
Proceedings of ERAD (2002): 286–290c© Copernicus GmbH 2002 ERAD 2002

Radar and rain gauge estimates of daily and hourly sums of
precipitation for river basins in the Czech Republic

Z. Sokol, D.Řeźačová, and P. Pěsice

Institute of Atmospheric Physics, AS CR, Bocni II, 1401, 141 31 Prague, Czech Republic

Abstract. Procedures adjusting pixel precipitation by merg-
ing radar data and rain gauge measurements and estimat-
ing area precipitation are presented. They determine daily
and hourly precipitation for warm part of the year (April–
September). The procedures use radar products (the estimate
of radar-derived precipitation based on column maximum re-
flectivity) together with the data from on-line rain gauges
routinely provided by the Czech Hydrometeorological Insti-
tute.

The adjusting procedure combines radar and gauge val-
ues in one variable that is interpolated into all radar pix-
els. The adjusted pixel precipitation is calculated from radar
precipitation and from the value of the combined variable.
Two procedures estimating daily area precipitation for seven
river basins in the Czech Republic are evaluated. The first
one uses the adjusting procedure to estimate pixel precip-
itation and the area estimates are determined by summing
the corresponding pixel values. The second one applies re-
gression technique to describe the relationship between area
precipitation and individual precipitation estimates obtained
by various methods. The regression model is developed sep-
arately for each river basin. The pixel adjusting procedure
decreases the RMSE by 10–15% in comparison with the es-
timates based only on rain gauge data. The application of the
regression technique decreases the error by additional 15%.

1 Introduction

Estimating area precipitation it is suitable to utilise high-
resolution rainfall fields derived from weather radar mea-
surements. However, direct application of radar-based pre-
cipitation determined from measured radar reflectivity is re-
stricted by errors and uncertainty in the derived estimates
(e.g. Austin, 1987; Joss and Waldvogel, 1990; Collier, 1996).
The correction of radar precipitation fields by adjusting radar
precipitation to rain gauge measurements is one of the fre-
quently used methods (e.g. Fulton at al. 1998; Gabella and
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Fig. 1. The positions of rain gauges providing daily precipitation
sums. The on-line gauges are marked by squares and the filled
square shows the position of the radar Skalky. The river basins are
shaded and marked by the abbreviations. The coordinates are given
in pixels.

Amitai, 2000; Gibson, 2000; Michelson and Koistinen, 2000;
Šálek, 2000). Its aim is to obtain the agreement between
rain gauge precipitation and adjusted radar-derived rainfalls
in corresponding pixels and thus to reduce systematic errors
while the structure of radar fields is maintained. The disad-
vantage of this method is the limited representativeness of
the gauge measurements (Collier, 1996; Germann and Joss,
2001).

In this contribution, a method adjusting pixel precipitation
by merging radar and gauge data is presented. The method
is applied to daily and hourly precipitation sums. For daily
sums two procedures calculating mean area precipitation are
compared and their accuracy is evaluated for selected river
basins in the Czech Republic (CR).
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 Fig. 2. The positions of rain gauges providing hourly precipitation
sums. The filled square shows the position of the radar Skalky.

2 Data

Data from radar Skalky (Doppler C band Gematronik ME-
TEOR 360 AC), and gauge measurements from the terri-
tory of the CR related to warm seasons (April to Septem-
ber) were used. The hourly and daily sums of radar rain-
falls (RADX) were calculated by the procedure routinely ap-
plied in the Czech Hydrometeorological Institute (Havránek
and Kŕacmar, 1996). The RADX values were available in
256 × 256 pixels of the radar domain where each pixel rep-
resented the area of 2 km× 2 km. Each rain gauge was as-
signed to the corresponding pixel of the radar domain. Both
radar and gauge data were checked to remove data of un-
satisfactory quality. Daily precipitation sums from 653 rain
gauges from years 1996-98 were utilised (Fig. 1). While
the measurements of 81 on-line gauges were used in the ad-
justing procedure the remaining gauge measurements served
as independent data for verification. Area precipitation esti-
mates were tested at seven river basins, which differed by the
size, mean elevation above the sea level and distance from the
radar (Fig. 1). In contrast to daily precipitation, the hourly
precipitation sums are measured by a relatively small num-
ber of gauges. Data from 71 on-line gauges from 2001 were
used in this study (Fig. 2).

3 Methods

3.1 Estimation of daily area precipitation

In the first step, the daily RADX values were corrected to
adapt the radar precipitation level to the gauge values. In
each pixel the RADX values were multiplied by a factors,

s =
ΣGk

ΣRADXk
(1)

 

 

 

Fig. 3. Comparison of the pixel values of daily precipitation esti-
mated by the ADJ, RADK and KRI methods. The SER, NRMSE,
COR and BIAS are evaluated for precipitation categories≥0,≥5,
≥10,≥30 and≥50 mm.

whereGk is the gauge precipitation and RADXk is the value
of RADX from the corresponding pixel. The sum is over all
pairs withGk ≥ 3 mm and RADXk ≥ 3 mm. The factor
s was set to 1 when the number of the pairs was less than
10% of the total number of gauge data. The corrected radar
field (RADK) was used instead of the RADX in the following
calculations.

Two methods estimating area precipitation were com-
pared. The first one (PADJ), adjusted radar precipitation in
each pixel and the area estimates were determined by adding
the pixel values covering the basin. The adjusting procedure
(ADJ) combined radar value, RADKk, and gauge value,Gk,
at eachk-th gauge position in one variableqk

qk =
Gk + λ

RADKk + λ
, k = 1, . . . , n (2)

whereλ is a positive constant andn is the number ofGk,
RADKk pairs. Then the valuesqk were interpolated (ex-
trapolated) by the kriging method (Gandin, 1963; Seo et al.,
1990) into all pixels (i, j) within the radar domain. The pre-
cipitation estimate ADJ(i, j) can be derived from (2) by using
the interpolated valueq(i, j) and corresponding radar precip-
itation RADK(i, j):

ADJ(i, j) = max
(
q(i, j)(RADK(i, j) + λ)− λ, 0

)
(3)

The maximum assures that the adjusted precipitation is not
negative. The kriging method applied the correlation func-
tion

C(r) = exp(−αr1/2), (4)

wherer is the eucledian distance. The values of parameters
λ = 10, α = 0.1 were determined by tests comparing ADJ
values with independent gauge measurements. Several val-
ues ofλ andα were applied and the selected ones yielded the
lowest root-mean-square-error.
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Fig. 4. Comparison of the PADJ and REG methods, estimating area
precipitation, by the RRMSE. The acronyms of river basins corre-
spond to Fig. 1 and MEAN shows the mean value over the basins.
The methods are compared separately for all terms (bottom) and for
terms with mean area precipitation≥10 mm (upper).

 

 

 

Fig. 5. The BIAS of the REG, PKRI and PADJ methods for the
individual river basins. The acronyms from Fig. 1 are used.

The second method (REG) consisted in a statistical post-
processing of the PADJ results. A regression model was de-
veloped to describe the relationship between the area pre-
cipitation (dependent variable) and three estimates of area
precipitation (independent variables) based on pixel values:
(i) RADK; (ii) on-line rain gauge measurements interpolated
(extrapolated) by the kriging method into pixels (KRI) and
(iii) ADJ. In order to take into account local characteristics

 

 

 

Fig. 6. Comparison of the pixel values of hourly precipitation esti-
mated by the ADJ, RADK and KRI methods. The SER, NRMSE,
COR and BIAS are evaluated for precipitation categories≥0,≥0.1,
≥3,≥5 and≥10 mm.

of the radar and gauge measurements the regression models
are developed separately for each river basin. In addition to
the multiple linear regression also ridge and robust regres-
sions were applied (Dodge and Jurečková, 2000). In contrast
to the multiple linear regression, the ridge and robust regres-
sions are less sensitive to outliers. It is useful when there
is not close relationship between predictors and predictands
or when predictors and predictands can contain large errors.
The applied methods are summarised in Table 1.

3.2 Adjusting procedure for hourly precipitation sums

For hourly sums the RADX was also corrected by the factor
s (see Eq. 1). The sums were over all pairs withGk ≥ 0.1
mm and RADXk ≥ 0.1 mm. When the number of the pairs
was less than 10% of the total number of gauge data thens
value was set to 1. The same adjustment procedure as for
daily precipitation was applied (Eqs. 2–4). The parameters
λ = 10 and α = 0.1 were determined by the tests. The
cross-validation was applied to perform independent verifi-
cation. The measurements from one gauge were excluded
from the data set and the corresponding adjusted pixel esti-
mate was compared with the gauge measurements. In this
way, all gauges were gradually excluded and the results were
evaluated.

4 Results

The aim of the adjusting procedures was to estimate precip-
itation amount in a given location that would be measured
by a rain gauge if one existed in this place. Therefore, the
accuracy of the adjusting methods was compared with inde-
pendent gauge measurements. The estimates of area precip-
itation were compared with area precipitation calculated by
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Table 1. Abbreviations of the applied methods and their brief de-
scription

Abbreviation Description

RADX Radar-derived precipitation
RADK Corrected radar-derived precipitation
KRI Pixel precipitation estimate by using gauge data
ADJ Pixel precipitation estimate by merging radar and gauge data
PKRI Area precipitation by using KRI
PADJ Area precipitation by using ADJ
REG Area precipitation by using regression models

using all gauge data (653 gauges). In order to obtain area
precipitation the gauge measurements were first interpolated
by the kriging method into the radar network and then corre-
sponding pixel values were summed.

The comparison was performed by using root-mean-
square-error (RMSE), bias (BIAS), additive bias (SER) and
Spearman correlation coefficient (COR):

RMSE=

√√√√ 1
n

n∑
i=1

(pi − gi)2 , (5)

SER=
1
n

n∑
i=1

(pi − gi) , (6)

BIAS =
n∑

i=1

gi/
n∑

i=1

pi , (7)
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1
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)(
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)
/
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1
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(8)

wherepi andgi are estimated and measured values, respec-
tively, andn is the number of data pairs. While the RMSE
and COR compare single values, the SER and BIAS compare
mean of estimated and measured values over the studied pe-
riod. The evaluated characteristics are calculated for various
values of actual precipitation. The aim is to compare the per-
formance of the methods for various precipitation categories.

4.1 Daily precipitation

In Fig. 3 the accuracy of the ADJ procedure is compared with
both RADK and KRI. The normalised RMSE (NRMSE),
which is the RMSE divided by the mean precipitation amount
for the given precipitation category, is used. For the cate-
gories≥0, ≥5, ≥10,≥30 and≥50 mm the corresponding

means are 3.5, 14.4, 21.2, 45.5 and 74.7 mm. All the charac-
teristics compared in Fig. 3 confirm apparently better results
of the ADJ for all precipitation categories.

The REG models were developed separately for each river
basin. The data from 1996-98 were divided into the cali-
bration (two seasons) and verification (one season) data sets
in all three possible ways. The model coefficients were de-
rived from the calibration data and applied to the correspond-
ing verification data. The type of the model, which yielded
lowest mean RMSE over the three verification data sets, was
selected. The accuracy of the estimates of mean area precipi-
tation was evaluated separately for all cases and for the mean
area precipitation greater than 10 mm. The threshold 10 mm
represents heavy precipitation and its frequency is less than
10%. The accuracy of the PADJ and REG methods was com-
pared with the PKRI. The relative RMSE (RRMSE), which
is the ratio of RMSE of the considered method and PKRI is
displayed in Fig. 4. It shows that the PADJ improves the es-
timate of the PKRI in all basins except one. On average, the
improvement is 10–15%. The REG significantly improves
the PADJ estimates. The REG decreases the RMSE of the
PKRI by more than 20% for all terms and by more than 25%
for terms with heavy precipitation. Apparently the best per-
formance of the REG is also confirmed by the BIAS (Fig. 5),
which is close to one for most basins. As the relationships
between the predictors and predictands differed from year to
year, the robust regression model provided the lowest RMSE
for most basins.

4.2 Hourly precipitation

The accuracy of the ADJ is compared with the RADK and
KRI in Fig. 6. The NRMSE is used for precipitation cate-
gories≥0,≥0.1,≥3,≥5 and≥10 mm with the correspond-
ing means 0.3, 0.9, 4.5, 7.1 and 14.4 mm. In contrast to the
daily sums, the KRI yields significantly the worst results and
confirms the importance of radar data for short accumulation
intervals. The ADJ shows the best performance in all com-
pared characteristics and for all categories.

5 Conclusion

The proposed adjusting method, merging radar and rain
gauge data, yielded more accurate pixel estimate of precipita-
tion comparing to the corrected radar as well as to the method
that uses only rain gauge data. Although hourly precipitation
is estimated by the corrected radar quite well the adjusting
procedure improves the estimates.

The adjusting method applied to mean area estimates of
daily precipitation decreases the RMSE by 10%–15% in
comparison with estimates based on rain gauge data only.
The application of the regression postprocessing technique
decreases the error by additional 10%. On one hand, this
method requires careful development of the regression mod-
els for each river basin to avoid overfitting; on the other hand,
it considerably improves the accuracy of the area estimates.
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