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Effect of Combined Rainfall Observation with Radar and Rain Gauge
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Abstract

This study evaluated the effect of combined rainfall observation of using rain gauge and rain radar.
The effect of combined observations is to be evaluated by considering the decrease of measurement
error due to combined use of design orthogonal observation methods. As an example, this study
evaluated the rain gauge network of the Keum river basin, and showed how the density of rain
gauges could be decreased by combining the radar observation. This study applied the researches on
sampling error by North and Nakamoto(1989), Yoo et al. (1996) and Yoo (1997), also the simple NFD
model for representing the rainfall field. The model parameters were decided using the rainfall
characteristics (correlation time and length) estimated using the data collected in the Keum River
Basin by 28 rain gauges and the operation rule of radar was assumed arbitrarily. This study
considered the rain gauge density criteria provided by WMO(1994) and the rain gauge density
installed in the Keum river basin to decrease the rain gauge density under the condition of
introducing the radar.

keywords : radar, rain gauge, combined observation, Keum River Basin

2 X
® ATNE S 29 doltE W ok e BUNS AHE AR FFVFANE A2
At BER) 2P0 BE BHeAe paE vego s BorAth FAY A8 A=A FEEeel o
= e h [e] 3L

=
sto) 7% gloltlyt F71E AXsHE A % #5Y 2EE o=
Bttt o= 98 North and Nakamoto(1939 ), Yoo et al. (1996), #+32

W, 499 RYAE AeHAE 1 T2 (e NFD R9E olgaglrh. wael alag F3i9) 287 ¢
T BEa AARE o83 T A4 BANIRAY L ABAWE olgstel ZARYL, doirel &
o BHE Qe ek B AT WMo FH SFuE wuet 3R ARd 7 B3
£2 2ale) dolrs] mYoR A% $F B YEe) 2 HAE AN

A RO : Blolt], P, SHLE

» negm Fags A AFRATeG ws
Prof., Dept. of Architectural, Civil & Environmental Eng., Korea Univ., Seoul 136-713, Korea
(e-mail: envchul@korea.ac.kr)

wx AUt TN A5 A AA T xbeR
Graduate Research Assistant, Dept. of Architectural, Civil & Environmental Eng., Korea Univ., Seoul
136-701, Korea
(e-mail: guitar77@korea.ac.kr)

8408 H115% 20074 11H° 841



1. M E
Ax $Yeele

R E DI R

Aate] A4S dolgrt AxHe] $9 Fo) o, ¥
Solnel AEaFe BHow WA FS dold
BEe %L% B Ak, 200 939 5,

A Ak FddA 2% l‘%—ErOIE}

olgg FAES & o A AHRH WA, o]
o 7499 AR EA= 49 ground-truthehsl &

E EAEA el Z499 Ha R IFAELE
HASH= EA o] tH(Yoo, 2002 Yoo et al., 2000; Ha et
al, 2002). °lA% EAHo= A4 ¥ #AFYS ©A
AASFNE 3, BAS AT 44T dusS i
3l7)% #H(North et al, 1994). o]& 7|E4og 47
SA R A9AEIE 7 B ol Y A -
T MRS AF] APA Rk BAHEE
SEE7] 3 Aoluk olek e A9 A glo] At
L3k dold AsAsE A4H Ede)de] S
W3)87] oA Ak

al

A nAR dold Besh Ayl d BEARE
oA AT FAE Aol A BEHE
PN % ol E e BA0 £3 F 79 51
HQl wpion 4 Aag A4 Y B A
of AEEA ZHTR o= shte) BRe] 9Esh 2
3% AL Sl glek ) AseF dole 398 -
A X}‘Ei BAsE —’F—i—oﬂ HEEA g A, o

_>|i
f
(o3
dk
oX,
rlr flo o
=2
o
ofjt
ko
ok
lo,
H

3t 7 O]EP(Aznm Zonooz et al., 1989; Seo, 1996;
Seo, 1998a; Seo, 1998b; Seo et al,, 1990a, Seo et al,
1990b). 28 EfdrA|Aga Zo] Al&d g4
}8 e7ehe A olME Bop 5441 WY
7ol Wed Agolch Fol AFEEY YA

842

GEUEPSE

Age) g 3

TEE Zo] A thFe]l A 5 3E
TR Bk AE 2N F Us
5 FEFojo} & FA|9 shtolrt

ke gloltl ZA¢v AAE HAE ALgHTHE A
Aol S A AT golmd F 9l Aol A
Aolt}. o]He AL F /MY HHAA AL
o3 #=E A8E ol&sle A #HLA EAR
o]&l" 4 tk(North et al, 191; Yoo, 2000; Yoo,

000, %, S el EsE B¢ @AY pe
e $94 UEE A% Bast glom, ohed 4
A A)ze) FolAE A% 1 FE0) T} $97
Wwel 2] Atk ol B3 £ UAY A4
o AAYH AAsE EAl,

2 Qe olels oy 741 B4 F 59 A 9

Aol FA 24E& wFo] A7E IYsax Ak
olg TEALE #

ANe
ol
lo,
OEL
N
)
>13

i
By
o

1l
8=
o)
_g
¥

@
2ostoleS olgald ANT F Atk &, doltizR
B 27ke Solo Z9ANst $ARTE e B4
ol WAz QA7 Folx] 48

AR A 24 7)

doltig Frhdonn SuA YRS YE & s A
o,
FARONE AFANE OB oA B

g9} T& =
45—32}«1 FAdE S vxig 49-E¥d NFD 5

(Notth and Nakomotom, 1989) WGR

SEES

i=3
(ol S 389 A% BHILE o
< uhgsls BE oAt} A BEY Pl

@ A4S BT BH0AS AN, olgE B
3

BEKEREERE



S 24| v, Locod ) 39-9] AFEZL 00 1
A Ho) 919 AEANS s o 3xkd AHEF
i thal 129 ~=E#el 5(£,0,0) 9 AHES TFsdtAl @
£ th= Ho|th(North and Nakamoto, 1989). o] A& )&
3
=

22 AZLA ALt o|2X i

North and Nakamoto(1989)= ¢1-&
g o]l&3l A BT H5o AV

= 0
o A-ERHA FAEe 43 A5l ¢1ES s BEo e ey ol 7hds ¥@E F Utk

~ % NAt/ngo S(£,0,0)df @)

62=/f/|H(u,f)|25(y,f)dfd2y ¢))

A7VA vE 3

quency), e ¥5

He $3% t}%o‘ L JAEge 9AE T BES

design filterelt}, o714 <

B3l A5, Aol H AtAZyebe LX L) i
& 7

A7 2L o] BAHEA)oIH, N F 353
A Ndt=T9 BAZREH AAT.

j;L

A(wavenumber), fE AES{fre-

sy A S A=
- BEed, St el sdMEY 1en S
1

rulo
>
op
QL
rir
ol
o
o
&
A
Q
=

filtere #&A 2ol $HAE
Pgoio 2 A5 ok 2ol mddh

s
=2
L
o
=
X
ne
o
o0
)
>,
1A
B

Aee & TARESD pRAGn ARY 0 e g U 1
SECEE = Glrv, L) e L) Gl DL~ G Ay e ATy
)
H(f,v, 2
_(fy ’VyL) ) L ? el $RAE FPE dAsol glnkw s1As
= Glrv,L)Glnv,L)G(rf T)[1 - G A0 (/A5 10), BEeAe thest o sk Ed
2 % 9k
714 G(z)¥E Bartlett filter ]t}
2
2. L[y g0, 22 Duygp ©)
€ = 3 3
Glz) = smx(x) @) Lj T‘/nt.né#o Al7 Al
o 4 T My
T2 Tfnnz=15(0’ Al’ Al)df

A AAA 27k 002 $8F 1 Gl)e 10 £
A B mep BERA| 00] HA(L=0) 9] Bg 23 BMOIH EE P AZRYS olFsH: FeA
1L A A= 3t 2A= FA3= Ao] HArt =

od7)A ZEF kgt £ shte] AR gt 9o B Ao olo|A AFT A

o 1

Sz
oA Bartlett filtert= #3271 1/09 o) 3 s 0z A Agel, eleltig ol8¥ B9ek A4 S #

O

1
|
1 ! | At< s‘:&\ T
| 0\ ° [ L]
L_L_ e o o
pll BNV

Fig. 1. Schematic diagram of rain observation using satellite (left) and rain gauge network (right)
(North and Nakamoto, 1989)
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analyzing the 28 rain gauge measurements.

Table 1. Parameters estimated

T T
2 4 6 8
Lag Time (hr}

10

3. Estimation of correlation length(a) and time(b) using the correlograms of rainfall derived by

Ao correlation length 30 km 28 rain gauges

To correlatin time 3 hours 28 rain gauges

At sampling interval of radar 10 minutes | assumption

T total sampling duration 1 hour fs(;rsetce?rslting interval of flood wamning
Al mean distance between rain gauges - depending on the gauge density
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Table 2. Sampling errors of areal average rainfall from rain gauges and radar (%)

20 494.3 4418 3.063 2517

25 395.4 3538 3.063 2.316

28 353.1 3.160 3063 | e 20 BAC |
30 3295 3063 2.125 G
32 308.9 3.063 2.053 G
35 2825 2.530 3.063 1.951

40 2472 TTTTTTR063T 1.795 G
45 219.7 1.969 3.063 1.656

50 197.7 1772 3.063 1534

55 179.7 3063 > B

62 159.5 3.063

9 109.8 3063 >
99 99.9 3.063 0.860 G
100 08.7 3.063 0.852

% G represents the rain gauge only, and C both rain gauge and radar

Table 3. Rain gauge density considered in this study

30 3995 d.en31ty (?f MOCT T/M gauges in the Keum
river basin
39 2089 den§1ty of AWS gauges in the Keum river
basin
40 247.2 WMO lower limit density (mountainous)
62 1595 density . of AWS and MOCT gauges in the
Keum river basin
100 987 WMO upper limit density (mountainous)
HXHE = 3, Feoldel &4 2
5.4 = AXZHE ol 8ste] ARSI, #Holr
e
2 ATAME 49 gl W o8k F99 Nedew BEeAE SAA Fh e A%
BERE 5, S AN #3239 AT 4 HE 9L Hog A%} o] wkde]| g ol A4 &
(EE BHYEY 24 P ANNGS FAHA el nAH 7] W] AP BILAE F
A d2A FARA Aotz F7tR AAHE A |tk $AS 5 doluE A £9she A
A% A 9% BEY UEE ofn ALK WolEW o) aEoAe A7el A% BEeA xIAFOE
T A dig Hrhe sk o)E $13) North AARY s g=ar AL &S F2 weviA Ak
and Nakamoto(1989), Yoo et al.(1996), -+ZAH(1997) 9] oo A8 f99 27 99 FS A
B2 ot WAATE A0V, BPe) AT b 1070 v Ao eatRE doldng of
Ase 2 F27F hEsE NFD 28E o) g3kt = Ag-ot fAskAl vEeRta, R 7070 o4
wgo hEsE ARG AW B $F BE ASE A4 % DRl I3 FANAE F, ¢
g 0|83t 39T B4 BAAGHIAZ D4 W LS ok BolAD AoHel K8 A,
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