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Abstract. The Czech Hydrometeorological Institute (CHMI) ena (connected with precipitation), VAD-based wind mea-
runs two C-band Doppler weather radars which provide goodsurement and quantitative precipitation estimations (QPE).
coverage of precipitation over the area of the Czech RepubAs the radar-based QPE is error prone for known reasons
lic. For the quantitative precipitation estimation (QPE), re- (see, e.g. Joss and Waldvogel, 1990 or Collier, 1996), two
flectivity from pseudoCAPPI level of 2 km above sea level is correction methods have been proposed at the Czech Hy-
used and the rainfall rate is then obtained by a constant Z-Rirometeorological Institute (KEmar et al., 1999), which
relationship. Since the radar-only-based QPE is not consideould partially compensate for the radar measurement defi-
ered satisfactory, some corrections have been introduced iniencies. The former correction method was based on the
order to achieve better accuracy of the instant precipitatiorstatistical relationship between the raingauge measurements
estimates. The corrections include the algorithm using verti-and collocated radar estimates, the latter used vertical profile
cal profile of reflectivity which reduces the range-dependentof reflectivity (VPR). Since the VPR-based method, although
underestimation of single radar estimates, raingauge-baseagerformed slightly worse than the statistical correction, of-
adjustment and combination with available raingauge meafers more physically sounded algorithm, it resulted to be the
surements. The adjustment using single coefficient over thereferred method for later development.

radar domains is based on collocated radar and raingauge Since the 1999 the effort at the CHMI was oriented to-
measurements in a time-moving window whose length is anwards multisensor approach, inspired mainly by the proce-
adaptable parameter. The combination of the adjusted radature of the NOAA/NWS (Fulton et al., 1998; Seo, 1998b),
QPE with available raingauge measurements is achieved bwhich combines the measurement of the radar with the oper-
a simplified method of double optimal estimation. The sys-ationally available raingauge readings. This method is based
tem is in routine operation for precipitation accumulation of on following ideas and assumptions:

1, 6 and 24 h and the results are available in HTML format.

It serves for warning purposes, for NWP model verification 1. The radar-based QPE and raingauges are complemen-
and hydrological applications at the CHMI. The visualiza- tary sensors and the estimates should be used in similar
tion allows for quick comparison of radar, radar-adjusted,  Visualization environment for instant comparisons.
raingauge-only and combined estimates along with mean

areal QPE for predefined catchments using all mentioned es- 2- The intercomparison between the radar-based QPE and
timates. The instant comparisons and some additional diag- ~ corresponding raingauge measurements can indicate er-
nostic information allows to see better the deficiencies and ~ rors of the particular measurement or nature of the pre-
errors of the two complementary estimation systems. cipitation processes.

3. Mean field bias (MFB) adjustment generally decreases
the error of radar-based QPE.

1 Background

4. Combination of "semicontinuous” radar estimate and
The Czech Hydrometeorological Institute modernized its the “point” measurement of raingauges, using some of
weather radar network in late nineties and now runs two sin- geostatistical concepts, can result in the most accurate
gle polarization C-band Doppler radars used for qualitative QPE.
analyses and extrapolative nowcasting of weather phenom-

The multisensor method was builtin at the CHMI in 1999—
Correspondence tavl. Salek 2003, starting from experimental calculation of daily precipi-
(salek@chmi.cz) tation estimates in 1999-20084]ek, 2000). Since 2003 the
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Table 1. Parameters of the weather radar of the Czech Hydromete-3 Combined (multisensor) precipitation estimate

orological Institute
3.1 Mean field bias adjustment

Radar station Skalky Brdy —Praha The original radar precipitation estimate is routinely adjusted
WMO Indicative 11718 11480 using the mean field bias adjustment. The key issue is to es-
Location Central Moravia ~ Central Bohemia  timate the bias factor (assessment factor) optimally. If one
Latitude 49,501N 49,658 N uses the assessment factor only for the given time period
;ﬁﬂgg:d; he antenna 1?('57792'5 1931'212 E (e.g. one hour), usually only a few raingauge measurements
Measurement cycle ' 10min. 10 min (a_md small precipitation accumulatmn) are available and th.e
In operation since 1995 2000 bias tends to be unrepresentatlvg for the whole radar domain.
Made by Gematronik EEC Therefore the adjustment algorithm accumulates the radar
Type Meteor 360AC  DWSR-2501C data and the corresponding raingauge measurements (for the
Frequency band C C raingauge up to 150 km from the radar site) for time-moving
Doppler mode yes yes window of typical size of several days.

The time moving window (adaptable parameter) is also

i q . bined) OPE ‘ dependent on the mean areal accumulation of precipitation
muttisensor (radar-raingauge com ine ) Q System, Progzng in some extreme dry spell it could reach even several
viding hourly-and-longer accumulation estimates, has been

. tandard lication f I nitati weeks until predefined accumulation threshold is reached.
Serving as a standard application 1or general precipitation i, eer, as it is assumed that the "old’ precipitation regime
overview, warning purposes, hydrological application and

e . is not representative for the beginning of 'new’ precipita-
NWP verification at the CHMI. The work in 2002-2004 tion process and long-time assessment factor should not be

concentrated more on tuning adaptable parameters, improvef— L g L
. X ar from one, during “dry” weather when no precipitation is
ment of the HTML-based graphical user interface (GUI) andrecorded, the bias slowly drifts to value of 1. The contribu-

utilization of the areal estimates in hydrological models. In tion of the daily accumulations used for the bias calculation

the same timg , Similar procedure of the Institutiop of Atmp- is also weighted by negative exponential function which is
spheric Physics (Sokol et al., 2002) has been put into Seml()pdesigned so that the “oldest” day used for the bias computa-

erati_onal use on d_aily_sums as an alternative to the algorithngion has the weight of 0.1. This parameter is rather arbitrary
that is presented in this paper. but it reflects the assumption that the bias should be repre-
sentative especially for the nearest periods of precipitation
accumulation. The bias (adjustment factor) is then computed
by following formula:

The parameters of radar data are listed at the Table 1. The

2 Algorithm of the original radar-based QPE

. n

radar-based QPE is based on the Z-R formula Z w; G;

7 — 200R:® (1) BIAS="F— ®)
Y wiR;

For Z < 7dBZ R=0mm/h and for Z>55dBzZ i=1

R=R(55dBZ)=99.85 mm/h. These limits suppress the
influence of non-precipitating clouds and hail on the radarwhereG; and R; are the raingauge measurement and col-
estimation. located radar estimate (for elemenk1km) and w; are

The reflectivity used in the conversion into the precipi- Weights exponentially decreasing with the time of accumu-
tation rate is taken from the altitude 2 km above seal levellation (the farer daily accumulation, the less the weight).
(pseudoCAPPI 2 km). Itis calculated from the volume reflec-
tivity data using vertical interpolation between two closest 3.2 Gauge-only and radar-raingauge combination estimate
elevations measured by the radar (PPI levels) or taken from
the lowest available PPI (if the lowest available PPI is aboveThe combination (called “merge”) is computed as a simpli-
2 km level). The ten-minutes precipitation rates are then intefied version of double optimum estimation (Seo, 1998b). It
grated for following time periods: 1, 3, 6, 12 and 24 h. VPR is a linear combination of adjusted radar estimate and rain-
corrections (No@k and K&&mar, 2001) are applied routinely gauge data. The weights of the radar and raingauge(s) con-
but since there is substantial overlap of both radars, the potribution are estimated using the distance from the raingauge
tential benefit of the VPR correction is not so significant. The site(s) and the average variability of the radar and raingauge
VPR corrections are much more important when one of theprecipitation fields. Generally, the weight(s) of raingauge
radar is out of operation for a long time. Therefore the VPR-measurement(s) is (are) inversely proportional to the distance
corrected radar data are not yet operationally used in furthefrom the nearest raingauge(s) and the course of the weights is
processing and hydrological simulations except some expemodelled by negative exponential function with a parameter
iments. dependent on the variability of the precipitation field.
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Fig. 1. An example of original radar, adjusted radar, gauge-only and combined 6-h estimate (from left to right, from top to bottom) for 19
April 2004, 18 UTC, as presented in the system JSPrecipView. At the bottom you can find an example of the areal precipitation estimate
displayed in a form of accumulation of the different types of estimate for the catchment highlighted in the map and in the zoom.



M. Salek et al.: Combined radar and raingauges precipitation estimation at the CHMI: 19

A Multisensor Brdy - Microsoft Internet Explorer - msn.atlas.cz [_[5]x]

| Soubor Uprawy Zobrezit Oblibené Nastoje Napowgda

Multisensor analysis from the radar Brdy and raingages

PRadar Bridy Prdl J 13.08.2002

gage 24h & 5. _06:00 UTC
I

{4

-

obrazit Oblibené Nastoje Napovéda

grazkonery-konzervativne adjustovanu radar
[T T

sing 7
o
sing 7

FhESS7A. Tt u

156 [ . \,

10582 ZINNWALDpc252}y:138[H: 877 |rang 11 20/G:313.0/R:
100 - =] 47.4IPA132 7|PAS1 394

T : 4
“ Ti0582 ZINNWALD 877 120/G:313.01R: |
47.4PA1 25 B|FAs:1 341 j

€] http:/araclebr chi cz/rdl/brdy/020| | (% Mistal sit intranet

I Scatterplot raingauges - adjusted radar . _ILI
« >
i

[ htip:#/oraclefr.chmi.cz/rad/rcy/0208/13/06/24h_sum_z_cappil2d/vhrhimi1 28 [ [ % il sitinvanet

Fig. 2. An example of the original radar, adjusted radar, gauge-only, combined 24-h estimate, raingauge locations and scatterplot of gauge
measurements and collocated adjusted radar estimates (from left to right, from top to bottom) for 13 August 2002, 06 UTC, as presented in
diagnostic mode for radar Brdy domain. The black arrows point at the mountainous station Zinnwald (877 m above sea level, 120 km from
the radar site) which recorded 312 mm/24 h and where orographic enhancement caused significant underestimation of the radar QPE due t
strong north-west winds.

In addition, the multisensor procedure routinely providestion accumulations within predefined catchments in a user-
also a raingauge-only estimation estimate that is computeédaptable time-moving window spanning from 1 to 21 days
by an adapted version of the Seo (1998a) algorithm. (see Fig. 1).

The original radar estimate, adjusted radar estimate, The “Diagnostic” presentation provides the user with more
raingauge-only field and combined radar-raingauge estimaténformation about the radar-raingauge relationship for both
(“merge”) are available operationally for visual inspection radars and with more statistical characteristics of the radar
for 1-h accumulations, for 6-h accumulations (calculated atand raingauge data. It also displays raingauge data that were
00, 06, 12, 18 UTC) and 24-h accumulations (calculated atejected from the further processing due to obvious malfunc-
06 UTC). tioning of raingauge and the raingauge data that are “suspi-

All the precipitation estimate for given time period can be cious” because their values are outlying too far from the radar
displayed using WWW browser. The user has an option toestimates. An example of the “Diagnostic” presentation of
choose between two type of visualization: “JSPrecipView” an 24-h precipitation estimate is at Fig. 2. The purpose of
and “Diagnostic”. The JSPrecipView is a JavaScript-basedhe diagnostic version is to allow the user or supervisor for
system which uses PHP scripts at the server side and pradeeper insight into the radar and raingauge precipitation esti-
vides the user with the option to switch between original mates, radar-raingauge relationships (by scatterplots), MFB
radar, adjusted radar, raingauge-only and merged estimat&djustment performance etc. This presentation can better
(see Fig. 1). The application is equipped by advanced feaexplain possible deficiencies of the sensors than the JSPre-
tures of geographical information systems (GIS): It can pro-cipView images and is useful mainly for application devel-
vide the user with geographical coordinates at any pointopment and for analyzing of problematic/suspicious cases by
at the map(s), distance from predefined locations (mostlywell-experienced users. On the contrary, the JSPrecipView is
towns), layers of main roads, railways, districts, rivers anddesigned for advanced presentation of all precipitation esti-
catchments. The system is able to compute areal precipitanates to wide user-base.
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4 \ferification 0.95
0.90 0.865 OSj)
The verification is being made especially for 24-h accumu- 0.85 — {7}
lation on those raingauge measurements that are not opera- _. 0.80 +—
tionally used as an input for the multisensor analysis. These 50.75 ] 0.728
data, recorded manually by cooperative non-professionals, § 0.70 +— 0.695
are available “off-line”, usually several weeks afterwards. ¥ 065
Although the radar-raingauge relationship for these readings 0.60 —
also suffers from the known sampling problem, the differ- 0.55 +— —
ence between the (independent) raingauge measurement and 0.50 ‘
the particular estimate (measured usually by the root mean radar  radar_adj gauge merge

square error, RMSE) can indicate the quality of the estimates.

One of the first attempt to verificate the quality of daily Fig. 3. RMSE between the hourly pluviometric measurement of 74
estimates was made Balek (2000), stating that the com- stations within 150km range from the radar Brdy and the collocated
bined estimate yields the best results (least RMSE). The se@PE of Brdy radar, adjusted radar estimate, optimum estimation

- . ) . rom telemetric raingauges and merged estimates from 6 August
gcigﬁf;tgzt'rr:g;? gfjggé?ﬁg??a%ﬁ?iﬁﬁqggy field, followed, 1 “96 UTC 1o 16 August 2002, 06 UTC. The estimates are on

1x1km grid. The number of telemetric raingauges merged with

Concerning the hourly estimates, verification concentratedhe adjusted radar estimate is 74, from which 40 are located within
only for period of 6-16 August 2002 when special effort 150 km from the radar site.
was taken to obtain the hourly precipitation accumulation
from the manual pluviometers (old version of recording rain-
gauge) in the framework of the evaluation of the flood that References
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