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Fig. 1. Location map of the raingauge stations analysed.

tions were chosen. These stations have long observation periods and their
locations represent the western, central and eastern parts of Slovakia: the
Humenné station at the altitude of 163 m a.s.l. in eastern Slovakia (No. 12
in Fig. 1), the Kuchyna — Novy Dvor station situated in the western part
of Slovakia at the altitude of 206 m a.s.l. (No. 19 in Fig. 1), and the Lip-
tovsky Hradok station with an altitude of 640 m a.s.l. (No. 21 in Fig. 1).
For the Humenné station 24 years of observations were available ranging
from 1937 to 1965 (with 5 years missing: 1944-1946 and 1949-1950), for
the Kuchyina — Novy Dvor station 21 years of observations were available
ranging from 1934 to 1965 (with 11 years missing: 1938-1945, 1950 and
1956-1957), for the Liptovsky Hradok station 32 years of observations were
available ranging from 1931 to 1944 and from 1948 to 1965. The historical
quantile data were checked for consistency and partially reconstructed for
this scaling study by a method described in Bara et al. (2008).

Figures 2 to 4 show the empirical IDF curves of Samaj and Valovi¢ (1973)
extended by the daily rainfall amounts estimated using the generalised ex-
treme value (GEV) distribution. The return periods in the historical dataset
has been adjusted from empirical POT periodicities to annual maximum re-
turn periods by the well-known Langbein formula (Langbein, 1949).

Payrs = 1 — elror, (4)

where P4y is the return period of annual maximum data series and Ppor
the periodicity of peaks-over threshold data series.
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Fig. 2. The empirical IDF curves of Samaj and Valovié (1973) adjusted to the annual
exceedances and extended by the daily rainfall amounts in the Humenné station.
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Fig. 3. The empirical IDF curves of Samaj and Valovié (1973) adjusted to the annual
exceedances and extended by the daily rainfall amounts in the Kuchyna — Novy Dvor
station.
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Liptovsky Hradok
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Fig. 4. The empirical IDF curves of Samaj and Valovic (1973) adjusted to the annual
exceedances and extended by the daily rainfall amounts in the Liptovsky Hradok station.

Despite of the slight inconsistency in both methods of dataset derivation,
it can be seen, that the newly added daily data are consistent with the trend
of the historical dataset. This also implies the existence of some scaling
behavior in the data, which will be investigated below.

4. Empirical verification of the scaling hypothesis

The property of simple scaling of rainfall intensities in the wide sense is
demonstrated in the three selected sample stations. First, the scaling expo-
nents were derived by including all the analyzed durations of rainfall (5, 10,
15, 20, 30, 40, 50, 60, 90, 120, 180 and 1440 min) to the analysis and con-
sequently by excluding rainfall units of 5 minute duration. Fig. 5 displays
the relationships between the log-transformed values of moments of various
orders against various rainfall durations at the Humenné station and Fig. 6
and 7 the same relationship at the Kuchyna — Novy Dvor and Liptovsky
Hradok station, respectively. The scaling exponents of the moments of var-
ious orders were estimated as the slopes of the linear regression between
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Fig. 5a-b. The relationships between the log-transformed values of moments of various
orders and various rainfall durations at the station Humenné: a) for all durations of
rainfall units, b) without 5 min duration.
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Fig. 6a-b. The relationships between the log-transformed values of moments of various
orders and various rainfall durations at the station Kuchynia — Novy Dvor. a) for all
durations of rainfall units, b) without 5 min duration.
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Fig. 7a-b. The relationships between the log-transformed values of moments of various
orders and various rainfall durations at the station Liptovsky Hrddok: a) for all durations
of rainfall units, b) without 5 min duration.
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these and the rainfall duration.

Figures 8-10 show the relationships between the scaling exponents of
the moments and the orders of the moments at the stations. It is obvious
that the scaling exponents decrease with the order of moments and a lin-
ear relationship exists between scaling exponents and the moment orders.
These two properties imply that the property of simple scaling in the wide
sense exists in the analyzed stations if rainfall of all durations is included
and also if rainfall of 5 minute duration is excluded from the analysis. For
the Humenné station the value of the scaling exponent derived including all
durations is 0.7455 and excluding 5 min rainfall is 0.7768. For the Kuchyna
— Novy Dvor station these values are 0.7189 resp. 0.7337 and for the Lip-
tovsky Hradok station 0.7151 resp. 0.7271. As can be seen, after excluding

Humenné Humenné

1 2 3 4 5 o 1 2 3 4 5
a) Moment's order (q) b) Moment's order (q)
Fig. 8a-b. The relationship between the scaling exponents of the moments and the orders

of the moments at the station Humenné. a) for all durations of rainfall units, b) without
5 min duration.
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Fig. 9a-b. The relationship between the scaling exponents of the moments and the orders
of the moments at the station Kuchytia — Novy Dvor. a) for all durations of rainfall units,
b) without 5 min duration.
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Fig. 10a-b. The relationship between the scaling exponents of the moments and the
orders of the moments at the station Liptovsky Hradok. a) for all durations of rainfall
units, b) without 5 min duration.

the rainfall units of 5 minute duration, the values of the scaling exponents
increased. The scaling exponents of moments of the rainfall intensities were
derived for the whole set of 55 stations using the same methodology and
both of the aforementioned approaches: including all durations of rainfall
and excluding 5 min rainfall units, respectively.

5. Comparison of IDF curves assessed by Samaj and Valo-
vi¢ (1973) with IDF curves derived by the simple scaling
method

In the three sample stations, the design values of precipitation were assessed
using the methodology of simple scaling, by downscaling the daily precipita-
tion data. The scaling exponents of moments of rainfall intensities derived
both for all analyzed durations and also excluding 5 min rainfall were used.
The downscaled data were 1-day precipitation maxima in the warm season
from the same period as presented in Table 1. The quantiles of the 1-day
rainfall intensities for the desired return periods were derived by the GEV
distribution. Using the simple scaling methodology, the design values of the
rainfall of selected recurrence intervals and for durations 5, 10, 15, 20, 30,
40, 50, 60, 90, 120 and 180 minutes were evaluated.

The downscaled design values of rainfall intensities were compared to
those assessed by Samaj and Valovic (1978). The relative differences (RD)
between these values in percentage were calculated using the formula
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Fig. 11. Comparison of the IDF curves assessed by Samaj and Valovié (1973) and
obtained by downscaling for periodicities P = 0.5 and 0.05 at the Humenné station.

X-Y
Y

where X are the design values determined by downscaling and Y are the
design values assessed by Samaj and Valovic (1973). Figs. 11-13 show
the comparison of the IDF curves derived by downscaling (using scaling
exponents derived for all analyzed durations and by excluding 5 min rainfall
units, respectively) in the three stations selected with the IDF by Samaj and
Valovi¢ (1973) for the periodicities P = 0.5 and 0.05. For all the analysed
stations the derived downscaled values of IDF curves were lower than those
published by Samaj and Valovié (1973). The absolute average RD value in

RD =

.100 [%), (5)
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Fig. 12. Comparison of the IDF curves assessed by Samaj and Valovié (1973) and
obtained by downscaling for periodicities P = 0.5 and 0.05 at the Kuchynia — Novy Dvor
station.

the Humenné station using the scaling exponents derived for all durations of
rainfall units was 30.74%, in the Kuchyna — Novy Dvor station it was 14.98%
and in the Liptovsky Hradok station it was 12.25%. Using the scaling
exponents derived by excluding rainfall units of 5 min duration the average
RD between the downscaled and the empirically derived design values was
lower in all the selected stations: in the station Humenné 23.85%, in the
station Kuchyna — Novy Dvor 15.09% and in the station Liptovsky Hradok
10.57%. For all the tested stations, excluding the 5 min duration rainfall
units from the scaling procedure resulted in the fact that the downscaled
values of IDF curves lie closer to the IDF curves derived by Samaj and
Valovic (1973).
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Fig. 13. Comparison of the IDF curves assessed by Samaj and Valovié (1973) and

obtained by downscaling for periodicities P = 0.5 and 0.05 at the Liptovsky Hradok
station.

6. Conclusions

The main results of the presented study can be summarized as follows. The
properties of the time scale invariance of selected rainfall quantiles were
studied in Slovakia. It was shown that the properties of rainfall follow the
hypothesis of simple scaling. Therefore, following the results of Menabde et
al. (1999), it was possible to derive the rainfall IDF curves for durations
shorter than a day. The simple scaling properties were verified by the his-
torical dataset of Samaj and Valovié (1973). The IDF relationships, which
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were deduced from daily rainfall, showed acceptable results in comparison
with the IDF curves obtained from at-site short-duration rainfall data. The
exclusion of the 5 min duration from the scaling procedure resulted in bet-
ter estimates of IDF curves values with comparison to those derived from
Samaj and Valovié (1973). Therefore, the exclusion of 5 min duration by
simple scaling of extreme rainfall could be recommended also for other sta-
tions in Slovakia.

Results of this study are of significant practical importance in Slovakia
because statistical rainfall inferences can be made with the use of simple
scaling hypothesis from daily data, which are more widely available from
standard rain gauge measurements.
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