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monthly and seasonal temperatures. The year 2003 is far off the
distribution in three of the four panels. For instance, the previous
record holder for JJA was 1947 with a temperature anomaly of
T 0 ¼ 2.7 8C (with respect to the 1864–2000 mean). The corresponding value for 2003 is as high as T 0 ¼ 5.1 8C and this amounts to an
d-breaking heatwave affected the European continent in offset of 5.4 standard deviations from the mean (the corresponding
003. In a large area, mean summer (June, July and August, values of individual months are listed in Fig. 1). Such extreme values
as JJA below) temperatures have exceeded the 1961–90 (which indeed have the characteristics of outliers) pose serious
,3 8C, corresponding to an excess of up to 5 standard challenges to any analysis, as the statistical distribution so far away
(Fig. 1a). Even away from the centre of action, many from the mean is not described by the data.
In a first step, we thus restrict attention to the time period 1864–
ing temperature records have tumbled.
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her analysis, we consider long-term temperature
series 2000
anomalies (January–December). The purpose of this is to identify
changes near the tails of the statistical distribution that result from
Temperature anomaly
500 trend
hPaingeopotential
anomaly
the warming
the series. To this end,
we consider two 60-yr
periods, one covering the beginning of the series (1864–1923), and
one the end (1941–2000). Figure 2a, b shows the resulting statistical
distributions, both in terms of cumulative probability and probability density functions. The two distributions show similar
characteristics in general, but the 1941–2000 distribution is shifted
by the mean warming (DT ¼ 0.8 8C) between the two periods. This
shift also implies a change in the frequency of extremes. For instance
(Fig. 2c), the frequency of a month with an anomaly of T 0 ¼ 3 8C
has increased by ,100%. Hence, a month in the 1941–2000 period
with an excess temperature of T 0 ¼ 3 8C can be tied with a
probability of 50% to the warming between the two periods, in a
probabilistic sense as recently proposed10. This illustrates how
comparatively small shifts in climate mean may imply pronounced
changes at the tails of the statistical distribution and in the
frequency
of extremes.
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The dashed and full curves in Fig. 2 relate to the empirical and the
fitted gaussian distributions, respectively, and their close agreement
shows that the gaussian distribution is an excellent approximation
to the data. The small reduction in variability (Fig. 2b) is not
statistically significant, and is entirely due to changes in the month
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Method
• Identify atmospheric blocking as temporally persistent negative
potential vorticity anomalies in the middle/upper troposphere
(Schwierz et al., 2004) based on ERA-Interim reanalysis data.
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• Determine blocking frequencies during six-hourly near-surface
temperature extremes (1% most extreme events).
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Density of backward trajectories started during temperature
extremes in Central Europe (green box) four days before the events.
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Median temperature and potential temperature evolution along
trajectories associated with temperature extremes in Central Europe.
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Conclusions

• Hot extremes in summer over the mid- to
high-latitude continents occur near the center
of blocking anticyclones. High temperatures
are due to adiabatic warming in descending air
masses as well as diabating heating by
radiation and surface fluxes.
• Wintertime cold extremes over the European
continent occur downstream of blocking
anticyclones over the North Atlantic. They are
primarily caused by cold air advection.

