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Abstract

We compared May and August 2010 precipitation events that produced catastrophic flooding. In May, large rivers (Vistula, Oder) were
affected, while smaller rivers (e.g. Lausitzer Neisse) were affected in August. Similarities in precipitation characteristics (duration of several
days, daily total maximum of approximately 180 mm) can be explained by similarities in the meso-a scale (thermo-dynamic indicia connected
with a cyclonic system of Mediterranean origin). These indicia were more significant in May (extreme and deep vertical wind speed, extreme
northerly flux of moisture) than in August (strong but non-extreme northerly flux of moisture) when conditional instability was additionally
detected. Obviously more intensive orographic enhancement in the first case and the strong effect of convection in the latter case produced
differences in the return periods of precipitation totals (longer return periods in August). Subsequently, the hydrological response was rapid

and particularly strong in smaller streams in August.
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1. Introduction

In 2010, several significant flooding events occurred
worldwide. From a global viewpoint, the most catastroph-
ic one affected Pakistan in summer (Gaurav et al. 2011),
causing 1760 deaths and 9.5 billion U.S. dollars in damage
(MunichRe 2012). In Central Europe, summer flooding
can also be very devastating, as it was, for example, in July
1997 and in August 2002 (Rezacovi et al. 2005). In 2010,
the region experienced several catastrophic floods during
the warmer half-year. The events were studied in detail in
the affected countries by meteorological and hydrological
authorities in the Czech Republic, Germany, Poland, and
Slovakia. Cyclones moving along the Vb pathway (van
Bebber 1891) were blamed for hundreds of millimeters
of precipitation during several days both in May and in
August. On the other hand, the events differed from each
other not only in terms of the affected catchments but
also the course of flooding. The aim of this paper is to
elucidate the hydrological differences between the events
with respect to meteorological causes and precipitation
distribution. The structure of the paper is as follows:
(1) a brief description of the events, (2) specification of
data and methods, (3) determination of meteorological
conditions both before and during the events by means of
anomalies in synoptic-scale fields, (4) time/space/inten-
sity analysis of precipitation, (5) conclusions and discus-
sion of the results.

Flooding occurred in the eastern part of Central
Europe in the second half of May 2010. The antecedent sat-
uration of the region was high due to rains that occurred
at the beginning of the month (Daiihelka and Sercl 2011).
Extra-heavy rains that reached their maximum on 16 May

were associated with a cyclone passing from the Mediter-
ranean northeastward, becoming almost stationary over
Ukraine for several days (Bissolli et al. 2011). The highest
precipitation totals were recorded in the western sector of
the cyclone at the state border between the Czech Repub-
lic, Slovakia, and Poland. This headwater area of the rivers
Odra and Vistula is prone to flooding in summer (Cekal,
Hladny 2008) due to (i) frequent Mediterranean cyclones
trajectories and (ii) a specific configuration of mountain
ranges supporting low-level convergence and uplifts of air
(Kysely and Picek 2007). Subsequently, the water stages
were even higher than those during the catastrophic flood
in July 1997 in some regions, mainly in the upper reach-
es of the Vistula River in Poland (Bissolli et al. 2011). In
the Czech Republic, peak flows reached return periods
of more than 50 years at some gauges (Figure 1). Moreo-
ver, because heavy precipitation fell over the Flysch Outer
Western Carpathians, which are susceptible to landslides,
italso had geomorphologic impacts. More than 150 most-
ly small landslides originated only in the eastern part of
the Czech Republic, including a kilometer-long rockslide
along the southern slope of Mt. Girova, the Beskydy Mts.
(Panek et al. 2011).

During the first decade of August 2010, flooding
occurred in many rivers over the western part of the Czech
Republic, with high return periods concentrated in a rather
small region at the state border between the Czech Repub-
lic, Germany and Poland (Figure 1). Heavy rains reaching
their maximum on 7 August were more concentrated in
time than they were in May. They were associated with
a rather shallow cyclone passing from the Mediterranean
to the north. The most affected river basins were Lausitzer
Neisse (a left-sided tributary of Oder) and the neighboring
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right-sided tributaries of Elbe (Miiller and Walther 2011).
The water levels were the highest ever recorded at some
smaller streams. Moreover, the flood caused the Niedow
Dam on the river Witka to break.

Fig. 1 Return periods of peak flows reached in May 2010 and in
August 2010 in the Czech Republic (the right and the left part of
the figure, respectively). The size of the sign represents the area of
the catchment in km2.

2. Data and methods
2.1 Meteorological data and their processing

Miiller et al. (2009) demonstrate that heavy rains,
which produce floods in major rivers in the Czech Repub-
lic, are regularly associated with the appearance of clima-
tologically high or low values of certain thermo-dynamic
variables in specific meso-a scale areas in Europe and the
Northern Atlantic. Subsequent studies (e.g., Kaspar and
Miiller 2009; Miiller and Kaspar 2010) come to similar
conclusions within the broader region of Central Europe
and indicate that such thermo-dynamic anomalies may
be an effective indicator of causal synoptic processes.
Based on these findings, we opted for a more in-depth
analysis of the events using the method presented below.

We used the 6-hourly NCEP/NCAR Reanalysis data set
(Kalnay et al. 1996) covering the area of interest, 0°-40° E
by 40°-60° N, with a horizontal resolution of 2.5°. We
limited ourselves to the 60-year period spanning from
1951 to 2010. We considered the values of basic variables
directly offered by the data set at the following isobaric
levels: 1000, 925, 850, 700, 600, 500, 400, and 300 hPa.
These variables include air temperature, geopotential
height, specific and relative humidity, zonal and merid-
ional wind components, and vertical velocity. In addi-
tion to the basic variables, we calculated several variables
derived from gradients, divergences, vorticities, fluxes,
and Lagrangian tendencies.

We standardized the sample distributions of the values
of all variables in each grid point and on each calendar
day to reduce the effect of the climatological annual cycle.
Moreover, we standardized the time series individually
at 00, 06, 12 and 18 UTC to reduce the possible effects of
a diurnal cycle. We used a standardization procedure that

eliminates the skewness and kurtosis in these distribu-
tions and set their mean to 0 and their standard deviation
to 1. In the majority of cases, this is an adequate standard-
ization procedure and yields the “near normality” of the
resulting distributions (e.g., Jobson 1991).

First, we eliminated the skewness by a unified exten-
sion of the Box-Cox transformation proposed by Yeo
and Johnson (2000). The extension is a non-linear power
transformation defined as

Y (x)=[(x+1)*-1]/ & x>0and & # 0;

Y (x)=1In(x+1),x>0 and & = 0;

Y (x)=-[(-x+1)>%-1]/2-&),x<0and & # 2;

Y (x)=-In(-x+1),x<0and &= 2. (1)

In Eq. (1), Y(x) is the transformed value of an original
value x and is the time-smoothed transformation param-
eter corresponding to a given calendar day. We estimat-
ed the parameter for each calendar day by minimizing
the skewness of the sample-transformed distribution of
Y(x). To smooth the parameter in time, we applied a 1-D
Gaussian filter to the time series of the estimations of this
parameter. For accuracy, we did not consider 29 February.
For leap years, we used the corresponding to 28 February.
On calendar days with the index j, the time-smoothed
parameters were calculated by

j+k ...
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where a, is the estimation of the parameter on the calen-
dar day with the index jj and the discrete Gaussian func-
tion G(jj,j) is given by

(ii- i
. 1 -

G(jj,j)= e ¥ . 3)

(JJ J) J2xs

After some testing, we subjectively selected Gaussian
smoothing with a standard deviation s = 30 days and time
window k = 3s = 90 days. The smoothing of the parameter
is sufficient to significantly reduce the effect of outliers
and to eliminate the high-frequency time oscillations
over periods of less than roughly three months. On the
other hand, the smoothing is reasonably strong in elim-
inating the annual cycle of the skewness of transformed
distributions, which thus oscillates around zero.

Next, we removed the kurtosis by the modified Box-
Cox transformation introduced for symmetric distribu-
tions by John and Draper (1980):

Z (y) = SIGN [(ly = yp| + 1)F =11/ B, B # 05
Z (y) = SIGN [1n(ly - yp| + D], f=0. (4)

In Eq. (4), Z(y) is the transformed value of a value y =
Y(x) obtained by Eq. (1), ¥ is the median of a given sam-
ple distribution of y, SIGN is the sign of the original value
before taking absolute values and 3 is the time-smoothed
transformation parameter corresponding to a given cal-
endar day. We estimated the parameter for each calen-
dar day by minimizing the kurtosis of the sample-trans-
formed distribution of Z(y). To smooth the parameter in
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time, we applied the 1-D Gaussian filter described by Egs.
(2) and (3) with standard deviation s = 30 days and time
window k = 3s = 90 days.

Finally, we set the mean to 0 and the standard devia-
tion to 1 by the application of the standard score

z=224, (5)
o

where 2 is the standardized value of a value z = Z(y)
obtained by Eq. (4), 4 is the time-smoothed mean and
0 is the time-smoothed standard deviation of the sam-
ple-transformed distribution of Z(y) corresponding to
a given calendar day. To smooth the parameters in time,
we applied the 1-D Gaussian filter described by Eqs (2)
and (3) with standard deviation s = 10 days and time win-
dow k = 3s = 30 days.

Because heavy rains in May and August 2010 were
clearly conditioned by atmospheric processes occurring
on a time scale longer than 6 hours, we additionally con-
sidered the daily means of the standardized variables
using the formula
5 - 0.528 +23, + 2f2+ 257 +0.525" ) (6)

where the values of Z at 06, 12 and 18 UTC on the day
d and at 00 and 06 UTC on the following day d + 1 are
included. We defined the daily period from 06 UTC to
06 UTC on the following day to ensure the agreement
with the period during which daily precipitation totals
were measured.

In the last step, we assessed the probability of not
exceeding high and low values of each standardized var-
iable at each grid point. We applied the three-paramet-
ric generalized extreme value (GEV) distribution (Coles
2001) using a block maxima approach.

Regarding high values, we assembled the quarterly
maxima from 1951 to 2010 to ensure the sufficient inde-
pendency of the sample and explanation of the distribu-
tion of 1% of the highest daily means Z,; and 0.25% of
the highest 6-hourly values . Hereinafter, these high val-
ues are referred to as £. Then, we fitted the distribution
of the maxima with the GEV distribution. We estimated
the GEV parameters by the method using L-moments
(Hosking and Wallis 1997). L-moments are the linear
combinations of the realizations of a variable and repre-
sent a set of scale and shape statistics alternative to con-
ventional (product) moments. The method using L-mo-
ments is computationally simpler and may give better
estimations of the parameters for moderate sample sizes
than the maximum likelihood method and the methods
of conventional moments (Hosking et al. 1985).

The probability of not exceeding p of a value % is cal-
culated by
p(f() _ [F (,)\()]4/(365.242%) i (7)
where F denotes the cumulative distribution function of
the GEV estimated from quarterly maxima and n = 1 for

daily means and n = 4 for 6-hourly dataset. Equation (7)
presumes the independence of the dataset, which does
not have to be fulfilled each time. Nevertheless, this can
be neglected because of our purposes focused on the
comparison of the events. Finally, the corresponding
return period N in units of year can be estimated for the
most extreme values x of as

)=t . 8
A6 Y

Regarding low values, we employed the same proce-
dure, but we used the re-analysis dataset multiplied by
-1 as an input. The actual probability of not exceeding
these values is then equal 1 — p. We defined the positive
and negative anomalies in a given variable as a contigu-
ous space which is characterized by the probability of not
exceeding the values of the variable equal to or greater
than 0.99 (0.9975 for 6-hourly dataset) and equal to or
less than 0.01 (0.0025 for 6-hourly dataset), respectively.

2.2 Precipitation data and their processing

We searched the daily precipitation totals of the entire
territory of the Czech Republic (measured by the Czech
Hydrometeorological Institute) and, in part, those of
neighboring countries as well: Slovakia (by the Slovak
Hydrometeorological Institute), Poland (by the Institute of
Meteorology and Water Management), and Germany (by
the German Weather Service). Apart from daily totals, we
also searched two- and three-day precipitation totals.

To express the extremeness of precipitation totals at
individual gauge stations within the Czech Republic, we
determined the return periods of precipitation totals at
more than 700 gauges. To this end, we again applied the
three-parametric GEV distribution that was found to rep-
resent a suitable model for precipitation extremes in most
regions of the Czech Republic (Kysely and Picek 2007).
We used the parameters of the GEV distribution estimat-
ed by means of the L-moment algorithm (Hosking and
Wallis 1997) and the region-of-influence (ROI) method
(Burn 1990; Gaal and Kysely 2009). In contrast to local
(at-site) frequency modeling, in which inference is drawn
solely based on data observed at individual gauges, the
ROI method makes use of regions, in which all region-
al data, weighted by a dissimilarity measure, are used to
estimate the parameters of the distribution of extremes at
a given gauge station. The advantage of the ROI method
compared to the local analysis is that sampling variations
in the estimates of model parameters and high quantiles
may be substantially reduced, and the inference becomes
more robust (for more details see Kysely et al. 2011).

3. Analysis of thermo-dynamic anomalies

We performed the objective detection of positive
and negative anomalies in thermodynamic variables
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just before and during heavy rainfall episodes in May
and August 2010. We focused on significant anomalies
and their spatial extent in light of the probability of not
exceeding high and low values at individual grid points.
The anomalies, which can be interpreted in terms of syn-
optic-dynamic meteorology and illustrate both similar
and different attributes among the episodes, are discussed
in the following sub-sections.

3.1 May 2010 event

The development of the upper-level and lower-level
thermo-baric fields just before and during the event is
illustrated in Figure XIII (colour appendix). An ome-
ga block over the eastern North Atlantic and Western
Europe preceded the onset of the causal cyclonic sys-
tem. The block, which was distinguishable particularly
at lower levels, enabled the formation of an upper-lev-
el cut-off low in the southern portion of a long-wave
trough over Western Europe. The center of the low first
appeared over the Balearic Islands at approximately
18 UTC on 14 May. At the same time, strong cyclogen-
esis initiated near the surface on the front (eastern)
side of the low. Figure XIIIa indicates that cyclogenesis
took place according to the classic Petterssen scheme
of a type B development (Petterssen and Smebye 1971)
as the upper-level low spread over a pre-existing low-
er-level baroclinic area. The strength of the cyclogenetic
processes is characterized by intense cyclonic vorticity

Fig. 2 Three-dimensional projection of the maxima of absolute
vorticity advection and maxima of the corresponding probability
of not exceeding the values in the selected sub-region on 14

May 2010 at 18 UTC. The values of the advection are depicted by
shading in [10-9 s~2]. Positive and negative values correspond to
cyclonic and anticyclonic vorticity advection, respectively. The
probabilities of not exceeding the values are evaluated at grid
points in the 850-300 hPa layer and are depicted by symbols
according to the legend. Corresponding return periods equal to or
greater than 10 years are depicted inside the symbols.

advection at upper levels ahead of the low in Figure 2. In
accordance with the quasigeostrophic approach, appar-
ent vertically increasing vorticity advection ahead of the
low triggered synoptic-scale ascending motions, leading
to the increase and extension of cyclonic vorticity down-
ward and downstream in a sloped zone. The completion
of vertical coupling between the lower-level baroclinic
area and the upper vorticity maximum led to the devel-
opment of a vertically deep and thermally asymmetric
cyclone.

While the cyclone propagated to the north-east
across the Adriatic Sea and over eastern Romania (Fig-
ure XIIIb,c,d), it intensified partially due to lee effects
south of the Alps and Carpathian Mountains (Bissolli
et al. 2011). Such a cyclone pathway, which transports
subtropical air of significant water vapor content north-
ward, is well known for its role in bringing persistent
and heavy rainfall to Central Europe (e.g., Mudelsee et
al. 2004). However, the specific cyclone pathway is clear-
ly only one of many ingredients important for producing
extreme precipitation. Figures 3, 4, and 5 reveal some
other thermo-dynamic indicia that could favor extreme
precipitation during the event. One-day-averaged fields
are used to stress the importance of the persistence of
favorable thermo-dynamic conditions. Figure 3 shows
extremely strong and vertically deep lifting on the
western flank of the cyclone supporting precipitation
throughout the troposphere over a large area of Central
Europe. Upward motions at upper levels were linked to
a baroclinic zone characterized by the widespread warm
advection of moist air from the south and east direc-
tions, while upward motions at lower levels occurred in
the relatively cold air mass southwest from the strong
frontal zone (Figure 4). The upward motions at lower

Fig. 3 Same as Figure 2, but for the minimum vertical velocities

in the p-system on 16 May 2010. The positive and negative
values, in [Pa s~], correspond to downward and upward motions,
respectively.
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Fig. 4 Southwest to northeast temperature gradient and the
corresponding probability of not exceeding the values at (a) 850
and (b) 500 hPa on 16 May 2010. The values of the gradient are
depicted by shading in [10-¢ K m~"]. The positive and negative
values correspond to the temperature increase and temperature
decrease from the southwest to the northeast, respectively. The
probabilities of not exceeding the values are depicted at grid
points by symbols according to the legend.

Fig. 5 Selected dynamic variables and the corresponding
probability of not exceeding the values at 850 hPa on 16 May

2010. The values of the variables are depicted by shading, and
the probabilities of not exceeding the values are depicted at grid
points by symbols according to the legend. Corresponding return
periods equal to or greater than 10 years are depicted inside

the symbols. (a) Flow convergence in [10-¢ s~']. The positive and
negative values correspond to convergence and divergence,
respectively. (b) Meridional flux of moisture in [kg m=2s=']. The
positive and negative values correspond to southerly and northerly
moisture flux, respectively.

levels were linked to extremely strong air convergence
(Figure 5a) resulting from the confluence to and dif-
luence from the area of enhanced horizontal pressure
gradient. Figure 5b shows a strong northerly moisture
flux at lower levels, which was linked to strong north-
erly flow in the area of enhanced horizontal pressure
gradient and which supplemented moisture fluxes from
the south and east directions at upper levels. Apart from
the significant supply of moisture to the area of upward
motions, the northerly moisture flux most likely played
a role in the orographic enhancement of precipitation
on the northern slopes of mountains where addition-
al uplift triggered particularly high rainfall intensities
(Section 4).

3.2 August 2010 event

Figure XIV indicates that upper level thermo-baric
conditions played a significant role in the development
of the causal cyclonic system. The onset of the event was
characterized by the deepening of an initially shallow
upper level trough with the axis extending from the
eastern North Atlantic to the western Mediterranean

(Figure XIVa). The spreading of the trough to the
southeast over a pre-existing baroclinic area support-
ed lower-level cyclogenesis apparent over northern
Italy at 18 UTC on 5 August (Figure XIVDb). Figure 6
demonstrates the strength and extent of the cyclogenetic
processes on the front side of the through using quasi-
geostrophic thinking (see Sect. 3.1). It is evident that
intense cyclonic vorticity advection affected only the
highest tropospheric levels. Therefore, the significant
increase in cyclonic vorticity advection with height was
limited to upper and middle levels. As a result, a ther-
mally asymmetric cyclone developed particularly at
these levels. The cyclone extended down to the surface
layer as well; however, there, the cyclonic circulation
was weak (Figure XIVb).

Fig. 6 Same as Figure 2, but for 5 August 2010 at 06 UTC.

While the cyclone slowly moved initially to the east
and later to the northeast over the eastern part of central
Europe, it weakened (Figure XIVc,d). At the same time,
however, the horizontal temperature gradient sharp-
ened between colder air over Western Europe and very
warm air over Eastern Europe. Figure 7 reveals a strong
and widespread southwest to northeast temperature
gradient, which led to the rapid strengthening of baro-
clinity over Central Europe. In addition, aerological
sounding at the central European station Prague-Libu$
indicates a vertically deep conditional instability on
7 August 00 UTC, with the values of CAPE and CIN
equaling 190 J kg-! and -5 J kg1, respectively (www
.weather.uwyo.edu/upperair). The combination of the
synoptic-scale baroclinity and upward motions in the
baroclinic zone (Figure 8) with the conditional insta-
bility in the sub-synoptic scale could favor the con-
vection of precipitation during an earlier stage of the
event.
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Fig. 7 Same as Figure 4, but for 6 August 2010.

Fig. 8 Same as Figure 3, but for 6 August 2010.

Fig. 9 Same as Figure 5, but for (a) flow convergence on 6 August
2010 and (b) meridional flux of moisture on 7 August 2010.

Figures 8 and 9 complete the description of the
extremeness of thermo-dynamic conditions in the meso-a
scale. Strong and persistent upward motions occurred
only at upper levels (Figure 8), where they were related to
well-developed cyclonic circulation. By contrast, non-ex-
treme upward motions connected with strong but rather
non-extreme air convergence (Figure 9a) occurred inside
the baroclinic zone at lower levels. Due to the weakened
horizontal pressure gradient there, the northerly moisture
flux to the rainfall area was also non-extreme (Figure 9b).
Unlike in the May 2010 event, both extreme and non-ex-
treme (but still favorable) thermo-dynamic indicia can
be identified. Therefore, their combined effect was most
likely much more crucial in the production of extreme
precipitation than the effect of individual ones.

4, Precipitation analysis

The daily precipitation totals observed during the stud-
ied events are depicted in Figure XV. From this point of
view, the events appear rather similar. Apart from large
regions with daily totals of tens of millimeters, there was
alimited area with higher precipitation both in May and in
August. In May, it was concentrated around the Moravskos-
lezske Beskydy Mts.; in August, the main affected area was
situated around the Jizerske hory Mts. and the Luzicke
hory Mts. The highest daily totals were also very similar:
185.2mm at the Polish gauge Straconka (on 16 May) and
179.0mm at the Czech gauge Hejnice (on 7 August).

However, there is a substantial difference between the
events regarding the return periods of precipitation totals
(Figure 10). For example, the daily total of 100 mm had
the return period approximately 20 years in May while
about 100 years at most gauges in August. It means that
in the latter event, precipitation affected a region where
heavy rains are significantly less frequent. This fact is
even more visible if we compare 3-day totals. In May, they
were about twice as high as in August, whereas respective
return periods were still longer in August.

Fig. 10 Maximum one-day and three-day precipitation totals
(x-axis) and their return periods (y-axis) at Czech gauge stations
during the studied events. Outstanding values discussed in text are
marked with big signs.

Nevertheless, several gauges recorded high precipi-
tation totals in August but reached significantly shorter
return periods in comparison to other gauges (Figure 10).
Three of them even belonged to the highest totals (both
daily and 3-day) which were detected in August. In fact,
their return periods were similar to those from May!
No analogous anomaly occurred in May when only two
gauges reached slightly higher return periods than other
gauges, despite of similar totals.

Therefore we also studied the relationship between
reached precipitation totals and their return periods (if
available) on one hand and the position of respective
gauges on the other hand (Figure XVI). The above men-
tioned gauges with high totals but rather short return
periods in August were concentrated in the eastern part
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of the affected area where the Jizerske hory Mts. and the
Giant Mts. constitute a significant barrier for northern
winds. Here, as well as in the Moravskoslezske Beskydy
Mts. in May, we can recognize a significant role of the
orographic enhancement of precipitation. The leeward
(~southern) side of the mountains was affected by the
precipitation shadow. High precipitation totals occurred
not only on the tops of mountains but also both in front of
and just behind them. For example, the aforementioned
gauges Straconka and Hejnice are situated at an altitude
only approximately 400 meters above sea level but still in
the vicinity of much higher mountain ranges. On the con-
trary, the larger (western) part of the area mostly affected
by precipitation in August is obviously less orographically
exposed.

This result well corresponds with the meteorological
conditions described in Section 3. In May, meteorolog-
ical conditions were characterized by extremely strong
thermo-dynamic anomalies. One of these anomalies was
a strong moisture flux from the north, which generally
supports the orographic enhancement of precipitation
along the northern slopes of mountains.

In August, on the contrary, thermo-dynamic anoma-
lies were less significant in the meso-a scale. On the other
hand, we can assume a significant role of convection dur-
ing the latter event because of the detected conditional
instability in the area of a strong baroclinic zone.

5. Conclusions

We compared two Central European heavy precipi-
tation events that produced catastrophic flooding in the
warm season of 2010. Both precipitation events lasted
several days and were characterized by similar maxima
of daily totals. These observations can be explained by
similarities in meteorological conditions. In both cases,
thermo-dynamic indicia in the meso-a scale were detect-
ed that are favorable for the production and prolongation
of heavy rains. The indicia were connected with a cyclon-
ic system of the Mediterranean origin. The final effects
of the indicia were a significant supply of moisture high-
lighted by strong northerly moisture fluxes into the area
of strong upward motions.

Despite these similarities, the events differed from the
viewpoint of the hydrological course. While large rivers
(Vistula, Oder) also overflowed in May, the August event
was limited to smaller streams (Lausitzer Neisse); never-
theless, the peak flows in August can be hardly compared
with any other known flood that occurred before. These
differences can be explained by dissimilarities in the char-
acter and the distribution of precipitation.

In May, heavy rains affected the headwater area of the
rivers Oder and Vistula, which is prone to long-lasting,
synoptically driven, and orographically enhanced pre-
cipitation. Therefore, the return periods of precipitation
totals were only approximately 20 years at the majority of

gauges, regardless of considering daily or three-day pre-
cipitation totals. Indeed, the meteorological conditions
were characterized by extremely strong thermo-dynamic
anomalies. One of these anomalies was a strong moisture
flux from the north, which generally supports the oro-
graphic enhancement of precipitation along the northern
slopes of mountains.

In August, on the contrary, thermo-dynamic anoma-
lies were less significant in the meso-a scale. Nevertheless,
precipitation was also enhanced by orography in part of
the most affected area. On the other hand, daily totals of
approximately 100 mm were also reached at many gauges
with significantly lower orographic effects. We attribute
this observation to the effect of convection, which can be
assumed because of the detected conditional instability in
the area of a strong baroclinic zone. Because the intense
precipitation extended to an area with low orographic
exposure, the return periods of daily totals in this limited
area were much higher than in May. Subsequently, the
hydrological response was rapid and particularly strong
at smaller streams there.
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RESUME

Srovnani meteorologickych podminek ve stiedni Evropé béhem
povodni v kvétnu a srpnu 2010

Clanek porovnava nékteré aspekty dvou ptipadi silnych srazek
ve stiedni Evropé v roce 2010, které zde zptsobily vyznamné povod-
né: v kvétnu predevsim na Visle a Odre a jejich pritocich, v srpnu
spiSe na mensich tocich, jako je Luzicka Nisa. Podobnost nékterych
srazkovych charakteristik (vicedenni trvani, maximalni denni uhrn
priblizné 180 mm) miiZe byt vysvétlena podobnosti meteorologic-
kych veli¢in v meso-a métitku (termodynamické anomalie spojené
s cyklonou sttedomotského ptvodu). Tyto anomalie byly vyraznéjsi
pri kvétnové udalosti (extrémni vertikalni rychlost vétru skrz celou
troposféru, extrémni tok vlhkosti od severu) nez pfi udalosti srpnové
(silny, ne vSak extrémni tok vlhkosti od severu), kdy byla naopak
dodate¢né detekovana podminénd instabilita. Zjevné vyraznéjsi oro-
grafické navyseni srazek v prvnim piipadé a silny podil konvekce
v druhém ptipadé zpiisobily odlisnosti v dosazenych dobach opako-
vani srazkovych thrng, které byly pti srpnové udalosti vétsi. Nésled-
né i hydrologicka odezva na mensich tocich byla rychla a silna.





