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The aim of this study was to test the applicability of a simple scaling methodology for a regional 
estimation of intensity-duration-frequency (IDF) curves in Slovakia. The analysis is based on the 
regionalization process of Gaál (2006), which focused on the delineation of homogeneous regions for a 
regional frequency analysis of precipitation maxima. In order to examine the regionally estimated IDF 
curves, a region covering the western parts of Slovakia was chosen. The selected region, which 
encompasses 19 raingauging stations, may be characterized by the dominant influence of Atlantic 
circulation patterns. Three of the 19 stations belonging to the target region were set aside and flagged as 
verification stations.  

The regional dimensionless growth curve of 1-day precipitation maxima in the warm season was derived 
for the region, and the local T-year quantiles were estimated by the index value method for the stations. At 
the same time, a regionally averaged scaling exponent was derived using all the stations except for the three 
verification ones. The local IDF curves at the verification stations were estimated by downscaling the T-
year quantiles of the 1-day precipitation maxima using the regionally averaged scaling exponent. Finally, 
the IDF curves for these stations were compared with those defined by Šamaj, Valovič (1973). This study is 
the first step in assessing the applicability of a simple scaling theory for the regional estimation of IDF 
curves in Slovakia.  
 
KEY WORDS: Regionalization, Rainfall Intensity, Simple Scaling, IDF Curves, Warm Season, 1-Day 
Maxima of Precipitation Totals. 
 
Márta Bara, Ladislav Gaál, Silvia Kohnová, Ján Szolgay, Kamila Hlavčová: VYUŽITIE METÓDY 
JEDNODUCHÉHO ŠKÁLOVANIA EXTRÉMNYCH ZRÁŽOK PRI REGIONÁLNOM ODHADE 
NÁVRHOVÝCH DAŽĎOV NA SLOVENSKU. J. Hydrol. Hydromech., 58, 2010, 1; 44 lit., 8 obr., 5 tab.  

 
Cieľom tejto práce bolo otestovať možnosť použitia metódy jednoduchého škálovania zrážok pri 

regionálnom odhade návrhových hodnôt zrážkových intenzít na Slovensku. Pre analýzu bolo vybraných 19 
zrážkomerných staníc vo vopred vyčlenenom regióne na území západného Slovenska, pričom tri stanice 
boli separované ako verifikačné stanice. Pre vybraný región sme odvodili bezrozmernú regionálnu čiaru 
prekročenia jednodenných maximálnych úhrnov zrážok v teplom polroku a následne sme pre verifikačné 
stanice metódou indexovej hodnoty odhadli lokálne návrhové hodnoty pre rôzne významné doby 
opakovania T (tzv. T-ročné kvantily). Vo vyčlenenom regióne sme určili priemerný regionálny škálovací 
koeficient. Návrhové zrážkové intenzity pre tri verifikačné stanice sa stanovili zoškálovaním T-ročných 
kvantilov jednodenných maximálnych zrážok pomocou regionálneho škálovacieho koeficientu. Určené 
návrhové hodnoty sme porovnali s výsledkami Šamaja, Valoviča (1973). Štúdia potvrdila možnosť využitia 
metódy jednoduchého škálovania na regionálny odhad návrhových hodnôt zrážkových intenzít na 
Slovensku.  
 
KĽÚČOVÉ SLOVÁ: regionalizácia, intenzita zrážok, jednoduché škálovanie, návrhové hodnoty, teplý 
polrok, jednodenné maximálne úhrny zrážok. 
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1. Introduction 
 

The relationship between the intensity, duration 
and frequency of rainfall (the IDF relationship) is 
one of the most commonly used tools in water re-
sources engineering, either for the planning, design 
and operation of water resource projects or the pro-
tection of various engineering projects against 
floods. The establishment of such relationships 
goes back to the 1930s (Bernard, 1932). Since then, 
different forms of relationships have been con-
structed for several regions of the world. Since the 
1960s, the regional properties of IDF relationships 
have been studied in several countries, and maps 
have been constructed to provide the rainfall inten-
sities or precipitation totals for various annual fre-
quencies and durations. More recently, Koutsoyian-
nis et al. (1998) proposed a novel approach to the 
formulation and construction of IDF curves, which 
constitutes an efficient parameterization by facili-
tating the description of the geographical variability 
and rationalization of IDF curves and allowing for 
the incorporation of data from non-recording sta-
tions for constructing IDF curves at ungauged sites. 
Willems (2000) analyzed the IDF properties of ex-
treme precipitation for two different storm types. 
He estimated different mixtures of these two types 
of storms both for summer and winter conditions, 
which brought new elements into the current under-
standing of what determines IDF curves and their 
scaling properties. Minh Nhat et al. (2007) devel-
oped a regional IDF relationship for ungauged loca-
tions based on the scaling theory. Acar et al. (2008) 
used a multilayer perceptron artificial neural net-
work model to assess IDF relationships for short 
duration rainfalls. 

The first attempts to construct regional IDF 
curves for Slovakia were made by Dub (1950). 
Šamaj, Valovič (1973) presented a comprehensive 
IDF study based on 68 stations covering the area of 
Slovakia using data mostly from the period 1931–   
–1960. Their results were re-evaluated by Urcikán 
and Horváth (Urcikán, Imriška, 1986); however, 
the analysis mostly concentrated on different for-
mal presentations of IDF curves. They also pro-
posed a method for the spatial interpolation of IDF 
curves for sites with no direct observations.  

In recent decades, hydrological research has de-
voted considerable attention to improving the rep-
resentation of precipitation fields both in time and 
space. One of the most important issues recently is 
the development of various mono and multiscaling 
models. They recognize rainfall organization at 

different scales through the concept of mesoscale 
precipitation areas and the clustering of cells in 
space and time; see e.g. Waymire, Gupta (1981), 
Waymire et al. (1984), Rodriguez-Iturbe et al. 
(1984), Marien, Vandewiele (1986), Sivapalan, 
Wood (1987), Veneziano et al. (1996; 2007). 

In recent years, many studies have been devoted 
to extreme rainfall and its scaling properties. Gupta, 
Waymire (1990) examined spatial rainfall by intro-
ducing the concepts of simple and multiple scaling 
to characterize the probabilistic structure of the 
precipitation process. Smith (1992) developed a 
multiscaling approach to characterize river flow 
distribution. Koutsoyiannis, Foufoula-Georgiu 
(1993) applied a scaling model to predict storm 
hyetographs. Bendjoudi et al. (1997) used the multi-
fractal point of view on the IDF rainfall curves. 
Hubert et al. (2002) investigated the multi-fractal 
taming of extreme hydrometeorological events, 
which suggests that both rainfall and discharge 
extreme events might be ruled by statistical alge-
braic laws, rather than by exponential ones as has 
been generally postulated up to now. Rosso, Bur-
lando (1990) adopted the concept of scale invari-
ance to analyze some traditional forms of depth-
duration-frequency (DDF) relationships used in 
different countries to characterize extreme storm 
probabilities. The study showed that a synthesis of 
the regularities in a temporal storm pattern could 
characterize extreme storms better than traditional 
statistical techniques, which are usually carried out 
in order to identify and parametrize extreme storm 
probability distributions. A lognormal distribution 
model was also introduced to represent either sim-
ple or multiple scaling DDF curves from extreme 
value storm data (Burlando, Rosso, 1996). De 
Michele et al. (2002) developed intensity-duration-
area frequency curves for the evaluation of design 
storms using a scaling approach. Nguyen et al. 
(1998) proposed a GEV distribution model for the 
regional estimation of short duration rainfall ex-
tremes based on a scaling theory. Javelle et al. 
(1999) investigated discharge-duration-frequency 
curve modeling for floods and scale invariance. 
Molnar, Burlando (2008) examined the variability 
of scaling exponents in a mountainous region. The 
study of Menabde et al. (1999) was devoted to a 
simple scaling hypothesis. It showed that based on 
the empirically observed scaling properties of rain-
fall and some general assumptions about the cumu-
lative distribution function for the annual maxima 
of mean rainfall intensity, it is possible to derive a 
simple IDF relationship. Yu et al. (2004) developed 
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regional IDF formulas for non-recording sites based 
on a scaling theory. In general, a common feature 
of these studies is the hypothesis of scale invari-
ance. The concept of scale invariance supposes that 
statistical moments of scale-invariant systems at 
different scales (i.e. larger or smaller temporal reso-
lutions) are related by an operation (i.e. power law) 
that only involves the scale ratios. The practical 
potential of the scaling hypothesis lies in the fact 
that it allows for estimating design values of rain-
fall at selected recurrence intervals and durations 
shorter than a day by only using a simple power-
law relationship in the combination with design 
values of daily precipitation data, which are avail-
able from a denser network of non-recording rain-
gauges. 

The motivation for this study was to verify the 
applicability of using a regionally averaged scaling 
exponent for the indirect estimation of IDF curves 
at sites with no rainfall observations. The core idea 
of the methodology was to select three verification 
stations, which, although being equipped with rain-
gauges, were treated as ungauged sites. It was sup-
posed that the only information on the precipitation 
regime at the verification stations was the index 
value, i.e., the average value of the at-site annual 
maxima of 1-day precipitation in the warm season 
(April–September). The rest of the characteristics 
(i.e., the quantiles of the regional growth curve and 
the scaling exponent, respectively) necessary for 
the simple scaling were estimated using regional 
approaches that relied on all but the three verifica-
tion stations within the target region. Using the 
regional scaling exponent, the IDF curves were 
estimated by downscaling the design values of the 
1-day precipitation maxima in the warm season. 
The IDF curves were finally compared with the 
IDF assessed by Šamaj, Valovič (1973).  

The paper is organized as follows: Section 2 pre-
sents the methods used herein, including the re-
gionalization procedure, the identification of the 
homogenous pilot region, and the estimation of the 
scaling exponent in the selected region. Section 3 
describes the data used. The results of estimating 
the regional IDF curves in the three verification 
stations comparing them with the ones assessed by 
Šamaj, Valovič (1973) are presented in Section 4. 
Finally, the results are discussed and summarized in 
Section 5.  
 
 
 
 

2. Methodology 
 

In the following section, which summarizes the 
theoretical background of the current study, we deal 
with two main issues. The first one is the regional 
index value methodology (i.e., Hosking, Wallis, 
1997), which is used to derive the T-year quantiles 
(i.e., the design values corresponding to the return 
period T, or annual frequency P, respectively) of 
the analyzed data set, namely the maxima of 1-day 
precipitation totals in the warm season. The second 
topic is the simple scaling methodology (i.e., Me-
nabde et al., 1999), which is employed to establish 
the IDF curves for the selected stations, i.e., based 
on the simple scaling relationship and the design 
values of the 1-day precipitation totals, it is used to 
assess the design values corresponding to shorter 
rainfall durations. 
 
2.1 Regional frequency analysis  
of 1-day precipitation maxima 
 

A regional precipitation frequency analysis of 
heavy precipitation in Slovakia has been carried out 
in Gaál (2006) according to the methodology pro-
posed by Hosking, Wallis (1997), which is called 
the ‘regional L-moment algorithm’ and relies on 
four cornerstones: 
− Screening of the data. 
− Identification of homogeneous regions. 
− Choice of a frequency distribution. 
− Estimation of the regional frequency distribution, 

at-site quantiles and their confidence intervals. 
 
2.2 Screening of the data 
 

For the purposes of a frequency analysis, 56 cli-
matological stations that more or less evenly cover 
the area of Slovakia have been selected from the 
database of the Slovak Hydrometeorological Insti-
tute (SHMI). The observation periods range from 
1961 to 2003 at the majority of the stations; more-
over, data from the period 1951–1960 that is avail-
able at some stations were also included in the basic 
data set. The shortest observation records are 35 
years long (in 2 cases); on the other hand, the long-
est ones consist of 53 years (at 13 sites). The most 
common value of the record lengths is 43 years (15 
occurrences).  

The first step of the regional L-moment algo-
rithm is aimed at identifying errors or inconsisten-
cies in the data set to be processed, such as man-



M. Bara, L. Gaál, S. Kohnová, J. Szolgay, K. Hlavčová 

52 

made mistakes, missing values, trends due to the 
climate change (e.g. Pekárová, 2009; Pekárová et 
al., 2008) or other inhomogenities. The basic 
screening of the data did not reveal any major in-
consistencies; thus, we concluded that the collected 
data set of daily precipitation records is suitable for 
further climatological analyses (Gaál, 2006).  
 
2.3 Identification of homogeneous regions 
 

For our study, the regionalization of precipitation 
maxima derived by Gaál (2006) was used for the 
subsequent regional estimation of the design values 
of 1-day precipitation totals in the warm season. In 
this regionalization, the formation of homogeneous 
regions for regional precipitation frequency analy-
sis in Slovakia was reached in three steps. 

In the first step, cluster analysis was employed as 
an objective method of pooling. The discriminating 
variables were the geographical co-ordinates (lati-
tude, longitude and altitude), the ratio of the pre-
cipitation totals for the warm and cold seasons, and 
Lapin’s index of the Mediterranean effect (the latter 
characteristic is a descriptor of the intra-annual 
variability of monthly precipitation totals in Slova-
kia; see Gaál, 2005; Lapin, Melo, 2004, 2005; Ce-
bulak et al., 2000). The result of the cluster analysis 
was the delineation of 5 homogeneous regions. 

At the same time, a process-based (subjective) 
regionalization was carried out as the second step 
of the regionalization. The motivation for this idea 
was to take advantage of the knowledge of clima-
tologists on the long-term precipitation regime of 
the country, which is influenced by the complex 
topography, the effects of different circulation pat-
terns, and other mechanisms producing heavy pre-
cipitation. Following consultations with Faško 
(2006), four regions of extreme precipitation were 
identified.  

The final set of homogeneous regions was cre-
ated as a compromise between the results of the 
objective and subjective methods of regionaliza-
tion, respectively. It is comprised of three regions: 
the western, the southern and the northern regions 
(Regions #1, #2 and #3 on Fig. 1, respectively). 
Further considerations about how the regions were 
identified are given in Gaál (2006).  

The regions were tested for regional homogene-
ity according to the Hosking, Wallis (1997) meth-
odology. The Hosking and Wallis heterogeneity 
measure H is a quantification of a simulation pro-
cedure where the actual variability of the second 
moments within the given region is compared with 

the variability of the second moments within a ho-
mogeneous region (i.e. in a region with no inter-site 
correlations). The critical H values are set as fol-
lows: the region is acceptably homogeneous if H < 
1, possibly heterogeneous if 1 ≤ H < 2, and defi-
nitely heterogeneous if H ≥ 2 (Hosking, Wallis, 
1997). 

The heterogeneity measure H for the maxima of 
the daily precipitation totals in the warm season 
reached the following values: 0.28 in Region #1;     
–0.32 in Region #2 and 1.23 in Region #3. All of 
these results indicate an acceptable degree of the 
regional homogeneity of the regions.  

Out of the final three regions, Region #1, com-
prising the western parts of Slovakia and character-
ized by the dominant influence of Atlantic circula-
tion patterns (mostly in its northern parts), was 
selected for the aims of the current study. 

 
2.4 Choice of a frequency distribution 
 

The Z-test by Hosking, Wallis (1997) was ap-
plied to select an appropriate regional frequency 
distribution. According to the recommendations of 
Hosking, Wallis (1997), the goodness-of-fit of the 
following 3-parameter distribution functions has 
been tested: GEV (generalized extreme value), 
GLO (generalized logistic), GNO (generalized 
normal) and PE3 (Pearson type III).  

Generally, the goodness-of-fit of the proposed 
distribution functions for precipitation maxima in 
the warm season (Gaál, 2006) showed that the 
GEV was a suitable regional distribution function 
and was used for the regional estimation of the 
design precipitation totals in our study. 
 
2.5 Simple scaling of rainfall 
 

In this study, a simple scaling hypothesis was 
adopted in order to derive the intensity-duration-
frequency (IDF) characteristics of the rainfall. The 
methodology applied herein follows the one used in 
Menabde et al. (1999) and Yu et al. (2004). A com-
plete overview is not presented; only the main prin-
ciples are outlined. For detailed information on the 
theoretical background on the multifractal behavior 
of rainfall, the reader is referred to Veneziano, Fur-
colo (2002), and Lovejoy, Schertzer (1985); more 
practice-oriented results can be found, e.g., in 
Gupta, Waymire (1990), Menabde et al. (1999), Yu 
et al. (2004) and Molnar, Burlando (2008). 

Let Id and Iλd denote the annual maximum rain-
fall  intensity  series for the time durations d and λd, 
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Fig. 1. A sketch of the location and composition of the homogeneous regions of maximum daily precipitation totals in the warm 
season. 
Obr. 1. Náčrt lokalizácie a zloženia homogénnych regiónov maximálnych denných úhrnov zrážok v teplom polroku. 
 
respectively. The two random variables Id and Iλd 
are related  through  the scale factor λ  (which is the 
ratio between the two time durations) and have the 
same scaling property as (Yu et al., 2004): 

dI  (1) 

where the equality is meant in the sense of the 
equality of the probability distributions of both 
variables, and β represents the scaling exponent. 
Such a behaviour is denoted as ‘simple scaling in 
the strict sense‘ (Gupta, Waymire, 1990).  

This type of scaling implies that both variables 
have the same probability distribution function if 
the finite moments of an order q exist for both. The 
relationship between the qth moments of rainfall 
intensity can be obtained after raising both sides of 
Eq. (1) to power q and taking the ensembles´ aver-
age (Yu et al., 2004): 
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where βq represents the scaling exponent of order q. 
The scaling exponent can be estimated from the 
slope of the linear regression relationships between 
the log-transformed values of the moments and the 
scale exponents for the various orders of moments. 
The case where the relationship between the scaling 
exponent and order of moment is linear is referred 

to as ‘wide sense simple scaling’ (Gupta, Waymire, 
1990). 

The scaling behavior can also be found for the 
parameters of a fitted cumulative distribution func-
tion (CDF) if the CDF has a standardized form 
(Menabde et al., 1999; Yu et al., 2004) 
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where function F is independent of d. For the sim-
ple scaling process it can be shown that the statisti-
cal properties of the CDF for the two different 
timescales d and λd are related as follows (Menabde 
et al., 1999; Yu et al., 2004): 

d

 

d
β

λμ λ μ=
 

 (4) 

and 

d

 

d
β

λσ λ σ= ,
 

 (5)  

where μd (σd) is the location (scale) parameter of the 
annual precipitation maxima of duration d, λ de-
notes a scale factor, and β – the scaling exponent. 
Based on these assumptions, the intensities P

dI of 
events with the same annual frequency P, but a 
different duration d, will satisfy the scaling relation  
 

P P
dI β

λ λ= .dI  (6)  
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On the basis of Eq. (6), it is possible to estimate the 
scaling exponent even if the data record is short 
(Menabde, 1999). 
 
3. Data analysis 
 

Based on the regionalization of the 1-day pre-
cipitation maxima in the warm season by Gaál 
(2006, Fig. 1), the western region of Slovakia was 
selected for our study. The target region has no 
firmly determined boundaries; however, we se-
lected 19 raingauge stations (Tab. 1), which are 
thought to fit in this region from a climatological 
point of view. (Note that the stations depicted in 
Fig. 1 were used in the regionalization process and 
are not necessarily identical to the selection in    
Tab. 1).  

The primary data set of raingauge stations ana-
lyzed, which consisted of rainfall intensities with a 
given annual frequency, was extracted by the peak-

over-threshold approach from records of automated 
raingauges (for details, see Šamaj, Valovič, 1973). 
The derived dataset consists of the quantiles of 
rainfall intensities of durations from 5 up to 180 
minutes as estimated empirically by Šamaj, Valovič 
(1973). The historical quantile data were checked 
and preprocessed according to a methodology de-
scribed in detail in Bara et al. (2008) and Bara 
(2008). The daily rainfall amounts, which were 
taken from the archive of the SHMI, were not cor-
rected for sliding duration (see, e.g., FEH, 1999). 
The quantiles of the 1-day (1440 min) precipitation 
duration for different annual frequencies were esti-
mated using the GEV distribution function. 

The periods of observation and the number of 
years observed for each station are summarized in 
Tab. 1. Generally, the periods of observation range 
from the 1930s to the 1960s, and the average length 
of observation is approximately 17 years. 
 

 
T a b l e  1.  List of the raingauge stations (with record lengths and exact years of observations) used in the rainfall scaling proce-
dure. 
T a b u ľ k a  1.  Zoznam analyzovaných ombrografických staníc (počet rokov pozorovania a pozorované obdobia) použitých pri 
škálovaní zrážok. 
 

Station Record length Observation period 
Čadca 17 1949–1965 
Holíč 18 1946–1949, 1951–1961, 1963–1965 
Ilava 22 1944–1965 
Kšinná 12 1931–1940, 1943–1944 
Kuchyňa Nový Dvor 21 1934–1937, 1946–1949, 1951–1955, 1958–1965 
Malé Bielice 13 1948–1949, 1955–1965 
Modra-Pánsky dom 20 1925–1939, 1941–1944, 1946 
Motešice-Letný dvor 14 1931–1944 
Nitrianske Pravno 17 1925–1941 
Oravská Lesná 16 1944, 1946–1949, 1952–1954, 1956–1957, 1960–1965 
Oravský Podzámok 14 1944–1948, 1951, 1953, 1955, 1957–1962 
Oravská Polhora 23 1930–1952 
Piešťany 13 1949, 1951–1959, 1963–1965 
Prievidza 14 1951–1961, 1963–1965 
Trenčianske Biskupice 12 1940–1943, 1946–1952, 1955 
Trnava 22 1930–1952 
Valašská Belá 16 1949, 1951–1965 
Veľké Rovné-Podivor 27 1935–1938, 1940–1944, 1946–1953, 1956–1965 
Žilina 19 1946–1949, 1951–1965 

 
Three stations from the target region were 

flagged as verification stations: Kuchyňa-Nový 
Dvor, Nitrianske Pravno and Čadca. The stations 
were selected according to the following three op-
tions: i) they characterize different geographical 
locations in the target region; ii) they represent the 

mean, minimum and maximum value of the scaling 
exponents in the analyzed region, and iii) they have 
their counterparts in the set of stations that were 
used in the delineation of the target region. The 
latter option needs some further explanation. As 
mentioned above, two sets of stations are used in 
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this analysis: the first group (11 stations, non-
automated raingauges) formerly used in the region-
alization process and the second group (19 stations, 
automated raingauges) used in the scaling process. 
The two groups of sites are also different from the 
aspect of their observation periods. Nonetheless, 
there are several sites that are identical in both 
groups (Čadca and Kuchyňa-Nový Dvor), or, with a 
certain degree of approximation, can be considered 
as identical (Nitrianske Pravno and Prividza, at a 
distance of 10 km from each other). Consequently, 
any regional estimation (see Sect. 4) is based on all 
the sites within the individual groups of sites except 
for the three verification stations, i.e., based on the 
remaining 8 non-automated raingauges and the 16 
automated raingauges, respectively.  

The station of Kuchyňa-Nový Dvor is situated in 
the southern part of the region, at an altitude of 206 
m a.s.l., with a record length of 21 years. The Ni-
trianske Pravno station is located in the centre of 
the region, at an altitude of 351 m a.s.l. The period 
of observation  available  at  this  station  is  17  
years. 

The Čadca station is found in the northern part of 
Western Slovakia, at an altitude of 423 m a.s.l.; the 
record length used in the analysis is 17 years. 

Fig. 2 shows the relationships between the log-
transformed values of moments of rainfall unit 
yields of various orders against various rainfall 
durations at the Čadca station, which is one of the 
verification stations.  

The displayed data set consists of rainfall unit 
yields of duration from 5 up to 180 minutes evalu-
ated empirically by Šamaj, Valovič (1973), ex-
tended by the estimated daily rainfall amounts us-
ing the GEV distribution. The return periods in the 
historical dataset were adjusted from empirical 
POT annual frequencies to the annual maximum 
return periods by the Langbein formula (Langbein, 
1949; Szolgay et al., 2007). Despite the slight in-
consistency in the method for the derivation of both 
datasets, it can be seen that the newly-added daily 
data are consistent with the tendency of the histori-
cal dataset. This implies the existence of scaling 
behavior in the data.  
 

 

 
 
Fig. 2. The relationships between the log-transformed values of moments of various orders against various rainfall durations at the 
Čadca station – scaling of the moments of rainfall unit yields. 
Obr. 2. Vzťah medzi momentmi špecifických výdatností zrážok a trvaním zrážok v stanici Čadca – škálovanie momentov špeci-
fických výdatností zrážok. 
 



M. Bara, L. Gaál, S. Kohnová, J. Szolgay, K. Hlavčová 

56 

 

4. Results 
 

First, the quantiles of the dimensionless regional 
frequency distribution GEV were derived for the 
selected region, using the 1-day precipitation 

maxima in the warm season. Tab. 2 shows the val-
ues of the estimated quantiles of the dimensionless 
regional frequency distribution for different annual 
frequencies.  
 

 
T a b l e  2.  Quantiles of the dimensionless regional frequency distribution, derived according to the GEV distribution function. 
T a b u ľ k a  2.  Kvantily bezrozmernej regionálnej čiary prekročenia, získané na základe teoretického rozdelenia pravdepodobnosti 
GEV. 
 

Annual frequency 0.5 0.2 0.1 0.05 0.02 0.01 
Quantile estimates 1.019 1.2695 1.4672 1.6722 1.9553 2.1769 

 
The design values of the 1-day precipitation 

maxima in the warm season were estimated for the 
three verification stations using the quantiles in 
Tab. 2, according to the index value methodology 
(Hosking, Wallis, 1997). As the index value, the 
mean of the warm season precipitation maxima was 
used, which was estimated using the at-site records 
of the 1-day precipitation maxima. Subsequently, 
the design values of the 1-day precipitation were 
transformed into rainfall intensities [l s-1 ha-1].  

Using the simple scaling methodology, the de-
sign values of the rainfall of selected recurrence 

intervals and durations shorter than a day were es-
timated by downscaling the design values of the 1-
day precipitation. For the downscaling, the average 
scaling exponent estimated for the selected region 
(again, with the verification stations excluded), 
whose value was 0.7321, was used, and the design 
values of the rainfall for the durations of 5, 10, 15, 
20, 30, 40, 50, 60, 90, 120 and 180 minutes were 
derived. In the analysed region the scaling expo-
nents vary from 0.6700 to 0.8069, the standard 
error of the mean is 0.002418.  
 

 

 
 
Fig. 3. Comparison of the IDF curves derived by downscaling and assessed by Šamaj, Valovič (1973), for annual frequencies P =    
= 0.5 and 0.05 at the Kuchyňa-Nový Dvor station.  
Obr. 3. Porovnanie čiar intenzít náhradných dažďov určených škálovaním a autormi Šamaj, Valovič (1973) pre periodicity P = 0,5 
a 0,05, stanica Kuchyňa-Nový Dvor.  



On the use of the simple scaling of heavy rainfall in a regional estimation of IDF curves in Slovakia 

57 

 
 
Fig. 4. Comparison of the IDF curves derived by downscaling and assessed by Šamaj, Valovič (1973) for annual frequencies P =    
= 0.5 and 0.05 at the Nitrianske Pravno station.  
Obr. 4. Porovnanie čiar intenzít náhradných dažďov určených škálovaním a autormi Šamaj, Valovič (1973) pre periodicity P = 0,5 
a 0,05, stanica Nitrianske Pravno. 
 

 
 
Fig. 5. Comparison of the IDF curves derived by downscaling and assessed by Šamaj, Valovič (1973) for annual frequencies P =    
= 0.5 and 0.05 at the Čadca station.  
Obr. 5. Porovnanie čiar intenzít náhradných dažďov určených škálovaním a autormi Šamaj, Valovič (1973) pre periodicity P = 0,5 
a 0,05, stanica Čadca. 
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The dependence of the scaling exponents on se-
lected geographical and climatological characteris-
tics was also examined. The following site attrib-
utes were considered: 
− elevation above the sea level [m],  
− mean annual precipitation [mm],  
− Lapin’s index of the Mediterranean effect [–],  
− maximum air temperature in the warm season 

[°C],  
− mean annual number of stormy days [–],  
− 100-year quantile of the annual maxima of 1-day 

precipitation totals [mm], and 
− 50-year quantile of the annual maxima of 1-day 

precipitation totals [mm]. 
Nevertheless, the squared correlation coefficient r2 

revealed no linear relationship between β and the 
selected site attributes.  

Figs. 3–5 show a comparison of the regionally 
estimated IDF curves in the three verification sta-
tions selected with the IDF by Šamaj, Valovič 
(1973). Generally, for all the durations, a system-
atic underestimation of the IDF curve values esti-
mated by the regional approach can be distin-

guished. To compare the IDF curve values, the 
relative differences (RD) were calculated using the 
formula:  
 

100X YRD
Y
−=

 

  [%], (7) 

where X are the design rainfall values determined 
by downscaling and Y – the design values assessed 
by Šamaj, Valovič (1973). The results of this com-
parison are listed in Tabs. 3–5. Only annual fre-
quencies which overlapped with the annual fre-
quencies of those estimated by Šamaj, Valovič 
(1973) were compared. 

From the results in Tabs. 3–5, it is obvious that 
for a duration longer than 10 minutes and for all 
annual frequencies, the regionally derived values of 
the relative differences [%] between the design 
rainfall intensities estimated by simple scaling are 
lower compared to the IDFs by Šamaj, Valovič 
(1973). The differences rise up to about 29% (in an 
absolute sense) for the verification stations, and the 
average is about 15%.  
 

 
T a b l e  3.  The relative differences [%] between the design rainfall intensities estimated by simple scaling and the design values 
derived by Šamaj, Valovič (1973) at the Kuchyňa-Nový Dvor station. 
T a b u ľ k a  3.  Relatívna odchýlka [%] medzi návrhovými hodnotami určenými metódou jednoduchého škálovania a návrhovými 
hodnotami stanovenými Šamajom, Valovičom (1973), stanica Kuchyňa-Nový Dvor.  
 
 

 
 
T a b l e  4.  The relative differences [%] between the design rainfall intensities estimated by simple scaling and the design values 
derived by Šamaj, Valovič (1973) at the Nitrianske Pravno station. 
T a b u ľ k a  4.  Relatívna odchýlka [%] medzi návrhovými hodnotami určenými metódou jednoduchého škálovania a návrhovými 
hodnotami stanovenými Šamajom, Valovičom (1973), stanica Nitrianske Pravno. 
 
 

Nitrianske Pravno 
Duration of rainfall unit yields [min] Annual 

frequency 5 10 15 20 30 40 50 60 90 120 180 
0.5 –11.0 –21.0 –24.0 –25.7 –25.4 –27.2 –26.7 –25.2 –24.2 –20.5 –16.3 
0.2 –9.7 –18.2 –22.0 –23.3 –23.8 –23.2 –23.0 –22.3 –20.0 –15.8 –10.6 
0.1 –7.3 –16.1 –19.3 –20.6 –21.6 –21.6 –19.7 –19.2 –15.7 –13.5 –6.7 
0.05 –3.3 –12.6 –16.3 –17.6 –18.4 –18.0 –15.8 –16.3 –13.1 –9.5 –3.0 

 

Kuchyňa - Nový Dvor 
Duration of rainfall unit yields [min] Annual 

frequency 5 10 15 20 30 40 50 60 90 120 180 
0.5 3.4 –7.3 –11.3 –13.3 –14.3 –14.6 –13.5 –13.1 –12.8 –8.8 0.0 
0.2 6.1 –6.4 –9.8 –12.3 –13.3 –12.6 –12.1 –12.7 –7.5 –4.8 4.7 
0.1 8.3 –4.6 –8.1 –10.1 –11.6 –11.7 –10.2 –9.9 –7.0 –3.1 4.3 
0.05 10.0 –2.0 –5.9 –7.9 –9.2 –9.1 –7.3 –8.3 –4.6 –1.3 4.5 
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T a b l e  5.  The relative differences [%] between the design rainfall intensities estimated by simple scaling and the design values 
derived by Šamaj, Valovič (1973) at the Čadca station. 
T a b u ľ k a  5.  Relatívna odchýlka [%] medzi návrhovými hodnotami určenými metódou jednoduchého škálovania a návrhovými 
hodnotami stanovenými Šamajom, Valovičom (1973), stanica Čadca. 
 

Čadca 
Duration of rainfall unit yields [min] Annual 

frequency 5 10 15 20 30 40 50 60 90 120 180 
0.5 –7.0 –18.8 –20.8 –21.1 –21.6 –20.1 –17.6 –15.8 –12.7 –7.9 2.7 
0.2 –11.4 –23.4 –24.9 –25.6 –24.8 –23.0 –21.0 –19.3 –15.0 –9.8 0.5 
0.1 –17.3 –26.8 –27.8 –27.4 –25.9 –24.7 –21.6 –19.2 –15.6 –10.7 –1.4 
0.05 –17.6 –28.1 –28.5 –27.6 –25.6 –23.1 –19.7 –17.1 –10.7 –7.6 0.2 

 
Finally, for the three verification stations, the 

IDF curve values were determined using the locally 
estimated design values of 1-day maxima in a com-
bination with the regionally estimated scaling ex-
ponent of the rainfall. The comparison of the design 
rainfall of the sub-daily duration for the annual 
frequency P = 0.05 and assessed by the three dif-
ferent estimation approaches at the three verifica-
tion stations are shown in Figs. 6–8.  

The results presented indicate that the values of 
the design rainfall estimated by downscaling the 
regional or at-site design values of the 1-day pre-
cipitation maxima are underestimated by 15% on 
average in comparison with the values derived by 
Šamaj, Valovič (1973). The largest differences are 
observed for the shorter rainfall durations, while the 
results of all the methods tested are very similar up 
to the durations of about 60 minutes.  

The comparison of the downscaled design rain-
fall, based either on the regional or the at-site esti-
mates of the design values of the 1-day precipita-
tion maxima, reveals that the regionally estimated 
values can be lower (Nitrianske Pravno) as well as 
higher (Čadca) than the at-site estimates. This is 
mainly caused by the smoothing effect of the re-
gional approach to the estimation of the 1-day 
quantiles. At the Kuchyňa-Nový Dvor station, the 
at-site and the regional estimates of 1-day design 
precipitation were very similar, which resulted in 
the very close design values of the IDF curves.  
On the example of the selected verification stations 
a consistent underestimation of the rainfall intensity 
quantiles (mostly for shorter durations) can be dis-
cerned. One of the possible explanations of this 
feature might be that the simple scaling hypothesis 
is not ideal. For instance, several studies (Marani, 
2005; and references therein) argue that although 
the simple scaling holds for a range of temporal 
scales, a cut-off in the expected behaviour of the 
IDF curves is observed about the durations of 40–  

–60 minutes. To overcome this deficiency, the 
adoption of the multiscaling hypothesis is advised.  

It is likely that the Slovak case fits in the frame-
work of the aforementioned studies; however, a 
further examination (verification of the simple scal-
ing behaviour at a higher number of stations) is 
necessary to derive more general conclusions. 
Moreover, it is anticipated that an ongoing statisti-
cal analysis of the available records of the limited 
number automated raingauges in Slovakia will pro-
vide further useful information on the scaling prop-
erties of the extreme rainfall of sub-daily durations.  
 
5. Conclusions 
 

The aim of this study was to test the applicability 
of simple scaling for the regional estimation of 
intensity-duration-frequency (IDF) curves in Slo-
vakia. Out of the 19 stations belonging to the se-
lected region, three were treated as verification 
stations. The regional dimensionless growth curve 
of the 1-day precipitation maxima in the warm sea-
son was derived in the region, and the regionally 
averaged scaling exponent was derived using all the 
stations except for the three verification ones. The 
local IDF curves at the verification stations were 
estimated by downscaling the quantiles of the 1-day 
precipitation maxima estimated regionally and lo-
cally, respectively, and by using the regionally av-
eraged scaling exponent. From the results it is nota-
ble, that the values of the design rainfall estimated 
by downscaling the regional or at-site design values 
of the 1-day precipitation maxima are underesti-
mated by 15% on average with a comparison of the 
values derived by Šamaj, Valovič (1973). 

This study was the first step in assessing the ap-
plicability of the simple scaling theory by the re-
gional estimation of IDF curves in Slovakia.  
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Fig. 6. Comparison of the design rainfall values for the annual frequency P = 0.05 estimated by three different approaches at the 
Kuchyňa-Nový Dvor station. 
Obr. 6. Porovnanie návrhových hodnôt pre periodicitu P = 0,05 určených tromi rôznymi prístupmi, stanica Kuchyňa-Nový Dvor. 
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Fig. 7. Comparison of the design rainfall values for the annual frequency P = 0.05 estimated by three different approaches at the 
Nitrianske Pravno station. 
Obr. 7. Porovnanie návrhových hodnôt pre periodicitu P = 0,05 určených tromi rôznymi prístupmi, stanica Nitrianske Pravno. 
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Fig. 8. Comparison of the design rainfall values for the annual frequency P = 0.05 estimated by three different approaches at the 
Čadca station. 
Obr. 8. Porovnanie návrhových hodnôt pre periodicitu P = 0,05 určených tromi rôznymi prístupmi, stanica Čadca. 
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VYUŽITIE METÓDY JEDNODUCHÉHO 
ŠKÁLOVANIA EXTRÉMNYCH ZRÁŽOK  
PRI REGIONÁLNOM ODHADE NÁVRHOVÝCH  
DAŽĎOV NA SLOVENSKU 
 
Márta Bara, Ladislav Gaál, Silvia Kohnová, 
Ján Szolgay, Kamila Hlavčová 
 

Určenie návrhových intenzít zrážok je jedným zo zá-
kladných nástrojov pri plánovaní a navrhovaní 
v inžinierskej hydrológii a vodohospodárstve, napr. pri 
protipovodňovej ochrane alebo dimenzovaní vodohos-
podárskych objektov. Prvé práce venované problematike 
návrhových dažďov na Slovensku vznikali v druhej 
polovici 20. storočia. Dub (1950) zostrojil prvú obalovú 
krivku návrhových intenzít dažďov pre Slovensko. Ša-
maj, Valovič (1973) určili návrhové hodnoty dažďov pre 
68 zrážkomerných staníc na Slovensku, ich výsledky 
neskôr Urcikán a Horváth (Urcikán, Imriška, 1986) 
prepracovali a uviedli metódu na určenie návrhových 
hodnôt aj pre miesta bez priamych pozorovaní. Tieto 
práce stále slúžia ako podklad pre inžiniersku prax, av-
šak v súčasnosti už nespĺňajú nároky na matematické 
pozadie analýzy zrážok. V posledných rokoch bola vo 
svete venovaná zvýšená pozornosť rozdeleniu zrážok 
v priestore a čase, napr. Waymire, Gupta (1981), Rodri-
guez-Iturbe et al. (1984), Marien, Vandewiele (1986), 
Sivapalan, Wood (1987). Analyzovali sa škálovacie 
vlastnosti zrážok a vznikali rôzne modely škálovania, 
napr. Gupta, Waymire (1990), Koutsoyiannis, Foufoula-
Georgiu (1993), Veneziano et al. (1996; 2007), Molnar, 
Burlando (2008). Model jednoduchého škálovania apli-
kovali na zrážkové intenzity napr. Menabde et al. (1999) 
a Yu et al. (2004). Táto metóda umožňuje určiť návrhové 
hodnoty zrážok pre ľubovoľné trvanie a zvolené periodi-
city využitím odvodených charakteristík napr. jednoden-
ných úhrnov zrážok, ktorých dostupnosť je neporovna-
teľne lepšia než dostupnosť ombrografických záznamov.  

V našej práci sme aplikovali metódu jednoduchého 
škálovania a overili sme možnosť využitia regionálneho 
škálovacieho koeficientu na odhad návrhových zrážko-
vých intenzít pre miesta bez priamych pozorovaní.  

Na základe výsledkov regionalizácie jednodenných 
maximálnych úhrnov zrážok v práci Gaál (2006) bolo 
pre analýzu vybraných 19 zrážkomerných staníc vo 

vopred vyčlenenom regióne na území západného Slo-
venska (obr. 1). Vstupné údaje tvorili návrhové zrážkové 
intenzity trvania 5 až 180 minút určené autormi Šamaj, 
Valovič (1973), doplnené o denné údaje zrážkových 
úhrnov (podrobný opis spracovania vstupných údajov 
pozri napr. v Bara et al., 2008). Počet rokov pozorovaní 
v jednotlivých staniciach je uvedený v tab. 1. 
Z celkového počtu analyzovaných staníc sme vyčlenili 3 
verifikačné stanice: Kuchyňa-Nový Dvor, Nitrianske 
Pravno a Čadca.  

Pre vybraný región sme odvodili bezrozmernú regio-
nálnu čiaru prekročenia jednodenných maximálnych 
úhrnov zrážok v teplom polroku a následne sa vo verifi-
kačných staniciach metódou indexovej hodnoty (Hos-
king, Wallis, 1997) odhadli lokálne návrhové hodnoty 
pre rôzne významné doby opakovania T (tzv. T-ročné 
kvantily). 

Následne sme pre analyzovanú oblasť určili priemer-
ný regionálny škálovací exponent, ktorého hodnota bola 
0,7321. Pre verifikačné stanice sa pomocou škálovacieho 
exponentu metódou jednoduchého škálovania určili 
návrhové zrážkové intenzity s trvaním 5, 10, 15, 20, 30, 
40, 50, 60, 90, 120 a 180 minút, zoškálovaním kvantilov 
jednodenných zrážkových úhrnov určených regionálnym 
prístupom. Výsledky sa porovnali s návrhovými hodno-
tami, ktoré určili Šamaj, Valovič (1973) pre tieto lokali-
ty. Na obr. 3–5 je zobrazený rozdiel medzi návrhovými 
hodnotami stanovenými pomocou regionálneho škálova-
cieho koeficientu a určenými autormi Šamaj, Valovič 
(1973) pre tri verifikačné stanice.  

Výsledky ukázali, že oproti návrhovým hodnotám, 
ktoré boli odvodené autormi Šamaj, Valovič (1973), 
návrhové hodnoty určené metódou jednoduchého škálo-
vania v prípade regionálneho aj lokálneho prístupu sú vo 
všeobecnosti podhodnotené (v priemere asi o 15%). 
Najväčšie rozdiely sa pozorovali pri zrážkových oddie-
loch kratšieho trvania, čo môže značiť, že hypotéza jed-
noduchého škálovania nie je ideálna a treba uvážiť pou-
žitie modelu mnohonásobného škálovania zrážok (napr. 
Veneziano, Furcolo, 2002).  

Táto štúdia overila možnosti využitia metód škálova-
nia pri odhade návrhových hodnôt krátkodobých intenzít 
zrážok na Slovensku.  
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