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stations, a graphic-numerical method based on flood cumulative frequency curves was
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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

247



i Eevipemgpe)-ldus
| Culdwead oodes Be
A S

N}Qe#’ ssslay

vl aedond g

‘ E 0-245
. 246-550

& & W 3T

I 551-850
= 851-1150
BE 1151-1650

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 (Bradka 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 calculated 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 km?) 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 Q.

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

§={0 ; Q<Q,
Q-G:Q>Q

Qg is the threshold flow,
Q, is a flow in time 1(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 of the methods
uses series of floods that exceed given threshold. The value of 1 year discharge
was used as appropriate limit for this purpose.

(D)

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 Lazné Bélohrad on the Javorka River and Joseftiv Dil 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%%) 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

2n
g JD,.[%j @)

where ¢, is an angle value (in radians) of the date of the occurrence of the flood
event i.

JD is Julian date.

Each date of flood occurrence can be interpreted as a vector (Fig. 3) given
by angle ¢, 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 xand y of mean date of flood
occurrence MD (Mean Day) in the selected gauging station as follows:

A TN
i=1 =

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=yx’+y’

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

1 - Mean vector

¥ = (dne)

b
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Fig. 3 — Application of the method of directional statistics

for flood flow series (according to Black, Werritty 1997)

(4)

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
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
seasonality occurrence of
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 of this method is in the error
of the averaging because identical values of the mean can be obtained from
different distributions of the data series.
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Fig. 4 — Method of directional statistics used for analysis of flood occurrence at gauging
stations Lazné Bélohrad on the Javorka River and Joseftiv Dil 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 Lazné Bélohrad on the Javorka River and Josefav 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(¢) that
exceeded given discharge @ in time ¢. The values of variable ¢ range in time
interval (0,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 @, 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 @, 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
@; 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 that MD 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.
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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 Krusné Mountains) 9, the fifth
(areas affected with the Novohradské Mountains) 3, the sixth (the Sumava
Mountains and the Otava River areas) 18 and the seventh one (areas affected
with the Zdarské 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.

References:

BAYLISS, A. C., JONES, R. C. (1993): Peaks over threshold flood database: Summary
statistics and seasonality. Report No. 121. Institute of Hydrology, Wallingford, UK. 61 p.

BLACK, A. R., WERRITTY, A. (1997): Seasonality of flooding: a case study of North Britain.
Journal of Hydrology, 195, pp. 1-25.

BRADKA, J. (1967): Meteorologlcke priciny povodm ve Slezku (Meteorological causal
factors of floods in Silesia). Meteorologiké zpravy, 20, CHMU, Praha.

BUCHTELE, J. (1972): Kategorizace povodifiového reZimu na tocich vltavské kaskady
(Categonsatlon of flood reg1mes on the rivers discharging into the Vltava Cascade of
Reservoirs). Sbornik praci HMU, 18, Praha.

BURN, D. H., ZRINJI, Z., KOWALCHUK M. (1997): Regionalization of Catchments for
Regional Flood Frequency Analysis. Journal of Hydrologic Engineering, pp. 76-82.

FISHER, N. I. (1993): Statistical Analysis of Circular Data. Cambridge University Press,
Cambrldge UK.

HLADNY, J. (1971): K rajonizaci povodiovych situaci na tizemi CSR pro potfeby povodtiové
sluzby (To regionalisation of flood events on the territory of the Czech Republic for the
purposes of the Flood Forecasting Service). Proceedings of papers of Hydrological
Conference in Brno, Studia Geographica, 22, GU CSAV, Brno.

HLADNY, J., CHALUSOVA, J, VLASAK T. (2001) Hydrosynoptické piistupy
k identifikaci povodiiového mechanismu (Hydro -synoptic approaches to identification of
flood development mechanisms). Acta Universitates Carolinae—Geographica, XXXVI,
No. 2, UK v Praze, Praha.

KAKOS, V. (1983): Hydrometeorologicky rozbor povodni na Vltavé v Praze za obdobi
1873—1982 (Hydrometeorologmal analysis of floods on the Vltava River in Prague in
1873-1982). Meteorologické zpravy, 36, No. 6, CHMU, Praha, pp. 171-181.

KAKOS, V. (1985): Hydrometeorologlcké analyza povodﬁovych situaci v povodi Labe
(Hydrometeorologlcal analysis of floods in the Elbe River basin). Meteorologické zpravy,
38, No. 5, CHMU, Praha, pp. 148-151.

KASPAREK L. a kol (1999): Hodnoceni modelovani srazko—odtokovych vlastnosti povodi
(Assessment of modelling of rainfall-runoff attributes of catchments). VUV T.G.M.,
Praha, 47 p.

MARDIA, K. V. (1972): Statistics of Directional Data. Academia Press, London, 38 p.

OUARDA, T. B. M. J., ASHKAR, F., EL-JABI, N. (1993): Peaks Over Threshold Model for
Seasonal Flood Varlatlons Engmeerlng Hydrology, USA, pp. 341-346.

SERCL, P., LETT, P. (2002): Vypoéet rastru srazek v prostredl GIS s vyuzitim ArcView
Spatlal Analyst (Calculation of precipitation grid using GIS and ArcView Spatial
Analyst). User guide, version 2.0.1, CHMU, OPV, Prague.

TODOROVIC, P., ZELENHASIC, E. (1970) A stochastlc model for flood analysis. Water
Resources Research, 6, No. 6, pp. 1641-1648.

257



VAVRUSKA, F. (1989): Meteorologické p¥iciny povodni na Otavé a Luznici (Meteorological
causal factors of floods on the Otava and Luznice Rivers). Meteorologické zpravy, 42.
CHMU, Praha, pp. 111-115.

Shrnuti

REGIONALIZACE POVODI LABE NA ZAKLADE SEZONALNI ANALYZY VYSKYTU
POVODNI

Poznatky o sezonalité vyskytu maximélnich pratok jsou jednim z dileZitych podkladi pie-
devsim pro rajonizaci krajiny z hlediska jejiho zatiZeni povodiiovym nebezpeéim. Region se
v téchto souvislostech chéape jako seskupeni mensich povodi, ktera mohou byt povazovana za
podobna z hlediska zvolenych charakteristik odtokové odezvy. Vyhledani takového kvazi-ho-
mogenniho shluku povodi z hlediska vyskytu kulminace priatokovych vin bylo provddéno na
zdkladé korelaéni a shlukové analyzy pFi¢innych klimatickych, fyzicko-geografickych a hydro-
logickych faktord v povodi ¢eského Labe. Potiebné datové soubory byly odvozeny pro 110 vy-
branych vodomérnych stanic na mensich povodich, které spliiovaly podminku neovlivnéného
anebo jen maélo ovlivnéného pritokového rezimu (viz obr. 1). Rovnéz nebyly zahrnuty stanice
s pierusenou nebo netplnou fadou méfeni v uvazovanim referenénim obdobi let 1975-2000.
Zakladnim problémem bylo uréeni spolehlivych reprezentativnich sezondlnich charakteristik.

Pro vyjadieni charakteristik sezonality vyskytu povodni existuje fada metod. V zavis-
losti na raznych p¥i¢innych vlivech pusobicich p#i vzniku povodné v8ak neexistuje zddna
univerzalné nejlepsi. Vzhledem ke stanovenému cili, vyjad¥it prostorové rozdily sezondlni-
ho rozloZeni extrémnich pratokam, byly porovnavany t¥i metody. U vSech se pracuje s fa-
dami pramérnych dennich pritokt nad hodnotou 1lletého pritoku v souladu s obecnou de-
finici podle vyrazu (1).

Metoda polédrnich grafi je zaloZena na grafické analyze ruzicového grafu, kde pravodiée
odstupniované vzdy po 30° piedstavuji jednotlivé mésice roku a jsou na nich vyneseny éet-
nosti vyskytu povodni v pFislu§ném mésici (viz obr. 2). Poldrni rtZicové grafy maji dobrou
vypovidaci schopnost a jsou snadno sestrojitelné. Z hlediska statistického zpracovani jsou
vSak méné pfesné.

Druhé metoda smérovych statistik ptevadi datum vyskytu kulminace povodni rovnéz do
poldrniho soufadnicového systému uréenim piislusné polohy v jednotkové kruznice. Uhlo-
vy pfevod ¢, se uskuteéiiuje podle vzorce (2) a velikost kulminaéniho pratoku m je repre-
zentovéna jeho relativnim podilem na hodnoté kulminace nejvétsi povodné ve sledovaném
profilu, pfi¢emz ta je rovna 1 (viz obr. 3). Pro soubor povodni (viz obr. 4) v daném referenc-
nim obdobi se uréuje soufadnice pramérného dne vyskytu povodni MD (Mean Day) podle
rovnice (3) a rozptyl vyskytu povodiiovych piipadd r podle rovnice (4). Pfinosem metody
smérovych charakteristik je ziskdni detailnéjich informaci o sezonalité povodni a tim i vét-
§1 spolehlivost, se kterou je vymezena ¢ast roku se zvySenym vyskytem extrémnich prito-
k1. Navic tento pFistup umozniuje ziskat informace o sezondlnim rozloZeni velikosti jednot-
livych maximalnich pratokd. Zndzornény rozptyl je proto cennou informaci pro hodnoceni
zatiZeni povodi povodiiovym nebezpeéim. Naopak nevyhodou miiZe byt zatiZeni sezondlnich
informaci zndmym nedostatkem priimérovéani, tzn., Ze téhoz priméru lze dosdhnout z vel-
mi rozdilného rozloZeni hodnot vstupnich veliéin.

Proto byla udrzovana jesté jako tfeti metoda éar kumulativnich ¢etnosti vyskytu povod-
ni. Céra se sestrojuje pro danou stanici postupnym souétem kulminaci (nad uréitou praho-
vou hodnotou prutoku), které byly zjistény v jednotlivych dnech kazdého roku v uvazova-
ném referenénim obdobi. Prubéh ¢ary (¢asovy polatek a konec vyrazné zmény sklonu éary
viz interval I v obr. 5, interval ustélené tendence — II a interval pfechodovy — III) vymezu-
ji signifikantni obdobi se zvy$enou pravdépodobnosti rozvodnéni (obdobi povodiiového ne-
klidu) v kazdém uvaZovaném obdobi. Bylo ovéfeno, zZe volba rtizné prahové hodnoty prito-
ku nema vliv na uréeni pocatku a konce povodriového neklidu, protoZe zména sklonu éary
kumulativnich éetnosti vyskytu povodni nastdva i p¥i rozdilnych meznich pritocich ve stej-
ném dni. Spolehlivost uréeni délky trvani povodriového neklidu, coZ u sezondlni analyzy sté-
Zejni informace, je hlavni pifednosti této metody.

Jako dalsi charakteristiky pro tyto uéely byly pro kazdé vybrané povodi uréeny a kore-
lovdny mezi sebou uréené fyzicko-geografické, meteorologické a hydrologické parametry,
viz tabulka 1. Statistick4 a korelaéni analyza prokdzala, ze MD stejné jako rozptyl vysky-
tu povodni vykazuji vy$si korelaci ve vztahu ke konci povodriového neklidu nez ve vztahu
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k jeho pocatku. Je to ddano vétsi podobnosti poklesovych vétvi priitokovych vin, které se ¥i-
di jednotnym hydraulickym zdkonem pro vyéerpavani zdsob vody v povodi. U vzestupnych
vétvi se odrazi vétsi rozdily mezi prab&hem letnich a zimnich pratokovych vin. Rozhoduje
také zda a jak €asto jsou rozvodnéni zimniho typu doprovazeny letnimi vyskyty povodni ne-
boli zda v povodi existuje dvoji povodiiovy rezim.

Z hlediska zkoumanych fyzicko-geografickych faktord je MD nejvice ovlivnén nadmoi-
skou vyskou povodi. Zfetelnou korelaci vykazuje i vy$ka snéhu k 15. b¥eznu, coZ je rozho-
dujici datum pro odhad snéhovych zdsob v povodi pied jarnim tdnim. RovnéZ plochy pokry-
ti lesem signifikantné souviseji s nadmotskou vyskou.

Uzka piimoimérna vazba konce povodiiového obdobi byla prokédzéana i u povodi se se-
verné orientovanymi svahy (a naopak nepfimoimérnd s jizné orientovanymi svahy). Cim
vétsi je podil severné orientovanych svaha tim pozdéji v daném povodi konéi obdobi zvyse-
né pravdépodobnosti vyskytu povodni. Tento vztah je zfejmé mozné vysvétlit pozdéjsi do-
bou odtavani snéhu na severnich svazich.

Na zdkladé analyzy vzdjemnych vztaht uvaZovanych parametrd byly mezi majoritni
faktory zaFazeny nésledujici veli¢iny: MD, podatek a konec sezondlniho obdobi povodfiové-
ho neklidu, primérnd roéni vy$ka, srazky a primérn4 ro¢ni teplota, vyska snéhové po-
kryvky ke dni 15.3., nadmo¥ské vyska, sklonitost svahi a lesnatost povodi. Vliv ostatnich
veli¢in byl bud implicitnég jiz zaveden n&kterym z majoritnich faktort anebo byl méné vy-
znamny.

Vybrana povodi byla pak podle podobnosti, charakterizované majoritnimi faktory a déle
pomoci aplikace metody shlukové analyzy v prostiedi GIS, rozdélena do 7 oblasti. Geogra-
fické zndzornéni regiond ilustruje obr. 6. Vysledné regiony lze z hlediska sezonality vysky-
tu povodni povazovat p#iblizné za hydrologicky homogenni.

Do prvniho regionu (severovychodni poho#i) bylo zafazeno 8 stanic, do druhé 13 (severo-
vychodni podhif#i), do tietiho 48 (vrchoviny), do étvrtého 9 (podkrudnohorsky stin), do pa-
tého 3 (oblast vlivu Novohradskych hor), do Sestého 18 (PoSumavi-Otavsko) a do sedmého
13 vodomérnych profila (oblast vlivu Zdarskych vrchi).

U dalsich povodi, mimo téch vybranych, kter4 nemaji pozorovéani anebo maji ovlivnény
odtokovy rezim ¢i u spornych pfipadi v okrajovych oblastech regiond bylo ptihliZzeno k roz-
loZeni pramérnych roénich srazkovych thrni a k nadmoiské vysce.

Obr. 1 — Vybrané vodomérné stanice v povodi éeského Labe

Obr. 2 - Metoda polarnich graft vyskytu povodiiovych p¥ipadi u profild Lazné Bélohrad
na Javorce a Josefav Dal na Kamenici

Obr. 3 — Aplikace metody smérovych statistik na fadu dat povodtiovych pritokt

Obr. 4 — Metoda smérovych statistik p¥i analyze vyskytu povodiovych p¥ipadd u profild
Léazné Bélohrad na Javorce a Joseftiv Diil na Kamenici

Obr. 5 — Metoda ¢ar kumulativnich ¢etnosti vyskytu povodiiovych p¥ipadid u profila Laz-
né Bélohrad na Javorce a Josefiv Dal na Kamenici

Obr. 6 — Mapa odvozenych regiond podle sezonality vyskytu povodni
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