
Vol. 2 Issue 1 June 2014

Precipitation extremes during flooding in the Odra River Basin in May-June 2010
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Abstract. Flooding in East-Central Europe in May and June 2010 also affected the Odra River Basin. Unlike a typical 
summer flood scenario, in 2010 intensive precipitation was observed as early as May. Also, the location of the most 
intensive rainfall shifted to the catchments of the right bank tributaries of the Odra River. This paper presents the 
climatological assessment of the precipitation totals that caused two flood waves on the Odra River. The assessment 
was carried out with the use of selected indicators: monthly precipitation totals, daily precipitation totals, number of 
days exceeding given precipitation levels, number of days with precipitation of a given probability of exceedance 
and intensity, duration and accumulation of precipitation for a number of consecutive wet days. The reference values 
for climatological indicators were developed for the period 1966-2009. The values of the selected indicators were 
analyzed in terms of flood hazard in relation to the hazard gradation. The results show that the observed precipitation 
had the character of an extreme event with respect to its magnitude, duration and spatial extent. The catchments with 
recognized high levels of flood hazard were affected by the flood wave. The flood situation caused by the extreme 
precipitation was evaluated in the context of the largest floods in this region during recent decades.
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1. Introduction

The Odra River is the second largest river in Poland. It 
forms an integral part of the Central European drainage 
network (Sen, Niedzielski 2010). It originates at the foot-
hills of the Sudetes Mountains in the Czech Republic and 
flows northward through Polish territory into the Baltic 
Sea. The total length of the river is 854 km, including both 
Polish and Czech sections. The maximum elevation of the 
Sudetes Mountains is 1602 meters above sea level. The 
region of Sudety Mountains are characterized with the 
highest after Carpathian Mountains annual precipitation 
totals in Poland. Simultaneously, the area is marked by 
a large precipitation variation due complex orography 
causing the increase in the amount of precipitation with the 
altitude and rain shadows. The rivers draining the Sudetes 
and its foreland are prone to serious flooding that may oc-
cur after extreme rainfall and snowmelt. Precipitation 
flooding in the Odra River Basin is usually associated with 
frontal low-pressure centres that reach Poland following 
track Vb in the Van Bebber classification. These centres 
produce prolonged and intensive precipitation in southern 
Poland (Wrona 2007). Apart from synoptic causes, mor-
phological conditions of the Odra River Basin such as 
elevation, exposure, landform etc., also play an important 
role in the influence on flooding. A comparison of histori-
cal and current flood zones in Poland indicates that both 
now and in the past the areas of frequent and catastrophic 
precipitation-based floods have been located mainly in the 
Upper and Middle Odra River Basin (despite significant 
changes in the management of the basin). According to the 
Polish National Department of Safety and Crisis Manage-

ment, the biggest risk of flooding is recognized for the 
are-as of five provinces of Lower Silesia. In the province 
of Lower Silesia the highest flood hazard come from the 
following rivers : Mała Panew, Nysa Kłodzka, Bystrzyca 
and Kaczawa. Besides the volume and the intensity of pre-

Fig. 1. Hydrographical condition of the Odra River Basin; sour-
ce: own studies



cipitation, another cause of summer flooding on the Odra 
is the order of outflows from particular catchments, and 
their role in the formation of a flood wave. Another nega-
tive factor is the complicated hydrographical condition of 
the Odra River Basin (Fig. 1). In many cases, the catch-
ment area centres are located within large valleys surroun-
ded by mountain ranges (Kłodzka Valley, Jeleniogórska 
Valley). In conjunction with converging tributaries, these 
conditions cause a rapid surface runoff (Dubicki et al. 2005)

These factors contributed to the recent severe precipi-
tation floods on the Odra River in 1977, 1985, 1997, 2001 
and 2002. Floods observed in the region usually occur du-
ring the summer season (July-August) and start in the 
headwaters area of the Odra River. Unlike this typical 
summer flood scenario, the 2010 flood took place in May 
and affected mostly the right bank tributaries of the Upper 
and Middle Odra River. At that time, exceptionally heavy 
rainfall was also observed in other regions of Eastern Cen-
tral Europe, resulting in flooding on the Vistula, Tisza and 
Danube rivers (Bissolli et al. 2011).

The purpose of this paper is to investigate the statistical 
properties of precipitation extremes during the flood event 
in 2010 in the Odra River Basin. A good understanding of 
the statistical properties of precipitation patterns and their 
hydrological consequences is essential for flood prediction 
and control as well as for water management.

2. Data and methods

The study was based on the daily precipitation totals 
for May-June 2010 from 465 IMGW-PIB stations located 
in the Odra River Basin. Long-term daily data series, col-
lected by 128 selected stations, constituted the basis for 
determining the threshold values of statistical indicators.

Identification of extreme precipitation events is an im-
portant element in the assessment of hydrological hazards 
and their potential effects. To identify extreme rainfall 
events, five indicators within the frame of hydrological 
hazard were selected (Table 1). An analysis of rainfall to-
tals, frequency, duration and the percentage of high inten-
sity precipitation was carried out. The selected indicators 
have proven to be good for the monitoring of precipitation 

extremes and changes in extreme precipitation (Klein Tank 
et al. 2009; Moberg, Jones 2005; Nicholls, Murray 1999).

The most commonly used method for the determina-
tion of extreme phenomena can be divided into two clas-
ses: a priori indicators related to the thresholds adopted on 
the basis of literature, and statistical indicators. A priori 
indicators allow for a preliminary assessment of rainfall 
hazard and are particularly useful in forecasting.

The basic statistical indicator characterized by extreme 
precipitation events is that of maximum daily rainfall. The 
highest values of this indicator are most often associated 
with short-term heavy rainfall.

The threshold values for the identification of extreme 
precipitation were defined on the basis of the analysis 
of long-term data and adopted as the empirical excee-
dance probabilities of 10%, 5% and 1%. The probability 
distribution of precipitation was appointed to the sum of   
≥ 0.1 mm. On the basis of the accepted threshold values, 
rainfall was defined as heavy, very heavy and extreme, 
respectively. Such approved thresholds reflect the variabi-
lity of precipitation in different periods of a year, and also 
significant differences in the relief and altitude of the Odra 
River Basin which affect the spatial variability of precipi-
tation and its extreme values (Szalińska et al. 2008). Such 
approved thresholds reflect the variability of precipitation 
in different periods of a year and the spatial variability of 
precipitation and their extreme values according to signifi-
cant diversity of relief and altitude of the Odra River Ba-
sin. Days with heavy, very heavy and extreme precipitation 
may indicate the extent of a hydrological hazard in relation 
to local conditions and season.

Applying this set of threshold values, the percentage of 
heavy rainfall in relation to the total rainfall was calcula-
ted. This targeted indicator was used to assess the fraction 
of heavy rainfall during a specified period of time.

A hydrological hazard can be triggered by widespread 
long-term heavy rainfall. The volumes of such heavy 
rainfall can reach very high values that sometimes dra-
matically exceed average monthly totals. For example, 
in July 1997, in the Nysa Kłodzka River Basin, the 5-day 
total rainfall (July 5-9) surpassed 400 mm (Dubicki, 
Malinowska-Małek 1999). With regard to hydrological 
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Indicator Definition Unit
A priori indicators

Frequency of severe precipitation events (CZ)

No. of days with precipitation ≥ 10 mm (moderately heavy)

day
No. of days with precipitation ≥ 30 mm (very heavy precipitation)
No. of days with precipitation ≥ 50 mm (hazard precipitation)
No. of days with precipitation ≥ 70 mm (flood precipitation)

Statistical indicators
Maximum precipitation totals (P) Maximum daily precipitation totals mm

Frequency of extreme precipitation events (CE)
No. of days with precipitation ≥ pp = 10% (heavy precipitation)

dayNo. of days with precipitation ≥ pp = 5% (very heavy precipitation)
No. of days with precipitation ≥ pp = 1% (extreme precipitation)

No. of consecutive wet days (CO)
Maximum number of consecutive wet days (P ≥ 0.1 mm) day
Precipitation total of maximum no of consecutive wet days mm

Table 1. Applied precipitation indicators



hazard assessment, the essential factors are the length of 
the observed sequences of rainfall and the rainfall totals in 
these sequences. The assessment of such events is based 
on the number of consecutive days with precipitation 
(≥ 0.1 mm) and also rainfall volume. 

Assessment of a hydrological hazard caused by 
extreme rainfall was based on the analysis of sequence 
duration and total rainfall values. The threshold values 
were determined as the values with a 10% probability of 
exceedance. This criterion allowed for the distinction of 
four classes, two of which are important for the assessment 
of hydrological hazard: Class 1 – short-term extremely 
heavy rainfall with high intensity, and Class 2 – long-term 
heavy rainfall with moderate intensity.

3. The meteorological situation

At the beginning of May 2010, Poland remained under 
the influence of low-pressure systems. These conditions 
allowed for the flow of cool air masses (that had originated 
over the Northern Atlantic) into Western Europe. Eastern 
Europe received warm and humid air masses from the 
Eastern Mediterranean. Thermal characteristics of the air, 
as well as its humidity and the path of its inflow, confirmed 
its subtropical origin. Retention of air masses with varying 
thermal characteristics over Central Europe caused a signi-
ficant horizontal temperature gradient over Poland. Such 
conditions prompted heavy precipitation events, which oc-
curred particularly in the south of Poland. The decisive 
factor influencing the intensity and volume of precipitation 

was the extremely high humidity of accumulated air mas-
ses, as well as a significant thickness of stratus clouds as-
sociated with that humidity. The highest continuous pre-
cipitation occurred between 15 and 18 May 2010 (Zawiślak 
et al. 2011).

In contrast, the reason behind heavy precipitation in 
the south of Poland in the first decade of June 2010 was 
an expansive low-pressure centre that was vertically well-
developed. Cyclonic circulation that occurred over Poland 
brought the highly humid air of subtropical origin into the 
top layers of the troposphere. This air mass consequently 
came into contact with a retained mass of humid, though 
cooler, polar air. The variation of air masses in terms of 
temperature, humidity and geographical origin promoted 
the intensification of precipitation. The pressure system 
forced humid and unstable air masses to move along wind-
ward slopes. The highest precipitation occurred between 
31 May and 4 June 2010 (Zawiślak et al. 2011).

In the region of the Upper Odra River Basin, spatial 
distribution of precipitation totals is strongly connected 
to morphological conditions such as landform and eleva-
tion. Therefore, in both meteorological situations, the oro-
graphic factor played an important role in the process of 
developing precipitation intensity.

4. The highest precipitation total

Precipitation in the analysed period was of varying in-
tensity. The most intensive precipitation was recorded be-
tween 16 and 18 of May, when 3-day totals exceeded 
160 mm. They were highest in the Olza River catchment 
(right bank tributary of the Odra headwaters), with Cie-
szyn and Istebna Stecówka measuring stations recording 
249 mm and 161 mm respectively. According to Dubicki 
(1972), 3-day totals above 160 mm may be the cause of 
flooding regardless of hydrological conditions preceding 
the actual precipitation. The highest 5-day totals occurred 
between 14 and 18 of May 2010, exceeding 200 mm in the 
Upper Odra River Basin (Fig. 2). 

The highest daily precipitation ranged from 10 mm to 
over 120 mm. The highest values were recorded in the 
Olza River catchment, with the maximum value of 
129.5 mm recorded on 16 May 2010 at the Cieszyn measu-
ring station (on the Czech border). This was 136% of the 
average total for May.

Significantly lower precipitation was recorded in the 
third decade of May 2010. However, this period was also 
marked by localised storms featuring heavy rainfall and, 
in some places, hail. The resulting monthly totals reached 
maximum values in Cieszyn (410.4 mm) and Istebna Ste-
cówka (386.1 mm). The latter was over 120 mm higher 
than the previously recorded maximum for May during the 
1951-2009 period (Fig. 3).

Precipitation totals for the period between 30 May and 
3 June in the Odra River Basin ranged from a few to over 
100 mm. Again, the highest totals were recorded in the Up-
per Odra River Basin. Heavy precipitation, ranging from 
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Fig. 2. Spatial distribution of precipitation totals for 14-18 May 
2010 in the Odra River Basin; source: Szalińska et al. 2011
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75 mm to 100 mm, also occurred in the mountain catch-
ments of the Middle Odra left tributaries.

In the area of the Odra River Basin, during the period 
May-June 2010, the number of precipitation days (with 
precipitation ≥ 0.1 mm) ranged from 13 to 44 days. In May 
alone, they ranged from 20 to as many as 30/31days in the 
south-western part of the Upper and Middle Odra River 
Basin, i.e. in the catchments of the Mała Panew Stobrawa, 
Kłodnica, Osobłoga, Olza, Opawa, Nysa Kłodzka rivers, 
and in the Upper Warta river catchment.

In operational practice of the Polish National Mete-
orological Services, there are defined thresholds for pre-
cipitation values that are applied in a priori assessment of 
the hazard of flooding for the purpose of issuing warnings. 
These thresholds rank the daily precipitation totals as: 
moderately heavy precipitation (exceeding 10 mm per 24- 
hours), very heavy precipitation (exceeding 30 mm), ha-
zard precipitation (exceeding 50 mm) and flood precipi-
tation (exceeding 70 mm). A warning against flooding is 
issued when forecasted precipitation exceeds 30 mm, and 
the highest level of alert is given to precipitation values 
over 70 mm.

During the analyzed period, one third of all precipita-
tion days featured moderately heavy precipitation. 10% of 
the precipitation days were classed as very heavy and oc-
curred in the middle third of May. The highest frequencies 
of precipitation amounting to ≥30 mm and ≥50 mm in 24-
hour periods were observed in the catchment areas of the 
Olza, Kłodnica and Stobrawa rivers (right bank tributaries 
of the Upper Odra River), Figure 4. The greatest flood ha-
zard associated with the occurrence of flood precipitation. 
This precipitation was recorded 11 times, twice at measu-
ring stations located in the Olza River catchment and once 
at measuring stations located in the Olza, Bystrzyca and 
Upper Warta catchment areas.

Another indicator providing important information on 
the hazard of flooding is the length of observed precipi-
tation sequences and their accompanying precipitation 
totals. The analysis of the longest precipitation sequences 
(≥0.1 mm) and their totals for May-June 2010 in the Odra 
River Basin indicated that the number of consecutive pre-
cipitation days ranged from 3 to 34 days. The longest pre-

cipitation sequence of 34 days was recorded at Głubczyce 
station (in the Upper Odra River Basin) between 1 May 
and 3 June 2010, with a precipitation total of 231.5 mm.

5. Climatological assessment of precipitation

Climatological evaluation is aims to assess recorded 
precipitation values in terms of long-term observations. 
Climatological assessment was carried out for different 
precipitation characteristics in order to comprehensively 
investigate the magnitude of the observed precipitation 
anomalies and indicate extreme events during flooding in 
the Odra River Basin in May-June 2010. The investiga-
ted characteristics included: monthly precipitation totals, 
daily precipitation totals, intensity, duration and accumu-
lation of precipitation for the number of consecutive wet 
days. As the reference period for this evaluation the pe-
riod 1966-2009 was used. Due to the diverse orography of 
the region, the identification of the observed precipitation 
events as extreme was made according to indicators that 
enable the comparison of precipitation levels across diffe-
rent altitudes. Probability of exceedance is one of the most 
commonly applied climatological indicators of this kind.

Monthly precipitation totals for May 2010 in the Odra 
River Basin ranged from 70 mm in its western parts to over 
400 mm in the Olza River catchment (south-eastern part of 
the basin). The recorded values greatly exceeded the norm 
based on 1971-2000 data. Extremely high precipitation, 
exceeding 300% of the normal monthly totals, occurred in 

Fig. 3. Monthly precipitation totals [mm] for May at Istebna Ste-
cówka (725 m.a.s.l.) measuring station (Beskid Śląski) during 
1951-2010; source: Szalińska et al. 2011

Fig. 4. Daily precipitation totals exceeding 30 mm and 50 mm in 
May-June 2010 in the Odra River Basin; source: Szalińska 
et al. 2011



the catchments of the right bank tributaries of the Upper 
Odra River, and also the Upper Warta River catchment.

The adopted statistical indices for the classification of 
the recorded daily precipitation totals grade the observed 
values into three categories: heavy precipitation (precipi-
tation with 25% exceedance probability), very heavy pre-
cipitation (10% exceedance probability) and extreme pre-
cipitation (5% exceedance probability). The number and 
the spatial distribution of days with heavy, very heavy and 
extreme precipitation show the magnitude of precipitation 
and risk of flooding. In May-June 2010, the number of 
days with heavy precipitation ranged from 3 to 18, and 
those with very heavy precipitation from 1 to 9 days. For 
34 stations, very heavy precipitation occurred twice, and 
for 32 stations it occurred three times (Fig. 5). Recorded 
extreme precipitation ranged from 1 day (at nearly 60 sta-
tions) to as many as 5 days (at the measuring stations in 
Koźle Port, Baborów, Opole, Sukowice and Stanowice 
(the Upper Odra River Basin).

The spatial distribution of precipitation days with a set 
of exceedance probability shows that cases of heavy and 
very heavy precipitation were recorded in nearly every 
sub-catchment of the Warta River and the Upper and Mid-
dle Odra River Basin. The highest number of days with 
very heavy precipitation was recorded for the Olza, Kłod-
nica, Mała Panew, Stobrawa rivers (right bank tributaries 
of the Upper Odra River).

A comparison of precipitation sequence features for 
May-June 2010 with equivalent long-term values helps to 
identify threshold values that define both extremely long 

precipitation sequences and extreme precipitation totals 
within a sequence. For this purpose, it was estimated that 
for the area of the Odra River Basin, the maximum preci-
pitation sequence did not exceed 10 days and its total did 
not exceed 70 mm for 90% of precipitation events. For 
the period between 1 May and 30 June 2010, precipita-
tion sequences of the longest duration were categorised 
into four types by applying these thresholds values. Class 
1 and Class 2 denoted precipitation sequences of precipi-
tation totals of maximum 10% probability of occurrence. 
Moreover, in the case of Class 2, the number of consecu-
tive precipitation days was higher than 90% of observed 
precipitation sequence in the reference period. Class 3 and 
4 denoted precipitation sequence totals with values of 90% 
probability of occurrence despite the abnormal number of 
consecutive precipitation days (Class 3).

The spatial distribution of the different types of the 
maximum length and precipitation totals of consecutive 
precipitation days observed during May-June 2010 is 
illustrated in Figure 6.

Analysis of these results shows that precipitation sequen- 
ces that had the features of extreme events (type 2), both in 
terms of their length and precipitation totals, were recor-
ded at nearly 34% of measuring stations in the Upper and 
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Fig. 5. Occurrences of days with precipitation with 10% proba-
bility of exceedance (very heavy precipitation) in the Odra River 
Basin in May-June 2010; source: Szalińska et al. 2011

Fig. 6. Spatial distribution of the different types of maximum pre-
cipitation sequences: Class 1 – precipitation total exceeding 90% 
in the reference period; Class 2 – both precipitation total and the 
number of consecutive wet days exceed 90% of observed norm 
in the reference period; Class 3 – the number of consecutive wet 
days exceeding 90% of those observed in the reference period; 
Class 4 – both precipitation total and the number of consecutive 
wet days fall into 90% of observations during the reference pe-
riod; source: Szalińska et al. 2011



Middle Odra Basin, and at 25% of the Warta River catch-
ments. For over 8% of the stations in the Upper and Mid-
dle Odra Basin and 6% of the stations in the Warta River 
catchments, precipitation totals in the longest precipitation 
sequence had features of an extreme event despite the fact 
that the maximum length of precipitation sequences did 
not exceed extreme values (type 1). Most cases classed as 
types 1 and 2 occurred in the catchment areas of the right 
tributaries of the Upper Odra River and in the Upper War-
ta River catchments. Precipitation events classed as types 
1 and 2 bear most significance in terms of the determining 
flood hazard.

6. Flood hazard

Flood hazard occur in the Odra River Basin almost 
every year, usually in July and August. The largest flood 
of unprecedented magnitude, exceeding the most cata-
strophic assessment, occurred in July 1997, and the second 
largest was the flood of 1903. The flood of July 1997 was 
regarded as the Odra’s greatest flood of the twentieth cen-
tury and was a very rare event from the hydrological 
point of view (Kundzewicz et al. 1999). Table 2 summa-
rises the origins and development of recent severe preci-
pitation floods in the Odra River Basin (Maciejewski et 
al. 2011).

The flood situation in 2010 had different characteri-
stics, in terms of the location of critical precipitation and 
the time of occurrence. The critical precipitation affected 
headwaters of the Odra River, along with the catchments 
of the right bank tributaries of the Odra River – the Ostra-
vica, Olza and Opawa rivers. High totals of prolonged pre-
cipitation covering these areas recorded in May and June 
2010 in the Odra River Basin were the reason behind the 
occurrence of two flood waves. Before the first flood wave 
(1-13 May), the cumulative precipitation total in the Odra 
River Basin sub-catchments did not exceed 100 mm (Fig. 7).

The direct cause of the first flood wave was intensive 
precipitation between 14 and 18 May. In the Mała Panew, 
Kłodnica and Widawka catchments, the cumulative preci-
pitation total for 1-18 May reached 150-200 mm. In the 
Olza and Ostravica catchments, the figure exceeded 
250 mm (Fig. 8).

It caused a rapid increase in precipitation water in the 
Upper Odra and the Upper Warta catchments. Peak values 
of the water levels were observed during the first wave 
between 17 and 28 May (Fig. 9).

The next period of extreme precipitation occurred be-
tween 30 May and 3 June. This rainfall was responsible for 
the second flood wave observed along the Odra River be-
tween 2 and 10 June. The cumulative precipitation total for 
the entire two-month period (1 May-30 June) reached over 
400 mm in the Olza catchment. The Olza River catchment 
was the most affected area during the flood. The increase 
in precipitation totals for the first period in this catchment 
reached ca. 100 mm and, despite a significantly smaller 
increase in precipitation, the second flood wave was gene-
rated mainly by the exceeded catchment retention volume, 
which caused surface runoff to enter the riverbeds. 

Analysis of the collected data indicates that the conflu-
ence of the Upper Odra River with the Ostravica and Olza 
rivers shaped the wave – with a water level H = 894 cm and 
a discharge reaching 1840 m3/s at Krzyżanowice gauge on 
17 May. This was confirmed by the hydrometric measure-
ment made on 18 May (H = 880 cm and Q = 1634 m3/s). The 
section of the Upper Odra River to Opole featuring the 
4 right tributaries Sumina, Bierawka, Ruda and Kłodnica 
did not significantly affect the flood. The only left tributary 
to affect the growth rate of discharge was the Osobłoga 
River. Flow values in the section from Opole to Wrocław 
were reduced due to the flooding of 5 polders of total capa-
city of 25 million m3. The wave subsequently transformed 
downstream before entering Wrocław Water Junction 
(junction of the Odra River and 4 active polders of total 
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Area of critical precipitation Affected catchments Flood situation development Example of flooding event

1.

Extended precipitation area over 
the mountainous part of the 
basin (Beskid Śląski, Oderskie 
Mountains, Jesioniki, Bystrzyc-
kie Mountains, Karkonosze 
Mountains)

The Upper and Middle Odra 
River Basin, catchments of the 
left tributaries

Rapid rise of water levels in the 
Upper and Middle Odra River 
and all its left tributaries

1997 (July)

2. 

Precipitation located over the 
area of headwaters of the Odra 
River (Oderskie Mountains, 
Jesioniki, Beskid Śląski)

The Upper Odra Basin with 
Odra headwaters, the Ostravica 
catchment, the Olza catchment, 
the Opawa catchment

Concentric topology of the river 
system in these regions caused 
a superposition of the waves be-
tween the Opawa and Ostravica 
outlets

1985 (August)

3.
Precipitation area extended over 
the mountainous part of the 
Middle Odra River Basin

The Middle Odra catchment, left 
tributaries of the Middle Odra 
River: the Kaczawa catchment, 
the Bóbr catchment, the Nysa 
Łużycka catchment

Intensive precipitation over left 
tributaries of the Middle Odra 
River caused a rapid rise of 
water levels

1977 (July/August)

Table 2. Characteristics of recent big floods in the Odra River Basin



capacity of 50 million m3), and the flow reached a value of 
1770 m3/s. In the city of Wrocław, the Odra River is sup-
plied by 4 tributaries. During the 2010 event, these tributa-
ries did not significantly participate in the development of 
the Odra wave. Discharge increased only to 2070 m3/s 
(H = 959 cm), as confirmed by the hydrometric measure-
ment H = 957 cm and Q = 1970 m3/s. After passing Wro-
cław, high water levels provoked a transfer of water from 
the Odra River to the Widawa River through the canal. 
This in turn caused the flooding in the Widawa River 
outlet. The course of the flood in the Middle Odra River 
was dominated by the transformation of the flood wave in 
the main channel and flood plains. The retention of valleys 
contributed to the successive lowering of the wave down 
to 1920 m3/s, and the water level to 805 cm, as confirmed 
by the measurement H = 798 cm and Q = 1959 m3/s. In the 
Middle Odra River section, its left bank tributaries did not 

significantly impact on the development of the wave. The 
discharge of the Odra River was increased only by the wa-
ters from right bank tributaries, particularly from the War-
ta River. Downstream from the mouth of the Warta River, 
the flow exceeded 2200 m3/s and caused flooding of the 
surrounding areas. 

Comparison of the 2010 event with the recent histori-
cal floods proves that although water levels corresponded 
to those observed in 1997, the flow values were much lo-
wer. In 2010, the wave propagated through the main chan-
nel and flood plains, and there were no significant interrup-
tions of embankments. Figure 10 shows the size of the 
2010 flood and the variability of flood flows in the longitu-
dinal profile of the Odra (red line) superimposed on the 
figures developed for selected historical flood events. The 
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Fig. 7. Spatial distribution of average cumulative precipitation 
totals in catchment areas before the first flood wave; source: Sza-
lińska et al. 2011

Fig. 8. Spatial distribution of average cumulative precipitation 
totals in catchment areas during 1-18 May 2010; source: Szaliń-
ska et al. 2011

Fig. 9. Water levels on the Odra River, May-June 2010

Fig. 10. Variability of flood flows in the longitudinal profile of 
the Odra River for selected flood events in the 20th and 21st cen-
turies



flood in 2010 was similar to the estimated flows in 1903 in 
terms of volume discharge.

Smaller values of flows along the Odra River caused 
many fewer fatalities in 2010 than in 1997. Still, damage 
caused by flooding in the Odra River Basin affected 
7 voivodeships in Poland. The farming industry was badly 
affected, as agricultural areas (both farmlands and green 
areas), farms and processing plants were flooded. The 
flooding also affected transport and municipal infrastruc-
ture, as well as large parts of protected areas in river valleys. 

7. Concluding remarks

Assessment of the flood hazard caused by precipita-
tion involves analysis of the precipitation amount, dura-
tion and spatial extent. The developed set of precipitation 
indicators was applied to evaluate and identify precipita-
tion extremes with regard to the precipitation magnitude, 
location and time of occurrence. The set included a priori 
indicators and statistical indicators. The first category pro-
vides prompt insight into hazard levels and has application 
in operational work, notably in the issuing of warnings. 
Statistical indicators are based on the climatological asses-
sment of the observed long-term datasets. They enable the 
reproduction of seasonal and spatial variability of precipi-
tation characteristics. Indicator values were categorized in 
order to determine flood hazard levels and evaluated in the 
catchment scale. The results obtained for the Odra River 
Basin in May-June 2010 show that the catchments with 
recognized high levels of flood hazard were affected by 
the flood wave. Unlike the typical summer flood scenario 
in the Odra River Basin, in 2010 intensive precipitation 
was observed as early as in May. Also, the location of the 
most intensive rainfall shifted to the catchments of the 
right tributaries of the Odra River, where, in May 2010, 
the highest precipitation values since 1951 were recorded.

Against the background of the five largest flood events 
of the last century, the flood in 2010 proves that the water 
levels corresponded to those observed in 1997. However, 
the flow values were much lower and corresponded to the 
estimated values for the flood of 1903. For the majority of 
locations, the flood wave, caused by the observed extreme 
precipitation, propagated through the main channel and 
flood plains, inducing relatively small flood damage.

Developed set of indicators can be applied for real-ti-
me flood prediction and control in order to estimate flood 
hazard level on the given area based on the precipitation 
forecasts obtained from weather prediction models.
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