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REGIONAL DELIMITATION OF THE ELBE RIVER BASIN 
BASED ON FLOOD SEASONALITY ANALYSIS 

J. C hal u S 0 v Ii, J. H lad ny, R. C e k a I: Regional delimitqtion of the Elbe 
River basin based on flood seasonality analysis. - Geografie-Sbornik CGS, 111, 3, pp. 
247-259 (2006). - The study presents approaches that can be used for assessing flood 
seasonality in the Czech part of the Elbe River basin. For each of the selected gauging 
stations, a graphic-numerical method based on flood cumulative frequency curves was 
applied for identification of intervals, during which the probability of seasonal flood 
occurrence was high. The results were used for classification of the individual catchments 
into seven regions specific in terms of the flood seasonality. 
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1. Introduction 

The knowledge of region delimitations according to seasonality occurrence 
of maximum flows has a particular importance for flood protection and 
identification of the flood risks in specific catchments, identification of flood 
mechanisms, development of frequency analysis for derivation of design 
floods, water management in reservoirs, and for improving general 
knowledge of flood regime in the landscape. Regional analysis is also 
frequently used for improvement of estimates of occurrence probability of 
extreme flood flows in localities where the flood observations are short 
compared to the estimated return periods of floods or in ungauged localities 
where the information from the similar observed catchments is used (Black, 
Werritty 1997; Burn 1997). 

For the purpose of this study, the region is understood as aggregation of 
small catchments with a similar character of flow regime. The delimitation of 
the regions is based on approximate similarity of the characteristics inside 
individual regions and on differences in characteristics among the regions. 
The objective of this approach is to identify a group of catchments, which are 
sufficiently similar for ensuring the transfer of information on extreme flows 
across all localities grouped in the same region. Concerning the extreme 
flows, such defined entities should be at least quasi-homogenous. 

As a measure of similarity of the different catchments, a characteristic of 
flood occurrence seasonality was chosen. Individual outputs of the seasonal 
analysis permit us to divide the relevant area of river basin, into the regions 
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Fig. 1 - Selected stations in Czech Elbe River basin 

with natural conditions predetermining the increased frequency of flood 
occurrence in the specific season of the year. 

The research held previously on the observed area shows the differences as 
well as the similarities of selected catchments (Bnidka 1967; Hladny 1971, 
2001; Buchtele 1972; Kakos 1983, 1985; Vavruska 1989; Kasparek 1999). In 
contrast to the previous studies, this study is not focused on an analysis of 
seasonal flood characteristics in selected catchments but it identifies 
hydrologically similar regions on the basis of similarity of seasonal 
characteristics of extreme flows occurrence. The methods that were used for 
analysis of seasonal flood occurrence include a polar diagram method, method 
of directional statistics and method of curves of cumulative frequency of flood 
occurrence. 

The methods were applied for those gauging stations in the Czech part of 
Elbe River basin, whose flow regime is relatively natural. 

2. Collection and selection of data 

2.1 Selection of representative gauging stations 

The database created for the purpose of this study contains the streamflow 
data observed by the selected gauging stations. The further criterion besides 
the natural streamflow regime was sufficient data quality. For this reason the 
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gauging stations with significantly modified flow regime were not included 
into the database as well as the stations with incomplete or interrupted 
operating period. 

The quality and quantity of available data differ across the regions of 
Czechia. In the area of the Elbe River basin, 441 gauging stations of state 
monitoring network were available. In the period from 1975 to 2000, the 
uninterrupted series of flow data were available in 158 of them. With respect 
of the above selection criteria and with the aim to cover the entire area, 110 
gauging stations were chosen. They include mainly stations on upper 
stretches on the streams. Catchment areas of these stations are relatively 
small (Fig. 1). 

2.2 Selection of hydrological data 

The use of maximum flows in individual months for the purpose of the 
region delimitation showed that such data could be insufficient because this 
approach does not take into account possible occurrence of two or more floods 
in the same month. For example, the two floods in July 1997 would be 
interpreted like a single event. 

The study of the seasonal flood occurrence was therefore based on mean 
daily flow series available from the database of the Czech 
Hydrometeorological Institute (CHMI). Flow series of daily maxima, which 
would be more suitable for description of the flow regime, were not available. 
For each of the selected 110 gauging stations, the data from the period 
1975-2000 were used. 

2.3 Selection of physic-geographical data 

For the catchments corresponding to the selected gauging stations, a 
database of the following parameters was prepared: 

catchment area 
- mean catchment slope 
- mean catchment altitude 

percentage of forested area 
thalweg length 
index of catchment shape 

- slope orientation. 
For catchment areas and thalweg lengths, data from CHMI were used. 

Mean catchment altitudes, mean catchment slopes and slope orientations 
were calculated in a Geographical Information System (GIS) by using a 
Digital Elevation Model with grid cell dimension of 100 m x 100 m. 

2.4 Selection of meteorological data 

The study applied meteorological data from rain gauging and climate 
stations of CHMI, involving snow cover height related to 15th March of the 
individual years (for estimation of snow storage before spring melting period) 
and annual precipitation series. All stations operating in the given reference 
period in the Elbe River basin on the Czech territory were used. 

The mean precipitation totals over the catchments were calcJllated in GIS 
by using a method of orographic interpolation of precipitation (Sercl and Lett 
2002), which was applied for precipitation data in the individual stations. The 
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resulting system of grid cells (1 km x 1 km) represents derived continual 
precipitation field for every year. Mean precipitation for the reference period 
1975-2000 was calculated by averaging of precipitation fields in individual 
years. 

This method was also applied for calculation of the mean height of the snow 
cover in March. 

3. Methods for analysis of seasonal flood occurrence 

The approach chosen to describe the spatial differences in seasonal flood 
occurrence in the Czech part of the Elbe River basin (covering an area of 
51,394 km2) uses daily data and permits more accurate identification of the 
season period when probability of flood occurrence is high. The seasonal 
analysis was applied all gauging stations, whose data illustrate flow regime 
of the selected catchments. 

Peaks over threshold (POT) method was used for analysis of flood flows 
which exceed the chosen threshold QB. 

The method is defined by the expression (Todorovic and Zelenhasic 1970), 
where: 

fO ; Q ~C4 

~=LQ-C4; Q >C4 (1) 

QB is the threshold flow, 
Qv is a flow in time 't(v), and 
~ is the flow above the threshold in time 't(v). 

For effective interpretation of seasonal information in the database, the 
chosen statistical method must be as accurate as possible. The paper shows 
results of a comparison of three mentioned methods that are applied for 
visualisation of seasonal distribution of flood occurrence. Each ofthe methods 
uses series of floods that exceed given threshold. The value of 1 year discharge 
was used as appropriate limit for this purpose. 

3.1 Method of polar diagrams 

The method of polar diagrams is based on graphical analysis of a rose 
diagram, whose radial vectors with angle unit of 30· represent individual 
months of a year and are used for illustrating monthly occurrence frequencies 
or values of considered variable. 

The rose diagrams were prepared for each of the gauging stations and the 
selected reference period. The lines that connect the individual values on the 
vectors form a polygon, which shows the seasonal distribution of the analysed 
variable and is typical for the specific station. If the frequencies of the 
occurrence could be uniform during the year, the shape of the diagram would 
form a regular dodecagon. However, the real distribution of a natural 
phenomenon is mostly typical by its irregularity. The values on the polar 
coordinates are more or less deviated for some periods of a year. Some periods 
are typical by the occurrence of extremes or remarkable deviation of the 
mean, while other periods show low probability of the flood occurrence 
(Fig. 2). 
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Fig. 2 - The method of polar diagrams used for analysis of flood occurrence at gauging 
stations Lazne Belohrad on the Javorka River and JosefUv DUl on the Kamenice River in 
the period 1975-2000. 

The polar diagram method has good information capability and they can 
easily be constructed. Low accuracy of derivation of maximum flow mean 
occurrence is its disadvantage. 

3.2 Method of directional statistics 

In this method, the dates of occurrence of the flood events are converted by 
using a polar coordinate system into relevant positions (angles) on a unite 
circle. In accordance with the mathematical convention, the beginning of the 
year (January 1't) is placed onto the most eastern point of the circle and 
individual seasons of the year form quadrants in anticlockwise direction 
(Mardia 1972; Bayliss, Jones 1993; Fisher 1993). The Julian date of the flood 
occurrence i is converted into 

J. =JD (~) 
'I' i i 365 (2) 

where <Pi is an angle value (in radians) ofthe date ofthe occurrence ofthe flood 
event i. 

JD is Julian date. 
Each date of flood occurrence can be interpreted as a vector (Fig. 3) given 

by angle <Pi and magnitude m, which represents the peak flow of the 
corresponding flood (m = 1 for maximum flood in selected gauging station). 
For series of n floods, we can calculate coordinates x and y of mean date of flood 
occurrence MD (Mean Day) in the selected gauging station as follows: 

I " x = - L cos(<I>') 
n j = ! 

1 n 

y = - Lsin(~,) 
n i= l 

(3) 

where x and y represent x and y coordinates of the mean date of flood 
occurrence in given catchment. 
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As complementary information to the MD it is possible to calculate 
variability of the flood occurrence, which is defined as: 

r = ~X2 + ji2 (4) 

where r represents the data variance. 
The values r close to 1 indicate high seasonality of flood occurrence in the 

catchment (the value equal to 1 would mean that all floods occurred during 
the same day of a year). The value close to zero indicates high variance of 

flood occurrence during a 
year. Figure 4 illustrates 
the application of this 
method and resulting 
mean day for two 
gauging stations in the 
Elbe River basin. 
Magnitude of the radial 

T-~===~!;:-"'u;~;;;;;;;;--::;r x =~~.ie~:'j1e:.rO~tJ.n, vector determines the 
variance r. 

The use of the method 
of directional statistics 
has two main 
advantages. First, it 
permits to express the 
information on 

Fig. 3 - Application of the method of directional statistics seasonality occurrence of 
for flood flow series (according to Black, Werritty 1997) flood flows by a single 

value and, second, it 
permits to classifY the studied localities by the mean date of maximum flow 
occurrence with accuracy of one day. Disadvantage ofthis method is in the error 
of the averaging because identical values of the mean can be obtained from 
different distributions of the data series. 

The Javorka RiveL.---;-_ The Kamenice RI)!i !;:J--r-~ at Josefuv Dul 

+ 
+ 

Day1 Day 1 
(1 Jan ,) (1 Jan,) 

+ 
+ 

I + flood I 
OMD 

I +flood I 
OMD 

Fig, 4 - Method of directional statistics used for analysis of flood occurrence at gauging 
stations Litzne Belohrad on the Javorka River and JosefUv Dill on the Kamenice River 
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Fig. 5 - Method of flood cumulative frequency curves used for analysis of flood occurrence 
at gauging stations Lazne Belohrad on the Javorka River and JosefUv Dul on the Kamenice 
River in the period 1975-2000 
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Fig. 6 - Map of derived regions according to seasonality of the flood occurrence 

3.3 Method of flood cumulative frequency curves 

The method is based on visualisation of mean numbers of floods L(t) that 
exceeded given discharge QB in time t. The values of variable t range in time 
interval (O,T), which is relevant to a period of one year (Ouarda 1993). The 
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method was applied for three levels of the threshold discharge QB' which were 
derived for selected probabilities of exceedance that were identical for each of 
the 110 gauging stations. The results of this graphical method are illustrated 
for two selected gauging stations in Figure 5. 

In order to ensure independence of the individual floods two criteria were 
used in the evaluated series. Two following floods were considered to be 
independent if the time interval between them exceeded seven days and the 
peak discharge during this period dropped to at least by a half of the 
magnitude of the higher flood. The flood cumulative frequency curve was 
derived for each of the threshold discharges QB in the individual gauging 
stations. The shape of the curve and changes in its slope determined 
significant interval when flood occurrence probability during a year is high 
(period of flood disturbance). 

The analysis conclusions are as follows: 
Dates of slope changes in the curves for the individual threshold discharges 
QB in given station are approximately identical. 
The slope changes divide a year into three intervals, whose durations are 
different and which differ also in flow magnitude (I - interval when 
probability of flood occurrence is high, II - transitional interval and III -
interval when probability of flood occurrence is low). 
The shape of the flood cumulative frequency curves that are derived for 
these seasonal intervals is mostly approximately linear. 
This linearity is useful knowledge for frequency analysis of floods. It 

substantiates the fact that the occurrence of floods during the seasonal 
periods is approximately equally distributed. 

High accuracy of the information on seasonality of this method, which 
allows determination of the high flow intervals with accuracy of days, is its 
advantage. Aggravated applicability of the resulting seasonal information in 
subsequent statistical analysis is its disadvantage. 

4. Results 

The method of flood cumulative frequency curves and the method for MD 
determination were applied on a partial series selected from mean daily flows 
by using a threshold discharge (i.e. daily flows that exceed a value of 1 year 
discharge). The implementation of these methods determined also high flow 
intervals in the individual gauging stations that represent the flow regime in 
the catchment upstream from the stations. The duration delimitation of the 
high flow intervals were used in subsequent analysis for identification of 
catchments whose seasonal high flow characteristics are similar or different. 

Other characteristics used for these purposes in individual catchments were 
determined and correlated with different selected physic-geographical, 
meteorological and hydrological parameters (see Tab. 1). Statistical and 
correlation analyses prove thatMD as well as scatterings of flooding occurrences 
r show higher correlations in connection to the end of flood disturbance (period 
with higher probability of floods) than to its beginning. This reflects the 
properties of flood wave falling branches which correspond with basic hydraulic 
law defining depletion of water storage from catchments. The rising branches 
show greater differences between courses of summer and winter flood waves. It 
is also important if and how often the winter flood types are accompanied with 
occurrence of summer floods or if both types of floods exist in the catchments. 

254 



~
 

0
1

 
0

1
 

T
ab

. 
1 

-
C

or
re

la
ti

on
 m

at
ri

x
 o

f s
ea

so
n

al
 c

ha
ra

ct
er

is
ti

cs
 a

n
d

 p
hy

si
c-

ge
og

ra
ph

ic
al

 d
at

a 

F
A

K
T

O
R

 
M

D
 

r 
P

O
 

K
O

 
S

R
 

N
V

 
SK

 
P

L
 

P
U

 
S

N
I 

S
N

15
 

T
E

R
 

T
E

B
 

L
 

a 
M

E
 

O
R

 
L

O
 

L
E

 
S 

J 
V

 
Z

 
M

D
 

1
0

0
 

-0
,4

2 
0,

29
 

0
5

4
 

0,
34

 
0

,5
6

 
0,

17
 

-0
,0

4 
0,

45
 

0,
44

 
0,

47
 

-0
,4

4 
-0

,3
9 

-0
,1

1 
0,

39
 

-0
,2

4 
-0

,3
9 

0,
28

 
0,

40
 

0,
33

 
-0

,3
1 

0
,1

4 
-0

,1
1 

r 
-0

,4
2 

1,
0

0
 

-0
,0

4 
-0

,5
7 

-0
,D

4 
-0

,1
7 

0,
05

 
-0

,1
0 

-0
,2

5 
-0

,0
5 

-0
,0

8 
0,

09
 

0,
06

 
-0

,1
4 

0,
05

 
0,

11
 

0,
12

 
-0

,0
8 

-0
,1

8 
-0

,3
6 

0,
3

6 
-0

,0
1 

0,
05

 
P

O
 

0,
29

 
-0

,0
4 

1
0

0
 

0,
26

 
0,

55
 

0,
40

 
0,

49
 

-0
,1

5 
0,

33
 

0
5

3
 

0
5

6
 

-0
,2

7 
-0

,4
3 

-0
,1

7 
0,

09
 

-0
,2

1 
-0

,3
5 

0,
03

 
0,

26
 

-0
,1

3 
0,

18
 

-0
,1

6 
0,

24
 

K
O

 
0,

54
 

-0
,5

7 
0,

26
 

1,
00

 
0,

09
 

0,
28

 
0,

00
 

-0
,0

6 
0,

21
 

0,
14

 
0,

17
 

-0
,1

2 
-0

,0
8 

-0
,0

1 
0,

09
 

-0
,1

7 
-0

,0
8 

0,
20

 
0,

16
 

0,
57

 
-0

,5
4 

0,
06

 
-0

,0
5 

S
R

 
0,

34
 

-0
,0

4 
0

,5
5 

0,
09

 
1

0
0

 
0

,7
3 

0
,7

9 
-0

,2
4 

0,
51

 
0

,9
6 

0
,9

4 
-0

,6
8 

-0
,8

4 
-0

,2
8 

0
,2

3 
-0

,3
5 

-0
,6

6 
0,

18
 

0
5

7
 

-0
,3

0 
0,

3
8 

-0
,2

4 
0

,3
7 

N
V

 
0

,5
6 

-0
,1

7 
0,

40
 

0,
28

 
0,

73
 

1
0

0
 

0,
57

 
-0

,1
6 

0
,8

0
 

0,
79

 
0,

79
 

-0
,8

6 
-0

,8
0 

-0
,2

2 
0,

31
 

-0
,5

0 
-0

,7
8 

0
,5

9 
0

6
8

 
0,

03
 

0,
0

5 
0

,1
4 

-0
,0

3 
SK

 
0,

17
 

0,
05

 
0,

49
 

0,
00

 
0,

79
 

0
,5

7 
1
~
0
 

-0
,2

2 
0,

23
 

0,
76

 
0,

76
 

-0
,5

0 
-0

,6
2 

-0
,2

4 
0,

06
 

-0
,2

0 
-0

,6
0 

0,
25

 
0,

4
6 

-0
,3

6 
0,

48
 

-0
,0

3 
0,

24
 !

 

P
L

 
-0

,0
4 

-0
,1

0 
-0

,1
5 

-0
,0

6 
-0

,2
4 

-0
,1

6 
-0

,2
2 

1
0

0
 

-0
,0

9 
-0

,2
3 

-0
,2

1 
0,

20
 

0,
25

 
0,

89
 

-0
,2

4 
0,

11
 

0,
19

 
-0

,0
4 

-0
,2

6 
0,

08
 

-0
,1

2 
0,

43
 

-0
,4

9 
P

U
 

0,
45

 
-0

,2
5 

0,
33

 
0,

21
 

0,
51

 
0

,8
0

 
0,

23
 

-0
,0

9 
1

0
0

 
0,

52
 

0,
53

 
-0

,7
1 

-0
6

5
 

-0
,0

9 
0,

16
 

-0
,4

2 
-0

,5
6 

0,
47

 
0,

47
 

0,
16

 
-0

,1
5 

0,
11

 
-0

,0
9 

S
N

I 
0,

44
 

-0
,0

5 
0

,5
3 

0,
14

 
0

,9
6

 
0,

79
 

0
,7

6 
-0

,2
3 

0
,5

2
 

1
0

0
 

0,
99

 
-0

,7
2 

-0
,8

5
 

-0
,2

9 
0,

35
 

-0
,3

2 
-0

,7
1 

0,
22

 
0

,6
3

 
-0

,2
6 

0,
34

 
-0

,1
3 

0,
26

1 
S

N
15

 
0,

47
 

-0
,0

8 
0

5
6

 
0,

17
 

0
,9

4
 

0,
79

 
0,

76
 

-0
,2

1 
0

5
3

 
0,

99
 

1
0

0
 

-0
,7

0
 

-0
8

3
 

-0
,2

8 
0,

3
7 

-0
,3

1 
-0

,7
0 

0,
21

 
0

,6
3

 
-0

,2
4 

0,
31

 
-0

,1
2 

0,
24

1 
T

E
R

 
-0

,4
4 

0,
09

 
-0

,2
7 

-0
,1

2 
-0

,6
8 

-0
,8

6
 

-0
,5

0 
0,

20
 

-0
,7

1 
-0

,7
2 

-0
,7

0 
1

,0
0

 
0,

91
 

0,
24

 
-0

,3
0 

0,
41

 
0,

68
 

-0
,4

5 
-0

,6
0 

-0
,0

2 
-0

,0
4 

-0
,0

8 
-0

,0
2 

T
E

B
 

-0
,3

9 
0,

06
 

-0
,4

3 
-0

,0
8 

-0
,8

4 
-0

8
0

 
-0

6
2

 
0,

25
 

-0
,6

5 
-0

8
5

 
-0

,8
3 

0,
91

 
1,

00
 

0,
28

 
-0

,2
9 

0,
3

3 
0

,6
9 

-0
,2

9 
-0

,5
9 

0,
11

 
-0

,1
8 

0
,1

2 
-0

,2
3

1 
L

 
-0

, 1
1 

-0
,1

4 
-0

,1
7 

-0
,0

1 
-0

,2
8 

-0
,2

2 
-0

,2
4 

0,
89

 
-0

,0
9 

-0
,2

9 
-0

,2
8 

0,
24

 
0,

28
 

1
0

0
 

-0
5

0
 

0,
11

 
0,

28
 

-0
,0

6 
-0

,3
5 

0,
08

 
-0

,1
2 

0
,4

3 
-0

,4
9 

a 
0,

39
 

0,
05

 
0,

09
 

0,
09

 
0,

23
 

0,
31

 
0,

06
 

-0
,2

4 
0,

16
 

0,
3

5 
0,

3
7 

-0
,3

0 
-0

,2
9 

-0
,5

0 
1,

00
 

-0
,1

2 
-0

,2
7 

0,
09

 
0,

42
 

0,
01

 
-0

,0
4 

0
,0

8 
-0

,1
2

1 
M

E
 

-0
,2

4 
0,

11
 

-0
,2

1 
-0

,1
7 

-0
,3

5 
-0

5
0

 
-0

,2
0 

0,
11

 
-0

,4
2 

-0
,3

2 
-0

,3
1 

0
,4

1 
0,

3
3 

0,
11

 
-0

,1
2 

1
0

0
 

0,
23

 
-0

,3
0 

-0
,3

6 
-0

,1
3 

0,
09

 
0,

D
l 

-0
,0

7
' 

O
R

 
-0

,3
9 

0,
12

 
-0

,3
5 

-0
,0

8 
-0

6
6

 
-0

7
8

 
-0

6
0

 
0,

19
 

-0
,5

6 
-0

7
1

 
-0

7
0

 
0

,6
8

 
0

6
9

 
0,

28
 

-0
,2

7 
0,

23
 

1,
0

0
 

-0
,5

5 
-0

8
5

 
0,

24
 

-0
,3

2 
-0

,1
1 

-0
,0

3 
L

O
 

0,
28

 
-0

,0
8 

0,
D

3 
0,

20
 

0,
18

 
0,

59
 

0,
25

 
-0

,0
4 

0,
47

 
0,

22
 

0,
21

 
-0

,4
5 

-0
,2

9 
-0

,0
6 

0,
09

 
-0

,3
0 

-0
5

5
 

1
0

0
 

0,
41

 
0,

11
 

-0
,0

7 
0

,3
1 

-0
,2

6
1 

L
E

 
0,

40
 

-0
,1

8 
0,

26
 

0,
16

 
0,

57
 

0
,6

8
 

0,
46

 
-0

,2
6 

0,
47

 
0

6
3

 
0,

63
 

-0
,6

0 
-0

,5
9 

-0
,3

5 
0,

42
 

-0
,3

6 
-0

,8
5 

0,
41

 
1

0
0

 
-0

,2
0 

0,
28

 
0,

11
 

0,
D

2 
S 

0,
33

 
-0

,3
6 

-0
,1

3 
0,

57
 

-0
,3

0 
0,

D
3 

-0
,3

6 
0,

08
 

0,
16

 
-0

,2
6 

-0
,2

4 
-0

,0
2 

0,
11

 
0,

08
 

0,
01

 
-0

,1
3 

0,
24

 
0,

11
 

-0
,2

0 
1

0
0

 
-0

,9
7 

0
,2

8 
-0

,3
2

i 
J 

-0
,3

1 
0,

36
 

0
,1

8 
-0

5
4

 
0,

38
 

0,
05

 
0,

48
 

-0
,1

2 
-0

,1
5 

0,
34

 
0,

3
1 

-0
,0

4 
-0

,1
8 

-0
,1

2 
-0

,0
4 

0,
08

 
-0

,3
2 

-0
,0

7 
0,

28
 

-0
,9

7 
1

0
0

 
-0

,2
2 

0,
3

4 
V

 
0,

14
 

-0
,0

1 
-0

,1
6 

0,
05

 
-0

,2
4 

0,
14

 
-0

,0
3 

0,
43

 
0,

11
 

-0
,1

3 
-0

,1
2 

-0
,0

8 
0,

12
 

0,
43

 
0,

08
 

0,
D

l 
-0

,1
1 

0,
31

 
0,

11
 

0,
28

 
-0

,2
2 

1
,0

0
 

-0
,9

4 
Z

 
-0

,1
1 

0
,0

5 
0,

24
 

-0
,0

5 
0,

37
 

-0
,0

3 
0,

24
 

-0
,4

9 
-0

,0
9 

0
,2

6 
0,

24
 

-0
,0

2 
-0

,2
3 

-0
,4

9 
-0

,1
2 

-O
,Q

l 
-0

,0
) 

-0
,2

6 
0,

02
 

-0
,3

2 
0,

34
 

-0
,9

4
 

1,
0

0
 I 

M
D

 -
m

ea
n

 d
ay

, 
r-

sc
at

te
r,

 P
O

 -
be

gi
nn

in
g 

of
 fl

oo
d 

di
st

ur
ba

nc
e,

 K
O

 -
en

d
 o

f f
lo

od
 d

is
tu

rb
an

ce
, 

S
R

 -
an

n
u

al
 p

re
ci

pi
ta

ti
on

, 
N

Y
 -

al
ti

tu
d

e,
 S

K
 

-
in

cl
in

at
io

n,
 P

L
 -

ca
tc

h
m

en
t 

ar
ea

, 
P

U
 -

so
il

 t
yp

es
, 

S
N

I 
-

sn
ow

 c
ov

er
 1

st
 M

ar
ch

, 
S

N
1

5
 -

sn
ow

 c
ov

er
 1

5
th

 M
ar

ch
, 

T
E

R
 -

m
ea

n
 a

n
n

u
al

 
te

m
p

er
at

u
re

, 
T

E
B

 -
m

ea
n

 M
ar

ch
 t

em
p

er
at

u
re

, L
 -

th
al

w
eg

 l
en

gh
t,

 a
 -

ca
tc

h
m

en
t 

sh
ap

e 
in

de
x

, M
E

 -
u

rb
an

 l
an

d,
 O

R
 -

ar
ab

le
 l

an
d

, L
O

 -
m

ea
do

w
s,

 L
E

 -
w

oo
ds

, 
S 

-
n

o
rt

h
er

n
 o

ri
en

t.
 s

lo
pe

, J
 -

so
u

th
er

n
 o

ri
en

t.
 s

lo
pe

, V
 -

ea
st

er
n

 o
ri

en
t.

 s
lo

pe
, Z

 -
w

es
te

rn
 o

ri
en

t.
 s

lo
pe

. 



Evaluated physic-geographical factors prove that MD is influenced by the 
altitude first of all. A distinct correlation is proved also to the snow cover 
height at the 15th March which is the decisive datum for estimation of snow 
storage in catchments before the spring melting. The altitude is significant 
even for extent of forests. 

A tight direct proportional correlation of flood period ends was proved for 
catchments with north oriented slopes (and an indirect proportionality for 
south oriented slopes). The higher ratio of northern oriented slopes the later 
is the end of periods with higher probability of flood occurrence. This 
phenomenon can be explained with the longer period of snow melting. 

Based on analyses of mutual relations between tested parameters the 
following factors were determined as the most significant: MD, the beginning 
and the end of seasonal periods of flood disturbances, mean annual 
precipitation height and mean annual temperature, snow cover height to the 
15th March, altitude, inclination of slopes and forest extent rate. The influence 
of other factors is already incorporated in major factors or it is less significant. 

The selected catchments were divided into seven regions based on 
similarity of major factors and on the application of cluster analysis in the 
GIS environment. Geographical division of regions illustrates Figure 6. 
Individual regions can be considered as hydrologically homogeneous as to 
seasonality of flood occurrence. 

The first region (north-eastern mountain ranges) includes 8 gauging 
stations, the second one (north-eastern foothills) 13, the third (uplands) 48, 
the fourth ("precipitation shadow" bellow the Krusne Mountains) 9, the fifth 
(areas affected with the Novohradske Mountains) 3, the sixth (the Sumava 
Mountains and the Otava River areas) 18 and the seventh one (areas affected 
with the Zdarske Mountains) 13 stations in question. 

Other catchments, being without observation system, having influenced 
flow regime or laying in peripheral areas with unavailable flow data, were 
analysed with help of altitudes and distribution of average annual 
precipitation totals. 

Conclusion 

(1) A number of methods have been developed for assessing seasonality of 
flood regime in given region. With respect to various causal factors 
affecting flood occurrence, none of them however can universally be used 
as the best method. For the purposes of the objective of the study, which 
was to derive spatial patterns of seasonal distribution of flood flows, three 
methods were compared. 
Polar diagrams provide good information, they are easily derivable but 
they are less accurate in terms of the results of statistical analysis. High 
transparency and reliability are advantages of the method of directional 
statistics, which determines a season of a year when the extreme flows are 
frequent. In addition, this approach can provide information on 
distribution of flood magnitudes of the individual events. The illustrated 
variability of the floods is also valuable information for assessments of the 
flood risks. On the other hand, its disadvantage is in the fact that the 
information on seasonal flood distribution that is concentrated into the 
averaged value can be insufficiently representative. 
It was shown that the method based on flood cumulative frequency curves 
is relatively the most effective approach for derivation of suitable division 
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of a year into three periods, which differ in terms of the high flow 
occurrence. Its advantage is in reliable detection of the beginning, end and 
duration of the probable high flow frequency interval, which is the most 
substantial information for the seasonal analysis. 

(2) With respect to the objective of the study, which was to derive spatial 
patterns of seasonal distribution of flood flows, the method based on flood 
cumulative frequency curves provided the best results and was therefore 
applied. The results of the application of this method were used for the, 
region delimitation according to the flood flow seasonality in the Elbe 
River basin. 
Majority of the detected high flow season interval showed good their 
correlation between onset, mean catchment altitude and long-term basin 
precipitation. 
In terms of the similarity of the identified high flow periods, the individual 
water gauging stations and their basins were divided into seven 
hydrologically homogeneous regions. 
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Shrnuti 

REGIONALIZACE POVODI LABE NA ZAKLADE SEZONALNI ANALYZY vYSKYTU 
POVODNI 

Poznatky 0 sezonalite vYskytu maximrunich prutokujsoujednim z dUlezitych podkladu pre­
devsim pro rajonizaci krajiny z hlediska jejiho zatizeni povodnovYm nebezpeCim. Region se 
v Mchto souvislostech chape jako seskupeni mensich povodi, ktera mohou bYt povazovana za 
podobna z hlediska zvolenych charakteristik odtokove odezvy. Vyhledani takoveho kvazi-ho­
mogenniho shluku povodi z hlediska vYskytu kulminace prutokovYch vln bylo provadeno na 
zillade korelacni a shlukove analyzy pncinnych klimatickych, fyzicko-geografickych a hydro­
logickych faktoru v povodi ceskeho Labe. Potrebne datove soubory byly odvozeny pro 110 vy­
branych vodomernych stanic na mensich povodich, ktere splnovaly podminku neovlivneneho 
anebo jen mruo ovlivneneho prutokoveho rezimu (viz obr. 1). Rovnez nebyly zahrnuty stanice 
s prerusenou nebo neuplnou radou mereni v uvazovanim referenCnim obdobi let 1975-2000. 
Zilladnim problemem bylo urceni spolehlivYch reprezentativnich sezonrunich charakteristik. 

Pro vyjadreni charakteristik sezonality vYskytu povodni existuje rada metod. V zavis­
losti na ruznych pncinnych vlivech pusobicich pft vzniku povodne vsak neexistuje zadna 
univerzrune nejlepsi. Vzhledem ke stanovenemu cili, vyjadftt prostorove rozdily sezonruni­
ho rozlozeni extremnich prutokum, byly porovnavany tft metody. U vsech se pracuje s ra­
dami prllmernych dennich prutoku nad hodnotou lleteho prutoku v souladu s obecnou de­
finici podle vYrazu (1). 

Metoda polarnich grafU je zalozena na graficke analyze ruzicoveho grafu, kde pruvodice 
odstupnovane vZdy po 30° predstavuji jednotlive mesice roku a jsou na nich vyneseny cet­
nosti vYskytu povodni v pnslusnem mesici (viz obr. 2). Polarni ruzicove grafy maji dobrou 
vypovidaci schopnost a jsou snadno sestrojitelne. Z hlediska statistickeho zpracovani jsou 
vsak mene presne. 

Druha metoda smerovYch statistik prevadi datum vYskytu kulminace povodni rovn~z do 
polarru'ho souradnicoveho systemu urcenim pnslusne polohy v jednotkove kruznice. Uhlo­
vY prevod <l>i se uskutecnuje podle vzorce (2) a velikost kulminacniho prutoku m je repre­
zentovana jeho relativnim podilem na hodnoM kulminace nejvetsi povodne ve sledovanem 
profilu, pftcemz ta je rovna 1 (viz obr. 3). Pro soubor povodni (viz obr. 4) v danem referenc­
nim obdobi se urcuje souradnice prumerneho dne vYskytu povodni MD (Mean Day) podle 
rovnice (3) a rozptyl vYskytu povodilovYch pnpadu r podle rovnice (4). Pnnosem metody 
smerovYch charakteristikje ziskani detailnejsich informaci 0 sezonalite povodni a tim i vet­
si spolehlivost, se kterou je vymezena cast roku se zvYsenYm vYskytem extremnich pruto­
ku. Navic tento pnstup umoznuje ziskat informace 0 sezonrunim rozlozeni velikosti jednot­
livYch maximalnich prutoku. Znazorneny rozptyl je proto cennou informaci pro hodnoceni 
zatizeni povodi povodnovYm nebezpecim. Naopak nevYhodou muze bYt zatizeni sezonalnich 
informaci znamYm nedostatkem prumerovani, tzn., ze tehoz prumeru lze dosahnout z vel­
mi rozdilneho rozlozeni hodnot vstupnich velicin. 

Proto byla udrzovana jeste jako treti metoda car kumulativnich cetnosti vYskytu povod­
ni. Cara se sestrojuje pro danou stanici postupnYm souctem kulminaci (nad urcitou praho­
YOU hodnotou prutoku), ktere byly zjisteny v jednotlivYch dnech kazdeho roku v uvazova­
nem referencnim obdobi. PrUbeh cary (casovY pocatek a konec vYrazne zmeny sklonu cary 
viz interval I v obr. 5, interval ustalene tendence - II a interval prechodovY - III) vymezu­
ji signifikantni obdobi se zvYsenou pravdepodobnosti rozvodneni (obdobi povodnoveho ne­
klidu) v kaZdem uvazovanem obdobi. Bylo overeno, ze volba ruzne prahove hodnoty pruto­
ku nema vliv na urceni pocatku a konce povodnoveho neklidu, protoze zmena sklonu cary 
kumulativnich cetnosti vYskytu povodni nastava i pft rozdilnych meznich prutocich ve stej­
nem dni. Spolehlivost urceni delky trvani povodnoveho neklidu, coz u sezonruni analyzy ste­
zejni informace, je hlavni prednosti teto metody. 

Jako dalsi charakteristiky pro tyto ucely byly pro kazde vybrane povodi urceny a kore­
lovany mezi sebou urcene fyzicko-geograficke, meteorologicke a hydrologicke parametry, 
viz tabulka 1. Statisticka a korelacni analyza prokazala, ze MD stejne jako rozptyl vYsky­
tu povodni vykazuji vyssi korelaci ve vztahu ke konci povodnoveho neklidu nez ve vztahu 
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k jeho pocatku. Je to dana vetsi podobnosti poklesovych vetvi prutokorych vln, ktere se ri­
di jednotnym hydraulickYm zakonem pro vycerpavani zasob vody v povodi. U vzestupnych 
vetvi se odrazi vetsi rozdily mezi prubehem letnich a zimnich prutokorych vln. Rozhoduje 
take zda a jak casto jsou rozvodneni zimniho typu doprovazeny letnimi ryskyty povodni ne­
boli zda v povodi existuje dvoji povodnory rezim. 

Z hlediska zkoumanych fyzicko-geografickych faktoru je MD nejvice ovlivnen nadmor­
skou ryskou povodi. Zretelnou korelaci vykazuje i vyska snehu k 15. breznu, coz je rozho­
dujici datum pro odhad snehorych zasob v povodi predjarnim tanim. Rovnez plochy pokry­
ti le,sem signifikantne souviseji s nadmorskou ryskou. 

Uzka primoumerna vazba konce povodnoveho obdobi byla prokazana i u povodi se se­
verne orientovanYmi svahy (a naopak nepfimoumerna s jizne orientovanYmi svahy). eim 
vetsi je podil severne orientovanych svahu tim pozdeji v danem povodi konci obdobi zvyse­
ne pravdepodobnosti ryskytu povodni. Tento vztah je zrejme mozne vysvetlit pozdejsi do­
bou odtavani snehu na severnich svazich. 

Na zaklade analyzy vzajemnych vztahu uvazovanych parametru byly mezi majoritni 
faktory zarazeny nasledujici veliciny: MD, pocatek a konec sezonalniho obdobi povodnove­
ho neklidu, prumerna rocni vyska, srazky a prumerna rocni teplota, ryska snehove po­
kryvky ke dni 15.3., nadmorska vyska, sklonitost svahu a lesnatost povodi. Vliv ostatnich 
velicin byl bud implicitne jiz zaveden nekterym z majoritnich faktoru anebo byl mene ry­
znamny. 

Vybrana povodi byla pak podle podobnosti, charakterizovane majoritnimi faktory a dale 
pomoci aplikace metody shlukove analyzy v prostredi GIS, rozdelena do 7 oblasti. Geogra­
ficke znazorneni regionu ilustruje obr. 6. Vysledne regiony lze z hlediska sezonality rysky­
tu povodni povazovat pnbliZne za hydrologicky homogenni. 

Do prvniho regionu (severorychodni pohofi) bylo zarazeno 8 stanic, do druhe 13 (severo­
rychodni podhuri), do tfetiho 48 (vrchoviny), do ctvrteho 9 (podkrusnohorsky stin), do pa­
teho 3 (oblast vlivu Novohradskych hs>r), do sesteho 18 (Posumavi-Otavsko) a do sedmeho 
13 vodomernych profilu (oblast vlivu Zdarskych vrchu). 

U dalsich povodi, mimo tech vybranych, ktera nemaji pozorovani anebo maji ovlivneny 
odtokory rezim ci u spornych pripadu v okrajovych oblastech regionu bylo pnhlizeno k roz­
lozeni prumernych rocnich srazkorych uhrnu a k nadmorske rysce. 

Obr. 1 - Vybrane vodomerne stanice v povodi ceskeho Labe 
Obr. 2 - Metoda polarnich grafu ryskytu povodnorych pripadu u profilu Lazne Belohrad 

na Javorce a JosefUv Dul na Kamenici 
Obr. 3 - Aplikace metody smerorych statistik na radu dat povodnorych prutoku 
Obr. 4 - Metoda smerovych statistik pn analyze ryskytu povodnovych pripadu u profilu 

Lazne Belohrad na Javorce a Josefuv Dul na Kamenici 
Obr. 5 - Metoda car kumulativnich cetnosti vyskytu povodnovych pripadu u profilu Laz­

ne Belohrad na Javorce a JosefUv Dul na Kamenici 
Obr. 6 - Mapa odvozenych regionu podle sezonality vyskytu povodni 
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