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1. Introduction

According to the fourth IPCC report (Solomon et al. 2007) “confidence has in-
creased that some extremes will become more frequent, more widespread and/
or more intense during the 21st century”. The anticipated higher frequency of
extremes, such as heat waves and droughts, is related to recent global warming
(Karl, Easterling 1999; Hegerl et al. 2006). A better insight into the frequency
and intensity of such events requires a long and homogeneous meteorological
series. Systematic temperature measurements started at several places in Cen-
tral Europe during the 18th century (Camuffo, Jones 2002; Jones, Briffa 2006).
Such long instrumental series have been used to analyze temperature fluctua-
tions and extremes over the period, during which the role of the anthropogenic
factor has become progressively more apparent (Solomon et al. 2007). However,
direct meteorological measurements are not available for the previous centu-
ries, when temperature variability was driven by only natural forcings.
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Temperature variability in the pre-instrumental period may be described in
terms of observations of natural proxies (Bradley 1999; Jones et al. 2009). On
the other hand, useful information for temperature reconstructions in Central
Europe may be found in man-made archives. This comprises various types of
direct or indirect information about the weather and climate that have been
included in documentary sources such as annals, chronicles, “books of memo-
ry” and diaries, visual daily weather observations, correspondence, financial
records, newspapers etc. (for more details see e.g. Brazdil et al. 2005, 2010;
Pfister et al. 2008; Brazdil, Dobrovolny 2010). Unsurprisingly, much of the
documentary evidence often concentrates on extremes (Pfister 1992). Written
historical reports usually provide detailed descriptions of a range of weather
extremes and climate anomalies that attracted attention forcefully, particu-
larly when compared with “normal” weather. These features, together with
a precise temporal resolution, sometimes even to a sub-daily scale, are the
prerequisite of documentary evidence for the study of weather extremes and
climate anomalies.

Although documentary sources in Central Europe become abundant largely
after the 16th century (Pfister et al. 1999), valuable sources have also been
found for the later Medieval period, for instance in Germany (Glaser 2008),
Switzerland (Pfister 1992), the Low Countries (Shabalova, van Engelen 2003)
and the Czech Lands (Brazdil, Kotyza 1995, 2000). The qualitative and de-
scriptive character of much of the documentary data does not prevent its use
for quantitative temperature reconstructions after A.D. 1500 (Luterbacher et
al. 2004, 2007; Xoplaki et al. 2005; Dobrovolny et al. 2009, 2010; Brazdil et
al. 2010) or for the whole millennium (Glaser, Riemann 2009). Documentary
evidence has also been used recently to study circulation dynamics for Europe
over the past 500 years (Luterbacher et al. 2010), and the results of documen-
tary-based temperature reconstructions have been compared to global circula-
tion model millennium runs (Zorita et al. 2010). Temperature extremes recon-
structed from tree-ring maximum late-wood density and from documentary
evidence have been compared for Central Europe over the last 500 years by
Battipaglia et al. (2010).

This contribution centres upon on investigation of extremely cold/mild win-
ters and cold/warm summers in the Czech Lands over the past 500 years. Ex-
treme seasons were derived from systematic instrumental measurements and
from documentary evidence. The data sources are described in the second sec-
tion. In section three we explain the basic methods used for characterization
of extreme seasons. In section four we categorise extreme seasons found in
the Czech Lands. Section five discusses these extreme seasons in the Central
European context and summarizes the potential of documentary evidence for
the study of temperature extremes. The last section includes some concluding
remarks.

2. Data
The longest series of air temperature measurements in the Czech Republic

come from Prague Klementinum (a former Jesuit college). Systematic meas-
urements started on 1 January 1775, but some previous observations have en-
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abled extension of monthly means back to 1771 (Hlava¢ 1966). Thermometers
were located in the courtyard of the college. Their position changed several
times, as indeed did the shape of the court in the course of various reconstruc-
tions (for details, see Brazdil, Budikova 1999). The Prague measurements have
been influenced by the urban heat island and its intensification. During the
20th century, the effect of heat island caused a statistically significant rise in
winter temperatures at a rate of 0.06 °C per decade; the corresponding value
for summer temperatures, 0.01 °C per decade, is insignificant (Brazdil, Budik-
ova 1999). The Prague series was tested for relative homogeneity in compari-
son with ten Central European homogeneous series in the HISTALP database
(Auer et al. 2007) and then homogenized (Dobrovolny et al. 2010). Reference
temperature series were also corrected for insufficient radiation protection for
the early thermometers (Bohm et al. 2010). Winter and summer mean temper-
ature deviations (reference period 1961-1990) for Prague-Klementinum since
1771 were used for further analysis of extremely cold/warm seasons.

Extreme seasons in the pre-instrumental period were derived from Czech
documentary evidence, also partly used for quantitative temperature recon-
structions (Dobrovolny et al. 2009, 2010). Critically evaluated and interpreted
documentary data were first transformed to monthly temperature indices on
a seven-degree scale in which an index value of —3 means extremely cold, —2
very cold, —1 cold, 0 normal, +1 warm, +2 very warm, +3 extremely warm pat-
terns. Seasonal indices are constructed as a sum of corresponding monthly
values and can vary in the range -9 to +9 (for more details see e.g. Brazdil et
al. 2005). Czech temperature indices were derived for the period 1500-1854.
However, relevant information for some months or seasons was missing. Thus
for the whole period in question (355 years) 318 (90%) DJF and 254 (72%) JJA
seasons were indexed. Extremely cold/warm seasons derived from Czech indi-
ces were compared with temperature indices from Germany and Switzerland
as well as with reconstructed Central European temperature series. Central
European temperature series was derived from German, Swiss and Czech in-
dices for the period 1500-1759 and from 11 Central European instrumental
series for the period 1760-2007. An important feature of the Central European
temperature series with respect to extremes is the fact that the variability
of reconstructed winter and summer temperatures does not decrease as one
moves backwards in time (Dobrovolny et al. 2010).

3. Methods of analysis

The possibilities for definition of extremes from seasonal temperatures
(measured or derived from proxy data) are limited. Classical extreme value
analysis uses two basic approaches for extracting extreme data. The block
maxima method finds maximum (or minimum) value in intervals of equal
length (Katz et al. 2004). An alternative is to define an overall threshold and
to consider all peaks over this threshold in a corresponding time interval (von
Storch, Zwiers 1999). The character of the data used in this study places “peak
over threshold” method before that of “block maxima”. A threshold value is
frequently determined as a certain multiple of standard deviation (von Storch,
Zwiers 1999). However, where distribution is skewed or when data distribu-
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Fig. 1 — Histograms of mean winter (a) and summer (b) temperature anomalies from Prague-
Klementinum in the period 1771-2007, fitted with the normal distribution. Reference period
1961-1990.

tion deviates significantly from normal, the number of extremes on each tail
of the distribution will be different. In such cases percentiles may be used for
delimitation of extremes. Figure 1 shows histograms of winter and summer
Prague-Klementinum mean temperatures fitted with normal distribution.
From Figure 1 and the basic statistics in Table 1, it follows that winter tem-
peratures are negatively skewed while summer temperatures are skewed posi-
tively. Significant differences from the normal distribution in each histogram
were demonstrated by Shapiro-Wilks test at a significance level of 0.05.

As the Czech index series show the same features as instrumental ones
(Table 1), the 5th and the 95th percentiles were used as thresholds to de-
fine extremely cold/mild winters and extremely cold/warm summers in both
documentary and instrumental data. These percentiles give a reasonable
number of cases for subsequent comparison. Because the distribution of in-
dex series is derived from discrete values that suppress data variability, dif-
ferent thresholds (e.g. the 10th and the 90th percentiles, not shown) define
a much higher number of cases in comparison with measured temperatures.
The strip charts in Figure 2 present selected extreme seasons in both data
types with respect to distribution in all seasons. All winter seasons in the
present article are determined by the year of January (e.g. the 1540 winter
is that of 1539/1540).

Tab. 1 — Basic statistics of Czech temperature indices (1500-1854) and Prague-Klementi-
num measured temperatures (1771-2007) for winter and summer seasons (temperatures
expressed as anomalies from the 1961-1990 reference period); n — number of values, P05
(P95) — 5th (95th) percentile, sd — standard deviation, skew — skewness. Mean, min, max,
P05, P95 and sd are expressed in °C for winter and summer temperatures.

Series n mean min max P05 P95 sd skew
DJF index 318 -1.0 -9 7 -6 4 3.1 0.0
DJF temperature 236 -0.8 -7.1 4.9 -4.8 2.5 2.2 -0.5
JJA index 254 0.4 -6 8 —4 5 3.0 0.2
JJA temperature 237 0.3 -2.9 3.4 -1.7 1.6 1.1 0.4
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Fig. 2 — Distribution of winter (a) and summer (b) Czech temperature indices (1500-1854)
and winter (c¢) and summer (d) Prague-Klementinum temperature anomalies (1771-2007).
Reference period 1961-1990. Black circles highlight extreme seasons delimited at the 5th
and the 95th percentiles.

4. Extreme winters and summers in the Czech Lands
after A.D. 1500

The first report from the Czech Lands of a long and severe winter was that
of A.D. 974/975, mentioned by the “Monk of Sdzava” in his additions to the
Kosmas Chronicle, which is accepted as the first historically credible source.
Further reports come from the 1120s (cold winters 1122, 1123, mild winters
1124, 1126, warm summers 1122, 1123) with an increasing number of extreme
seasons in the following centuries (Brazdil, Kotyza 1995). Such information
is closely dependent on the sources available and is erratic, usually covering
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certain particular time intervals. Better data coverage on extreme seasons for
the Czech Lands can be obtained only from the 16th century onwards.

Extremely cold/mild winters and extremely cold/warm summers in the
Czech Lands after A.D. 1500 are presented in Figure 3. All these extremes
are projected onto the Central European temperature reconstruction (Dobro-
volny et al. 2010), for several reasons. Firstly, annually resolved temperature
reconstructions for the Czech Lands exist only from 1718 (Dobrovolny et al.
2009). Secondly, combination of the “national” index series at regional level is
one method of overcoming the spatial and temporal heterogeneity and incom-
pleteness of documentary data. Finally, the Central European temperature
reconstruction was compiled from German, Swiss and Czech index series that
significantly correlate between one another. This holds especially true for win-
ter and, with the exception of the period around the 1750s, for summer as well
(see Figure 6 in Dobrovolny et al. 2010).

Smoothed winter temperatures in Central Europe were lower compared
to the mean of the 1961-1990 reference period for almost the whole period
from A.D. 1500. This finding highlights the exceptionality of high winter tem-
peratures in recent decades. Overall long-term winter temperature ampli-
tude may be expressed as the difference between the warmest and the coldest
temperatures found in series smoothed with 30-year running averages. The
warmest 30-year winter period, 1973—-2002, was 0.7 °C above the reference
period. The coldest 30-year period occurred in the last third of the 16th cen-
tury (1572-1601) with a mean temperature 1.8 °C below the reference period.
Taking these 30-year means as a long-term average (“climatology”), the differ-
ence of 2.5 °C between them may be considered as a rough estimate of long-
term temperature range from Little Ice Age climate to present global warming
derived from documentary evidence.

According to the 5th and the 95th percentiles, 13 winters in the Czech tem-
perature indices over the 1500—1854 period were classified as extremely cold
and 12 winters as extremely mild. The number of negative and positive ex-
tremes over the instrumental period (1772-2007) is the same (11 seasons).
Cold winters at the end of the 16th century occurred after a relatively long
period of decreasing temperatures starting around the 1540s (Figure 3a). De-
creasing winter temperatures are also typical for the end of the 17th century
while an opposite positive trend occurred at the beginning of the 18th century.
The cold spell around the end of the 17th century may be related to the late
Maunder Minimum of solar activity (Eddy 1976). The same patterns occurred
in the European temperature reconstruction (Luterbacher et al. 2004). How-
ever, neither in Central European temperature reconstruction nor in Czech ex-
treme winters clear evidence can be found for the unusually warm 1730s and
the extremely cold winter of 1740 documented in some series in north-western
Europe (Jones, Briffa 2006). The only extremely mild winter in this period
detected in Czech documentary data occurred in 1724. A cluster of both posi-
tive and negative extremes around the 1800s is — despite below-normal winter
temperatures — rather related to a higher inter-annual variability.

Some features valid for winter temperatures can also be found for summer
temperatures (Fig. 3b). Almost identical are the occurrences of the coldest
(1569-1598) and the warmest (1978-2007) 30-year periods. However, as the
variability of summer temperatures is generally lower, the difference between
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Fig. 3 — Winter (a) and summer (b) Central European temperature anomalies (reference
period 1961-1990) smoothed with a 30-year Gaussian low-pass filter in the period AD
1500-2007. Horizontal bars indicate coldest/warmest 30-year non-overlapping periods. Ver-
tical bars indicate periods of continuously decreasing/increasing running linear trends over
the 30-year period. Triangles indicate extremely cold/warm seasons in the Czech documen-
tary-based index series (1500—-1854), circles in the Prague-Klementinum temperature series
(1771-2007).

them is only 1.6 °C. On the decadal scale, the most pronounced period of de-
creasing summer temperatures started at the 1540s and also covered the sec-
ond half of the 16th century. A rising temperature trend from the cold 1690s
to the 1720s is well expressed. The same is also true of recent warming in the
last decades of the 20th and the beginning of the 21st centuries. Extremely
warm summers detected in the last three decades of the Prague-Klementinum
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series form the most distinct period of their higher occurrence. There are no
negative summer extremes in the second half of the 20th century. Extremely
cold summers in the instrumental period occurred in the 1800s—1820s (1809,
1813, 1816, 1821) and in the 1910s-1920s (1913, 1916, 1923). Altogether eight
negative and ten positive summer extremes emerged from Czech documenta-
ry-based indices (1500-1854). The corresponding number of summer extremes
defined in Prague-Klementinum series is 10 and 11 respectively (1771-2007).

The consistency of extreme seasons found in Czech documentary and instru-
mental data may be demonstrated for the overlapping period of 1771-1854.
Altogether four extremely cold winters were defined in both sources (1784,
1799, 1830, 1841). Only winter 1838, indicated by measured temperatures,
was not detected in Czech index series. However, the index —6 for this winter
is only the threshold value and indicates a “very cold” character for this sea-
son. Slightly less agreement emerges in extremely mild winters, with three
identical extremes in both data sets (1791, 1796, 1834). Winter 1794, defined
as extremely mild in Prague measurements (deviation +3.4 °C), is partly un-
derestimated in the index series (index 4). On the other hand, the extremity of
the 1822 winter comes from documentary sources (index 5) while according to
Prague temperatures it was not so mild (deviation +2.0 °C).

Compared to winter results, extreme summers detected in the two data sets
give less agreement (Fig. 3b). There may be different reasons for this. One may
be related to data quality. There are far more missing values in the summer
index series compared with winter (see section 2). Further, different series of
winter indices correlate better compared with summer index series. Finally,
as discussed in section 5, winter temperature extremes in Central Europe usu-
ally impact upon larger areas than do summer temperature extremes. More
summer extremes are to be found in the measured series. In terms of the
documentary-based indices, there were no extremely warm summers and only
two extremely cold summers (1785, 1844) in the overlapping period 1771-1854.
The extremely cold summer of 1844 was also delimited in measured tempera-
tures.

5. Discussion

5.1. Validation of Czech temperature extremes
in the Central European context

The Czech extremes detected for the pre-instrumental period through docu-
mentary proxies may be validated against documentary-based indices from
Switzerland (Pfister 1999) and Germany (Glaser 2008) and also partly against
temperature indices from the Low Countries (Shabalova, van Engelen 2003).
Whereas German and Swiss indices were derived using the same methodology
as Czech indices, indices for the Low Countries used a similar 9-degree scale at
seasonal level, but they were derived for different seasons: November—March
for “winter” and May—September for “summer”.

Temperature indices for extreme winters and summers detected from Czech
documentary data are summarized in Figure 4. Generally, there is a better
agreement for negative winter extremes (Fig. 4b) compared to positive winter
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anomalies in Central European documentary sources (Fig. 4a). All Czech ex-
tremely cold winters show negative temperature deviations in neighbouring
countries and they range from —2 to —9 on a common scale. Extremity of mild
winters is less expressed in documentary indices; it mostly reaches index value
7 on the 9-degree scale, with the warm winter 1607 in Switzerland (index 8)
as the only exception. All selected mild winter seasons in Central European
countries show positive anomalies. Less agreement follows from comparison of
Central European index series with Low Countries data. However, most of the
extremely mild winters in Czech Lands had a positive temperature anomaly
in Low Countries. The most obvious difference in the evaluation of extreme-
ly mild winters concerns the 1506 winter, evaluated through Low Countries
sources as rather cold.

Evaluation of Central European extremely warm (Fig. 4c) and extremely
cold (Fig. 4d) summers gives very similar results and shows to some extent an
“inverse” pattern in comparison with winters. Extremity is better expressed
for warm summers than for cold ones. This is especially evident for Czech and
German indices. The far larger number of differences in the evaluation of ex-
treme summers in comparison with winters is related to the various factors
responsible for their occurrence in Central Europe. While extremely cold/mild
winters are more related to large-scale circulation patterns, summer extremes
are to a greater extent conditioned by other effects as well, such as radia-
tion. This is also related to the fact that summer temperature correlations
between different places fall away with increasing separation distance much
more quickly than do winter temperatures (see e.g. Fig. 5 in Dobrovolny et al.
2010).

Typical large-scale circulation patterns in the extreme winters and sum-
mers defined from Prague-Klementinum temperature series may be charac-
terized with seasonal sea level pressure fields. Pressure fields were recon-
structed as a 5 x 5° grid with a seasonal resolution by Kittel et al. (2009)
for the period 1750-1849 and supplemented from the HadSLP2r database
(Allan, Ansell 2006) for the remaining period (1850-2007). For each type of
extreme (extremely cold/mild winter and extremely cold/warm summer), cor-
responding seasons were averaged and expressed as anomalies with respect
to a 1961-1990 reference period. The significance of these anomalies was as-
sessed by t-test, and regions of significant differences are marked with black
dots in Figure 5.

Mean winter and summer sea level pressure (SLP) fields in Central Europe
are characterized by relatively lower air pressure between the Azores High
and the Asian High. The former high is more important in summer (Fig. 5d),
the latter in winter (Fig. 5a). Pressure to the south and north of this belt
decreases. During extremely cold winters (Fig. 5b) in the Czech Lands the
position and intensity of the Icelandic Low correspond to its normal situation.
Higher SLP values in north-eastern Europe, along with a decrease of pressure
in Mediterranean, favour intensification of cold eastern airflow. For extremely
mild winters (Fig. 5¢), a decrease of pressure south-west of Europe is related
to a weakening of Azores High and an increase of air pressure in northern
Europe that favours a warm airflow. Moreover, we found that both the SLP de-
crease in the Mediterranean (cold winters, Fig. 5b) and the SLP decrease over
the Atlantic (warm winters, Fig. 5¢) are statistically significant.
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Fig. 5 — Sea level pressure fields derived from Kiittel et al. (2009) for the period 1750-1849
and from HadSLP2r (1850-2007): (a) winter (DJF) mean 1961-1990, (b) mean SLP anoma-
lies for extremely cold Prague winters, (c) mean SLP anomalies for extremely mild Prague
winters, (d) summer (JJA) mean 1961-1990, (e) mean SLP anomalies for extremely cold
Prague summers, (f) mean SLP anomalies for extremely warm Prague summers. Reference
period 1961-1990, units hPa. Black dots delimit areas where SLP anomalies are statistically
significant at 95% significance level according to t-test.

In extremely cold summers (Fig. 5e) there is an intensification of dipole
pattern with above-normal sea level pressure values in the Azores area and a
negative anomaly over Iceland. Such a pressure distribution means a positive
phase of the North Atlantic Oscillation and an intensification of cold north-
west airflow from the Atlantic Ocean to Central Europe. A clearly expressed
positive SLP anomaly in Central Europe intensifying the influence of the
Azores High is related to extremely warm summers (Fig. 5f). However, the
SLP anomalies revealed in extreme summer seasons in Central Europe are
not statistically significant (Fig. 5e, f).

In addition to typical sea level pressure patterns in extreme seasons, vari-
ability was also studied using maps of SLP standard deviations (not shown
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here). Both cold and warm seasons are typified by higher variability over the
Atlantic and suppressed variability in the region of Central Europe. This indi-
cates that sea level pressure distribution within extremely cold/warm winter
and summer seasons is very consistent in Central Europe.

Several extreme seasons detected in Czech index series and confirmed on
the Central European scale may be related to volcanic forcing. For example,
the extremely cold summer of 1816, often reported as “the year without a sum-
mer”, followed the 1815 Tambora eruption (Pisek, Brazdil 2006; Fischer et
al. 2007; Trigo et al. 2009). The extremely cold winter of 1784, after the Laki
eruption, was also exceptional for the extraordinary floods that occurred all
over Europe (Brazdil et al. 2010).

5.2. Specific features of temperature extremes
derived from documentary data

Documentary evidence as a source of information on weather extremes and
climate anomalies has its strengths and drawbacks. The high proportion of
written reports related to extreme events has already been mentioned else-
where (e.g. Pfister 1992; Brazdil et al. 2005; Jones et al. 2009). To some extent
there is a trade-off between number of reports and percentage of extremes oc-
curring in available sources; this is typical especially of the mediaeval period
with its lower data density (Brazdil, Kotyza 1995). This may lead to a problem
for climate reconstruction in that, by their very definition, extremes represent
only the tails of the distribution of the proxy used and such incomplete infor-
mation is insufficient for reconstruction. However, as presented by Rodrigo
(2008), even the frequency of positive and negative extremes in index series
may be used with success for rainfall reconstruction.

Documentary sources are the only evidence directly related to the socio-
economic impacts and detailed description of individual events, and very often
permit a precise picture of intensity, spatial extent and duration to be drawn
up. On the other hand, temperature extremes are mostly referred to in sub-
jective terms (e.g. when an author compares a current extreme with others
that he has experienced) or indirectly (when the intensity of an extreme is
inferred from its impacts). Both cases may be successfully managed as part
of the process of data interpretation and indexing. However, the selection of
any ordinal scale involves suppression of the variability of the target variable
and does not allow a precise quantitative reconstruction, mainly of the most
outstanding values. This feature of index series is also apparent in this study.
The three most negative (1542, 1588, 1844) and the three most positive (1540,
1590, 1726) summer Czech indices have the same index value (-6 and +8 re-
spectively), but their further ranking can be done only with the help of ad-
ditional information (e.g. from neighbouring countries). The above-mentioned
problems of lower variability are not crucial to what have become known as
the (bio)physically-based proxies, which are related to such processes as the
freezing of water or the melting of ice (Leijonhufvud et al. 2008, 2010) and/or
the occurrence of certain phenophases (Chuine et al. 2004; Meier et al. 2007,
Brazdil et al. 2008). Moreover, it is usually no problem to define a set of ex-
treme seasons from index series that are spatially coherent and reflected in
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other proxies, such as tree-rings (see e.g. Battipaglia et al. 2010). However, it
may prove less easy to range such extremes quantitatively.

Reconstructed temperatures can be dependent on the method used for re-
construction. For example, linear regression methods generally suppress the
variability and the final value is more reduced the more the real value devi-
ates from the “normal”. This can be partly overcome by “composite plus scal-
ing” methods that adjust variance of reconstructed temperatures to be identi-
cal to the variance of target temperatures in the overlapping period (Esper et
al. 2005). Such scaling changes the variability of reconstructed series and has
an effect on their amplitude. Underestimation of the amplitude is a common
problem of all proxy-based reconstructions (Biirger 2007) and careful study of
the variability of proxy-based reconstructions is required.

Documentary evidence is usually abundant for a number of centuries past,
but with the steady spread of instrumental measurements some typical sourc-
es of descriptive documentary evidence disappear or historical climatologists
stop collecting such data. This sometimes hampers the acquisition of a suf-
ficiently long overlapping period between documentary data and target tem-
peratures. Moreover, extremes might not be expressed at all in short calibra-
tion/verification periods.

6. Conclusions

This study demonstrates that both documentary and instrumental data can
be successfully used for the detection of extremely cold/mild winters and ex-
tremely cool/warm summers in the Czech Lands over the past 500 years. As
mentioned by Jones et al. (2009), important climatic features such as regional-
ly very mild or cold winters and/or very warm or cool summers can be masked
in global or hemispheric reconstructions that emphasize the importance of
regional climate reconstructions and study of weather extremes and climate
anomalies on a local and regional scale.

As follows from this paper, documentary data are especially valuable for
detection of winter extremes, with better agreement with those derived from
documentary and instrumental data. Less agreement for summers may be
related to a lower documentary data density as well as weakly-pronounced
large-scale circulation patterns and a more important role being played by
meso-scale processes.

The most distinct cluster of extremely mild winters and warm summers in
the last two decades can be considered as a piece of evidence of recent global
warming on a regional scale. Analysis of sea-level pressure anomalies for the
extreme seasons detected shows that most of seasonal extremes are related to
large-scale circulation patterns over Europe. Because documentary data can
be interpreted at monthly resolution in Central Europe for the last 500 years,
there is a huge potential for using them further for verification of climate
anomalies detected through natural proxies (e.g. Battipaglia et al. 2010).
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Shrnuti

TEPLOTNE EXTREMNI ZIMY A LETA V CESKYCH ZEMICH
OD ROKU 1500 A JEJICH STREDOEVROPSKY KONTEXT

Soucasné globalni oteplovani je ¢asto spojovdano se zvySenou pravdépodobnosti vyskytu
meteorologickych extrému a klimatickych anomadlii. K jejich studiu je zapotiebi dlouhych
meteorologickych rad, které v pripadé teploty vzduchu zaéinaji ve stiedni Evropé ve druhé
poloviné 18. stoleti a pokryvaji tak obdobi zesilujiciho antropogenniho vlivu na klima. P¥+ima
meéreni vSak chybéji z predchoziho obdobi, ve kterém byla variabilita klimatu podminéna
prirodnimi faktory. Pro toto obdobi je ale mozné vyuzit fady nepiimych (tzv. proxy) udaju,
které obsahuji zpravidla zprostiedkovanou informaci o poéasi nebo podnebi. K nim nélezi
rovnéz dokumentarni prameny, s nimiz pracuje historicka klimatologie a které ve zvysené
mife vyjadiuji projevy meteorologickych extrému a klimatickych anomalii.

V ceskych zemich se dokumentarni prameny objevuji ve vétsi mifre od 16. stoleti. Zpra-
vidla kvalitativni pisemné prameny jsou interpretovany a transformovéany do podoby in-
dexu charakterizujicich napt. teplotni poméry kazdého mésice v sedmistupriové skale od
-3 (extrémné chladny) do +3 (extrémné teply). Sezénni teplotni indexy jsou poté souétem
odpovidajicich mési¢nich hodnot (tedy mohou nabyvat hodnot od —9 do +9). Indexy zimnich
(prosinec—leden) a letnich (¢erven—srpen) obdobi byly vyuzity k definovani teplotné extrém-
nich sezén v obdobi 1500-1854. Pro instrumentalni obdobi byly vyuzity teplotni fady stanice
Praha-Klementinum v obdobi 1771-2007. Z obou datovych soubort byly jako extrémni defi-
novany piipady presahujici hodnoty 5. a 95. percentilu normalniho rozdéleni pramérnych
zimnich a letnich teplot vzduchu (obr. 1). Celkem bylo vymezeno 24 extrémné tuhych a 23
extrémné mirnych zim, 18 extrémné chladnych a 21 extrémné teplych 1ét (obr. 2). Jejich
¢asovy vyskyt byl porovnén s rekonstruovanou fadou teploty vzduchu stiedni Evropy pro
obdobi 1500-2007 (obr. 3). Lepsi shodu vykazuji extrémni zimy v porovnani s extrémnimi
1éty. Pro obé studované sezény se jako nejzietelnéjsi shluk kladnych anomalii jevi obdobi
soucasného globalniho oteplovani. V obdobi pred zacatkem pristrojovych méreni se vyskyt
jednotlivych extrému véaze na stiednédoby trend. V piipadé poklesu teplot vzduchu ve stied-
ni Evropé se jedna o druhou polovinu 16. stoleti pro zimu i léto a konec 17. stoleti pro zimu.
Teplotné extrémni sezony vsak souviseji také s obdobimi zvysené variability klimatu. Takto
se jevi predevsim konec 18. a pocatek 19. stoleti. V nékterych piipadech lze vyskyt extrém-
nich sezén spojovat s pusobenim pi#irodnich klimatotvornych faktora jako je vulkanicka
¢innost (viz zima 1783/84 nebo 1éto 1816). Vyskyt teplotné extrémnich zim a 1ét v éeskych
zemich v obdobi pred zac¢atkem systematickych piistrojovych méieni se vyznamné shoduje
s vyskytem obdobnych teplotnich anomalif interpretovanych z dokumentdrnich prameni
z Némecka, Svycarska a Nizozemska (obr. 4).

Vazbu studovanych teplotnich extrémut na charakter cirkulace lze vyjadrit pramérnym
polem prizemniho tlaku vzduchu v evropsko-atlantské oblasti (obr. 5a, d). Oproti norméalu
(1961-1990) jsou extrémné chladné zimy v ¢eskych zemich charakterizovany zvySenym vli-
vem Asijské anticyklony s pfivodem chladného kontinentalniho vzduchu (obr. 5b), zatimco
pro extrémné mirné zimy je typicky pokles tlaku vzduchu zdpadné od Britskych ostrova
s teplou advekei (obr. 5¢). Béhem extrémné chladnych letnich sezon zesiluje rozdil mezi
Azorskou tlakovou vysi a tlakovou nizi nad Islandem (obr. 5e), coz vede k chladnému seve-
rozapadnimu proudéni do stiedni Evropy. Naproti tomu extrémné tepla 1éta se vyznacuji
vzestupem tlaku vzduchu nad stiedni Evropou (obr. 5f).

Analyza vyskytu zimnich a letnich teplotnich extrému zaloZena na zpracovani dokumen-
tarnich pramenu a pi#istrojovych métreni z éeskych zemi piispiva k poznéani jejich ¢asové
a prostorové variability ve stfedni Evropé za poslednich 500 rokd a nabizi moznosti jejich
porovnani s dal§imi proxy udaji.
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Obr. 1 —Histogramy primérnych (a) zimnich (prosinec—inor) a (b) letnich (¢erven—srpen)
anomalii teploty vzduchu stanice Praha-Klementinum v obdobi 1771-2007 proloze-
né frekvencni funkci normalniho rozdéleni. Referenéni obdobi 1961-1990.

Obr. 2 —Rozdéleni zimnich (a) a letnich (b) teplotnich indexu ¢eskych zemi (1500-1854) a pru-
mérnych zimnich (c) a letnich (d) teplot vzduchu Prahy-Klementina (1771-2007)
vyjadienych v odchylkach od obdobi 1961-1990. Cerné krouzky znaéi teplotné ex-
trémni sezény vymezené podle 5. a 95. percentilu.

Obr. 3 —Zimni (a) a letni (b) teplotni anomalie stiedni Evropy (referenc¢ni obdobi 1961-1990)
shlazené 30letym Gaussovym nizkofrekvenénim filtrem v obdobi 1500—2007. Hori-
zontalni ¢ary indikuji nejstudenéjsi a nejteplejsi 30leté nepiekryvajici se obdobi.
Vertikalni éary znadi kontinudlni klouzavé 30leté sestupné a vzestupné linearni
trendy. Trojihelniky ukazuji extrémné studené a teplé sezény v fadach indext od-
vozenych z ¢eskych dokumentarnich idajt (1500-1854) a krouzky totéz v teplotnich
fadach Prahy-Klementina (1771-2007).

Obr. 4 —Teplotni indexy sestavené podle dokumentarnich ddaji pro extrémné mirné (a) a ex-
trémné studené (b) zimy a extrémné tepla (c) a extrémné studena (d) 1éta pro ceské
zemé (CL), Némecko (DE), Svycarsko (CH) a Nizozemsko (LC) v obdobi 1500-1854.
Symbol x znaéi chybéjici indexy.

Obr. 5 —Piizemni tlakové pole odvozené podle Kiittela et al. (2009) pro obdobi 1750—-1849
a z databaze HadSLP2r (Allen, Ansell 2006) pro obdobi 1850-2007: (a) pramér
zimy 1961-1990, (b) primérné anomadlie pro extrémné studené zimy v Praze, (c)
prumérné anomalie pro extrémné mirné zimy v Praze, (d) pramér léta 1961-1990,
(e) priamérné anomalie pro extrémné studena léta v Praze, (f) pramérné anomalie
pro extrémné tepla léta v Praze. Referenéni obdobi 1961-1990, jednotky hPa. Cerné
body znaci gridové body, ve kterych jsou zjisténé anomalie statisticky vyznamné na
hladiné vyznamnosti 95 % podle t-testu.
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