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On Ground-Truth Designs of Radar Rainfall Using Rain Gauge Rainfall
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Abstract

This study theoretically compared three possible methods for the ground-truth, that is three
ground-truth designs of radar rainfall using the rain gauge rainfall. Theoretical results derived are
first applied to the rainfall field generated by the Waymire-Gupta-Rodriguez Iturbe(WGR) model, and
then to the Mt. Gwanak radar data using the rain gauge data from MOCT within the radar range of
observation. Overall application results were found to be similar to those from theoretical studies, also
those from the application to the WGR rainfall field. In conclusion, the ground-truth design using only
positive(+) rainfalls from both radar and rain gauges causes serious design bias to be inappropriate
as a ground-truth design.
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Table 1. Ensemble mean of the radar rainfall (v,;>, gauge rainfall (v, and error(= radar rainfall -
gauge rainfall) (¢,> with Yongdam rainfall data in July (Yoo et al., 2006)

Width of Design 1 Design 2 Design 3

footprint {War () (&) () {Pgr (En) (g () (£g)
4 km 0.133 0.133 0.000 5.339 5.339 0.000 5.339 5.339 0.000
8 km 0.133 0.134 0.000 3.238 3.249 -0.010 4215 5.332 -1.118
12 km 0.133 0.133 -0.001 2.486 2.502 -0.016 3.446 5.375 -1.929
16 km 0.132 0.130 0.003 2.131 2.086 0.045 2.957 5.297 -2.340
20 km 0.133 0.130 0.003 1.909 1.869 0.040 2.807 5.214 -2.406
24 km 0.134 0.134 0.000 1.858 1.859 -0.001 2.685 5.479 -2.794
28 km 0.132 0.133 -0.001 1.713 1.729 -0.016 2.448 5.509 -3.061
32 km 0.132 0.124 0.008 1.636 1.532 0.104 2.327 5.015 -2.688
36 km 0.133 0.130 0.003 1.572 1.540 0.033 2.297 5.328 -3.031
40 km 0.133 0.130 0.003 1.530 1.490 0.040 2.319 5.274 -2.955
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Fig. 1. The histogram of the radar and gauge rainfall and errors. The Yongdam rainfall data in July are
applied for the FOV of size 20 kmx20 km (resolution is 4 km) (Yoo et al., 2006)
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Table 2. Main technical characteristics of Mi. Gwanak radar (MOCT, 2003)

Radar site Seoul(Mt. Gwanak)
Launch date 1970. 2
Locati LAT : 37° 26" 38~
ocation LON : 126° 57 50"
Manufacturer EEC (USA)
System DWSR-88C
Type Magnetron
Band C band
Frequency 5,340 MHz
Transmitter Peak Power 250 KW
Wave length 56 cm
Pulse Recurrence Frequency (PRF) 250, 1180 Hz
Pulse Width (PW) 0.83, 2.0 us
Receiver Dynamic range 95 dB
Beams width 12 °
Antenna ;
Antenna diameter 36 m
. Gate size 1,000 m
Signal processor B ;
Nyquist velocity 351 m/s
Time averaging process Upscaling process
A‘s Trourly datg &+ (10 W) Rﬁai:(:‘o: . /, ]
+ £+ (20 man) iﬁ;ﬂ; /// /:L.,I'/ .. .
+ t+ (30 mn) °© d
* & + (A0 mn) CHL
P L
+ t + (50 mny A \ \ \\\
5 & AY y \\ AY \ A .
+ £+ (60 ) ° \\ \\'
® hd 'Y d N
e ® e |
% O L ®h
l L3 Ad @

Hourly data

T+t tme

]

Resohstion ©

2km X

Resalution

Astametic average
Akm X Aim

2um

Fig. 3. Schematic diagram of time averaging and upscaling process

£ Aol wa st ey el A%
28] 57 27 o4 A

=

g s

4 29 1 km &

Table 3. Periods of data used in this study

A= o]glel] 5 km, 10 km, 15 km, 20 km, 25 km, 30
km, 35 km, 40 km, 50 km o|th X3 9 FEER
A7} oW Peis BAFEAS Avns] AR BS
Ae BE, A ORA 29 FREY 2 A

At AHE A= 9] 713k Table 33 Zth

Types of rainfall Period Durationthr) Remarks
Typhoon 2003/09/12/00:00 ~ 2003/09/13/07:00 31 Maermi
Jangma 2003/08/17/06:00 ~ 2003/08/20/10:00 76

2003/08/22/10:00 ~ 2003/08/25/00:00 50
Convective 2003/06/27/00:00 ~ 2003/06/27/23:00 23

B40% ISR 20074 9A
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2003/09/12 22:00(Typhoon)

2003/08/19 09:00(Jangma)

2003/06/27 16: OO(Convectlve)

Fig. 4. Image of Mt. Gwanak radar precipitation
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Table 4. Statistics of radar measurements (v,,», ground measurements (v, >, errors (¢, and MSE

Type of Di';;n Design 1 Design. 2 Design 3
el R’II:légic (Bud | (g {&ay | MSE | (¢, | {¥p {&xy | MSE | {(¢,5> | (¢ {¢s> | MSE
1 km | 1085 | 2302 | -1.217 | 12.118] 1.214 | 2528 | -1.313 | 12637 | 1514 | 3665 | -2.151 | 17.282
5km | 1098 | 2290 | -1.193 | 11.500| 1.161 | 2.399 | ~1.238 | 11.891| 1497 | 3602 | -2.105 | 16.284
10 km | 1102 | 2.308 | -1.206 | 11.886 | 1.129 | 2351 | 1222 | 11.890| 1490 | 3618 | —2.128 | 16.381
15 km | 1.098 | 2.301 | 1203 | 11.709 | L119 | 2337 | -1.217 | 11.711 | 1484 | 3609 | -2.125 | 16.056
Typhoon |20 km | 1.100 | 2.345 | -1.245 | 11.979| 1114 | 2368 | -1.254 | 11.979 | 1457 | 3628 | -2.171 | 16513
(Maemi) | 25 km | 1.057 | 2318 | ~1.260 | 11.674) 1.067 | 2.333 | 1267 | 11675 1399 | 3574 | -2.176 | 16.2%5
30 km | 1062 | 2439 | -1.377 | 10.115] 1.069 | 2450 | -1.381 | 10117 1.361 | 3563 | -2.202 | 14.909
35 km | 1058 | 2.204 | -1.236 | 8.862| 1.061 | 2299 | -1.238 | 8862 1363 | 3466 | -2.103 | 13.779
40 km | 1033 | 2458 | 1425 | 9282] 1036 | 2466 | 1429 | 9286 1.289 | 3479 | -2.190 | 13.873
50 km | 0946 | 2.156 | —1.210 | 12.690 | 0.946 | 2.156 | -1.210 | 12690 1.184 | 2955 | -1.771 | 17.304
1 km | 0443 | 1150 | -0.707 | 10432 | 0852 | 2030 | -1.178 | 15086 | 1384 | 5024 | -3.640 | 41673
5 km | 0441 | 1145 | -0.704 | 10318 | 0671 | 1662 | 0992 | 14425 | 1305 | 4809 | 3504 | 32407
10 km | 0433 | 1131 | -0698 | 10224 | 0573 | 1446 | —0.874 | 14199 | 1251 | 4724 | -3473 | 30546
15 km | 0431 | 1.136 | -0.705 | 10303 | 0523 | 1349 | -0826 | 12.258 | 1195 | 4699 | -3504 | 30.740
20 km | 0427 | 1.143 | -0716 | 10913 | 0492 | 1299 | 0807 | 13277 | 1.166 | 4669 | -3503 | 31000
Jangma o | 0434 | 1126 | 0692 | 11331 | 0492 | 1265 | -0772 | 12527 | Li8L | 4550 | —3370 | 20371
30 km | 0416 | 1126 | -0711 | 11379 | 0460 | 1234 | -0.774 | 11678 | 1.058 | 4326 | -3.268 | 35.1%
35 km | 0425 | 1.056 | —0.632 | 8615 | 0460 | 1135 | -0.674 | 8843 | 1046 | 4176 | -3.130 | 27.704
40 km | 0423 | 1140 | -0.718 | 9432 | 0451 | 1215 | -0.763 | 9792 | 0984 | 4097 | -3.113 | 29558
50 km | 0490 | 1123 | 0632 | 7.110 | 0504 | 1153 | -0.649 | 7.310 | 1067 | 3501 | -2.434 | 21487
1 km | 0318 | 3113 | -2794 | 11.184 | 0483 | 4627 | -4.144 | 43183 | 0535 | 6.205 | -5669 | 64375
5km | 0319 | 3123 | 2804 | 11414 | 0435 | 4190 | -3755 | 39.037| 0525 | 6.114 | -5590 |63.647
10 km | 0320 | 3.145 | -2824 | 13290 | 0398 | 3856 | -3458 | 33.109 | 0517 | 6082 | -5565 | 63.406
15 km | 0321 | 3142 | -2821 | 13381 | 0377 | 3667 | -3.200 | 26.001 | 0518 | 6072 | -5554 | 63.068
Convective | 20 km | 0322 | 3122 | -2800 | 13.101 | 0365 | 3532 | -3.167 | 23570 | 0509 | 5998 | -5488 |60.129
storm | 25 km | 0319 | 3140 | -2821 | 15919 | 0351 | 3442 | -3091 | 22013 | 0497 | 5981 | -5.484 | 61.186
30 km | 0313 | 3199 | -2.886 | 27.783 | 0335 | 3423 | -3088 | 30474 | 0502 | 5764 | -5.262 | 55.766
35 km | 0327 | 3161 | -2.834 | 28650 | 0350 | 3376 | -3.027 | 31687 | 0489 | 5991 | -5503 | 61.019
40 km | 0308 | 3134 | -28% | 25751 | 0324 | 3292 | -2.968 | 26827 | 0497 | 5435 | -4938 | 46686
50 km | 0319 | 3158 | -2.840 | 20767 | 0325 | 3225 | -2899 | 21210 | 0497 | 5251 | -4755 | 34518
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