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ABSTRACT

The Fixed Area ARFs (Area Reduction Factors) method has limitations in providing exact information about spatial distribution due
to the lack of enough density of rain gauge stations. In this study the storm-centered ARF was evaluated between frontal and typhoon
storm events utilizing radar precipitation. In estimating storm-centered ARFs, in order to consider the horizontal advection, direction,
and spatial distribution of rain cells, the rotational angle of rainfall of each rainfall event and the optimum areal rainfall within the spatial
rain cell envelope was taken into account. Compared with the frontal storm, the ARF of typhoon storm shows narrow range of
variability. It is noted that the ARF's of frontal storm increases with the rainfall duration, but those of typhoon storm shows opposite
pattern. As a result the typhoon ARFs appear greater than frontal ARFs for 1~3 hours of duration, but less for more than 6 hours of
duration.

Key words : Dual polarization radar, Radar rainfall, Areal reduction factor, Frontal rainfall, Typhoon sanba

X2
- =
112 19% ARF (Fixed Area ARFs)IH-& -4-d54-0] A3744-5 &-g-ste] 1P Ea glom, 314 a5 w9 A ofe] g &3k ARFAHY

T

ARFs):7g A Z45-9] o] 54, WA, SEEE sl $1ete] A9-AVPE 7353 0ol ke vkl F50 Wik 2%, A3 we 1

A HHARFFE St ARFE AT A vlgte] Bl52] ARF#Ee] Bl Zo] 2 g & UL, AL A&
5 7 L= o] [e)

bl wiet ARF7} S71eHAE, Blg-e] Z4-%-olle 23]8] ARF7L ashe 2ae 8 5 Stk
£ B Ak APEe] ARF7F 2] AP E9lou), K&A)7ke] 71 6~24417 oM ARF7F A8 7$-o)) vl 2] b S 218kt

201 : o] 57} o]t dlole] A, WALAAS, AR B, BF At

LME

AATTH Y Al ARSSEE AP U &R w9 AR R SMlel] $13te] WATAAG(Areal Reduction
Factor; ARF)E A48l 1o, ARF 42 #ele T/ &4 3(Fixed-Area) 7 59713 (Storm-Centered) ¥HO.
ErEaL vk @4 S5 70 9 ESATHMLTM, 20119 A=) Sl ARFoF Siv] B d7tollA A sle] Sl

* A35)9] - o]g]e| 2~z e8] tig] (EPS Engineering - good757@epseng.com)
** Q39 - gt g ERegEeka) 4A1EH (Dankook University - sukhoon0911@naver.com)
w259 AR A} gkl Fabst 28738y} w4 (Comresponding Author - Dankook University - bskang@dankook.ac.kr)

Received June 25, 2015/ revised September 8, 2015/ accepted October 27, 2015

Copyright © 2015 by the Korean Society of Civil Engineers
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.




ARF (Lee, 1987; Kim et al., 1992; Lee, 2006; Lee, 2011
e BT APPEIEAS] ARE-E Ee3sie] 2P wHay
g ARFo[t}: o]2gt W13 ARF= AHASUET} S 35
FREE T 02 HIdeby| ok HEgk WAR-ef RS-
7t 22 A Hdgke] 5894 HIsiAE 534 ARFE AeE 2
A RI}(Synchronized) o] QIA] ¢27] wize]] @A 2= 3155
7] ofgdck: thA] el 7 U] BE ARdelr] SARI=e] g8
o] Al Wsh= 7398 7P ARF7ho]7] whzo) o] A4
APl vlEle] ARFe] Iy 7FsAds WiaEskl ok st
oI5 WEPAPES o83te] Bl HESE A A &tk
2 dlolr] A%, 18 F T A IREE =R
B=T 5 Qe o] 7188 HARE Hloft] 73e-of FEA]
o ASARL] Ao T ofeRo = ¢ste] 39549
ATALEE BA] @kt AR sV Ee] AARIEE
83 HH JPAQ) FREE TF o= Jkeget 4= §lo,
W ZEAPEel tiste] 39541 71EHA e S4ks YXAA
ARFAPEE p3listal, WAl 23798 AR R A
SR #4ZQ ARFE 28 = vk =9]¢] %5 Bacchi
and Ranzi (1996)= X A739-2 &-83le] a2 Ald(rate of
crossing)< 2Pk the dlofu] 79} Ajtete] ARFE 23R
o1, Overeem et al. (2009a; 2009b; 2010)<L 1997~2007' <k
11de] sfgsh= dlolt] 498 83| Aol A ¢
Hlolr] 75-o] A5 HlEsiS AAjsle] ol SEd9-s
AJet 3 ARFE 2Fg5190t) Olivera et al. (2008)= A7
AP A L] @S 25 Tl aefel] flste] Ao e
Eflo 2 AgEtSiaL Ble] A e LilolA S:17RR] A

M

¢

il

o

o

INORT

)

HAFRES 2SIt F2el] miolxts lolele] S
=5 Fol7] $fsle] ols} Hololt =il wet 7kee] 'dH
1} HoJrjol] Hlel 7 585 0] Be] i Kang et al,
2005; Choi, 2012; Jeon et al., 2012; Jeong et al., 2014 3).
B Arelxds B8 APl disl] SAREe] HAEeek A S
2B 4 9lom, go] FTEE EAS gRo g vidE 5
U ofzHTt Holr] -5 E83lo] E9F41F ARFE 2L
2} gt FLeF S9APdel] thelr] 5:5-2] Feljol] 23t a7k
S el TREEA e ek e kS Adrgele] 7k
2 ) 2 HAPEES AP Begl AR ket BFs APt
o] 90 Fe} vk ARFO] Wist SAS E4skaat gk

i

o

i)

il

2. Y0IH Z2E 0180t DLFAAH ARF A S

2.1 O[SED} 3ol
7l eloleiel welwst dojche Zslate] e

1220 Journal of the Korean Society of Civil Engineers

=
59| ol &8l 8 5= ItkRyzhkov et al, 2003). oJ5H
1} loJths F3l ¥S+= Hae 79974 YAE=(Reflectivity,
Zn, Zv), ZFeH=(Differential Reflectivity, Zpr), B2
(Specific Phase Difference, Kpp), 2Fs-$}’3(Differential Phase
Difference, @pp), 57343419+ Cross Correlation, prv), <3
F3Hydro Class, HC) So] glom, Zjuisle} 5-27isks 54
ol olgalo] 492 Zgap] uhzo] 4] A ohe} 4]
Ae] FRE TR 5 9Iek olefe BSUSE olgste] 49T
Z-R#A| 212 the3} ZrBringi et al., 2001; Ryzhkov et al.,
2005).

R(Z,) =1.70x10"%*x Z5™ )
R(Zy Zpp) = 6.70 < 1072 X Zy"x 7,34 )
R(K,p) = 44.0| K, " sign (Kpp) 3)

o714, R(Zn)yE T8RN, R(Zor)E 2FSHAFE, R(Kop)
= HAFSAE E8ete] FES ARkl

o] ks AAfsE= WhHoll= PPI, CAPPI, LEMAP, BASE,
CMAX o] glom glot] g AAdehe Wil wef 7=
Zro] gkt E Ftox= PPI, CAPPI, LEMAP 37} 2
TEEe] glofr] e A/getlom, felA gl dlol] -
FaHA 2gste] 1719] geold stU2RE F 97]<] Holt]
s A/dste] Al 2-8-381eith

WA TfEe] FHBRE Aol E4E A 9



[ Selection a study Area

(Mt. Biseul dual polarization RADAR Area)

)

(R(Kpp), R(ZpR), R(Zyy) by PPI, CAPPI, LEMAP)

[ Collect to rainfall data by RADAR ] [ Collect to rainfall data by gauge station

gauge station rainfall ]

v

r

RADAR rainfall (R(Kpp) by PPI

Accurate evaluation & Select RADAR rainfall N |

Decision of ellipse ratio of
short axis to long axis

v

D =1,2 3,6 12 18, 24hr

Make a time-series RADAR data

Elipse ration J
~

Estimation of optimal areal rainfall
Areal = 30, 80, 150, 380, 530, 700, 900, 1250, 2000 km?
Areal rainfall(R,) )

v

Find a Center of a rainfall
Point rainfall by RADAR rainfall(Rp)

v

ARF=R,/R;

[ Estimation of Storm-Centered ARFs

Decision of rotational angle
according to rainfall shape
L Rotation angle

Fig. 1. Flow Chart of this Study

fall(mm/hr)

W High : 53.67

- Low : 0.02

Frontal rainfall (2012.08.23. 07:00~08:00 1hr)

Rainfall(mm/hr)
W High : 6051

™ ow 002

Typhoon SANBA (2012.09.17. 11:00~12:00 Thr)

Fig. 2. (a) Estimate of Areal Rainfall by Ellipse (Left), (b) Estimate of Areal Rainfall by Circle (Right)

MRV deleidde BLel] 59548 ARFE 24
s, 2|22, ZRERAE)e] 27, gesl, 9] $gel
W ARFS] shE E5-5eo] we} 22} Abgela) ek A
Q1 A Fig. 13} 2ok
2.3 A<M K2 EFH TEo| WEkd 2y
S92 ARFAF o wARE Wt el 2
o] olEHralst WS ejsiel FAVASe SR} ARk
webd 57 oEqe] wel F9e] Barsh Wipe] welH]
whio] 7k} FAVS- 912 B9l Ae] WA Sl
Bl o] e AR Slslel 39 AEnE dw
8 S0km Zole] HAg stk

0l

9] Whe BASP) Slste] 2k ] Qs Aol
BIGRES FES F2E Ao Y IFE RS A
3ol g2 sftgio] /¥ 2 el Zwg o s
go) et Bae) me) H 21 B4 olish A4t
2 ghol mo] glee ojvlatek He) e et Lk

y=tanf(x—a)+b )
o714, e EF <] WEFztolH, 2] W)= 0°~175°¢]1H

A0 F7PIAC at TS xSHE, b FAEe

y&hgolrk

Vol.35 No.6 December 2015 1221



2.4 LM M2 A HEAS Ay
VAT ARF A oI RS A5 A] v
=1o} geigle] Waje] Fig Ao wAste] FAlo wrE

T o T o
o) 7% 75 Wit Aole WABSE e Fck B o]
A 7o) WAl W B WA e e

wAe] =713 30, 80, 150 300, 530, 700, 900, 1250, 2000km’ =
Agalgion, 93 9 Elflo R 5% Jejs Ay S8 e
H= L1417 5 057402 WA wF
FFE s, 1)~ 1S:1(BR) = A5 17
AN AAAA AR H) WAoo WEks Blle]
SHE gL o] WAk HA WA
th =, 599 AA el 7P AR
HPHO ZA), Y 7= Aol FaL A s
BRle 2 AAshe Zlo] Bldsh, BiE APde 5
7V7ke- el g Y 3KFig. 2). ulehd WHo)
SIS v AR WA el
wr} fejHoletar whekect.

0l
1)
_lé o
O
5
Ol o
® k
o
oX oX
ot
FIF

f
At
N

p

o, g
ofh
2

v
U rlo

> ofh ftl
il
ro,

"3
>,
<

.
o |0
°

et al., 2008).

/ L Ruia
AO

lH!

oJ7]4], ARFap= W2 Agol] SJE31= ARF, Aje 9 B2 EJI9)
BA(km’), Rp= 9 = B} Yjol] 91%]3F Flo]t] 7-$-2Hmm),

Rpo= S4V3-9-9] 74-5-Hmm)o|th
3. SQEAY ARF 5 J]t10| 52 9 201

3.1 gold Xz 8 H iy X9
HjEA o5y} Flojt= 735 e e QatA v
o] AA|¥|o] FEET FIZasANN FslaL

M, ¥ FEWAL oF 100kmolx BER Vol oF 70%7}
S5y Aol WE, Held W% Sl frefel Egulo]

%

1222 Journal of the Korean Society of Civil Engineers

Uiseon
%

Gimcheon
A

Yeongchon

H
yeonpungA -
Hapcheon

4 Mirang,

48,000 96,000 144,000 192,000

Fig. 3. Study Area and Location of the Rain Gauge Station

tiJeon et al., 2012). dlor] 3¢ &84 H7le} ARFAFAES
23] 2012.08.23. 07:00~2012.08.24. 14:00(% 31A]7H) AXAE
AP 2012.09.16. 03:00~2012.09.17. 15:00(F 36+171)

T A PEE A7gsieink Blolu] A+ ePEEEAlAelA
F242)(Quality Control)E A3l UFaHdS AlE#etom, o]
ol o] 84 ke 98 94 54 o AdEEAE

theT} o] AakdrkFig. 3).

3.2 #o| 4% 229 "ot Ant

H|&A o5 3} glolule] i AHT BE=aEe] 25
o2 % 97) oy ZA9s AETE WAE 29 117
A BE2, BF A APEE 979] BASAE AR ol
7ol &84 Wrke ReEiein Zte] APt BSAolx S8
7wt FARIS Hloly - T BS54 S0l sk
ZAR}e] lolt] Z9-7ks vlul BTk F A9 AP B PPIS]
R(Kpp) #lo]t] Z35-2] AAIG} #54 AAIGY] sfeo] fAlet
7 ERIE = QlSiar, A 2jo] ugk FA] ¢k 210 = HRER]
ol Zb #5408 AP -t glojo] Ae-wke] Adleat 2
Ao x& 4] Ay= Tables 1 and 2¢} 2t}

olx¥T} USHTE 83l FHE 7 7] FAPSel thgk
PPI2] R(Kpp) 79 HAME 7Z9<= oF 1.65mm, - 2kl <F
1.92mme] 2jo|5 Bt vdds} A5 E8sie] 94
PPL9] R(Zy)= 243 739 <k 2.51mm, EE 4H} oF 3.15mme]
2olE He| o]FHn} USRS L83le] - T4 Al BS54
o] g Aiks ERIsINITE whA £ olxl= PPI2) R(Kp)
7} #ZEHo] 71 95731871 el PPI2] R(Kpp)#o]t] 79




Table 1. Analysis of Average Absolute (Percentage) Error Comparison between Rain Gauge Stations and Radar Rainfall (Frontal Rainfall,
2012.8.23 07:00 ~ 2012.8.24 14:00, D=1hr) (unit : mm (%))

Frontal rainfall

Average Absolute (Percentage) Error

PPI (mm) CAPPI (mm) LEMAP (mm)
Gauge station R(Zn) R(Zpr) R(Kpp) R(Zn) R(Zpr) R(Kpp) R(Zy) R(Zpr) R(Kpp)
4.18 7.20 3.21 4.15 7.08 2.97 494 6.80 2.79
Hyeonpung (22.6) (52.5) (203) 23) (52.1 (16.7) (28.4) (51.1) a7.7)
@34 | GL8)* | (103)* (4)* Q5.1 | (94 | @14 | @4l | (148)*
5.49 1.04 1.20 5.79 1.98 2.67 5.61 1.58 1.69
Daegu (34.9) 12) (16.5) (35.2) (16.1) (19.9) (35.6) (13.1) a7.7)
@415 | (0.5 G2* | @38 | (74 | (169* | @24 | (@8 (8.8)%
1.86 0.73 2.35 2.09 0.85 1.80 1.69 0.40 2.51
Miryang (34.5) (12.7) (41.9) (40) (15.2) (1.5) (1.9 7.1 (44.8)
(92 | (134 | (9.7 (44)* A79% | (322* | G56* | 67 | (@26
5.07 2.38 1.85 543 2.46 2.11 5.21 2.12 1.99
Yeongcheon (45.3) (25.4) (17) (49.7) (21.9) (19.1) (48.4) (20.6) (17.1)
@83y | (17.5* | o | GLYF | @3 | 132x | @6 | 185¢ | (73)*
2.14 2.78 1.61 2.31 2.22 1.65 2.14 2.78 1.61
Jinju (363) (45.3) (262) (39.7) (37.6) (27.4) (363) (45.3) (26.2)
17.9% | (29.6)* (0)* (22)* aa7* | Gr | (179 | (29.6)* (0)*
1.08 0.84 1.37 0.87 1.05 1.33 0.87 1.05 1.33
Euiseong (26.9) (19.5) (33.4) ©1.4) (25.5) (33.9) ©1.4) (25.5) (33.9)
Q1. | Ly | Ga2r | @inr | @63 | 333 | QL | @63 | (333)
1.32 1.26 0.83 1.26 0.83 1.72 2.64 2.22
Cheongsong (29.2) (28.8) (18.5) (29.2) (28.8) (18.5) (39.8) (64) (53.9)
Q3.5 | (0.2)* (A5¢ | @35 | (02 (1.6)* (L1* | @29 | (@29
1.74 0.80 0.25 2.36 0.25 2.06 1.45 0.71
Andong (58.1) (26.7) (84) (61.3) (78.5) (18.4) (68.8) (48.2) (23.7)
G681 | @67 | 84 | (613 | (785 | (84 | (688 | @82 | (3.7
2.21 1.60 1.22 222 1.54 1.22 1.62 1.51 0.81
Bunam (42.8) (29.3) (19.4) (42.8) (29.3) (19.4) (30.2) 4 (12.5)
@2* | 132 | @84 | @12* | q76* | ©84* | Gon* | (52 7
4.62 5.06 2.21 5.76 5.03 2.77 4.56 5.35 2.53
Hapcheon (28.6) (39.4) (16) (36.8) (34.4) (19.1) (26.6) (43) 4.1)
(05 | (289 | (6.8)* (39)* QL7* | (153 | (284 | GL7* | (12
4.96 3.08 2.06 5.58 3.22 2.53 4.96 3.08 2.06
Sancheong (413) (32.3) (20.5) (48.4) (32.2) (22.9) (41.3) (32.3) (20.5)
@3.5* | (53 @O | (492 | (L1 | (129 | @35 | (53) (4.9)*
3.15 243 1.65 3.39 2.64 1.83 3.22 2.61 1.84
Average (36.4) (29.4) (1.6) (38.9) (33.8) (22.4) G7.1) (4) (26.6)
G58)* | (7.1)* | armE | (83 | @) | (14D* | (333 | (1.9 (17)*

* Average absolute percentage error for maximum duration (Frontal rainfall D=31hr)
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Table 2. Analysis of Average Absolute (Percentage) Error Comparison between Rain Gauge Stations and Radar Rainfall (Typhoon SANBA,
2012.9.16 03:00 ~ 2012.9.17 15:00, D=1hr) (unit : mm (%))

Average Absolute (Percentage) Error
Typhoon SANBA
PPI (mm) CAPPI (mm) LEMAP (mm)
Gauge station R(Zn) R(Zpr) R(Kpp) R(Zn) R(Zpr) R(Kpp) R(Zy) R(Zpr) R(Kpp)
2.15 3.46 1.18 2.39 3.03 1.30 2.24 2.95 1.56
Hyeonpung (47.9) (76.1) (25.5) (48.6) (72.3) 24.1) (41.7) (75.3) (29.1)
(13.4)* (49.2)* (12.7)* (9.5)* (43.5)* (7.9)* (14.2)* (23.5)* (16.1)*
2.28 2.65 1.80 2.40 226 1.67 3.99 4.26 3.98
Daegu (28.1) (35.0) (25.4) (29.7) (32.2) (23.1) (45.0) (51.2) (46.8)
Q12* | (148)* (0.2)* (27.6)* (4.3)* (8.2)* (15.3) (8.3)* (7.2)*
1.95 2.10 2.02 221 2.16 2.40 3.52 3.15 3.40
Miryang (23.4) (29.2) (23.3) (26.0) (29.2) @7.1) (32.5) (35) (34.8)
(4.2)* (15.9) (0.6)* (8.3) (10.6)* (8.5)* (15.8) (8.9)* (24.5)%
2.77 3.48 2.57 3.8 3.21 3.34 3.94 4.39 4.12
Yeongcheon 3.1 (48.3) (36.3) (55.7) (50.9) (48.7) (58.4) (65.9) (59.7)
(28.4)* (3.3)* (154 | (49.5* | (329 | (37.9* | (149)* (7.4)* (28.6)*
2.95 2.50 1.86 3.89 2.63 3.01 4.99 5.57 4.66
Gimcheon (35.4) (25.8) (20.4) (43.9) (29.8) (29.9) (49.4) 45.2) (40.1)
(25.0)* @.7)* (5.3)* (355 | (137)* | (199* | (3L6)* (2.4)* (4.2)*
4.17 2.98 3.67 4.67 3.44 4.05 5.11 427 4.83
Jinju (34.5) (29.4) (35.0) (41.0) (31.3) (37.6) (43.3) (36.7) (404)
(40.7)* (15.5)* (24.4)* (47.7)* (28.4)* (33.9)* (37.7)* (17.9)* (25.1)*
1.67 1.27 1.10 1.90 1.36 1.20 3.30 3.24 3.12
Euiseong (30.9) 4.7 (22.6) (35.4) (25.8) (22.8) (70.4) (70.5) (68.1)
(25.3) @.1)* (9.4)* (29.9)* (9.7)* @.1)* (13.2)* (8.8)* (16.5)*
1.59 1.2 0.76 1.59 1.20 0.76 2.53 2.52 2.46
Cheongsong (37.2) (26.8) (16.5) (37.2) (26.8) (16.5) (56.9) (55.8) (53.1)
(36.0)* | (21.5)* (5.2)* (36)* 21.5)* (36)* (45.6)% | (40.5* | (28.5)*
3.02 231 233 3.02 231 233 4.64 4.63 4.85
Andong (39.2) 27.5) (29.3) (39.2) 27.5) (29.3) (66.8) (67.5) (75.2)
(23.8)* (6.1)* (132)% | (23.8) (6.1)* (13.2)* (0.2)* (14.8)% | (25.8)*
2.51 2.44 1.92 2.87 2.40 2.23 3.81 3.89 3.66
Average (35.5) (35.9) (26.0) (39.6) (36.2) (28.8) (51.6) (55.9) (49.7)
42y | (15.0)* 9.6)* (29.8)* (19)* (152 | (34 | (147 | (17.1)*

* Average absolute percentage error for maximum duration (Typhoon SANBA D=36hr)
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