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Abstract. Various indices of hot weather frequency and intensity were analysed in the area of Poland in the
period between 1951 and 2006. An increase of majority of them was shown in the whole year and all summer
months but September, when significant decrease in all indices was apparent. The correlation of selected hot
weather indices and precipitation totals in a month of hot weather event and the preceding months vvere also
calculated to check if prolonged dry weather can constitute a forcing factor for hot event creation. Because
significant correlations appear mainly in the cases when precipitation is for the same month as the hot weather
index, it seems that in Poland the presence of high pressure systems is a more important factor of 1ot event
creation than dry weather.

1 Introduction higher than normal pressure over central and eastern Eurog
with the strongest positive pressure anomalies located just
the east of Poland. Some authors have found that heat wal

There is increasing evidence that the frequency and intenpccurrence can be influenced by precipitation deficit and pre

sity of extreme weather events have changed considerablgxisting dry soil conditions (Della-Marta et al., 2007; Fischer

since the middle of the twentieth century (Trenberth et al.,et a|_, 2007) The aim of this paper is to check if pro|0ngec

2007). Moberg and Jones (2005) have shown that all tailgjry weather can constitute a forcing factor for hot event cre}

of minimum and maximum temperature distribution (defined gtion in Poland.

on the percentile basis) have increased since the beginning

of the twentieth century. The increase in upper tail of daily

maximum and minimum temperatures in summer relates t@2 Data and methods
the rise in frequency and intensity of hot events. Extreme

hot events exert strong social, economic and environmenbaily maximum temperatures from 21 stations from Poland

tal impacts. They can cause the death of people, forest fire@-ig. 1) from the period 1951-2006 were used for describt

and energy losses. Besides climate warming, hot events ar@g the hot event frequency and intensity. Monthly precipi-
believed to become more frequent, intense and prolongethtion totals from the same stations and period were used f
(Beniston, 2004; Scir et al., 2004). So it is important analysis of the influence of drought events on hot event dg
to find a mechanism triggering their occurrence/ando  velopment. The homogeneity of records of mean monthly
link it to atmospheric circulation. Della-Marta et al. (2007) maximum temperature and monthly precipitation totals werg
have shown the relationship of heat waves over western Eutested with Standard Normal Homogeneity Test by Alexan
rope to large scale forcings and the anomalous high presdersson (1986).

sure systems over Scandinavia and central western Europe. The hot event frequency was assessed by means
Garcia-Herrera et al. (2010) connected occurrence of promonthly and annual number of days with,ax > 25°C and
longed hot weather with quasi-stationary anticyclonic cir- Tmax > 30°C. The hot event intensity was characterized by
culation anomalies. It corroborates the results of Wibig etmonthly and annual sum .« exceeding 25C and 30C
al. (2009) that heat waves in Poland are accompanied bwas well as by the annual number of days with.x above
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icant at more than 70 % of analysed stations (Fig. 3). An
increase was also observed in July, May and in the year as
a whole. A decreasing trend at 16 stations out of 21, and
significant at 7 stations, was observed in September. In the
case of days witi x> 30°C significant increasing trends
were observed at more than 60 % of stations in July and about
30 % of stations in June. A significant decreasing trend was
detected at about 45 % of stations in September. The number

Swinoujscie Ghojnice
ozczecin
z'oruﬁ

Wa.rszawa

Kajisz of degree-days exceeding 25 has increased significantly
Legnica L6dz Wodam at more than 60 % of station in July and more than 50 % of
Wroolaw stations in August. At the same time, the number of such
elenia G.

days has decreased significantly at more than 50 % of sta-
tions in September. The number of degree-days exceeding
30°C has increased significantly at almost 50 % of stations
in July, at about 35 % of stations in June and about 20 % of
stations in May and August. At the same, time the number of
degree-days has decreased significantly at 35 % of stations in
Figure 1. Location of IMWM stations with data on monthly pre- September.
cipitation totals and daily maximum temperature (1951-2006). An example of long-term course of the annual number of
days with temperature exceeding 95 and 99 percentile for the
reference period 1961-1990 is shown in Fig. 4. The increas-
95 and 99 percentiles Gfnax in the reference period 1961- ing trend of both records is well seen. Statistically significant
1990, the longest spell of days willyax > 30°C in the year  trends in both records were observed at more than 80 % of
and the highest sum df,,x > 30°C on all days within one analysed stations.
such spell. Figure 5 presents an example of long-term course of the
The trends of these indices were calculated using Iineaqongest annual spell of consecutive days With. > 30°C
regression with parameters obtained with the least squargng the most intensive such spell in degree-days. Graphs for
method and statistical significance tested by Student t-tesigther stations are similar. The maximum values in extremely
Impact of droughts on hot weather frequency was tested corhot years 1994 and 2006 are well seen. Positive linear trends
relating precipitation totals in one, two and three monthscharacterise both records at the majority of stations, but be-
preceding the specific month with monthly number of days cause the distribution of data is far from normal, the signif-

With Tmax > 25°C andTmax>30°C and with monthly sum  jcance of these results cannot be assessed using a simple t-
of degree-days exceeding 30 on this month. Student test.

Katowice Rzeszow

3 Results 3.2 Relation of hot event occurrence to pre-existing
precipitation deficit

3.1 Hot weather occurrence and its long-term variability .
To analyse the influence of prolonged drought on hot event

In lowland Poland, days witimax>25°C occur mainly  occurrence, the precipitation totals in one, two or three
from May to September, but in extreme cases they can apmonths with monthly number of days with,.x > 25°C were
pear also in April and October. An example from Legnica is calculated. In one version, the last month of precipitation
presented in Fig. 2, but similar pictures can be obtained fordata agrees with the month of hot event index (i.e. precip-
all analysed station, but a few located at the sea side or in thétation totals from March, April and May with the number
mountains. There are more than ten such days in July andf days withTmax > 25°C in May); in the second, the last
August, 7-8 in June and about 3 in May and September. Thenonth of precipitation data precedes the month of heat wave
number of degree-days exceeding@5vary from 0 to about  index (i.e. precipitation totals from March, April and May
150 during extremely warm months. Days withax > 30°C with the number of days witl o> 25°C in June). In the
occur mainly in July and August, but they can happen also infirst case, significant correlations at more than 50 % of sta-
May, June and September. There are about five such days itions occurred in all cases (precipitation totals from one, two
July and August and only about one in July. The number ofor three months) from June to September (Table 1). In the
degree-days exceeding 30 vary from 0 to about 50 during second case, only in September significant correlations ap-
extremely hot months. pear at more than 30 % of stations. It means that the month
Since 1951, the number of days with,ox > 25°C has in-  with a hot event has to be simultaneously dry. Because the
creased in Poland in the period 1951-2006. The increasquasi-stationary high pressure system located over Poland or
was the strongest in August, when it was statistically signif-in its neighbourhood corresponds both to hot weather (Wibig
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Figure 2. The intraannual distribution (left) and the long-term course of the number of daysTyith- 25°C in the period 1951-2006
(right). An example from Legnica.
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Figure 3. The percentage of stations with significant increasing , @
(blue) and decreasing (red) trends. ! H »
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C . Figure 5. The longest annual spell of consecutive days With, >
etal., 2009) and lower than normal precipitation (Piotrowski, 4.~ (left) and the most intensive spell in degree-days (right), ar
2010) it appears that in Poland it is a much more |mportc’;lntexarnlo,e from Slubice.

factor in creation of hot events than dry weather.
On persistent blocking high pressure system as a trigger

of heat wave indicated also Beniston and Diaz (2004) foral. (2008) for the north-western Europe and Eurasia (2008).

Switzerland, Xoplaki et al. (2003) for Greece and Carril et However according to some investigations dry soils in spring
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Table 1. The number of stations with correlation ¢heients between the precipitation totals and monthly number of daysTwith> 25°C
significant at 5 % level.

Aprii May June July August September October

last month of the period of precipitation total in line with that of the index

1 month 1 1 14 21 15 17 1
2 months 1 2 14 20 17 19 0
3 months 1 1 11 18 15 17 0

last month of the period of precipitation total precedes that of the index

1 month 4 1 2 2 2 9 0
2 months 4 1 2 2 3 7 0
3 months 5 1 1 1 3 11 2

over over Mediterranean areas favor and maintain hot sumBeniston, M. and Diaz, H. F.: The 2003 heat wave as an exam-
mers in this region (Vautard et al., 2007). ple of summers in a greenhouse climate? Observations and cli-
mate model simulations for Basel, Switzerland, Global Planet.
Change, 44, 73-81, 2004.
4  Summary Carril, A. F., Gualdi, S., Cherchi, A., and Navarra, A.: Heatwaves
in Europe: areas of homogeneous variability and links with the
All analysed indices of hot event frequency and intensity ~egional to large-scale atmospheric and SSTs anomalies, Clim.
have shown an increasing trend in July, August and the whole Dynam., 30, 77-98, 2008. _ _
year, in some cases also in June. At the same time, all hol?ella-Marta, P. M., Luterbacher J., von Weissenfluh, H., Xoplaki E.,
. ) . Brunet, M., and Wanner, H.: Summer heat waves over western
weather indices in September have decreased. An increase

in h f di .. 1 insianifi . Europe 1880-2003, their relationship to large-scale forcings and
In hot event frequency and Intensity Is still insignificant in predictability, Clim. Dynam., 29, 251275, 2007.

the eastern part of Poland. Fischer, E. M., Seneviratne, S. |., Vidale, P. L., Luthi, D., and Schar,
There is a strong relation of hot weather occurrence with  C.: Soil moisture — Atmosphere interactions during the 2003 Eu-
precipitation (dryness). This relation is significant when the ropean summer heat wave, J. Climate, 20, 5081-5099, 2007.
periods of precipitation and hot event occurrence overlap. ltGarcia-Herrera, R., Diaz, J., Trigo, R. M., Luterbacher, J., and Fis-
means that a month with a higher than average number of cher, E. M.: A Review of the European Summer Heat Wave of
hot days simultaneously has precipitation below average. A 2003, Crit. Rev. Env. Sci. Tec., 40, 267-306, 2010.
question arises: is it a direcffect of precipitation lack or of ~Moberg, A. and Jones, P. D.. Trends in indices for extremes of
the fact that in summer high temperature and low precipita- daily temperature and precipitation in central and western Eu-

. et . . rope 1901-1999, Int. J. Climatol., 25, 1173-1188, 2005.
tion occur when the QU?.SI. Statlgnary high pressure system I]'::”iotrowski, P.: The circulation conditioning of the spring droughts
located over Poland or in its neighbourhood?

in Poland, in: Klimat Polski na tle klimatu Europy. Warunki ter-
miczne i opadowe, edited by: Bednorz, E., Bogucki wyd. Nauk.
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