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Abstract

This study compares various ground-truth designs of radar rainfall using rain-gauge data sets from
Korea Meteorological Administration (KMA), AWS and Ministry of Construction and Transportation
(MOCT). These Rain—gauge data sets and the Mt. Gwanak radar rainfall data for the same period were
compared, and then the differences between two observed rainfall were evaluated with respect to the
amount of bias. Additionally this study investigated possible differences in bias due to different storm
characteristics. The application results showed no distinct differences between biases from three rain-gauge
data sets, but some differences in their statistical characteristics. In overall, the design bias from MOCT
was estimated to be the smallest among the three rain-gauge data sets. Among three storm events
considered, the jangma with the highest spatial intermittency showed the smallest bias.

key words : radar rainfall, ground-truth, design bias, retrieval bias
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Aol tia] AA Aol 7k A5 E AdEiUE A
ALY Aol ME Z §82 + ok (Wilson
and Brandes, 1979 ; Barnston, 1990).
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al., 1997 ; Anagnostou et al.,, 1998 ; Seo et al.,
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AdsBAE AA Aol 77 AA- (point) A
AFsHAE drdo® 47 ZAFASHR I

ol A2 A -
A tH(Gjertsen et al., 2003 ; Jessen
web AA AeF 2Hsky 1 A AR
£ 47] 98iA = dolu g A FAE ol gt §
A gold A8 XA AR BAs
Aol g HFE FEIoF IH(HAFI 5,
2005 ; Kitchen and Blackall, 1992 ; Anagnostou
et al., 1998 ; Seo, 1998a).
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13 ZAoH(Add2 5, 1988).
Table 1. Characteristics of Mt. Gwanak radar
(2003)
Radar site Seoul (Mt. Gwanak)
Launch date 1970. 2
Location LAT : 37° 26" 38"
LON : 126° 57" 50”7
Manufacturer EEC (USA)
System DWSR-88C
Type Magnetron
Band C band
Frequency 5,340
Transmitter Peak Power 250 wkw
ansmtte Wave length 5.6 ¢cm
Pulse Recurrence 950, 1180
Frequency
Pulse Width 0.83, 2.0 us
Receiver | Dynamic range 95 4B
Beams width 1.2 °°
Antenna Antenna
. 3.6 m
diameter
Signal Gate size 1,000 m
processor | Nyquist velocity 3.51 m/s
Time averaging process
%HO/"YN‘- t+ (10 min)
+ t + (20 min)
+ t + (30 min)
+ t + (40 min)
+ t + (50 min)
+ t + (60 min)
e
Hourly data l
(t+1)time

Fig. 1. Schematic diagram of time averaging
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Fig. 2¥ &3 Wl 34 A58 #5429 X
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HA 714 (018 KMA, Korea Meteorological
Administration) A4-¢2A419 A4 A7 DA A
A F2 TA H U7 Wt Ag kA7 Akt
A Fe] thF-Fo] mix =] JUeH(AH N T, 2004b).
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AA W EH (0)8F MOCT, Ministry of Construc—
tion and Transportation) $H#AZ4LE= b7 &

EAzIN 45T glon F2 A foo AR
wE2e AAkes

o wjx]=o] et o] Foll 2]
I

2004b). @7 AF&® MOCT 30370&E T/M &=
a9 A7IBEZ27r A7 29070&,  1374&0|th
MOCT®] A7) #54E 2005 A A 434702
Z o 887 (3 29714, Y57 33704, 7€ 26
M7t &9 Fol A EFATFFEAL FFAD.
olgd] AEoz F£H8E T/M A2 BAE A d
A7 AAFoE A7) JEEe FydARe] Y
As2 EAh A A2 = M £ 1 mm
£ AHg-3tt

33 29 vl ¥ 24

A Agne dolv] 42 #H
et o]$HEZ dolurt S B¢

AFHFAY dold BAE 7HF R FRlE] 9
3lo]  2003/08/17/00:00%-8 2003/08/25/00:002]
712 B Uitel AR AY FHAS LA "
AEEE A ATEE TR Fig. 39 AAE
2 Yedr) o] AE9 71E3<) £ Table 29
At F A9 AYeFAE ABEY 33
Ax)3A] 2ow (Fig. 4 and Table 3), #ol69 A
¢ #olt] FHLE HAAFE AAE AxpIaey 7
HanzE A3 A AeFHY Aot A 5 vk
(92, 1995 ; Wilson and Brandes, 1979). w&}
A AE 7] vlae oJHXRE diTtst A A
99| 7} 24+ BF 5L Aoy 71319t

Fig. 39 #loly 7% A5l g AALS A 7}
A F579 $FAE TS dlojd FAAPRelA Ats
HEet @2 AF Fg-olvh(Fig. 4). 7] B¢ 4
km X 4 km, AHL 5 km X 5 km H¢2 #old

LEGEND
[ Mt Gwanak Radar

(@) KMA

(b)y MOCT

(©) AWS

Fig. 2. Location of rain-gauges and the range of Mt. Gwanak radar
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10 o
5 AL Mt. Gwanak radar
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° . e : D A v .
20 -
KMA
10 4
° —e L /"M‘;\ A A Ay
03/08/18 03/08/19 03/08/20 03/08'11'2151 03/08/22 03/08/23 03/08/24 03/08/25
(b) Jecheon, Chungbuk
The time series of radar and rainfall (top: radar, upper-middle: AWS, lower-middle:

MOCT, bottom: KMA)

Table 2. Rainfall characteristics of Daegu and Jecheon area

Type of Data Daegu Jecheon, Chungbuk
Rainfall KMA MOCT AWS RADAR KMA MOCT AWS RADAR
Average (mm/hr) 0.604 |. 0.667 0.628 0.069 0.539 0.510 0.557 0.347
Variance (mm?) 3.117 3.563 3.590 0.035 2.248 5.068 2.785 0.860
Maximum (mm/hr) 10.5 11 13.0 1.121 12.0 22 19.0 7.350
Minimum (mm/hr) 0.0 0] 0.0 0.000 0.0 0 0.0 0.000
Total period (hr) 192 159 192 192 192 192 192 137
Rain (hr) 44 30 41 79 56 28 51 70
No rain (hr) 148 129 151 113 136 164 141 67
B S A 1A HEeE el Flolt oA dAFtE EEg B F Utk wbdel AH AA-
T A9e AR ol A 7 FRY $FAZL L 9 A B B4 F)E dAZeR deyel 9
2 AFHY Xt o AGFFASY 3 ot AGe-FA A5 739 zbolrb it A
WEdo] 34 o Azta 7MgsIgr] dEelth F HlﬁH A Vepsth, TS XA A 2 2;
AS BF dolr #¢HH A 9ol & Aol 82 9N FeE ¢ 5 Yok olFA AR A
£ Yehjz glow, dolu Zg-o] Al Z-¢-Fel ZU A A8 AeF Aole Jdesad 1E
e e SRHE AT RAY WA, T A Ao Bk NPA G 57 2L 4] A% A
9l Afe A 9 F8 AAH, ARl HFR o7 IddAG(AL7=dTY, 2003 PEE T
=23
[

%
(peak) A AHH FeFo] BE A5
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Fig. 4. The distance between ram-gauge stations(left: Daegu, right: Jecheon, Chungbuk)

Table 3. TM coordinates of Daegu and Jecheon

Area Daegu Jecheon, Chungbuk
Station TM_X TM_Y Station T™_X TM_Y Station
(m) (m) cade (m) (m) code
KMA 345706.718 266327.548 No. 143 306336.446 406340.826 No. 221
MOCT 347477.786 266942.777 No. 24220 | 307545.425 402529.474 No. 17670
AWS 344262.194 262604.232 No. 845 304855.927 406322.276 No. 638

¥ TM : Transverse Mercator

4. yloj A9 X|AHA AHu}

41 xX|A<a xtzo g2 XAEE 2o dn

dlolt] ZFedat XA ] A4RA
Az} vlpE Bt golrd A #EA EOJ 1
km X 1 kmollA F385ith & ATolA mst &

SAPE @ 22 7)7H ol Table 49 #oh 13y
B HoMEe 39AEE FESIA ¢, Table 49
Al 7Fx) B§APEe gt AR 71E AAlel dis)
g3k} ok oy -2 A B A3 v

%

WA 7 ANTA A B2
g Aving
WA S A2E A9 54 ek 1]

A8 242 ARy A o B L FEAF

AAH2) e st

oAE FRAUT. BRABLAY e AT
AN VS 49T A3 FPN THoE B

g o Bk LAE FAsed K85 AR
#} 9tk (North and Nakamoto, 1989). tiA A&
olg-ste] Agg AL Table 58 2t

Table 56 Vighd uke} o] 453 245 wt
g k2] Bl (g,)o Uid FAF Aole AT,

bl
=
=

Table 4. Period of data used in this study

Types of rainfall Period Duration ¢hr) Remarks
Convective storm 2003/06/27/00:00 ~ 2003/06/27/23:00 31
Jangma 2003/08/17/06:00 ~ 2003/08/20/10:00 76
2003/08/22/10:00 ~ 2003/08/25/00:00 50
Typhoon 2003/09/12/00:00 ~ 2003/09/13/07:00 23 Maemi

Table 5. Statistics of radar measurements (y,,>, ground measurements >, errors (¢, and MSE

Di;ign Design 1 Design 2 Design 3
Station STATIC
o | B> | W | Ed | MSE | ) | (B> | (6ad | MSE | (o) | () | 6> | MSE
KMA 1 km 0.469 | 1.780 |-1.312|:12.471 ] 0.901 | 3.127 |—2.225| 21.658 | 1.19 4,446 | —3.255 | 30.066
MOCT 1 km 0.434 | 1.569 | —1.135]28.335 | 0.857 | 2.545 | —1.688 | 26.840 | 1.167 | 4.922 | —3.755 | 46.518
AWS 1 km 0.508 | 1.792 | —1.284 | 24.372 | 0.966 | 2.954 | —1.988| 24.396 | 1.339 | 4.671 | —3.332 [ 44.947
All 1 km 0.473 | 1.692 | —1.218)18.449 | 0.916 | 2.796 | —1.880| 45.164 | 1.264 | 4.728 | —3.464 | 55.405
¥ () @ number of station ALL : KMA+MOCT+AWS
LA A2 KB CE HojH TR XH4EF i 48 25
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AMEE XARAS FI% AHE HoFy th
SARE 2B7)7FE Table 49 $4Y3stt}. Table
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Table 6. Statistics of radar measurements(v,,), ground measurements (v, >, errors{¢,) and

MSE for .the type of rainfall

Station / D%;gn Design 1 Design 2 Design 3

Type of Rainfall TATIC

RESOL\ | <¥r> | <o) | Gad | MSE | 9y | (B) | (Ga> | MSE | (o) | (9> | (&ad | MSE

Typhoon 1 km 0.897 | 3.374 | —2.476| 15.851 | 1.199 | 3.953 | —2.754 | 13.565 | 1.358 | 4.615 | —3.257 | 15.367

KMA Jangma 1 km 0.402 | 1.097 |-0.695| 8.278 | 0.883 | 2.249 | —1.366]13.856 | 1.327 | 3.755 |—2.428]20.435

Convective 1 km 0.249 | 3.303 | —3.055{20.046 | 0.437 | 5.376 | —4.939]148.218 | 0.483 | 6.115 |—-5.632|52.738

Typhoon 1 km 0.931 | 2,576 |~1.645] 7.111| 1.247 | 2.763 |—1.516| 5.947 | 1.508 | 4.281 |-2.773| 15.598

MOCT | Jangma 1 km 0.340 | 1.017 |~0.677| 0.340 | 0.787 | 1.895 [—1.108| 0.862 | 1.256 [ 4.750 |—3.494|33.252

Convective | 1 km 0.242 | 3.108 |-2.866| 0.007 | 0.433 | 4.831 |—4.397| 9.998 | 0.481 | 6.363 | —5.882|37.187

Typhoon 1 km 0.770 § 3.089 |—2.319|10.088 | 1.072 | 3.310 |—2.238| 6.171 | 1.299 | 4.438 |—-3.139|15.411

AWS Jangma 1 km 0.456 | 1.307 |-0.851| 0.359 | 1.029 | 2.366 |—1.337| 1.117} 1.392 | 3.631 |-2.239| 3.195

Convective | 1 km 0.272 | 3.046 |—2.774| 0.003 | 0.486 | 4.854 |—4.368|13.624| 0.563 | 6.171 |-5.6081}46.540

- O)
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