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1 Introduction

Both weather radars and raingauge measurementsngrertant inputs into computation of spatial queative
precipitation estimates (QPE). Weather radar measents provide information about spatial distribatof precipitation,
however their disadvantage is insufficient accurd&aingauges provide more accurate point measutsrbentheir spatial
representativeness is limited. Over the years nuiffigrent QPE methods, combining radar and raingamgasurements,
were developed. Their comparison can be foundXample in (Goudenhoofdt and Delobbe, 2009) or @el013).

The Czech Hydrometeorological Institute (CHMI) rupserational QPE algorithm for more than 10 ye&ddk, Novak,
Seo, 2004). It combines weather radar and raingamgasurements utilizing their advantages and redutheir
disadvantages. It is used for daily as well ashfiurly precipitation accumulations. The algorittsrable to provide several
types of estimates (radar-only QPE, radar QPE tatjusy radar-raingauge bias field, raingauges-Q, radar-raingauge
combined QPE). All of these possibilities enableagation of several different QPEs for specificdjrwhich are used for
generation of probabilistic hydrological foreca@slek and Novak, 2008), (Novék et al., 2009).

2 QPE algorithm

Major update of the CHMI operational QPE algorithwas done in the 2009, when kriging with externaftdvas
implemented as combining algorithm for hourly ugdhtprecipitation estimates. Algorithm itself workéide but its
implementation was relatively slow, which didn'table to move to full 10-minute update cycle of Q&dtculation. Its
implementation was not also flexible enough to enpént new feature like use of foreign radars foEQRlculation. In
2013, it was decided to rewrite operational ragémgauge combining application to remove above meet limitations
and enable future improvements. The new applicatias developed during 2013-2014. It was put infoeexnental routine
calculation in June 2014. It is planned to run afdl new application during 2014 convective seaBaming fall/winter
2014 old application will be stopped and the new w1l become fully operational.

Main updates of the new QPE application are

e incorporation of volume radar data from neighbogogntries into extended Czech radar compositésataused for
radar QPE

- improvement of radar data quality control causiatidr removal of residual non-meteorological echoes

« full integration of 10 min raingauge measuremeht enables calculation of floating hourly QPE gvED minute

« improvement and optimization of radar-raingauge loiming method that enables use of extended Czeldr ra
composites and decreases computational time ittditL0 min update of operational run

2.1 Raingauge stations

Raingauge stations operated by the CHMI are useah &sput into QPE computation. Raingauge statayesdepicted in
Fig.1. Precipitation data from these stations &eélable online in 10 minute time step.
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Figure 1 The CHMI raingauges operationally available in friinutes interval. Blue — raingauges used for QPEgotation, red —
raingauges used for verification during methodsfication (section 4).

2.2 Radar data

The PseudoCAPPI at 2km radar reflectivity prodecused for QPE computation. The Czech-only radte da the
Czech-extended information from the Czech radadsradars from neighboring countries can be usednamput to the
QPE combination. Example of difference between raddy 1-hour accumulation calculated from the CGrealy and the
Czech-extended radar reflectivity data is showRign2. Influence of weather radars from neighboiogntries can be seen
in the left part of the pictures and also on thehern borders of the Czech Republic with Poland.
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Figure 2: 2nd June 2013, 2:00 UTC. Example of camspa 1 hour precipitation sums computed from Czewly weather radar
information a) and extended radar information b).

Because the Czech-extended composites are avadahjeén 10 minute interval, the Czech-extendedaragflectivity
data are interpolated into fields with 1 minutedistep. These interpolated fields are used aligetatfor the radar QPE
accumulation. The difference between non-intergal@nd interpolated 1-hour radar-only sums is @n 8ia) and b).

Figure 3: Example of a comparison 1 hour precipgatsums computed from non-interpolated a) andritated b) extended radar
information.
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Distribution of relative difference between meamgipitation over operative catchments used in tHMCcomputed
from non-interpolated and interpolated 1 hour sisrghown in Fig 4. Relative difference was gre#itan 10% in 9.4% of
cases. Greatest absolute difference between nerpotated and interpolated precipitation sums wasih/h (30.1mm/h
vs. 22.6mm/h).
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Figure 4: Distribution of relative difference betwemean precipitations over operative catchmentsl iiseghe CHMI computed from
non-interpolated and interpolated 1 hour sums.
2.3 QPE methods
The new QPE application is able to generate folhgw®PE products:
e RADAR_ORIG - radar-only QPE - accumulated qualityvrolled PseudoCAPPI at 2km radar reflectivitydse
< RADAR_ADJ - radar-only QPE adjusted by mean fighslzoefficient obtained from radar-raingauge corspa
 GAGE - QPE interpolated from raingauge values usidgnary kriging
 KED — QPE computed using KED (kriging with exterdaift) method
*  OKRE — QPE computed using OKRE (ordinary krigingadar errors) method
« MERGE - it contains KED QPE; if KED is not availabr the correlation between RADAR_ADJ and GAGHdfie
is less than 0.2 or there are less than 4 non-z@Ermgauge values then RADAR_ADJ method is used. iBut
maximum value of RADAR_ADJ field is less than 1mmeth GAGE method is used instead of RADAR_ADJ.
Operationally QPE application will be run every hfinute to calculate floating QPE products of 1-h@ums.
RADAR_ORIG, RADAR_ADJ, GAGE and MERGE products Wik operationally available (KED and OKRE prodiarts

used for evaluation only). The 1-hour QPE produdtisthen be used for calculation of 3h, 6h, 128h218h and 72h sums.
In addition, QPE products of 24h sums will be ckdted daily from 24h radar sums and 24h raingaugasarements.

3 Operational implementation

The QPE products are available to the end-user &Sacompatible raster files, as an average pretiph over
predefined catchments or as graphical visualizatiomeb application.

Raster files or average preciptation over preddfice&tchements are used by hydrological applicatan,; hydrological
model Hydrog (Stary and Tufek, 2010) or flash-flood guidance nowcasting tdeGFCZ (Sercl, 2011).

Graphical visualization of individual QPE produigsavailable in the new version of web applicati@PrecipView. It is
used mainly by meteorologists and hydrologistshim €HMI forecast offices. An example of its outpaitn Fig. 5. This
application enables display of all 4 QPE producis all lengths of accumulation. It contains GlStdeas like possibility of
combination of different geographical layers (bosjeatchments, orography, roads, rivers, citigs),ezoomimg maps or
showing precise geographical location of the cursor

The JSPrecipView directly processes binary data gne-generated graphical files like PNGs), therfibis possible to
display precise precipitation values of individ@@PE products in the location of cursor, precipitatiat the 3 closest
raingauges and also average precipitation in thesponding catchment.

The application allows look through both archived asperative QPE data including their automatic tgd&everal
lengths of summation can be displayed (1h, 3h,1@h, 24h, 48h, 72h). Floating summations can be displayed (time
step 10min and 1 hour). Mean and maximum QPE values operative catchments can be displayed able. tsloreover
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for each individual catchment a graph displayireandard and cumulative QPEs (RADAR_ORIG, RADAR_ABAGE,
MERGE) are available for the time span of 1 to agsd

a)

b)
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Figure 5: Example of new version of the JSPrecipVilv application.

ERAD 2014 Abstract ID 000 4



ERAD 2014 - THE EIGHTH EUROPEAN CONFERENCE ON RADAR IN MIEOROLOGY AND HYDROLOGY

4 Comparison of QPEs

Different QPE methods computed from the Czech migg stations and both the Czech-only and the Gzeemded
radar information have been evaluated on 34 day® summer season 2013 when significant convectivstratiform
precipitation occurred.

Raingauge stations operated by the CHMI were useathanput into QPE computation. 25 of them werdwded from
the computation and used as verification statiBasngauge stations used in the comparison aretéegit Fig.1.

Figures 6 a) and b) show comparison based on MA&a(MAbsolute Error) of these QPEs for 1.0mm/h ah@rim/h
precipitation threshold (i.e. only values from viedtion raingauge stations above this thresholdeveempared with QPE
output). For small precipitation thresholds incagimg of radars from neighboring countries doegivte better results
except radar only QPE. Reason for that could bertitae radars can see more noise. For higher pieigm thresholds
MAE is generally higher. Also incorporating radatal from neighboring countries gives better resbits$ the differences in
case of MERGE, KED and OKRE methods are negligibleese methods are able to compensate for lesaétyqof radar
data at longer distances from radar if enough emigg station data are available.
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Figure 6: comparison of MAE for different QPE math@nd precipitation threshold. Blue color is usedQPE based on the Czech-
only radar data, red for the Czech-extended radatadgreen for the Czech-extended radar data intefgal into 1minute time step
fields. Fig. a) shows comparison for 1.0mm/h preatmn threshold, fig. b) shows comparison for 1@mprecipitation threshold.

Another comparison was based on CSI (Critical Ssedadex), FAR (False Alarm Ratio) and POD (Prolitgbdf
Detection). Figures 7 a) and b) show the comparigatifferent QPEs for 1.0mm/h and 10.0 mm/h priéatppn threshold.
For both precipitation thresholds the QPEs usingreded radar data are less biased. For higherpitag@n thresholds
KED and OKRE methods reach significantly better @&in radar only QPE and ADJ method. The differertoetween
MERGE, KED and OKRE methods are negligible.
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Figure 7: Comparison of different QPEs based on EBR and POD. a) for precipitation threshold valu@rhm/h b) for precipitation
threshold value 10.0 mm/h. Czech means the Czechramidy data and ext means the Czech-extended raatar @he curves depict CSI

isolines.
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5 Conclusion

The newly developed QPE application gives satigfyasults. Analysis of 1h sums can be updated eM@nypinute when
new raingauge and radar data are available.

The Czech-extended radar data can be used for @e&ations. These data are useful mainly when raurobavailable
raingauges is limited or one of the Czech radamotsworking. It could shorten time when QPE anialyg®uld be started
after nominal time (when not enough raingauge tagvailable in the database). If there is suffitieoverage by raingauge
stations, improvement of QPE based on the Czecmdrtd radar data over the QPE based on the Czéchagiar data is
only marginal.

So far only basic quality filters are implementezpecially for raingauge station data. Plan of fatwork includes
primarily improvement of quality control algorithiisnprovement of graphical presentation of the ltesand development
of tools for on the fly tracking of the quality tife input data and individual QPEs.
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