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Abstract: Design precipitation estimates are essential for hydrological modelling, flood risk assessment,
and water management planning. They traditionally rely on long-term but often sparse rain-gauge
measurements with limited spatial representativeness. This study introduces a synergistic approach that
refines these estimates by merging design precipitation fields obtained from radar-derived precipitation
intensities adjusted using 1-day rain-gauge precipitation totals and ombrographic measurements. The
output provides design precipitation totals for Czechia at 1-km spatial resolution for selected return
periods and precipitation durations of 1, 6, and 24 h. Based on cross-validation, empirical Bayesian
kriging of ratios between the two design precipitation fields was identified as the most effective merging
method. The resulting estimates better capture spatial gradients of extreme precipitation. While the
highest 24-h design totals are concentrated in mountainous regions, consistent with circulation patterns
driving prolonged stratiform precipitation, shorter durations exhibit pronounced spatial variability
associated with intensive convective precipitation. Compared with estimates derived solely from
adjusted radar data, the proposed approach yields higher and more realistic design totals for short
durations. Comparison with previously developed datasets confirms the reliability of the new estimates
and highlights the importance of radar adjustment and robust regional frequency analysis. The proposed
approach is applicable to regions with contrasting precipitation regimes similar to those found in Central
Europe.

Keywords: ombrographic measurements — adjusted radar data — regional frequency analysis — design
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Abstrakt: Odhady navrhovych Ghrnt srazek jsou klicové pro hydrologické modelovani, hodnoceni
povodiiového rizika a dimenzovani vodohospodatskych staveb. Odhady se tradi¢né opiraji
o dlouhodoba, avsak casto fidka stanicni srazkomérna meéfeni s omezenou prostorovou
reprezentativnosti. Pfedkladana studie ptedstavuje synergicky piistup ke zpfesnéni téchto odhadh
zalozeny na slouceni poli ndvrhovych uhrnti odvozenych z radarovych intenzit srazek adjustovanych
dennimi thrny srazek ze stanic a z ombrografickych méteni. Vysledkem jsou ndvrhové uhrny pro uzemi
Ceska s prostorovym rozlisenim 1 km pro vybrané doby opakovani a délky trvani srazek 1, 6 a 24 hodin.
Pomoci ktizové validace byla jako neju¢inngj$i metoda sluCovani vybrana metoda empirického
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bayesovského krigingu pomérti mezi obéma poli navrhovych thmi. Vysledné odhady 1épe zachycuji
prostorové gradienty extrémnich Uhrnli srazek. Zatimco nejvy$si navrhové 24hod. thrny jsou
soustiedény do horskych oblasti v souladu s cirkulaénimi pfi¢inami trvalych vrstevnatych srazek, kratsi
délky trvani vykazuji vyraznou prostorovou variabilitu souvisejici s intenzivnimi konvektivnimi
srazkami. Ve srovnani s odhady zaloZzenymi pouze na adjustovanych radarovych datech poskytuje
vytvofenymi datovymi sadami potvrzuje spolehlivost novych odhadt a zdtraziiuje vyznam adjustace
radarovych dat a robustni regionalni frekvencni analyzy. Navrzeny piistup je vyuzitelny i v dalSich
oblastech s rozdilnymi srazkovymi rezimy podobnymi tém ve stfedni Evrop¢.

Kli¢ova slova: ombrografickd méfeni — adjustovand radarové data — regionalni frekvenc¢ni analyza —
navrhové srazky — geostatistické slu¢ovani

Introduction

Extreme precipitation events significantly affect both the natural environment and human society (e.g.,
Dunkerley 2021; Mahapatra et al. 2018). Effective risk management therefore requires an understanding
of the meteorological causes of these events and their statistical characteristics.

Extreme precipitation statistics are commonly described using design precipitation (Overeem et al.
2008). Design precipitation is the precipitation total (depth) associated with a specified return period,
accumulation duration, and location. Originally developed for the design of urban drainage systems,
design precipitation remains a key tool in hydrological engineering with ongoing efforts focused on
improving its estimation by applying more robust methods (Hulec et al. 2024). Estimation of design
precipitation typically relies on time series of block maxima or threshold exceedances, which are fitted
with extreme value distributions such as the Generalized Extreme Value or Generalized Pareto
distribution (Koutsoyiannis et al. 1998).

Traditionally, design precipitation estimates have been based on rain-gauge measurements (Moccia and
Mineo 2020). However, reliable estimates require long records and dense station networks, while sparse
coverage often fails to capture localized extreme events (Lengfeld et al. 2020). More recently, the
development of weather radar measurements has provided a complementary source of precipitation data,
initially for studying precipitation depth—area relationships (Durrans et al. 2002) and subsequently for
design precipitation estimation (Overeem et al. 2009).

Radar measurements provide continuous high-resolution spatial coverage and capture the
spatiotemporal variability of precipitation more effectively than rain gauges (Marra and Morin 2015).
However, precipitation intensities derived from radar reflectivity are affected by several sources of
uncertainty (Berne and Krajewski 2013). To reduce these uncertainties, radar-derived precipitation
intensities are commonly adjusted using rain-gauge measurements (e.g., Hasan et al. 2016; Bliziak et
al. 2018). Gauge-adjusted radar-derived intensities (hereinafter adjusted radar data) provide a promising
basis for design precipitation estimation. In addition, their high spatial resolution enables the application
of regional frequency analysis methods, which improve the robustness of estimates derived from
relatively short radar records by incorporating information from statistically similar neighbouring
locations (Hosking and Wallis 1997).

The aim of this study is to introduce and evaluate an innovative method for improving design
precipitation estimates by combining information from (i) adjusted radar data and (ii) ombrographic
records and automatic rain-gauge measurements (hereinafter ombrographic measurements) in the
territory of Czechia. The method merges design precipitation fields derived independently from both
datasets using a geostatistical approach, thereby exploiting their complementary strengths while
reducing their individual limitations.



The paper is organized as follows. Section 2 describes the two input datasets, Section 3 summarizes the
regional frequency analysis applied to derive design precipitation estimates and introduces the proposed
merging approach, Section 4 discusses the results for Czechia, and Section 5 concludes the paper.

Data

Adjusted radar data
The dataset includes 20-year series of 10-min precipitation intensities calculated in fixed 10-min

intervals on a 1x1 km grid covering the territory of Czechia during the frost-free seasons (April—-
October) of 2002—2021.

The adjustment procedure, originally proposed by (Sokol 2003), is described and validated in (Bliznak
et al. 2018). Input radar data comprised pseudo-CAPPI reflectivity products at 2 km above sea level
from the two C-band Doppler radars (Fig. 1) operated by the Czech Hydrometeorological Institute
(CHMI). Input ground-based precipitation measurements used for the adjustment comprised quality-
controlled series of 1day precipitation totals from approximately 700 evenly distributed rain gauges (Fig.
1) operated by CHMI. Radar-derived 1day precipitation totals were first adjusted by a domain-wide
multiplicative factor that corrected the overall bias relative to rain-gauge measurements. Subsequently,
local residual biases were corrected using inverse-distance-weighted differences between measured and
radar-derived totals at nearby rain gauges. The resulting adjusted 1day totals were then disaggregated
into 10-min intensities according to the temporal distribution of radar reflectivity.

Ombrographic measurements

The dataset includes 20- to 70-year series of precipitation intensities accumulated over durations from
2 min to 96 h, based on quality-controlled 1min ombrographic records and automatic rain-gauge
measurements from 164 CHMI stations across Czechia during 1951-2022 (Fig. 1). It was developed as
part of the PERUN project by Crhova et al. (2024). Quality control comprised verification of suspicious
extreme values, assessment of potential inhomogeneities, and evaluation of the impact of missing data.
The dataset preparation is also described in (Kaspar et al. 2026).
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Fig. 1. Elevation in Czechia with the positions (small circles) and domains (large circles) of the Brdy and
Skalky weather radars, along with the positions of rain gauges used to adjust precipitation intensities estimated
from radar reflectivity (small markers) and with ombrographic measurements (red small markers). The inner
curves delineate the recommended area for radar-based precipitation intensity estimation according to the
COST 73 project.

Method

Estimation of adjusted radar and ombrographic design precipitation

Design precipitation estimates were derived independently for both input datasets by applying the same
methodology described in detail by Kaspar et al. (2021). The three-parameter Generalized Extreme
Value distribution (GEV) was employed to fit the annual maxima of precipitation totals. Kysely and
Picek (2007) identified GEV as a suitable model for precipitation extremes in most regions of Czechia.



Hosking (1990) showed that using sample L-moments for parameter estimation was usually more
efficient with small to moderate samples than other approaches such as the conventional maximum
likelihood approach. The GEV parameters were therefore estimated by applying the L-moment-based
index storm procedure combined with the region-of-influence method (ROI: Hosking and Wallis 1997).
ROI improves the robustness of local estimates by adjusting the sample L-moments at a site using
standardized L-moments from neighbouring statistically homogeneous locations while preserving a site-
specific scaling factor represented by the mean annual maximum. The ombrographic design
precipitation estimates were further fitted with Depth—Duration—-Frequency curves constructed by
applying a recently developed parameterization method described in a companion study by Miiller et al.
published in this volume.

Merging of adjusted radar and ombrographic design precipitation fields

Here, we summarize a geostatistical approach for combining design precipitation fields derived
independently from adjusted radar data and ombrographic measurements. More details, including the
selection of the most suitable geostatistical interpolation method and its performance evaluation, can be
found in Kaspar et al. (2026).

The objective of the approach is to preserve the ombrographic design precipitation estimates at gauge
locations as closely as possible while maintaining the spatial gradients in the adjusted radar design
precipitation field. This allows the advantages of both datasets, namely the high spatial resolution of
adjusted radar data and the long observational records of ombrographic measurements to be exploited
while reducing their limitations associated with the relatively uncertain point estimates of precipitation
intensities derived from radar reflectivity and the limited spatial representativeness of ombrographic
measurements.

Based on leave-one-out cross-validation, Empirical Bayesian Kriging (EBK: Krivoruchko 2012) applied
to ratios between ombrographic and adjusted radar design precipitation totals provided the best
performance and was therefore selected for the merging procedure. Unlike conventional kriging
methods, which treat the fitted semivariogram as fixed, EBK accounts for uncertainty in semivariogram
estimation by generating multiple plausible semivariogram models and incorporating their distribution
into the interpolation process.

The merging procedure can be summarized as follows:

e Estimate design precipitation totals from the input adjusted radar and ombrographic datasets.

e (Calculate ratios between ombrographic and adjusted radar design precipitation totals at gauge
locations.

e Interpolate the ratios onto the radar grid using EBK.

e  Multiply the adjusted radar design precipitation field by the interpolated ratio field.

Due to computational constraints, only selected accumulation durations (1, 6, and 24 h) and return
periods (2, 5, 10, 20, 50, and 100 yr) were evaluated. The selected durations represent different rainfall
regimes, ranging from short-term convective precipitation to prolonged stratiform rainfall, while the
selected return periods are statistically justifiable given the length of the input time series.

Discussion

Comparison between adjusted radar and ombrographic design precipitation totals

A comparison of adjusted radar and ombrographic design precipitation totals at gauge locations (Fig. 2)
shows that adjusted radar estimates tend to be lower for short accumulation durations and long return
periods. This highlights an important advantage of the proposed merging procedure, which increases
short-duration adjusted radar design precipitation totals and thus provides safer estimates, reducing the
risk of underestimation.



This underestimation is most pronounced for the 1h duration and is mainly attributable to the temporal
and spatial aggregation inherent in radar reflectivity measurements. Precipitation intensity peaks during
short-lived localized convective events may be attenuated by the use of the fixed sampling interval (Wen
et al. 2021) and by spatial averaging within radar pixels (Peleg et al. 2018).

In contrast, the mean bias is negligible for the 24h duration, while the relative spread is comparable to
that for the 1h duration. The largest differences occur mainly in mountainous regions, where radar
measurements are affected by terrain shielding, partial beam blockage, and the greater height of the
radar beam above the ground caused by the relatively large distance of the main mountain ranges from
the radar sites (see also Fig. 1).

On average, adjusted radar 1h design precipitation totals correspond to 90.6% and 86.5% of the
ombrographic estimates for the 2year and 100year return periods, respectively. For the 24h duration, the
mean difference decreases to only 1.3% for the 100-year return period. Local contrasts may reflect
spatial variations in radar performance and differences in the length and temporal coverage of
ombrographic records, which affect the fitted extreme-value statistics (Fig. 3).
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Fig. 2. Comparison of adjusted radar and ombrographic design precipitation totals at gauge locations for 1h,
6h, and 24h accumulation durations (left to right) and individual return periods according to the legend.
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Fig. 3. Adjusted radar (left) and ombrographic (vight) 24h design precipitation totals for a 100year return
period. Marker size represents the ratio of ombrographic to adjusted radar design totals.

Final combined design precipitation totals and their distribution
Fig. 4 shows the final fields of design precipitation totals in the territory of Czechia and Tab. 1
summarizes the corresponding ranges of values for individual accumulation durations and return



periods. The spatial patterns differ substantially among durations. While the 1h and 6h design
precipitation fields exhibit pronounced local variability, the 24h fields are smoother and more structured
with the highest values concentrated in mountainous regions. This pattern becomes increasingly
apparent with increasing return period and becomes evident also for the 6h duration. Similar spatial
patterns were reported for radar-based design precipitation in neighbouring Germany (Lengfeld et al.
2019).

The aforementioned differences reflect the distinct nature of the precipitation events responsible for the
annual maxima used in the extreme-value statistics. The highest short-duration precipitation totals are
predominantly associated with localized convective storms, whereas the highest long-duration totals are
mainly related to widespread stratiform precipitation accompanied by orographic enhancement,
particularly on the northern and northeastern windward slopes of the mountains, consistent with the
prevailing circulation conditions (Kaspar and Miiller 2010). Consequently, the spatial variability
decreases with increasing accumulation duration.

The changing spatial pattern is also reflected in the statistical distribution of design precipitation totals
(Fig. 5). The distribution is nearly symmetric for the 1-h duration and short return periods, but becomes
increasingly right-skewed for longer durations and return periods in agreement with the increasing
influence of strong orographic enhancement.
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Fig. 4. Spatial distribution of combined design precipitation totals, arranged from top to bottom by increasing
return period and from left to right by increasing accumulation duration.
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Fig. 5. Box plots of standardized combined design precipitation totals (mean = 0, standard deviation = 1) for
1-h, 6-h, and 24-h accumulation durations (left to right) and return periods according to the legend. Boxes
indicate the interquartile range (IQR), with the median shown as a horizontal line and the mean as a cross.
Whiskers extend to 1.5 times the IQR, and outliers are shown as individual points.

Table 1. Ranges of combined design precipitation totals for selected accumulation durations and return periods.

Duration [h] | Return period [yr] | Minimum design total [mm] Maximum design total

[mm]

1 2 12.5 28.9
100 27.7 117.6

6 2 19.8 47.1

100 38.7 180.1

24 2 30.7 87.5
100 62.4 235.6

Comparison with other data sources

Hulec et al. (2024) provide an overview of previously developed datasets of design precipitation totals
for present-day Czechia. The authors subsequently analysed four datasets developed employing
different methodologies, including empirically (Trupl 1958) and statistically (Crhova et al. 2022)
derived ombrographic design totals, the DES RAIN dataset (Vassova and Kovar 2011) derived by
reducing lday design totals to shorter durations using empirical reduction coefficients, and adjusted
radar design totals derived by applying regional frequency analysis based on the L-moment-based index
storm procedure and ROI (Kaspar et al. 2021). These datasets are further briefly compared with the
presented combined dataset at four sites representing different regions and elevations in Czechia.

Fig. 6 shows a comparison of -h design precipitation totals, for which differences among datasets are
typically the largest (Hulec et al. 2024). The DES RAIN dataset tends to substantially overestimate 1h
design totals at higher elevations because the empirical reduction coefficients do not account for the
weaker influence of orographic enhancement on short-duration precipitation (Kavka et al. 2016). The
other datasets are in reasonable agreement. The combined dataset yields generally higher 1h design
totals, with the average difference increasing from approximately 7% for the 2year return period to 22%
for the 100year return period. This again highlights an important advantage of the proposed merging
procedure, which provides more conservative estimates while remaining consistent with the other
datasets. The higher estimates are likely related to the application of regional frequency analysis and the
use of high-resolution adjusted radar data, which together improve the representation of short-duration
and local precipitation extremes associated mainly with convective storms. Compared to the adjusted
radar 1h design precipitation totals of Kaspar et al. (2021), the higher combined estimates are attributable
to the correction of the radar-based underestimation discussed above by means of ombrographic
measurements.
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Fig. 6. Comparison of 1h design precipitation totals R for different return periods N presented in this paper
(COMBI) with four other previously developed datasets of 1h design totals at the following stations in Czechia:
(a) Olomouc, Klasterni Hradisko / Holice (210 m a.s.l.), (b) Tel¢ / Kostelni Myslova (569 m a.s.l.), (c¢) Desna,
Sous (778 m a.s.l.), and (d) Lysa Hora (1322 m a.s.l.). Other datasets are (see also Section 4): RAIN GAUGE
1958 (Trupl 1958), DES RAIN (Vassova and Kovar 2011), RAIN GAUGE 2022 (Crhovd et al. 2022), and
RADAR (Kaspar et al. 2021).

Conclusion

This study presents a geostatistical approach for combining design precipitation fields estimated
independently from gauge-adjusted radar reflectivity-derived precipitation intensities and ombrographic
measurements for the territory of Czechia. The proposed methodology preserves the spatial variability
of extreme precipitation captured by high-resolution radar data while incorporating reliable long-term
ombrographic measurements, thereby enhancing the spatial consistency and robustness of design
precipitation estimates. At the same time, it mitigates the uncertainty associated with the conversion of
radar reflectivity to precipitation intensity and the limited spatial representativeness of rain-gauge
measurements. The robustness of the final combined design precipitation estimates is further enhanced
by employing advanced regional frequency analysis using the L-moment-based index storm procedure
and ROI, followed by geostatistical merging with EBK interpolation of the ratios between ombrographic
and adjusted radar design precipitation totals.

Application to Czechia demonstrates that the proposed methodology corrects the underestimation of
short-duration adjusted radar design precipitation totals, thereby providing more conservative estimates
while remaining consistent with other design precipitation datasets available for Czechia. The resulting
spatial distribution of design precipitation is also physically plausible, reflecting precipitation formation
mechanisms, causal circulation patterns, and orographic enhancement.



Despite the advanced methodology applied, uncertainty remains, particularly for short accumulation
durations and long return periods owing to the localized nature of extreme convective precipitation and
the limited length of available observations. The proposed approach is applicable to regions with
contrasting precipitation regimes similar to those found in Central Europe, although its performance
depends on radar coverage, gauge-network density, and terrain complexity.

Future improvements may include incorporating meteorological causes of heavy precipitation and
topographic effects into local design precipitation estimates, together with the development of spatial
uncertainty maps.

Acknowledgments

The research was partially funded by the Technology Agency of the Czech Republic (grant no.
SS02030040, PERUN).

References

Berne, A., Krajewski, W. F., 2013. Radar for hydrology: unfulfilled promise or unrecognized
potential? Adv. Water Resour., 51, pp. 357-366.
https://doi.org/10.1016/j.advwatres.2012.05.005

Bliznak, V., Kaspar, M., Miiller, M., 2018. Radar-based summer precipitation climatology of the
Czech Republic. Int. J. Climatol., 38(2), pp. 677-691. https://doi.org/10.1002/joc.5202

Crhova, L., Kliegrova, S., Valerianova, A., 2022. Measurement of precipitation intensities at the
stations of the Czech Hydrometeorological Institute (CHMI) and the way of their processing.
Meteorological Bulletin, 75(2), pp. 37-43.

Crhova, L., Bliznak, V., Kaspar, M., Miiller, M., Svoboda, V., et al., 2024. Navrhové hodnoty srazek.
SS02030040-V46: Souhrnna vyzkumna zprava (Vsouhrn). [online] [cit. 15. 6. 2026]
https://www.perun-klima.cz/results/navrhSrazekZprava.pdf

Dunkerley, D., 2021. Rainfall intensity in geomorphology: challenges and opportunities. Prog. Phys.
Geogr. Earth Environ., 45(4), pp. 488-513. https://doi.org/10.1177/0309133320967893

Durrans, S. R., Julian, L. T., Yekta, M., 2002. Estimation of depth-area relationships using radar-
rainfall data. J. Hydrol. Eng., 7(5), pp. 356-367. https://doi.org/10.1061/(ASCE)1084-
0699(2002)7:5(356)

Hasan, M. M., Sharma, A., Johnson, F., Mariethoz, G., Seed, A., 2016. Merging radar and in situ
rainfall measurements: an assessment of different combination algorithms. Water Resour. Res.,
52(10), pp. 8384-8398. https://doi.org/10.1002/2015WR018441

Hosking, J. R. M., 1990. L-moments: analysis and estimation of distributions using linear
combinations of order statistics. J. R. Stat. Soc. Ser. B: Stat Methodol., 52(1), pp. 105—124.
https://doi.org/10.1111/1.2517-6161.1990.tb01775.x

Hosking, J. R. M., Wallis, J. R., 1997. Regional Frequency Analysis. Cambridge, Cambridge
University Press, 224 pp., ISBN 9780511529443,

Hulec, F., Kaspar, M., Miiller, M., 2024. Review of historical and recent estimates of design
precipitation totals and intensities in Czechia. Geografie, 129(4), pp. 383—4009.
https://doi.org/10.37040/geografie.2024.018

Kaspar, M., Miiller, M., 2010. Variants of synoptic-scale patterns inducing heavy rains in the Czech
Republic. Phys Chem. Earth, 35(9-12), 477—483. https://doi.org/10.1016/].pce.2009.11.004



https://doi.org/10.1016/j.advwatres.2012.05.005
https://doi.org/10.1002/joc.5202
https://www.perun-klima.cz/results/navrhSrazekZprava.pdf
https://doi.org/10.1177/0309133320967893
https://doi.org/10.1061/(ASCE)1084-0699(2002)7:5(356)
https://doi.org/10.1061/(ASCE)1084-0699(2002)7:5(356)
https://doi.org/10.1002/2015WR018441
https://doi.org/10.1111/j.2517-6161.1990.tb01775.x
https://doi.org/10.37040/geografie.2024.018
https://doi.org/10.1016/j.pce.2009.11.004

Kaspar, M., Blizinak, V., Hulec, F., Miiller, M., 2021. High-resolution spatial analysis of the variability
in the subdaily rainfall time structure. A¢tmos. Res., 248, 105202.
https://doi.org/10.1016/j.atmosres.2020.105202

Kaspar, M., Hulec, F., Miiller, M., Crhova, L., 2026. Improving design precipitation estimates by
combining estimates from high-resolution adjusted radar data and long-term ombrographic
measurements. Atmos. Res., 330, 108557. https://doi.org/10.1016/j.atmosres.2025.108557

Kavka, P., Strouhal, L., Landa, M., David, V., 2016. Nastroj pro odvozeni navrhovych srazkovych
thrnti na izemi CR. Vodni hospoddrstvi, 66(8), pp. 9—14.

Koutsoyiannis, D., Kozonis, D., Manetas, A., 1998. A mathematical framework for studying rainfall
intensity-duration-frequency relationships. J. Hydrol., 206(1-2), pp. 118-135.
https://doi.org/10.1016/S0022-1694(98)00097-3

Krivoruchko, K., 2012. Empirical Bayesian kriging implemented in ArcGIS geostatistical analyst.
ArcUser, 15, pp. 6-10.

Kysely, J., Picek, J., 2007. Regional growth curves and improved design value estimates of extreme
precipitation events in the Czech Republic. Clim. Res., 33, pp. 243-255.
https://doi.org/10.3354/cr033243

Lengfeld, K., Winterrath, T., Junghénel, T., Hafer, M., Becker, A., 2019. Characteristic spatial extent
of hourly and daily precipitation events in Germany derived from 16 years of radar data.
Meteorol. Z.,28(5), pp. 363—378. https://doi.org/10.1127/metz/2019/0964

Lengfeld, K., Kirstetter, P. E., Fowler, H. J., Yu, J., Becker, A., et al., 2020. Use of radar data for
characterizing extreme precipitation at fine scales and short durations. Environ. Res. Lett., 15(8),
085003. https://doi.org/10.1088/1748-9326/ab98b4

Mahapatra, B., Walia, M., Saggurti, N., 2018. Extreme weather events induced deaths in India 2001—
2014: Trends and differentials by region, sex and age group. Weather Clim. Extrem., 21, pp.
110-116. https://doi.org/10.1016/j.wace.2018.08.001

Marra, F., Morin, E., 2015. Use of radar QPE for the derivation of Intensity—Duration—Frequency
curves in a range of climatic regimes. J. Hydrol., 531(2), pp. 427—440.
https://doi.org/10.1016/j.jhydrol.2015.08.064

Moccia, B., Mineo, C., 2020. A Technical Note on the Influence of Time-Series Length on the
Intensity-Duration-Frequency Curves for Lazio Region. AIP Conf. Proc., 2293, 250003.
https://doi.org/10.1063/5.0026418

Overeem, A., Buishand, T. A., Holleman, 1., 2008. Rainfall depth-duration-frequency curves and their
uncertainties. J. Hydrol., 348(1-2), pp. 124—134. https://doi.org/10.1016/j.jhydrol.2007.09.044

Overeem, A., Buishand, T. A., Holleman, 1., 2009. Extreme rainfall analysis and estimation of depth-
duration-frequency curves using weather radar. Water Resour. Res., 45(10).
https://doi.org/10.1029/2009WR007869

Peleg, N., Marra, F., Fatichi, S., Paschalis, A., Molnar, P., et al., 2018. Spatial variability of extreme
rainfall at radar subpixel scale. J. Hydrol., 556, pp. 922-933.
https://doi.org/10.1016/j.jhydrol.2016.05.033

Sokol, Z., 2003. The use of radar and gauge measurements to estimate areal precipitation for several
Czech river basins. Stud. Geophys. Geod., 47, pp. 587-604.
https://doi.org/10.1023/A:1024715702575



https://doi.org/10.1016/j.atmosres.2020.105202
https://doi.org/10.1016/j.atmosres.2025.108557
https://doi.org/10.1016/S0022-1694(98)00097-3
https://doi.org/10.3354/cr033243
https://doi.org/10.1127/metz/2019/0964
https://doi.org/10.1088/1748-9326/ab98b4
https://doi.org/10.1016/j.wace.2018.08.001
https://doi.org/10.1016/j.jhydrol.2015.08.064
https://doi.org/10.1063/5.0026418
https://doi.org/10.1016/j.jhydrol.2007.09.044
https://doi.org/10.1029/2009WR007869
https://doi.org/10.1016/j.jhydrol.2016.05.033
https://doi.org/10.1023/A:1024715702575

Trupl, J., 1958. Intensity kratkodobych destti v povodich Labe, Odry a Moravy. Praha, Vyzkumny
ustav vodohospodaisky, 76 pp.

Vassova, D., Kovar, P., 2011. Program DES RAIN. [online] [cit. 18. 6. 2026]
https://web.archive.org/web/20221222024414/http://r.fzp.czu.cz/vyzkum/programs/des rain/des

_rain.pdf

Wen, Y., Schuur, T., Vergara, H., Kuster, C., 2021. Effect of precipitation sampling error on flash
flood monitoring and prediction: anticipating operational rapid-update polarimetric weather
radars. J. Hydrol., 22(7), pp. 1913—-1929. https://doi.org/10.1175/JHM-D-19-0286.1



https://web.archive.org/web/20221222024414/http:/r.fzp.czu.cz/vyzkum/programs/des_rain/des_rain.pdf
https://web.archive.org/web/20221222024414/http:/r.fzp.czu.cz/vyzkum/programs/des_rain/des_rain.pdf
https://doi.org/10.1175/JHM-D-19-0286.1

