeń 1951 - luty 2008) 

Mapy 22. Prawdopodobieństwo wystąpienia opadów ' ekstremalnych wewnątrzmasowych (typ M) 
w antycyklonalnych typach cyrkulacji (styczeń 1951 - luty 2008) 

Mapy 23. Prawdopodobieństwo wystąpienia opadów ekstremalnych wewnątrzmasowych (typ M) w cyklonalnych 
typach cyrkulacji (styczeń 1951 -luty 2008) 

Mapy 24. Prawdopodobieństwo wystąpienia ekstremalnych opadów frontowych (typ F) w antycyklonalnych 
typach cyrkulacji (styczeń 1951 - luty 2008) 

Mapy 25. Prawdopodobieństwo wystąpienia ekstremalnych opadów frontowych (typ F) w cyklonalnych typach 
cyrkulacji (styczeń 1951 - grudzień 2008) 

Mapy 26. Prawdopodobieństwo wystąpienia opadów ekstremalnych związanych z frontem chłodnym (typ Fz) 
w antycyklonalnych typach cyrkulacji (styczeń 1951 - luty 2008 

Mapy 27. Prawdopodobieństwo wystąpienia opadów ekstremalnych związanych z frontem chłodnym (typ Fz) 
w cyklonalnych typach cyrkulacji (styczeń 1951 - luty 2008) 

Mapy 28. Prawdopodobieństwo wystąpienia ekstremalnych opadów związanych z frontem cieplym (typ Fe) 
w antycyklonalnych typach cyrkulacji (styczeń 1951 - luty 2008) 

Mapy 29. Prawdopodobień stwo wystąpienia ekstremalnych opadów związanych z frontem ciepłym (typ Fc) 
w cyklonalnych typach cyrkulacji (styczeń 1951 - luty 2008) 

Mapy 30. Prawdopodobieństwo wystąpienia opadów ekstremalnych związanych z przejściem różnych frontów 
(typ Fr) w układach wyżowych (styczeń 1951 - luty 2008) 

Mapy 31. Prawdopodobieństwo wystąpienia opadów ekstremalnych wiązanych z przejściem różnych frontów 
(typ Fr) w cyklonalnych typach cyrkulacji ( styczeń 1951 - luty 2008) 

Mapy 32. Prawdopodobieństwo wystąpienia opadów ekstremalnych związanych z okluzją (typ Fo) 
w antycyklonalnych typach cyrkulacji (styczeń 1951 - luty 2008) 

Mapy 33. Prawdopodobieństwo wystąpienia ekstremalnych opadów związa nych z okluzją (typ Fo) 
w cyklonalnych typach cyrkulacji (styczeń 1951 - luty 2008) 

Mapy 34. Prawdopodobieństwo wystąpienia opadów ekstremalnych związanych z frontem stacjonarnym (typ Fs) 
w antycyklonalnych typach cyrkulacji (styczeń 1951 - luty 2008) 

Mapy 35. Prawdopodobieństwo wystąpienia opadów ekstremalnych związanych z frontem stacjonarnym (typ Fs) 
w cyklonalnych typach cyrkulacji (styczeń 1951 - luty 2008) 

Mapy 36. Prawdopodobieństwo wystąpienia opadów ekstremalnych związanych z linią nieciągłośc i (typ Fn) 
w antycyklonalnych typach cyrkulacji (styczeń 1951 - luty 2008) 

Mapy 37. Prawdopodobieństwo wystąpienia opadów ekstremalnych związanych z linią nieciągłośc i (typ Fn) 
w cyklonalnych typach cyrkulacj i (styczeń 1951 - luty 2008) 
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Summary 

Genetic types of extreme precipitation in Europe and their synoptic determinants 

(1951 - 2008) 

At the time of recent climate change, special importance is given to extreme climatic 

and meteorological events, including extreme precipitation. Contemporary knowledge about 

their occurrence is incomplete since they, as the phenomena 'deviating from the norm', 

usually occur randomly and thus are difficult to predict. The knowledge of the conditions of 

the extreme events occurrence is important because they often inflict severe damage and, in 

extreme cases, lead to death. Little predictability of extreme phenomena combined with their 

rapid development causes that people have a limited chance of getting prepared for their 

occurrence and protecting themselves from their negative consequences. Extreme events are 

among the most difficult and simultaneously very important research issues in climatology. 

The aim of the researches described in this compilation was to identify the spatial and 

seasonal variation of the extreme events occurrence and amount, and the relationship 

between their occurrence and atmospheric circulation. The extensive numerical data 

comprising daily precipitation totals for the period from December 1950 to February 2008 

were gathered from 513 meteorological stations. The selected observation sequences either 

are complete or the gaps contained therein do not exceed 1% of days for more than half of 

the meteorological stations (64% of the stations). The relatively long period of research 

covering 58 years determines a large number of the investigated cases of precipitation 

occurrences, and thus ensures reliability of the results. 

A significant diversity of precipitation regimes in Europe, determined by the amount 

and frequency of atmospheric precipitation as well as by the period of their concentration, 

necessitates a regional definition of extreme precipitation (ExO) occurrences. In this paper a 

statistical definition of extreme occurrences was adapted, according to which occurrences are 

considered to be extreme when they are rare in the context of the frequency distribution of a 

particular weather element in a particular place - being above the 95th percentile (95P) of 

this distribution. The threshold values corresponding to the 95P were determined separately 

for each meteorological station and for each month, on the basis of daily precipitation totals 

~ 1 mm in the standard period of 1961-1990. The spatial and seasonal variation of daily 

precipitation totals corresponding to the 95P (threshold values to determine the days with 

precipitation extremes) refers to the variation of monthly precipitation totals. The annual 

range of variability in 95P of daily precipitation totals is determined by the values of 4.2 mm 

(January) and 114.4 mm (October). On the continental scale, the highest values of 95P 

throughout the year characterise the Mediterranean Basin (in the western and central parts in 

autumn they amount to more than 40 mm), and the western coasts of the Scandinavian 

Peninsula, especially the south-western part (more than 25 mm in winter) . In Western, 

Central, Eastern and Northern Europe the highest criteria for distinguishing the days with 

extreme precipitation occur in summer (15-30 mm), whereas the lowest in winter (5-10 mm in 
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Central and Eastern Europe, 10-15 mm in Western Europe). Spatial and seasonal variability of 

95P of daily precipitation totals is the effect of the influence of air circulation and 

geographical factors (altitude). 

Taking into consideration fundamental li'rocesses resulting in the formation of 

precipitation (free convection and forced convection together with overslide movements of 

the air of a smaller vertical component, e.g. at the warm front) and the possibility of their 

identification on the basis of synoptic maps, two fundamental types of extreme precipitation 

were distinguished, namely air mass precipitation (Type M) and frontal precipitation (type F) . 

Because of different courses of dynamic processes dependent on the type of the 

meteorological front, a further subdivision of extreme precipitation was made: precipitation 

connected with the passage of different fronts (type Fr), precipitation linked to the passage of 

the cold front (type Fz), precipitation related to passage of the warm front (type Fc), 

precipitation associated with the occlusion (type Fo), precipitation associated with the 

stationary front (type Fs) and precipitation linked to the discontinuity line (type Fn). 

One of the fundamental features that distinguish air mass precipitation from frontal 

precipitation is the size of the area covered by atmospheric precipitation. Analysis of the 

spatial extent of the basic genetic types of extreme precipitation (type M and type F) has 

indicated that during the whole year air mass precipitation covers simultaneously (within the 

same precipitation day) a much smaller number of stations than frontal precipitation. The 

spatial extent of air mass precipitation did not exceed two meteorological stations in 

approximately 38-40% of days with extreme precipitation, whereas in the case of front 

precipitation approximately 15% of days with extreme precipitation were characterized by 

such an extent. 

The frequency of the genetic types of extreme precipitation in Europe is subjected to 

a elear spatial and seasonal variability. This variability is caused by differences in the rates of 

the processes of cyelogenesis and cyelolysis, and is conditioned by the relief of the terrain. 

The average share of air mass precipitation (type M) in the total number of days with extreme 

precipitation in Europe changes from 14% in winter to 25% in summer. In ali seasons extreme 

precipitation of M type occurs most often in the south of the continent. In summer, when 

particularly favourable conditions for the development of convection prevail in this area, it 

represents more than 50% of extreme precipitation. Its frequency decreases as it moves 

towards the north. In other areas of the continent, only in summer its frequency is in the 

range of 10-20% of extreme precipitation, whereas in the other seasons it is usually not more 

than 10% of extreme precipitation. Precipitation of M type is slightly more often noted, as 

compared to the continent, in the upland and mountain areas of Europe and on the 

southeast coast of the North Sea (about 30-50% of extreme precipitation). 

In Europe, the vast majority of extreme precipitation is associated with the occurrence 

of meteorological fronts. In each season, the average share of frontal precipitation in the total 

number of days with extreme precipitation exceeded the share of air mass precipitation by 

several times. Frontal precipitation (type F) constitutes the largest part of extreme 
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precipitation in winter (an average of 86% of ExO), when a cyclonic activity increases on the 

continent, whereas the smallest in summer (an average of 75% of ExO), when there are more 

favourable conditions for free convection. On the scale of the continent, southern Europe is 

characterized by the lowest frequency of frontal precipitation, especially in summer, when in 

the southernmost parts of the area it constitutes about 10% ofextreme precipitation. Both 

the greatest frequency of air mass precipitation and the lowest frequency of frontal 

precipitation characteristic for this area during the summer season result from the impact of 

the northern margins of the subtropical high pressure zone. In winter, the frequency of 

frontal precipitation in Southern Europe increases due to intense cyelonic activity. Frontal 

precipitation constitutes from 50% to 80% of the extreme precipitation in the vicinity of the 

coasts of the North Sea, and in summer on the northern and western coasts of the 

Scandinavian Peninsula and in autumn on the Polish coast of the Baltic Sea. The smaller 

frequency of extreme precipitation of F type and the higher rate of precipitation of M type on 

the coasts of the North Sea is related to the breeze effect. 

Extreme precipitation associated with the passage of the cold front (type Fz) is most 

common in summer, when the cooler air from the Atlantic flows in over the continent. In ali 

seasons, the highest incidence of this genetic type of extreme precipitation occurs in Western 

Europe (about 30-50% of ExO in summer and 30-40% in other seasons) in a zone extending 

from the north-western tip of the Iberian Peninsula through France to the Alps, and in south

eastern Europe. The greater number of days with extreme precipitation of Fz type in the 

mountain areas of Western Europe is related to orographic barriers of the Massif Central and 

the Alps, which lead to slowing down the velocity of cold fronts flowing into the area and 

their intensification. Summer maxima of the occurrence of Fz type extreme precipitation in 

the south-eastern part of the continent is associated with a large low-pressure system with 

the centre located to the south-east of the Caspian Sea, which causes the flow of the 

continental air over the area in question, and the strong Azores High wedging deep into the 

continent, or smaller highs forming over the continental part of Europe and inducing the 

inflow of the air from the north-west. In Central Europe, the frequency of Fz type of 

precipitation only in summer reaches 20-30% of ExO, and is smaller in the other seasons. 

In Europe extreme precipitation connected with the warm front (type Fc) is less common than 

precipitation associated with the cold front. Their average share in the total number of days 

with extreme precipitation is the highest in winter (on average 13% of ExO), when the surface 

of the continent is the coldest, and in spring, when the temperature of the land surface 

cooled in the winter season is still lower than of the surrounding ocean and marine waters. 

Generally the frequency of Fc type of precipitation increases as it moves into the continent -

the fastest in winter, and the slowest in summer. The highest rates of Fc type of precipitation 

exceed 20% of ExO, especially in winter in the middle part of Southern Europe, in the 

southern part of Eastern Europe as well as at the individual stations in Central Europe and on 

the Scandinavian Peninsula, and in spring in Eastern Europe. 
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Extreme precipitation associated with the passage of various weather fronts (type Fr) 

occurs in Europe more frequently than the other distinguished types of fronts. On average, 

they constitute from about 24% of ExO in summer tp about 37% of ExO in winter, when the 

velocity of the fronts' movements over Europe is the highest. The essential features of the 

spatial distribution of the rate of Fr type of precipitation on the continent do not change 

significantly over the years. Extreme precipitation of Fr type most commonly Occurs in 

Western Europe, i.e. on the Atlantic islands, on the western coast of the continent, in the area 

between the Bay of Biscay and the Gulf of Finland, and on the western coast of the 

Scandinavian Peninsula, especially in its southern part. In this area the share of Fr type of 

precipitation in winter reaches from 50% of ExO to 60% of ExO, while in summer it 

occasionally exceeds 40% of ExO. In winter the zone of the high incidence of Fr type of 

precipitation extends deeper into the continent, covering also Central Europe. Winter and 

autumn maxima of the incidence of extreme precipitation associated with the passage of 

various weather fronts on the west coast of the continent are the result of a higher than in 

the warm half-year velocity of weather fronts due to higher pressure gradients and intense 

cyclogenesis resulting, in turn, from stronger thermal gradients in the northern hemisphere in 

this half of the year. In summer, in Mediterranean stations, extreme precipitation associated 

with the passage of different fronts has not occurred in the study period. 

The share of extreme precipitation associated with the occlusion (type Fo) in the total 

number of days with extreme precipitation is characterized in Europe by an ordered zonal 

distribution, whereas the essential features of that distribution are subject to little variation 

during the year. Precipitation of Fo type throughout the year accounts for about 20% of ExO. 

Most often it occurs in Northern Europe (over 40% of ExO), with the exception of the west 

coast of the Scandinavian Peninsula, where its share in the total number of extreme 

precipitation occurrences throughout the year does not exceed 20% of ExO. The place 

particularly predisposed to be affected by the occurrence of Fo type of precipitation is the 

central part of the southern tip of the Scandinavian Peninsula, where at many stations they 

amount to more than 50% of ExO. At the bottom of this local increase in the incidence of Fo 

type is orography. Weather fronts shifting over the area slow down due to the orographic 

barrier of the Scandinavian Mountains, which accelerates the formation of the occlusion. The 

frequency of Fo precipitation gradually decreases from the north to the south. In summer at 

many stations in Southern Europe precipitation of Fo type has not occurred in the study 

period . 

Extreme precipitation associated with the stationary front (Type Fs) and discontinuity 

line (type Fn) are among the rarest in Europe. During the year, in Europe the Fs type on 

average constitutes from about 3% of ExO (in spring and autumn) to 4% of ExO (in summer), 

while the frequency of precipitation associated with a discontinuity line in no season exceeds 

1 % of ExO. Precipitation of Fs type usually takes place in Western and Central Europe (about 

10-20% of ExO at individual stations), whereas it does not occur at ali at many stations in the 

south and north of the continent. The highest frequency of precipitation of Fn type is 
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characteristic for summer, whereas in winter it appears sporadically. In summer precipitation 

of Fn type occurs mainly in Western and Central Europe. 

The c1early outlined spatial and seasonal variability of the incidence of particular 

genetic types of precipitation was the motivation behind undertaking the synthesis of the 

observed regularities. Using the K-Means Cluster Analysis, after the careful selection of 

grouping varia bies, in each season there were selected six groups of stations characterized by 

different structure of the occurrence of genetic types of extreme precipitation (Table. 36). 

Table 36. Distribution of regional groups of occurrence of extreme precipitation genetic types in seasons 

Regional 
Groups 

GRl 

GR2 

GR3 

GR4 

GRS 

GR6 

Spring 

The southern part ol 
Europe lrom the Atlantic 

Ocean to the Caspian Sea 
and the southern part ol 

Central Europe 

Northern, Central and 
Eastern Europe, and the 

western coast ol the 
Scandinavian Peninsula 

The western coast o l the 
Scandinavian Peninsula 

and the northern part ol 
Southern and Western 

Europe 

Northe rn Europe 

The eastern and western 
part ol Southern Europe 

The southern part o l the 
Scandinavian Peninsula 

Summer 

The northern part ol 

Southern Europe 

Southern Europe 

The western coast ol the 
Scandinavian Peninsula, 
mountain stations a nd 

stations on the coasts ol 
Central Europe, individual 
stations in Eastern Europe 

The northern part ol 
Western, Central and 

Eastern Europe and the 
south-western part ol the 

Scandinavian Peninsu la 

The southern part ol 
Western and Central 

Europe and the northern 
part ol Southern Europe 

Northern Europe 

Autumn 

Western coast ol the 
Scandinavian Peninsula, the 

stations on the coasts ol 
Western and Central 

Europe (Baltic coast) a nd 
mountain stations 

The northern part ol 
Southern Europe and the 
southern part ol Western 

and Central Europe 

the western coast ol the 

Winter 

Northern Europe and 
western coast ol the 

Scandinavian Mountains 

The northern part ol 
Southern Europe, Eastern 

Europe 

The coast ol the 
Scandinavian Peninsula, the Scandinavian Peninsula, the 

northern part ol south- northern part ol sou th -
western Europe 

Western Europe the 
northern part o l Central 

and Eastern Europe 

Southern Europe 

Northern Europe (the 
leewa rd side ol the 

Scandinavian Mountains, 
the Atlantic islands) 

western Europe 

Western and Central 
Europe 

A group scatlered in 
Southern, Central and 

Northern Europe 

Northern Europe on the 
leeward side ol the 

Scandinavian Mountains, 
Jceland, United Kingdom 

The selected groups of stations do not meet the condition of spatial continuity typical 

of the regions, but nevertheless they describe the regional characteristics of that structure, 

hence they are called regional groups. Bearing in mind the big spatial and temporai 

variability of precipitation, especially as regards extreme precipitation, it should be 

emphasized that the obtained, c1early structured spatial distribution of regional groups 

testifies to the existence of regularities governing the occurrence of genetic types of extreme 

precipitation on the continent. The weather stations which form some of the regional groups 

are scattered across the continent, however the distribution is not random but the result of 

the specific impact of local conditions on the course of the processes leading to the 

occurrence of extreme precipitation and determining amount. 
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The distinguished regional groups of the incidence of the genetic types of extreme 

precipitation (GTExO) in a synthetic way highlight the most important features of the spatial 

and seasonal variability of the mentioned structur~ of the occurrence of GTExO. In the 

regional groups embracing the stations in Northern, Europe (GR 6 in ali seasons), throughout 

the year the largest part of extreme precipitation is associated with ocelusion (about 50% of 

ExO in winter, autumn and spring, and about 40% of ExO in summer). In summer air mass 

precipitation is the dominant genetic type in three regional groups covering the stations in 

Southern Europe. In the southernmost GR2 regional group, M type represents almost 70% of 

extreme precipitation. In autumn air mass precipitation is the most common genetic type in 

two regional groups, while in spring and winter, only in one of the regional groups. In 

autumn one of these groups ineludes stations in the southern part of the continent (GR5), 

however M type of precipitation there has a substantially smaller share in extreme 

precipitation (less than about 40% of ExO) than in summer. In this regional group a 

substantial part of ExO is also connected with cold fronts (over 25% of ExO). The second of 

the distinguished in autumn groups, characterized by the highest incidence of M type of 

precipitation, covers, in a similar way as the analogous regional groups separated in spring 

and winter, mountain stations and stations located in the vicinity of the coasts. In these 

graups, a prominent role in shaping precipitation is played by local factors, mainly relief and 

breeze effects. In each season, the highest incidences of precipitation associated with a cold 

front occur in regional groups embracing stations located in the southern part of Western, 

Central and Eastern Europe, however only in one regional group (GR5) distinguished in 

summer it constitutes the largest part of extreme precipitation (less than 30% of ExO). In the 

other groups, the maximum frequency coincides with precipitation associated with the 

passage of different weather frants (typ e Fr). Precipitation of Fr type, however, constitutes the 

largest part of extreme precipitation in regional groups covering Western and Central Europe, 

and the northern and central parts of Eastern Europe. Their highest incidence (approximately 

50% of ExO) characterises the distinguished in winter GR 4 group, covering stations in 

Western and Central Europe. Generally, in Europe precipitation associated with the inflow of 

different fronts constitutes the largest portion of extreme precipitation in winter, when the 

rate of movement of low pressure systems over the continent is the highest. In this season in 

four regional groups Fr type represents the largest share of extreme precipitation. 

Genetic types of extreme precipitation differ in statistical distribution of the frequency 

of daily totals, as was assessed within the distinguished regional groups on the basis of the U 

Mann-Whitney and Kolmogorov-Smirnov test. The statistical significance of this relationship 

varies depending on the season and the regional group. Generally, in most of the seasons 

and in most of the regional groups, within which the relationship between the distribution of 

daily precipitation totals and their genetic type are statistically significant, daily air mass 

precipitation totals (type M) are significantly lower than frontal precipitation. The increased 

intensity of air mass precipitation, which typically lasts shorter than one hour, are 
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-
compensated by a longer duration of front precipitation, which may occur over a period of 6 

to 12 hours, when one takes into account the whole cyelonic system. 

Merely in summer, the regional group GR3 primarily comprising stations on the west 

coast of the Scandinavian Peninsula, near the southeast coast of the North Sea and a few 

stations in Central Europe, air mass precipitation is significantly higher than precipitation 

associated with an ocelusion, and at the same time air mass precipitation is the most 

common genetic type in this season (about 35% of ExO). This relationship also lasts in 

autumn in GR2 which covers most of the stations in Western and Central Europe, where the 

frequency of precipitation of both M and Fo type is comparable (about 10% of ExO). Another 

feature distinguishing summer in comparison to the other seasons of the year is daily 

precipitation totals generated at warm fronts significantly higher than both air mass 

precipitation and the precipitation associated with a cold front in GR5 ineluding stations nea r 

the northern edge of Southern Europe and slightly further to the north. However, in the 

majority of the regional groups precipitation associated with cold and stationary fronts is 

higher than precipitation linked to the ocelusion (type Fo), the warm front (Fe) and the 

passage of various weather fronts. The high amount of precipitation associated with the 

stationary frant results from a long period of its Iying over a particular area, which can range 

from several hours to several days. High precipitation due to the cold front is the effect of the 

occurring on its line forced convection, which brings about precipitation of considerable 

intensity and duration greater than of precipitation associated with free convection. Only in 

winter in GR6, precipitation of Fo type is higher than precipitation of Fr type; GR6 regional 

group comprises stations in Northern Europe and at the southern tip of the Scandinavian 

Peninsula, where on the continental scale Fo precipitation occurs most frequently. 

Analysis of the relationship between the occurrence of extreme precipitation and 

atmospheric circulation showed that the inelusion of their genetic type contributes to better 

understanding of these relationships. Ali genetic types of extreme precipitation (both air 

mass and front) occur in anticyelonic as well as in cyelonic situations and, while their 

frequency in the cyelonic situations is greater. The incidence of genetic types of extreme 

precipitation in Europe indicates the relation to the direction of air advection and the type of 

pressure system - the nature of this relationship shows elear regional differences. 

The occurrence of extreme air mass precipitation has the strongest association with 

atmospheric circulation in Southern Europe, in mountainous areas, on the southeast coasts of 

the North Sea and on the western slopes of the Scandinavian Mountains. Precipitation of M 

type in Southern Europe over the year is related to the inflow of the air fram the south 

eastern sector (E + SEc situation). In the mentioned above the other parts of Europe, extreme 

air mass precipitation occurs most frequently during air advection from the northern sector. 

On the west coast of the Scandinavian Peninsula, M type of precipitation is facilitated by air 

advection fram the north-western sector (W+NWc situation), while in the mountainous areas 

in the interior of the continent it occurs most frequently during the inflow of the air from the 

north-western sector (N+NEC situation), which is particularly evident in summer. 
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The occurrence of frontal extreme precipitation (type F) is related to both the 

direction of air advection and the type of pressure system. These relations do not change 

over the year in anticyclonic situations, while in the ~yclonic situations they are characterized 

by a marked seasonal variation. The strongest relati,on between the incidence of precipitation 

. of F type and anticyclonic situations has been found in the Alps as well as in the middle part 

of the southern tip of the Scandinavian Peninsula and on the leeward side of the 

Scandinavian Mountains. In the Alps the occurrence of precipitation of F type, just as in the 

case of air mass precipitation, is facilitated by air advection fram the north, while its highest 

frequency is characteristic of W+NWa situation. In the central part of the southern tip of the 

Scandinavian Peninsula and on the leeward side of the Scandinavian Mountains, air advection 

fram the south, especially from the south-east (S+SEa situation) is highly conducive to 

precipitation of F type. Analysis of the conditional probability of precipitation of F type 

indicates moreover that in autumn and winter their occurrence on the west coast of the 

Scandinavian Peninsula is facilitated by N+NEa+ and W+NWa situations, whereas in the 

southern part of Norway during the whole year - S+SWa situation. 

The relationships between the occurrence of frant precipitation and cyclonic 

situations, as has been mentioned, are much more complicated. Extreme precipitation of F 

type in Northern Eurape (with the exception of the west coast of the Scandinavian 

Mountains) and Eastern Europe are most related to air advection fram the south-east (E+SEc 

situation). In Central Europe, the highest incidence and, at the same time, the largest 

probability of precipitation of F type is related to the inflow of the air fram the north-eastern 

sector (N+NEc situation). In the western part of Europe, its occurrence is related to air 

advection from the north-western sector (W+NWc situation). The described above 

relationships are particularly distinct in autumn and winter. In addition, thraughout the year 

in the British Isles and in the southern part of the Scandinavian Peninsula precipitation of F 

type usually occurs during air advection fram the south-west (S+SWc). In the British Isles the 

probability of precipitation in S+SEc situation is comparable to its prabability in S+SWc 

situation. 

The division of extreme frontal precipitation according to the type of weather front 

allows better defining of the relationship between its occurrence and atmospheric circulation, 

especially in cyclonie situations. 

The relationships between the occurrence of precipitation associated with the cold 

frant (type Fz) and anticyclonic situations are weak, but nevertheless they are noticeable 

mainly in the Alps, and while depending on the season also in the Iberian Peninsula and the 

west coast of the Scandinavian Peninsula. In the Alps the occurrence of precipitation 

associated with the cold front thraughout the year is facilitated by air advection from the 

north, particularly by W+NWa situation. On the west coast of the Scandinavian Peninsula the 

frequency of Fz type of precipitation is smali in all anticyclonic situations, however, the 

analysis of conditional probability indicates that its presence in N+NEa situation is more 

prabable than in other anticyclonic types, which is noticeable mainly in winter and autumn. 
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On the west coast of the Iberian Peninsula higher, in comparison to the continent, frequency 

of precipitation of Fz type characterizes W+NWa situation (in summer and winter), however 

these relationships are not confirmed by the results of the analysis of conditional probability. 

Extreme precipitation of Fz type demonstrates stronger relationships with cyclonic 

situations. In south-western Eurape, the occurrence of precipitation of Fz type is generally 

favoured by the inflow of the air fram the western sector. In the vicinity of France this type of 

precipitation is related mainly to the inflow of the air from the north -western sector (W+NWc 

situation, especially in winter and autumn), whereas on the western coast of the Iberian 

Peninsula the probability of its occurrence in S+SWc situation is similar, and at some stations 

even slightly higher. The inflow of the air from the northern sector also facilitates the 

incidence of extreme precipitation of Fz type in the southern part of Eastern Europe. In the 

Alps extreme precipitation of Fz type is associated with air advection from the northern 

sector, both in cyclones and anticyclones; however the likelihood of their occurrence in low

pressure systems is higher. 

Precipitation generated at warm fronts (type Fe) occurs relatively rarely in Europe. The 

relationships between their presence and atmospheric circulation clearly appear in cyclonic 

situations. The occurrence of precipitation of Fe typ e indicates a relationship with 

atmospheric circulation primarily in Eastern Europe, and slightly lesser in Central Europe, 

reaching the Alps and western part of Eastern Europe. Thraughout the year and especially in 

winter, precipitation of Fc type in Eastern Europe occurs during air advection fram the south

eastern sector (E+SEc situation). In Central Europe, the occurrence of extreme precipitation of 

Fc type is associated with the inflow of the air fram the north-east (N+NEc situation), 

however in spring it applies to the Polish territory, in summer - the western part of Eastern 

Eurape, in autumn - the south of Poland and the areas located further to the south between 

the Alps and the Black Sea. 

Precipitation associated with the passage of various fronts (Fr type) is the most 

common genetic type, hence the relationship between its frequency and atmospheric 

circulation is similar to that of frantal precipitation (type F), particularly in cyclonic situations. 

However, because of the fact that precipitation of Fr type constitutes the largest part of 

extreme precipitation in Western Europe it is worth noting that its occurrence in this area in 

the winter season is facilitated by air advection from the north-eastern sector (type W+NWc). 

The frequency of precipitation of Fr type in anticyclonic situations is smaller than of 

precipitation of F type, but nevertheless their spatial variability is similar. The only difference 

regarding ExO of Fr type is the absence of the discussed relationship between air advection 

from the north and the frequency of Fr precipitation in the Alpine area in autumn and spring . 

Precipitation generated at occlusion (type Fo) constitutes the largest share of extreme 

precipitation in Northern Europe. The area most predisposed to its occurrence is the central 

part of the southern tip of the Scandinavian Peninsula. In this area, Fo type of precipitation 

occurs most frequently during the inflow of the air from the south-eastern sector, bot h in 

high and low pressure situations (S+SWc and S+SWa situations). In other parts of Europe Fo 
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precipitation demonstrates a relationship only with the cyclonic. In Northern Europe, 

especially on the leeward side of the Scandinavian Mountains, in the British Isles and Eastern 

Europe, the occurrence ExO of Fo type, especially in a~tumn and winter, is associated with air 

advection fram the south-east. In summer on tf)e western coast of the Scandinavian 

Peninsula and on the southeast coast of the North Sea extreme precipitation is most often 

associated with occlusion during air advection from the northern sector (N+NEc and W+NWc 

situations). Extreme precipitation of Fo type shows the strangest relationship with the type of 

pressure system, and is mainly associated with cyclones. 

Precipitation linked to the stationary front (type Fs) and discontinuity line (type Fn) is 

the least numerous type of all of the distinguished genetic types. The little frequency of Fn 

type does not allow formulating reliable conclusions on the relationship between its 

occurrence and atmospheric circulation. The incidence of precipitation of Fs type in each 

synoptic situation is low. However, the results of the analysis of conditional prabability 

pointed out to significant associations between its occurrence and atmospheric circulation in 

the summer season. On the west coast of the Scandinavian Peninsula and on the southeast 

coast of The North Sea the occurrence of precipitation of Fs type is facilitated by air 

advection fram the north, especially in the north-west sector (W+NWc situation). The 

advection from the North, particularly N+NEc situation, is also conducive to the occurrence 

of Fs type of precipitation in the Alps and in southern Poland. In autumn and winter Fs 

precipitation occurs sporadically but its presence is clearly associated with a trough of low 

pressure. These relationships are noticeable mainly in winter in southern Poland, on the 

Polish coast of the Baltic Sea and on the southeast coast of the North Sea. 

The relationship between the occurrence of air mass precipitation and atmospheric 

circulation is characterized by a regional variability smaller than the relationship between 

atmospheric circulation and the occurrence of frontal precipitation. Moreover, the occurrence 

of extreme precipitation in high-pressure systems, regardless of the genetic type, in the areas 

where their formation is aided by orographic effect, is related to the inflow of the air from the 

northern sector. 

288 



SPIS ZAWARTOŚCI 

Mapy 1. Mediana dobowych sum opadów ekstremalnych w typach genetycznych 

Częstość występowania opadów ekstremalnych w antycyklonalnych typach cyrkulacji w Europie (1951 - 2008) 

Mapy 2. Wszystkie opady ekstremalne (ExO) 

Mapy 4. Opady wewenątrzmasowe (typ M) 

Mapy 6. Opady frontowe (typ F) 

Mapy 8. Opady związane z przejściem frontu chłodnego (typ Fz) 

Mapy 10. Opady związane z przejściem frontu ciepłego (typ Fc) 

Mapy 12. Opady związane z przejściem różnych frontów (typ Fr) 

Mapy 14. Opady związane z frontem okluzji (typ Fo) 

Mapy 16. Opady związane z frontem stacjonarnym (typ Fs) 

Mapy 18. Opady związane z linią nieciągłości (typ Fn) 

Częstość występowania opadów ekstremalnych w cyklonalnych typach cyrkulacji w Europie (1951 - 2008) 

Mapy 3. Wszystkie opady ekstremalne (ExO) 

Mapy 5. Opady wewenątrzmasowe (typ M) 

Mapy 7. Opady frontowe (typ F) 

Mapy 9. Opady związane z przejściem frontu chłodnego (typ Fz) 

Mapy 11. Opady związane z przejściem frontu ciepłego (typ Fc) 

Mapy 13. Opady związane z przejściem różnych frontów (typ Fr) 

Mapy 15. Opady związane z frontem okluzji (typ Fo) 

Mapy 17. Opady związane z frontem stacjonarnym (typ Fs) 

Mapy 19. Opady związane z linią nieciągłości (typ Fn) 

Prawdopodobieństwo wystąpienia opadów ekstremalnych w antycyklonalnych typach cyrkulacji w Europie (1951 - 2008) 

Mapy 20. Wszystkie opady ekstremalne (ExO) 

Mapy 22. Opady wewenątrzmasowe (typ M) 

Mapy 24. Opady frontowe (typ F) 

Mapy 26. Opady związane z przejściem frontu chłodnego (typ Fz) 

Mapy 28. Opady związane z przejściem frontu ciepłego (typ Fc) 

Mapy 30. Opady związane z przejściem różnych frontów (typ Fr) 

Mapy 32. Opady związane z frontem okluzji (typ Fo) 

Mapy 34. Opady związane z frontem stacjonarnym (typ Fs) 

Mapy 36. Opady związane z linią nieciągłości (typ Fn) 

Prawdopodobieństwo wystąpienia opadów ekstremalnych w cyklonalnych typach cyrkulacji w Europie (1951 - 2008) 

Mapy 21. Wszystkie opady ekstremalne (ExO) 

Mapy 23. Opady wewenątrzmasowe (typ M) 

Mapy 25. Opady frontowe (typ F) 

Mapy 27.0pady związane z przejściem frontu chłodnego (typ Fz) 

Mapy 29. Opady związane z przejściem frontu ciepłego (typ Fc) 

Mapy 31. Opady związane z przejściem różnych frontów (typ Fr) 

Mapy 33. Opady związane z frontem okluzji (typ Fo) 

Mapy 35. Opady związane z frontem stacjonarnym (typ Fs) 

Mapy 37. Opady związane z linią nieciągłości (typ Fn) 


