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Abstract The paper reports on a study of extremely cool summers (ECS), a rare but

significant phenomenon responsible for various adverse economic effects. These include,

in particular, effects on agriculture and the tourist industry. The seasons, their spatial extent

and individual characteristics were identified in Central and Eastern Europe. The research

was based on average seasonal air temperatures (June to August) and the numbers of days

with maximum temperatures [25, 30 and 35 �C and minimum temperatures [20 �C, as

recorded at 59 weather stations during the period 1951–2010. An ECS was defined as

having an average temperature at least 2 standard deviations (t B tav. - 2r) lower than the

average at a given station during the study period. ECS occurred at only 34 of the 59

stations (58 % of all stations), one or two per station, mainly in the northern part of the

study area. Six such seasons were recorded by at least 5 % of all stations in 1962, 1969,

1976, 1978, 1984 and 1994. The average temperature of an ECS was typically 2–3 �C

lower than the long-term average. While some ECSs included an extremely cool month,

most such seasons (58 %) were defined by low temperatures persisting for long periods in

all summer months.
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1 Introduction

The occurrence of extremely warm or cool months and seasons is a known feature of the

temperate climate zone in Europe where the weather is influenced by a highly variable
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atmospheric circulation. Exceptionally warm months and seasons have attracted much

research, especially in recent years when they tended to occur more frequently than

30–40 years ago (Kossowska-Cezak and Twardosz 2012a, b; Twardosz and Kossowska-

Cezak 2012, 2012a, b). This focus seems more than justified in view of the fact that such

warm conditions cause adverse biometeorological conditions, droughts and other phe-

nomena, such as forest fires.

The situation is quite the opposite with extremely cool summers (ECS) and their pre-

sence in climatological research. The studies available indicate a higher frequency of

occurrence of such seasons in the nineteenth century and early twentieth centuries

(Gerstengarbe and Werner 1992; Filipiuk and Kaszewski 2000; Elizbarashvili et al. 2007).

Two particular seasons attracted particular attention, i.e. the cool and wet summer of 1816

(e.g. Piervitali et al. 1997; Trigo et al. 2009) and the summer of 1913, the coolest summer

in Central Europe during the 1871–1990 period (Filipiuk and Kaszewski 2000). Reasons

leading to this relative neglect of ECS include their lower frequency of occurrence (or the

complete lack of such seasons, such as has recently been the case) and their less severe

impacts on nature, biometeorological conditions and the economy than those of extremely

hot summers. This does not, however, mean that ECS have no adverse effects. Persistent

low temperatures in summer are felt in agriculture in the form of smaller and delayed

harvests of inferior quality produce, as reported for example in the cold and wet summer of

1816 (Trigo et al. 2009). Tourism is affected particularly by a combination of wet and cold,

which not only diminishes comfort, but also the safety of holidaymakers (de Freitas 2003;

Scott and Lemieux 2010). Cold summers in Central Europe are mostly a result of the

advection of fresh maritime air from the Atlantic Ocean that is often accompanied by

intensive rainfall (Kossowska-Cezak 1997; Kuziemska 1975; Jaagus 2006; Twardosz et al.

2011). This means that during these cool periods, excessive rainfall is a greater threat to

human life and activity than the low temperature itself.

Many researchers have demonstrated (Piervitali et al. 1997; Slonosky et al. 2001;

Bardin 2007; Zveryaev 2007; Sidorenkov and Orlov 2008; Anisimov et al. 2011; Twardosz

et al. 2011) that air temperature and precipitation depended on atmospheric circulation.

Cool summers in Central Europe coincide with a high frequency of cyclonic circulation

from the west and north, which is normally accompanied by greater cloud cover than in

anticyclonic situations (Kossowska-Cezak 1997; Twardosz et al. 2011). In Eastern Europe,

summer cold waves are caused by similar types of circulation, which are linked specifically

to the so-called diving Scandinavian cyclones (Elizbarashvili et al. 2007; Isayev and

Sherstyukov 2008).

The literature also mentions volcanic causes of cool summers, such as in the case of the

anomalously low temperatures in the summer of 1816 in Europe after the eruption of

Tambora in 1815 (Piervitali et al. 1997; Trigo et al. (2009). That exceptionally cold

summer of 1816 was also associated with causes linked to circulation.

The distribution of surface pressure field was similar to a dipole with a low over Europe

and a high pressure over the North Atlantic and Iceland. According to Piervitali et al.

(1997), this pattern could correspond to frequent blocking situations with a cold airflow

coming from high latitudes towards the Central-Southern regions of Europe.

The study is intended to find out the frequency and spatial coverage of extremely cool

summer seasons in Central and Eastern Europe and the change of this frequency from the

mid-twentieth century in the wake of progressive climate warming. The paper links in with

earlier research by the authors (Kossowska-Cezak and Twardosz 2012, 2013; Twardosz

and Kossowska-Cezak, 2013a, b) on extremely hot summers.
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2 Data and methods

The study is based on average seasonal air temperatures (June to August) during the period

1951–2010, as recorded at 59 weather stations scattered over an area ranging from 45�N to

65�N and from 15�E to 60�E (excluding the Scandinavian Peninsula) (Table 1). Other data

used included average monthly maximum and minimum temperatures and the numbers of

days with a maximum temperature[25 �C (summer days),[30 �C (hot days) and[35 �C

(very hot days), as well as with a minimum temperature [20 �C (tropical nights). This

choice of threshold values provides good insight into summer temperatures. They are

broadly used to define both extremely cool and extremely hot summer seasons (Gers-

tengarbe and Werner 1992), which makes comparison between these two extreme types of

season possible. Low numbers of such days would indicate increased cold stress, while

high numbers would point to increased heat stress.

The bulk of the data comes from the European Climate Assessment & Dataset

(ECA&D) (www.eca.knmi.nl). This database normally verifies all datasets for uniformity.

Gaps found in the summer average temperature data, which were few and limited to certain

Russian stations, have been filled in using data from adjacent stations through correlation.

An overwhelming majority of the stations included in the study are located in lowlands.

There were 49 stations below an altitude of 200 m, 7 stations between 200 and 300 m and

only 3 stations lying above 300 m (L’viv 323 m, Praha 365 m and Cluj 411 m). Astrachan’

is in a depression (-23 m).

The stations were numbered in latitudinal belts of 5� starting from the north. The belt

above 60�N has 8 stations (1–8), 55�–60�N–13 stations (9–21), 50�–55�N–22 stations

(22–43) and below 50�N–16 stations (44–59) (Table 1).

Since the measure of the scale of a thermal anomaly is the deviation of the season’s

average temperature from the appropriate long-term average, long-term average temper-

atures (1951–2010) were taken as the departure point for the identification of cases for this

study. Extremely cool months and seasons were defined as those having an average air

temperature at least two standard deviations (t B tav.- 2r) lower than the long-term

average (1951–2010) at a given station. The criterion has been adopted to mirror that used

for exceptionally warm months and seasons (t C tav. ?2r) (Twardosz and Kossowska-

Cezak, 2012, 2013a, b). By referencing average thermal conditions in defining thermally

anomalous periods, the study managed to take into account both the concept of a thermal

anomaly as it was established in climatology (International Meteorological Vocabulary

1992) and the actual thermal conditions, to which the populations of the various European

climatic regions were acclimatised.

The paper includes a calendar of extremely cool summers, including their spatial extent,

thermal characteristics and a comparison of their frequency and extent with those of

exceptionally hot summers (Kossowska-Cezak and Twardosz 2012, 2013a, b). A number

of extremely cool months with a particularly wide coverage area were also briefly

discussed.

3 General characteristics of occurrence of extremely cool summers (ECS)

During the study period, there were only nine summers in Central and Eastern Europe

during which at least one station recorded an average summer temperature that met the

requirement t B tav.- 2r. These ECSs covered areas of different sizes, from one (1993,

Daugavpils) or two stations (Jyvaskyla and Tallinn in 1987, Ivdel’ and Aktobe in 1992) to
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11–13 stations. The 3 years with very small-ranging ECSs were excluded from further

study, as they failed to clear a 5 % threshold of the number of stations (1–2 stations). The

other six ECSs are listed in Table 2.

Extremely cool summers were recorded at only 34 of the 59 stations in the following

distinct areas: (1) in the north of the study area reaching the furthest south between the

centre of the area and eastern Ukraine (Central Russian Upland); (2) the mountains and

uplands of the southeast from the Ore Mountains and Sudeten Mountains along the Car-

pathian Mountains; and (3) along the lower Volga river and the Russian Kazakh border

(Fig. 1). These areas had one or two ECS during the 60-year study period, and only Ivdel’

in the northeast had three (but there were no ECS in Pecora to the north of Ivdel’, just as no

ECS were recorded in Vologda).

The frequency of occurrence of ECSs was not stable in time (Table 3). There were no

incidences during 1951–1960 (nor were there any exceptionally hot summers during that

decade), then there were two ECS per decade in 1961–1970 and 1971–1980, followed by

one each in 1981–1990 and 1991–2000, and again no exceptionally cool summers in the

twenty-first century. Thus, there was an increase in the frequency of exceptionally hot

summers and a decrease in the frequency of extremely cool summers, although the latter

effect was less pronounced due to the lower overall frequency of ECSs.

Table 1 List of weather stations included in the study (station names after CLINO, WMO 1996); the
locations of the stations are shown in Fig. 1

Station WMO no Station WMO no Station WMO no

No Name No Name No Name

1 Vaasa 02911 21 Ekaterinburg 28440 41 Orenburg 35121

2 Jyvaskyla 02935 22 Berlin 10381 42 Ufa 28722

3 Petrozavodsk 22820 23 Praha 11518 43 Aktobe 35229

4 Arhangel’sk 22550 24 Poznan 12330 44 Zagreb 14236

5 Kotlas 22887 25 Krakow 12566 45 Wien 11035

6 Syktyvar 23804 26 Kaliningrad 26702 46 Budapest 12843

7 Pecora 23418 27 Warszawa 12375 47 Beograd 13274

8 Ivdel’ 23921 28 Brest 33008 48 Debrecen 12882

9 Riga 26422 29 Kaunas 26629 49 Cluj 15120

10 Tallinn 26038 30 Minsk 26850 50 L’viv 33393

11 Daugavpils 26544 31 Vasilevici 33038 51 Chernivtsi 33658

12 Tartu 26242 32 Kyiv 33345 52 Bucuresti 15420

13 St. Petersburg 26063 33 Smolensk 26781 53 Chrisinau 33815

14 Moskva 27612 34 Kursk 34009 54 Sulina 15360

15 Vologda 27037 35 Voronez 34122 55 Odesa 33837

16 Kostroma 27333 36 Tambov 27947 56 Kharkiv 34300

17 Niznij Novgorod 27553 37 Saratov 34172 57 Luhans’k 34523

18 Kazan’ 27595 38 Aleksandrov-Gaj 34391 58 Astrachan’ 34880

19 Kirov 27199 39 Samara 27995 59 Atyrau 35700

20 Perm 28224 40 Ural’sk 35108
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A comparison of the frequency and extent of ECSs and exceptionally hot summers

(EHSs) during the study period demonstrates (Twardosz and Kossowska-Cezak 2012,

2013a, b) that the ECSs occurred with 50 % of the frequency of the EHSs. Indeed, there

were six ECSs covering at least three stations each (5 %), as opposed to 12 EHSs. Also

ECSs covered smaller areas: the largest covered 13 stations (1978) while the largest EHS

covered 39 stations (2010). Additionally, a clear majority of all EHSs included an

exceptionally hot month (EHM) with only 8 % of EHSs without one, while there were

58 % of ECSs without an extremely cool month (ECM) (See: Table 2 for station numbers

given in brackets).

An ECS without an ECM means that none of the summer months that year had a

sufficiently great negative anomaly of air temperature (-Dt) to influence the thermal

character of the entire season. Instead, the summer would achieve ECS status through the

adding up of relatively small negative anomalies in all three of its months.

To explain the causes of the differences between the frequencies of EHSs and ECSs,

their spatial coverage and thermal characteristics, one should look for patterns in the long-

term variability of average air temperature values in summer (June–August) in the study

area. The temperature varied widely from year to year, but at a clear majority of the

stations (51 of 59) the greatest positive anomaly (?Dt) was greater than the greatest

negative anomaly (-Dt). While the positive and negative anomalies at most of the stations

typically ranged between 2.1 �C and 3.0 �C, negative anomalies exceeded this 3.0 �C at

only two stations (3 %), while positive anomalies did that at 32 stations (58 %), including

by 5.1–6.0 �C at five of them (Table 4). This means that the statistical distribution of the

average air temperature in the summer is asymmetrical with a sporadic occurrence of

values considerably exceeding the long-term average (positively skewed).

The strength of this asymmetry varies within the study area (Fig. 2). Along the north-

western and northern edges (Jyvaskyla, Arhangel’sk, Pecora and Ivdel’) the distribution is

nearly symmetrical, as the greatest –Dt and ?Dt achieve similar values. From there, the

asymmetry increases southwards (Odesa) and eastwards (Atyrau and other stations), but is

most marked in the central part of European Russia (Kursk) (Fig. 3).

This means that the summer air temperature in Central and Eastern Europe can con-

siderably exceed the long-term average if the conditions are right, i.e. there is a strong

advection of hot air from the south or southeast and great insolation. When cold air arrives

from the north or northwest and strong cloud cover reduces insolation, the temperature

remains below the long-term average. Indeed, the increase in temperature during the

summer is greatly diminished, but this diminishing is dampened by the length of the

Table 2 Extremely cool summers (ECS) in Central and Eastern Europe (1951–2010)

Year Number of
stations

Stations (numbers as in Table 1) Exceptionally cool
month during ECS

1962 11 (2), (3), 9, 10, (11), 12, (13), (14), (15), (16), (26), (33) June

1969 4 4, 6, 8, 20 June

1976 8 (3), 13, (14), (35), (36), 51, 52, (56) August

1978 13 (5), (6), (8), (19), (20), (23), (25), 38, 46, (48), (49), (50), 58 June

1984 4 49, (50), 52, (53) July

1994 3 40, 41, 43 July

A station number in brackets means that at that station no month qualifies as an ECM

Nat Hazards (2015) 75:2013–2026 2017

123



summer day and the high zenith position of the sun during this season. There is clear

corroboration for this effect of day length and sun altitude by the spatial variability of the

maximum positive temperature anomaly ?Dt in summer within the area.

4 Location and thermal characteristics of ECS

The first decade of the study period was characterised by relatively low fluctuation of air

temperature in Central and Eastern Europe. No ECS was recorded and there was only one

EHS, which was only recorded at a single station (Kossowska-Cezak and Twardosz 2012,

2013a, b). There were only two ECMs.

There were two ECSs during each of the following two decades. During the 1960s,

exceptionally cool summers were observed in 1962 and 1969.

The ECS of 1962 was one of the two most widespread ones, as it covered 11 stations

stretching from Finland, to lands east of the Baltic Sea and to north-western Russia with

Smolensk, Moscow and Kostroma (Fig. 4). This was also the coolest summer of the

60-year period. The average temperature was lower than the respective long-term average

Fig. 1 Areas of occurrence of ECS summers (numbers denote stations as listed in Table 1)

Table 3 Numbers of EHS and ECS in individual decades of the period 1951–2010 in Central and Eastern
Europe

1951–1960 1961–1970 1971–1980 1981–1990 1991–2000 2001–2010 R

EHS 1 - 2 2 5 5 15

ECS - 2 2 2 3 - 9

2018 Nat Hazards (2015) 75:2013–2026
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by 2–3 �C (average temperature anomaly Dt from -2.0 to 3.7 �C). All months of the

summer were cool, including an ECM in June in Latvia and Estonia. Elsewhere June or

July was the coolest of the study period, but not to the point of being ECM. There were no

hot days or tropical nights anywhere but only individual summer days (e.g. two in Moscow

compared to 27 on average; and three in St. Petersburg compared to 16; Table 5). During

this summer, especially in June and July, northern circulation clearly dominated (Sido-

renkov and Orlov 2008).

The ECS of 1969 covered north-eastern Russia from the White Sea to Ivdel’ and Perm,

but excluding Pecora (where it was still one of the two coolest summers) (Fig. 4). At most

of the stations, this was the coolest summer of the study period (Table 5) and June was an

ECM. In June, the anomaly achieved a record 5.5 �C and 5.3 �C, respectively, at Syktyvar

and Pecora. The average temperature anomaly (Dt) of this ECS ranged from -2.4 �C to

-2.9 �C. Summer days were sporadic (7 in Arhangel’sk and 8 in Perm, compared to 15

and 29 on average, respectively).

The 1970s were marked by two vast ECSs and two ECMs with exceptionally low

temperatures and also a large coverage. The ECS of 1976 was recorded in two distinct

areas. The larger of them was a long ‘‘tongue’’ stretching from eastern Finland and north-

eastern Russia, to St. Petersburg, Moscow, Tambov and to Kharkiv in north-eastern Uk-

raine (Fig. 4). The other one was smaller and covered some of the south-western edge of

Ukraine and central Romania up to its southern border. The temperature anomalies of both

ECSs were similar at -2.1 �C to -3.1 �C. The -3.1 �C anomaly at Voronez and Tambov

was the greatest negative summer anomaly in this study. At nearly all stations of the two

areas, this was the coolest summer of the study period (Table 5). All summer months were

cool, including an ECM in June in St. Petersburg and August in Chernivtsi and Bucuresti.

At each of the stations one of the months, mostly August was the coolest of the study

period. Summer days were observed everywhere, but were much fewer than on average (by

ca. 1/3rd, e.g. 5 in St. Petersburg, 16 in Tambov, compared to an average of 16 and 45,

respectively). Hot days were only recorded in Bucuresti (6 vs. 34 on average).

As has already been mentioned, August was a very cool month. Indeed, it was an ECM

from the south-western tip of the area all the way to the Black Sea coast. It was the coolest

August of the study period with an anomaly ranging from -3.1 �C to -4.0 �C. Summer

days were rare and Odesa experienced none (19 on average), marking it as the only August

without summer days during the 60 years and one of two such months overall.

The summer of 1978 was cool across the entire area of Central and Eastern Europe, but

was classified as an ECS (t B tav.- 2r) in three distinct areas: in the southwest, excluding

its south-western tip; in the northeast, excluding Pecora; and along the lower Volga river

valley (Fig. 5), covering the largest number of 13 stations in the study period. Throughout

the rest of the study area, the anomaly was just short of the criterion adopted. At nearly all

the stations, this was the coolest summer of the period (Table 5) with an anomaly Dt from

-1.9 �C to -2.9 �C. At some of the stations, June or July was an ECM. Summer days were

observed at all stations, but less often than normally (e.g. 13 vs. 29 in Perm, 10 vs. 28 in

L’viv and 73 vs. 85 in Astrachan’). Hot days were only recorded in Astrachan’ (29 vs. 52),

as were tropical nights (11 vs. 26). Based on an analysis of the Met Office synoptic maps of

Europe, it was established that the entire summer of 1978 was dominated by western and

northern circulations with a high frequency of cyclonic situations.

During the 1970s, the ECM in July 1979 covered a particularly large area. It included

Lithuania, Latvia, eastern Poland and Belarus, western Ukraine and Romania. This was the

coolest July of the study period with an anomaly ranging from -2.7 �C to -4.0 �C.
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Summer days were only recorded in the south of the area and two hot days occurred in

Bucuresti (14 on average).

During the 1980s, there was just one ECS that cleared the 5 % threshold. It was limited

to central and eastern Romania and an adjacent eastern tip of the Ukraine, as well as

Moldova. The Dt ranged from -2.1 �C to -2.3 �C. June or July achieved the status of

ECM at some of the stations. Both hot and, in the far southern section of the area, very hot

days were recorded, but less frequently than on average (10 hot days in Bucuresti com-

pared to 34 on average, see Table 4).

The last decade of the twentieth century also had one ECS clearing the 5 % threshold in

1994. It covered an area including the three south-eastern stations of Ural’sk, Orenburg and

Aktobe. This was the coolest summer of the study period at these stations (Dt -2.5 �C to

-2.8 �C) with July being the coolest ECM of the period. Summer and hot days were

recorded, but much less frequently than on average (35 and 5 vs. 65 and 30 in Orenburg;

Table 5).

Table 4 Number of stations with the greatest temperature anomalies (Dt) of various magnitudes in summer
(June–August) in Central and Eastern Europe (1951–2010)

Temperature anomaly Dt Greatest anomaly | Dt | (�C)

0.0–2.0 2.1–3.0 3.1–4.0 4.1–5.0 5.1–6.0 R

-Dt

Number of stations 13 44 2 - - 59

% 22.0 74.6 3.4 - - 100 %

?Dt

Number of stations 1 26 17 10 5 59

% 1.7 44.0 28.8 17.0 8.5 100 %

Fig. 2 Asymmetry coefficient of average temperature values in summer and standard error of the
asymmetry
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Fig. 3 Frequency (%) of average temperature values in summer at selected stations

Fig. 4 ECS coverage in 1962, 1969 and 1976
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Table 5 Thermal characteristics of the summer of 1962, 1969, 1976, 1978, 1984 and 1994 (1) and long-
term average (1951–2010) (2)

Station Seasonal average air temperature (�C) Number of days with temperature

Tmax Tmin

No Name Av. Max Min [25 �C [30 �C [35 �C [20 �C

1962

2 Jyvaskyla 1 12.2a 16.6a 7.7 - - - -

2 14.6 19.8 9.1 12.0 0.4 - 0.0

9 Riga 1 13.9a 18.3a 9.4 1 - - -

2 16.6 21.2 11.0 17.2 1.9 - 0.6

13 St. Petersburg 1 14.2a 18.1 10.7a 3 - - -

2 16.8 21.1 12.9 16.3 1.7 0.0 1.2

14 Moskva 1 14.9 19.2a 10.9 2 - - -

2 17.5 22.5 12.6 26.8 4.3 0.3 1.2

1969

4 Arhangel’sk 1 11.5a 17.3 6.4a 7 1 - -

2 14.1 19.4 9.4 14.7 1.4 - 0.4

20 Perm 1 13.8a 19.3 9.5a 8 - - -

2 16.6 22.1 11.4 28.6 5.3 0.1 0.7

1976

13 St. Petersburg 1 14.3 17.9a 11.1 5 - - 1

2 16.8 21.1 12.9 16.3 1.7 0.0 1.2

14 Moskva 1 14.8a 19.4 10.6a 8 - - -

2 17.5 22.5 12.6 26.8 4.3 0.3 1.2

52 Bucuresti 1 19.2a 25.5a 13.0a 50 6 - -

2 21.6 28.7 14.8 75.9 34.1 4.0 1.7

56 Kharkiv 1 17.1a 21.9a 12.6a 13 - - -

2 20.1 25.5 14.7 49.6 15.1 1.6 4.3

1978

5 Kotlas 1 12.8a 18.0a 8.3 8 1 - -

2 15.5 21.2 10.0 22.9 3.4 0.0 0.2

20 Perm 1 14.0 19.1a 9.6 13 - - 1

2 16.6 22.1 11.4 28.6 5.3 0.1 0.7

25 Krakow 1 15.4a 22.0 11.2 24 1 - -

2 17.5 23.9 13.0 33.8 7.5 0.8 1.0

50 L’viv 1 15.4 20.9 10.6 10 - - -

2 17.3 22.7 12.3 27.8 2.9 0.0 0.1

58 Astrachan’ 1 21.9a 28.1a 16.6 73 29 - 11

2 24.1 30.4 18.1 85.2 51.8 9.5 25.8

1984

50 L’viv 1 15.2a 20.9 10.3a 18 - - -

2 17.3 22.7 12.3 27.8 2,9 0,0 0,1

52 Bucuresti 1 19.3 26.0 13.0a 56 10 - -

2 21.6 28.7 14.8 75.9 34.1 4.0 1.7
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During the first decade of the twenty-first century, there were no ECSs in the area and

even an ECM was very rare (2, exactly the same as in the 1990s). However, June 2003 was

classified as an ECM, and it was the most widespread ECM of the entire study period. It

stretched from the White Sea coast towards the southeast through Moscow and Niznij

Novgorod to western Kazakhstan and was the coolest June of the study period in the area.

The average temperature was lower than the long-term average by between 3.7 �C and

5.0 �C. The -5 �C anomaly of the average monthly temperature in Ural’sk was among the

greatest anomalies across the period. (There were only seven cases of an anomaly equal to

or greater than -5 �C among the 117 cases in the study; the greatest value of -5.7 �C was

recorded in Pecora in July 1997). Interestingly, this exceptionally cool June in 2003 was

also exceptionally hot (and the hottest in the study period) in Western Europe, including in

the south-western tip of the study area (e.g. the anomalies of ?4 �C in Vienna and ?4.6 �C

in Zagreb).

5 Conclusion

Extremely cool summer months and seasons were defined as having an average air tem-

perature two standard deviations (t B tav.- 2r) lower than the respective long-term value.

The study covered 59 weather stations in Central and Eastern Europe during the period

1951–2010. Cool summers (ECS) so defined were only limited to some distinct parts of the

area, including its northern sections (from an area north of approximately 55�N southwards

with the greatest southern extent in the Central Russian Upland); in the southwest (in the

Ore Mountains, Sudeten and Carpathian Mountains and their environs); and on the lower

Volga river and the Russian–Kazakh borderland. Exceptionally cool summers were

observed at 34 of the 59 stations included in the study (58 %) no more than two times

during the period.

Detailed analysis only included ECSs observed at three stations (5 % of the total

stations) or more. Six such seasons were identified (1962, 1969, 1976, 1978, 1984 and

1994), which was exactly one half of the number of exceptionally hot seasons (12).

The small overall number of exceptionally cool summer seasons during the study period

caused their occurrence pattern to display only weak correlation with the progressively

increasing summer temperatures observed (especially in the western parts of the area), as

opposed to the clearly increasing number of exceptionally hot summer months and seasons.

Indeed, no extremely cool summer was observed during the decade 2001–2010, when the

number of exceptionally hot summers was the greatest (5), and there were no ECS during

1951–1960, when there were no exceptionally hot summers either.

Table 5 continued

Station Seasonal average air temperature (�C) Number of days with temperature

Tmax Tmin

No Name Av. Max Min [25 �C [30 �C [35 �C [20 �C

1994

41 Orenburg 1 18.0a 24.0a 12.7 35 5 - -

2 20.8 27.7 14.1 64.8 30.4 6.0 5.2

a Lowest in 60 years
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The warming effect, observed in the western part of the study area (Twardosz and

Kossowska-Cezak 2013a) is accompanied by both an ever more frequent occurrence of

exceptionally hot summers and a decline in the number of exceptionally cool summers,

even though that latter effect is less pronounced due to a lower overall frequency of ECSs.

It could also be argued that the contemporary warming effect involves an increase in the

temperature fluctuation observed not just in the frequency of exceptional summer seasons,

but also of individual months and their temperature anomalies. In the beginning of the

60-year study period, exceptional temperature seasons did not occur and exceptional

months were few and far between, while during the last decade there are both hottest and

coolest months of the entire periods with anomalies of 5 �C and more. During the twenty-

first century, there also occurred a case where the same month (June 2003) was extremely

hot and extremely cold (7 and 11 stations, respectively) in different large parts of the study

area.

The average air temperature of an exceptionally cool summer was normally lower than

the long-term average by 2–3 �C (with just two cases of 3.1 �C; the monthly anomalies

were greater). An anomaly of a similar magnitude occurred during the extremely cool and

wet summer of 1816 in Western Europe. ECS could include an exceptionally cool month,

but in most cases (58 %) the exceptionally low average temperature of the season was a

result of a long persistence of relatively low temperatures in all summer months (below the

long-term average, but above the threshold value t B tav.- 2r). For this reason, no single

exceptionally cool summer can be identified as the coolest.

During extremely cool summers, the temperatures most harmful to human health (on

days with a maximum temperature[30 �C and with minimum temperatures[20 �C) were

virtually unrecorded (isolated cases along the southern edge of the area) and days with a

maximum temperature [25 �C were much less frequent than average.

Fig. 5 ECS coverage in 1978
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Extremely cool summers are not regarded as an extreme phenomenon, especially in

recent years when they have nearly disappeared. It seems, however, that they deserve

attention precisely because of their rarity.

Open Access This article is distributed under the terms of the Creative Commons Attribution License
which permits any use, distribution, and reproduction in any medium, provided the original author(s) and the
source are credited.
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