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Z (xi) = Zext (x0, y0, z0, t0 −∆t)

The production of Radar Quantitative Precipitation Estimates (QPE) requires processing the 
observations to ensure their quality and its conversion into the variable of interest (e.g., precipitation 
rates).

Some of the steps involve the reconstruction of the meteorological signal in areas where the signal is 
lost (e.g. due to total beam blockage or severe path attenuat ion by heavy rain) or strongly 
contaminated, for instance, in areas affected by ground or sea clutter. For uncorrected moment data, 
the reconstruction needs (1) the identification of clutter-affected areas, and (2) the reconstruction of 
the meteorological signal.

Here, an alternative reconstruction method is proposed using the space and time structure of the field 
in the reconstruction.
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Introduction

The reconstruction is done by linear combination of non-contaminated values:                                     .

Under the ordinary kriging formulation, the 
reconstruction weights are the solution of the 
linear equation system:

The developed methodology is based on combining 3 reconstruction methods:

The methodology
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The s igna l in the contaminated area is re- 
constructed by interpolating the clutter-free bins 
on the same PPI.

Horizontal interpolation

Time extrapolation
The contaminated b in is replaced wi th the 
non-contaminated measurement f rom the 
previous scan [considering the motion of the 
precipitation field as estimated with the tracking 
algorithm of Berenguer et al. (2011)].

The algorithm has been implemented as a part of the chain of correction algorithms applied to the 
measurements of the Corbera de Llobregat C-band radar (5.4 cm) of the Spanish Agency of 
Meteorology.

In this study, raw radar have been process to mitigate the effect of beam blockage using the 
algorithm of Delrieu et al. (1995). Areas affected by clutter have been  identified with the fuzzy logic 
algorithm of Berenguer et al. (2006).

125 rain gauges of the Catalan Water Agency have been used in the validation of the methodology.

AEMET Corbera de Llobregat C-band Radar
ACA-SAIH raingauge
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The semivariogram

Reconstruction

G-R comparison

Implementation aspects

It measures the field variability and has been 
estimated locally around the areas to be 
reconstructed.

γij = γ (∆ij)

= 1
2V ar [Z (x)− Z (x+∆ij)]

≈ 1
2Nij

Nij∑
i=1

[Z (xk)− Z (xk +∆ij)]
2

We have developed a method for the reconstruction of radar observations using non-contaminated 
observations in the horizontal, in the vertical and/or from the previous time step.

The method adapts to the weather situation through the use of the semi-variogram, which is 
estimated locally.

The method based on the use of 3-D observations (HV) is the one that showed the best performance 
in two significantly different situations. Contrarily, HOR showed the worst performance in the 
convective situation, and VER is not useful in widespread events.

On the other hand, the methods that use information from the previous times steps (HT and TIM) 
showed an intermediate performance for both cases, and past information did not seem to have a 
major contribution to the reconstruction.

Conclusions

The weather signal is reconstructed over the mean clutter pattern but rotated to a clutter-free area. 
The original measurements are used as reference.

Vertical extrapolation

Event #1: 19 July 2001

Event #2: 08 October 2002

The contaminated bins are replaced with the 
va lue f rom the c losest non-contaminated 
observation in the vertical.

t-Δt t

Z (xi) = Z (xi, yi, z0, t0)
Z (xi) = Z (x0, y0, zi, t0)

Sánchez-Diezma et al. (2001) proposed to use 
e i ther hor izonta l in te rpo la t ion or ver t i ca l 
extrapolation based on a pre-classification of the 
type of preciptiation.

Analyzed configurations

HOR: horizontal interpolation.
VER: Vertical extrapolation.
TIM: Time extrapolation.
HV: Horizontal interp. + Vertical extrapolation.
HT: Horizontal interp. + time extrapolation.

Reference technique 
(Sánchez-Diezma et al., 2001)

horizontal field of
reflectivity

vertical field of
reflectivity

Horizontal
interpolation

Vertical
extrrapolation
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HOR VERT TIM HV HT SD2001 HOR VERT TIM HV HT SD2001

Bias [mm] 0.03 -0.23 0.03 -0.09 0.28 -0.27 -0.26 0.04 0.28 -0.05

MAE [mm] 1.39 1.42 1.46 1.33 1.21 0.79 1.43 0.75 1.19 0.96

MRAE [%] 15.7 17.2 15.5 130.2 51,5 72.9 66.2 127.9 67.8

corr 0.96 0.95 0.96 0.96 0.79 0.91 0.61 0.90 0.79 0.84
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Comparison of radar rainfall estimates with collocated raingauges. The orange squares indicate the raingauges located in 
areas affected by ground clutter in mean propagation conditions. 

Event #1: 19 July 2001

Event #2: 08 October 2002

Method: HV

0 10 20 30 40
Observed gauges [mm]

0

10

20

30

40

Es
tim

at
ed

 ra
da

r [
m

m
]

BIAS: −0.42 mm
MAE: 3.99 mm
MRAE: 21.9%
CORR: 0.87
#points:  118

Method: VERT

0 10 20 30 40
Observed gauges [mm]

BIAS: −0.05 mm
MAE: 5.58 mm
MRAE: 28.4%
CORR: 0.77
#points:  118

Method: VERT
0 50 100 150

 Distance to the radar [km]

0.0

0.2

0.4

0.6

0.8

1.0

p[
R

 >
 0

.1
 | 

G
 >

 0
.1

]

0.0

0.2

0.4

0.6

0.8

1.0

p[
R

 >
 0

.1
 | 

G
 >

 0
.1

]

Probability of Detection

Method: HV

Method: HOR

0 10 20 30 40 50 60
Observed gauges [mm]

0

10

20

30

40

50

60

Es
tim

at
ed

 ra
da

r [
m

m
]

BIAS: −2.04
MAE: 4.63
MRAE: 55.5
CORR: 0.77
#points:   69

0 50 100 150
 Distance to the radar [km]

0.0

0.2

0.4

0.6

0.8

1.0

p[
R

 >
 0

.1
 | 

G
 >

 0
.1

]

Probability of Detection

Method: HV

Method: HV

0 10 20 30 40 50 60
Reference [mm]

0

10

20

30

40

50

60

Es
tim

at
e 

[m
m

]

BIAS: −0.23 mm
MAE: 1.42 mm
MRAE: 15.7%
CORR: 0.95
#points: 1295

Method: VERT

0 10 20 30 40 50 60
Reference [mm]

BIAS: −3.15 mm
MAE: 4.57 mm
MRAE: 40.6%
CORR: 0.78
#points: 1295

Method: HOR

0 5 10 15 20 25
Reference [mm]

0

5

10

15

20

25

Es
tim

at
e 

[m
m

]

BIAS: 0.28 mm
MAE: 1.21 mm
MRAE: 130.2%
CORR: 0.79
#points: 1295

Method: HV

0 5 10 15 20 25
Reference [mm]

BIAS: 0.04 mm
MAE: 0.75 mm
MRAE: 66.2%
CORR: 0.90
#points: 1295

-3.15

4.57

0.78

40.6

-3.15

4.57

0.78

40.6

0.19

1.62

0.90

26.1

Method: HV

0 10 20 30 40 50 60
Observed gauges [mm]

BIAS: −2.41
MAE: 4.45
MRAE: 46.4
CORR: 0.81
#points:   69

 Distance to the radar [km]

0.0

0.2

0.4

0.6

0.8

1.0

p[
R

 >
 0

.1
 | 

G
 >

 0
.1

]


