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Abstract The limits of S-band dual-polarization radars in Korea are not reflected on the
recent weather forecasts of Korea Meteorological Administration and furthermore, they are
only utilized for rainfall estimations and hydrometeor classification researches. Therefore, this
study applied four merging methods [SA (Simple Average), WA (Weighted Average), SSE
(Sum of Squared Error), TV (Time-varying mergence)] to the QPE (Quantitative Precipitation
Estimation) model [called RAR (Radar-AWS Rainfall) calculation system] using single-polar-
ization radars and S-band dual-polarization radar in order to improve the accuracy of the rain-
fall estimation of the RAR calculation system. As a result, the merging results of the WA and
SSE methods, which are assigned different weights due to the accuracy of the individual
model, performed better than the popular merging method, the SA (Simple Average) method.
In particular, the results of TVWA (Time-Varying WA) and TVSSE (Time-Varying SSE),
which were weighted differently due to the time-varying model error and standard deviation,
were superior to the WA and SSE. Among of all the merging methods, the accuracy of the
TVWA merging results showed the best performance. Therefore, merging the rainfalls from
the RAR calculation system and S-band dual-polarization radar using the merging method pro-
posed by this study enables to improve the accuracy of the quantitative rainfall estimation of
the RAR calculation system. Moreover, this study is worthy of the fundamental research on the
active utilization of dual-polarization radar for weather forecasts.

Key words: Merging method, radar-AWS rainrate calculation system, S-band dual-polariza-
tion radar, radar precipitation estimation
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Clol| A #Z55= WA= (reflectivity, 2)9F 797
(rainrate, R)°] VA S ZHzke] 7@ del 2 9st
% 7R A4 PSS AT S,
AZYo 2 Frpef FAo| et AR e F
(Quantitative Precipitation Estimation, QPE) 2.3 &
dslar gom, o] 3L 1179 ddAHI ol E
Zlbvke 2 33 Q) FHZ AlAIF e R dGE 7143
oltl7t @ H gt oltio A o] F ¥ 3t o] Tl (dual-
polarization radar)Z WA *FEH I = FAolH, o]
FHI Y ol A7 2] 8ol TUEIHA o] & o] &
g A Aed 78 A9 Bl FHH AT
(Vulpiani et al., 2009; Oh et al., 2010; Cifelli et al.,
2011; Kang et al., 2011; Kwon et al., 2011). 3], ©]
ZAI olHoN A AR = A= (reflectivity, Zy), Xt
S WAL (differential reflectivity, Zpz), XFs 4=
(differential phase, @pp), BIXF&-1d=H(specific differential
phase, Kpp)St 22 AZHFE o]&shH AFAAE
xo] BEAS Nk = 9o, dd AT o]y ¢} vl
ate] BT} B 4E F4o] 758t Marzano,
2007; Dolan and Rutledge, 2009; Heo et al., 2012;
Kang et al., 2012).
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simulated result)—E* sk Wdeoltt. 4] (3a)2t (3b)
oF o] R R, T 7RI 0] o] pztel A
# RE YeEItty Mgk T RES 73w, o

w22 Agetd 4 ()9t ol vk = Qv
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R=R, ) +e,, (3b)
R c=wiR, 1t waey o (3¢)
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=wi (01 + 03 —201) —2m(03 — i) + 05, (4)

2l @elM g5 FHAvt H= 7 2E) g 7k
e FA33hE 2 (59 ZthJeong et al., 2009).
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Sl tFgk WY 5 Granger and Newbold (1977)7}F
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3.1 SHUIBEDo|C7 | HYH LY £ DS
S8 4 UE

2 Aol A8 ddHgtgolr] ZIvk QPE &
P2 718N dE2F F<2 Radar-AWS Rainfall

% N29(]3 RAR Aotk RAR A28

e ORIV R-OREE DI N
ol WALE AE, AWS ZA97E W, ZR B
4 4% 5 olF BAE FAse] AEHo WAR
A dold PSS AT RAR A9 24
7F AT AL SAsted 102 Bl Flolr] AelE
B OAbESE A SFA B FIPEE WPMM
(Window Probability Matching Method) (Rosenfeld et
al., 1993 JEsk] ZR BAX AFE AH
) F4E ZR BAAE olgsk] 7t Holy Afel
EHZ TS XS o|F HEZF o7 FAE}
o] g 498 A Bk WPMMS] 7]
qe thewt L.

j:f(Ze)Pc(Ze)dZe = j;oRPC(R)dR, 8)
P,(R) = P(R|R>Ry), C))
PZ,)=P(Z|2,>Z,1), (10)
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Fig. 1. Flowchart of the Radar-AWS Rainrate calculation
system.
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Fig. 2. Location and observation range of eleven operational
weather radars in the RAR calculation system.
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Table 1. Radar events for merging methods.
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Event Period Type AWS precipitation accumulation
20120630 0000~2400 LST Changma front Daegu: 29 mm hr™'/Tinju: 20.5 mm hr™!
20120823 0000~2400 LST Low pressure Daegu: 146 mm hr™'/Jinju: 70 mm hr™'
20120828 0000~2400 LST Typhoon Daegu: 21.5 mm hr™'/Jinju: 48 mm hr™'

('API’/I(D‘RI:G)
2012.06.30.
“G7:00(KST)

Rain Rate
mm/hr

20000 anwrBNEOIRE SN
82R28CLNESESEBERERE

Fig. 3. Comparison of precipitation images in Event20120630 0700 LST (the rectangular represents the study area): (a)
Precipitation image of the RAR calculation system in the Korean Peninsula; (b) Extended precipitation image of the study area
in (a); (c) Location of the Bislsan dual-polarization radar & Daegu AWS station and precipitation image of the Bislsan dual-

polarization radar.
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Table 2. Application results in each merging method for all events.

(a) Daegu AWS station

Event Merging method Bias (mm 10-min™") RMSE (mm 10-min™") Correlation Coefticient
RAR 0.867 1.489 0.468
MV 0.898 1.497 0.458
SA 0.423 0.779 0.565
20120630 WA 0.143 0.442 0.708
SSE 0.139 0.458 0.710
TVWA 0.141 0.419 0.718
TVSSE 0.118 0.441 0.694
RAR 2.776 5.011 0.275
MV 2.951 4.944 0.409
SA 1.269 2.480 0.527
20120823 WA -0.317 1.315 0.786
SSE -0.219 1.236 0.803
TVWA 0.241 1.038 0.836
TVSSE 0.201 1.050 0.828
RAR 0.751 2.067 0.230
MV 0.806 2.126 0.370
SA 0.392 1.107 0.255
20120828 WA 0.278 0.905 0.278
SSE 0.284 0.919 0.278
TVWA 0.211 0.618 0.332
TVSSE 0.232 0.676 0.305
(b) Jinju AWS station
Event Merging method Bias (mm 10-min™") RMSE (mm 10-min™) Correlation Coefficient
RAR 0.066 0.376 0.717
MV 0.111 0.348 0.872
SA 0.006 0.228 0.903
20120630 WA —0.008 0.436 0.863
SSE 0.046 0.294 0.863
TVWA -0.004 0.219 0.915
TVSSE —-0.004 0.219 0914
RAR 0.507 1.094 0.662
MV 0.561 1.090 0.698
SA 0.157 0.547 0.781
20120823 WA 0.075 0.513 0.697
SSE 0.134 0.562 0.770
TVWA 0.039 0.447 0.816
TVSSE 0.061 0.464 0.810
RAR —-0.142 0.650 0.310
MV 0.210 0.558 0.585
SA -0.146 0.512 0.615
20120828 WA -0.357 0.934 0.497
SSE —0.149 0.533 0.222
TVWA -0.129 0.479 0.532
TVSSE -0.130 0.481 0.525

* MV: Maximum Value; SA: Simple Average; WA: Weighted Average; SSE: Sum of Squared Error; TVWA: Time-Varying
Weighted Average; TVSSE: Time-Varying Sum of Squared Error.
** Bold: The best result in each accuracy measure.

1717488 7] #1244 35 (2014)
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