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Improvement of Rainfall Estimation according to the Calibration Bias of
Dual-polarimetric Radar Variables

T TR RS I ISR
Kim, Hae-Lim / Park, Hye-Sook / Ko, Jeong—Seok

Abstract

Dual-polarization can distinguish precipitation type and dual-polarization is provide not only meteorological
phenomena in the atmosphere but also non—precipitation echoes. Therefore dual-polarization radar can improve
radar estimates of rainfall. However polarimetric measurements by transmitting vertically vibration waves and
horizontally vibrating waves simultaneously is contain systematic bias of the radar itself. Thus the calibration bias
is necessary to improve quantitative precipitation estimation. In this study, the calibration bias of reflectivity (Z) and
differential reflectivity (Zpr) from the Bislsan dual-polarization radar is calculated using the 2-Dimensional Video
Disdrometer (2DVD) data. And an improvement in rainfall estimation is investigated by applying derived calibration
bias. A total of 33 rainfall cases occurring in Daegu from 2011 to 2012 were selected. As a results, the calibration
bias of Z is about -0.3 to 5.5dB, and Zpr is about -0.1 dB to 0.6 dB. In most cases, the Bislsan radar generally observes
7 and Zpr variables lower than the simulated variables. Before and after calibration bias, compared estimated
rainfall from the dual-polarization radar with AWS rain gauge in Daegu found that the mean bias has fallen by
1.69 to 1.54 mm/hr, and the RMSE has decreased by 2.54 to 1.73 mm/hr. And estimated rainfall comparing to the
surface rain gauge as ground truth, rainfall estimation is improved about 7-61%.

keywords : 2D Video Disdrometer, calibration bias, dual-polarization, radar rainfall estimation
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Table. 1. The Specification of Dual-polarization Weather Radar in Bislsan and 2DVD

Characteristics S-band radar 2DVD
Variables 7. Vr. SW. Zon ®op. Kop. oo Drop diameter[mm], Fall VglOClty[m/S],
Oblateness, Area[mm-], etc.
Horizontal - better than 0.18 mm
Resolution
Vertical - better than 0.2 mm for vel.< 10 m/s
Sampling Area - 100 x 100 mm
Transmitter type Klystron -
Transmitter peak power 750 KW -
Beam width of radar 0.95° -
Frequency 2.5 min 1 min
Range 150 km -
Observation
Gate size 125m -
Elevations -0.5°~1.6° (6 elevations) -
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Fig. 2. Observation Range of Dual-polarization Weather
Radar in Bislsan, the Full Circle Represents BSL Site,
Star Represents the 2DVD and Rain Gauge Site (Kim
et al., 2014).
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Table 2. The Calibration of Bias of Reflectivity and Differential Reflectivity as Determined from Radar
Measurement and Computed from Disdrometer Observations

Time of | Rainfall | Type of |Bias correction Time of | Rainfall | Type of | Bias correction
Date  |observation |duration |precipita| 7 7DR Date |observation|duration |precipita| 7 7DR
[UTC] [hr] tion | [dB] | [dB] [UTC] [hr] tion | [4B] | [dB]
'11.09/05 | 1215-1300 C 5466 | 0.087 |'12.07/11| 0120-0820 3 S 4132 | 0.071
09/09 | 1730-1930 2 S |-0.331| -0.108 | 07/13 |0740-0900 1 C 2.399 | -0.211
09/10 |0100-2359 | 12 M 0888 |-0.041 | 0715 |0050-0120 1 M 2.775 | 0.094
09/29 | 1400-1600 S 2368 | 0.196 | 07/16 |1620-2320 7 M 1.401 | 0.181
10/13 | 2220-2340 S 0.183| 0.220 | 07/21 |0915-1025 1 C 3.056 | 0.103
10/14 | 0000-0800 S 2644 | 0210 | 08/12 |0830-1745 8 C 0.894 | 0.161
10/21 | 0700-2250 | 16 M 1.728 | 0.279 | 08/13 |0000-1400| 14 M 2.040 | 0.122
'12.04/02 | 1530-2340 8 M |3280| 0599 | 0823 |0000-2359 | 24 M 2.048 | 0.128
04/21 | 0000-1440 | 14 S 2693 | 0.604 | 08/24 |0000-0710 S 0.740 | 0.206
04/25 | 0040-0730 M 1.159 | 0492 | 08/27 |1630-2340 M 3.621 | 0.298
05/01 | 0930-1330 S 1.978 | 0.368 | 08/29 |1920-2320 S 1.971 | 0.037
05/08 | 0630-1350 C 2796 | 0.012 | 09/09 |0020-2330| 23 S 2.029 | 0.100
05/14 | 0020-1350 | 13 S 2.077| 0236 | 09/16 |0000-2359 | 24 C 1.830 | -0.080
05/28 | 0605-0650 1 C 5.081| 0.121 | 09/17 |0000-0540 M 0.613 | -0.157
06/08 | 0710-0830 1 C 3301 | 0244 | 10/22 |0630-1000 M 1.076 | -0.051
06/23 | 0520-0600 1 C 1.534 | -0.097 | 10/27 |0010-0810 S 1.901 | 0.007
07/06 | 0100-1630 | 15 C 3.799 | 0.070

20 40 60 80 100 120 140
LA I L L L L L ) L A

=)

20

20 40 60 80
T T T | T T T | T T T [ T T T I T T

I AWS [mm hr')
Before BC [mm hr]
After BC [mm hr']
----- Acu. AWS [mm]
----- Acu. Before BC [mm]
----- Acu. After BC [mm]

I AWS [mm hr']
Before BC [mm hr']
After BC [mm hr']
----- Acu. AWS [mm]
----- Acu. Before BC [mm]
Acu. After BC [mm]

N
S

TTTT[TT1T1T1]°

o

A
Al 20

10-min rainrate [mm hr']
3
@
S
Accumulated rainfall [mm]
10-min rainrate [mm hr']
Accumulated rainfall [mm]

T rrrrp rrrr oo

L LA B

b AS 4= e
07 10 13 16
Time (0700-2250 UTC), 21 Oct

(a) (b)

Fig. 6. The Comparison of Ten—-min Rain Rate and Accumulated Rainfall Obtained by Radar and AWS Rain
Gauge. (a) 21 Octobor 2011, (b) 23 August 2012. The Left Ordinated is for Rain Rates and the Right Ordinate
is for Accumulative Rainfall
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Table 3. MAE and RMSE of Rainfall Estimates with Before Bias Correction and after Bias Correction. And
Estimated Rainfall, Comparing to the Surface Rain Gauge as Ground Truth, Rainfall Estimation is Improved

about 7-61%. BC Represents Bias Correction

Rainfall | Bias correction | “\ccwmulated rainfall MAE RMSE
Date duration il Improve
[hr] Z ZDR | Before | After AWS Before | After | Before | After [%]
[dB] [dB] BC BC BC BC BC BC
'11.10/21 16 1728 | 0279 | 41.759 | 48576 | 58.0 | 1.438 | 1.339 | 1.995 | 1.835 11.754
'12.04/21 14 2.693 | 0604 | 21.460 | 23.815 | 325 | 1.304 | 1.246 | 1643 | 1.601 7.246
05/14 13 2.077 | 0.236 9318 | 12.164 | 215 | 1.201 | 1.120 | 1.762 | 1.645 13.240
07/11 3 4132 | 0.071 1.863 4.308 4.0 | 0970 | 0.720 | 1.382 | 0.955 61.128
08/13 14 2.040 | 0.122 | 24571 | 34594 | 39.0 | 1.781 | 1591 | 3.611 | 3.195 25.698
08/23 24 2.048 | 0.128 | 54.130 | 75987 | 90.0 | 2.060 | 1.706 | 3.251 | 2.458 24.286
09/09 23 2.029 | 0.100 | 14.693 | 21.070 | 235 | 0.875 | 0.875 | 1.657 | 1.466 27.136
09/16 24 1.830 | -0.080 | 47.369 | 74.782 | 825 | 1.866 | 1.505 | 2.487 | 1.961 33.229
09/17 0.613 | -0.157 | 49.253 | 63584 | 625 | 4.149 | 4.027 | 5707 | 0.181 22.930
10/22 1.076 | -0.051 | 12.628 | 16,563 | 175 | 1.841 | 1.724 | 2.782 | 2.201 22.485
10/27 1.901 | 0.007 4.691 7.057 9.0 | 1.148 | 1.126 | 1645 | 1578 26.289
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