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Abstract

Accurate estimation of the spatial distribution of rainfall is critical to the successful modeling of hydrologic
processes. The objective of this study is to evaluate the applicability of spatially distributed rainfall data.
Spatially distributed rainfall was calculated using Kriging method and Thiessen method. The application of
spatially distributed rainfall was appreciated to the runoff response from the watershed. The results showed
that for each method the coefficient of determination for observed hydrograph was 0.92~0.95 and root mean
square error was 9.78~10.89 CMS. Ordinary Kriging method showed more exact results than Simple Kriging,
Universal Kriging and Thiessen method, based on comparison of observed and simulated hydrograph. The
coefficient of determination for the observed peak flow was 0.9991 and runoff volume was 0.9982. The
accuracy of rainfali-runoff prediction depends on the extent of spatial rainfall variability.

Keywords : Spatially distributed rainfall, Kriging, Modified Clark model

AL 3 EA0 e AN $2e
18 2 #2E 94 8 B g Yok

qoz T UE A AsE S
A B that

o
ofl
2L
fru
e
=
ot

s A
4 ARE olgdlol Mze AWM ARE o

or

« FEASE ARBPFRR 0%
s ZRostm EEFeT 4}, gehubi
* Corresponding author. Tel.: +82-41-550-0291
Fax: +80-41-550-0127
E-mail address: jhlee@kongju.ac.kr

\e
ol

te 3og Ukt HhiEo] ARbEy it
A& FHo|Lh Thiessen THHEHS 44
Fo-g A7 TEtY A-frE: BEY
A8 Az AMSET Qi 2 ol
o)
o

boo) And B4 el

i

&

oM ofX
o

ol

=2

12 fﬁ ?
(o4
2
= r‘o
oY
o
A3
o
f

N
P =
N
~
ne
e
-0,
RN
N o
o -}
N i
o o
Ir it}
fop o,
o o
op
> o
>~ 2
g S
o &

fau
-z o
T

-]
L

]

o
Y
1o
2
2
o
ns
ox
lo
iz
&
gh
N

% off
oy
o
1o
ol
r\l
LS
Jin
oX
o

o

T,
ol
P'L

N

(98]



ol 8@ fE 4

%‘ L
29 MAA ] e dAPFF-E A A3
o] A7} H1 gict.

3874 71gL doled 3714 A
of #5EA o ARAAMY ]é%k% AFsH,
d5g EgAHE AR 5 s Ao
A FAL Fopollq 7499 FHA AR B
(Chau and Bras, 1982; Bacchi and Kottegdda,
1995), AA 7498 3724 (Cheng etc., 2003;
S4EF §.,2004; ABE T 2004)0 HE3S
o Eulogio(1998) & dAB#3$¢AEE T30

[e e B iy P

BIA7)7] 98 237 7193 Thiessent S

olgstel ZeARE IUHoER FIAZeH,
Goovaerts(ZOOO)T: A, € AHARE o83ty
387714, 9AY, Thiessend g o]43lo %

SAETLE o) got A9 A8 DEM (Digi-
tal Elevation Model) 233t ¥P{ S Agste] 7}
+E FUHOE 5% 4FHE A3 HE - B4
gt A9 1A BN mEE fody
29 st 9 ZAE A5t 7 A 79

AHARE 4o 7 Az {F 542 9o
A S REPRPY 798 9ES 6}711

2 AtelMe agd JIEE olgstel A

A% 9 FAd o Feg At 4
I 7}-E AR 71&9] 7}$- R7HHhY w9
= ﬂE‘E 7H*16M ZMU} L
%

d

ot-J r°|' L

E W OZ oo
de RlosE T

&

1. Modified Clark (ModClark) =&
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Fig. 1 Basic concepts of ModClark unit hydrograph
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Table 1 Grid-cell Parameter

Basin | X coord.|Y coord. g’m Area |SCS CN| Basin |X coord.|Y coord. };;2‘@;1 Area |SCS CN
255 333 | 1626 | 0066 | 73 255 3% | 3230 [0355| 7
255 334 1601 | 0048 | 76 255 327 | 340 0777 | T
Sansung| 255 334 | 1569 | 0085 | 75 = 328 | 3024 | 0158 | 60
255 335 | 1568 | 0359 | 75 | 6 T 326 | 3112 | 0509 | 68
Cidal s 1 a3 | 306 | 10w | 69
264 331 069 | 0157 | 72 256 328 | 2069 | 0922 | 66
264 332 076 | 0944 | 77 256 332 | 2854 | 0122 | 71
Yipyung | 264 333 205 | 1000 | T1
264 334 315 11000 | 72 269 | 311 350 | 0886 | 52
269 312 236 | 0997 | 54
268 330 663 | 1000 | 78 269 313 215 | 1000 | 66
268 331 745 | 1000 | 72 | Sangye | 269 314 255 | 1000 | 71
Tanbu | 268 332 842 | 0710 | 67 269 315 376 | 0998 | 67
268 33 938 | 0104 | 63 269 316 553 | 0817 | 46
Table 2 Rainfall events
Event Beginning date Ending date Rainfal(lh%uration Mam;?#g /}rsinfau
Event 1 1993, 6. 28 07:00 6.29 09:00 27 520 (No. 3)
Event 2 1993. 9. 16 19:00 917 16:00 22 440 (No.12)
Event 3 1999. 6; 23 07:00 6.23 23:00 17 205 (No.11)
Event 4 2000, 6. 26 11:00 6.28 03:00 41 400 (No. 8)
F45E& AXS 44 A44459 2.0~35 m/ 3 AJZHY, B MBS B4 He #54
s¥ Wolel TFREZ AEs A WAV g, PAb T8 WEATE AV
Kravenll %], YA+ Saboldle ARS-51%ITh Table 39} YERJSITE Table 394 Ho} 1993
6. 289 AP AA 2, 3o Ho F74A A
3 U iex 49 JeRia gtk 1993, 9. 169 7--AMEe

ModClark =¥

A 78
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Table 3 Statistical results of rainfall gauging stations

1993. 6. 28 1993, 9. 16 1999. 6. 23 2000. 6. 26
Station |Mean| Var, | Coe. |Mean| Var. | Coe. | Mean | Var. | Coe. | Mean | Var. | Cee.
(mm) | (mm®) | variation| (mm) | (mm?) {variation| (mm) |(mm? | variation | (mm) |(mm?)| variation
Nol 435 ] 33.02] 132 427 1788 099 512 | 1404 073 243 | 1757 1.73
No.2 837 | 13553] 139 477 22391 099 541 15.30 0.72 256 1 19.69 173
No.3 848 |14788] 143 516 3567 1.16 515 | 10.32 062 337 12374 145
No4 437 | 4429) 152 434 2037 104 476 1544 0.82 300 | 3263 1.90
No5 469 | 5084, 152 434 3501 L36 488 | 1099 0.68 279 | 2539 1.80
No6 294 1 2769} 179 432 3008} 1.27 552 | 17.96 0.77 354 3532 168
No.7 402 | 2475 124 550 3650 110 629 | 1985 0.71 317 | 2345 153
No8 439 | 2471 113 493 42461 132 685 {2090 0.67 467 | 7459 1.85
No9 326 | 12531 109 5.64 3107 099 6.65 | 22.82 072 249 | 2012 1.80
No.10 450 | 3006 1.22 545 3834 114 691 | 2727 0.76 180 | 1856 2.39
No.ll 322 1 1802 132 455 2286 1.05 750 | 3512 0.79 239 | 2049 1.89
No.l2 830 ) 1157] 137 816 | 10992| 1.28 647 | 1810 0.66 337 | 2374 145
Average | 507 | 4674 136 512 36881 114 596 | 19.01 0.72 296 | 27194 1.77
W2 2. 7% (semivariogram) 0.2 3FFHoz Adg .
& 7 g9leH, wAzt vtk AFALARE o] £ 28
ol B2 ol We weead ke 4 € e
Aok ol wiele 13 F 79 = (spherical E - - :
mode & AE8] 2 B et Fyra T o O
o HARSEE HAASHS o) gated Agsial P Separation distance
gl a3 EAA dAARI =5 Ao Al Fig. 4 Calculated result of semivariogram
o] A% FH At A% EEU (i)l Vet
ueg 7 ol Azl i 4939 242 9 He ALsigiod, 7 i AFAR} Aeld
o7k A Et} 19939 69 AR E 7Y Aol M Y Z¢-FHEE st Fig. 5ol et
#el 0.953, F&AZ7 0.3389] Fdzks e Uitk ofjdt IR AolE Yehle R

3, 19939 9€ FAMtolAE EEitol 1.00,
ABAE7} 0.2019] FdgE Yeigich 19994
62 ZAMFelME EEEol 0.899, A#AZ}
0.2149 F#ge e, 20008 62 7%
Aol e FEZto] 0.790, A#AZ7} 0.2189)
Haas YeERASITh Fig. 4% Az vjoke
78 B4 AnE d2E Jehzn Yot
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T e
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Fig. 5 Estimated results of each kriging (1993. 6. 28 24:00)

Table 4 Total rainfall of each methed (mm)

Basin Event Method AMM Thiessen Simple Ordinary Universal

1993, 6. 28 139.04 91.56 184.80 149.70 167.10

Sansung 1993, 9. 16 104.38 102.78 130.70 123.90 119.90
1999, 6, 23 101,98 126.08 94.90 99.60 106.50

2000, 6. 26 121.54 95.35 106.50 106.40 110.90

1993, 6. 28 139.04 90.40 212.80 184.30 198.20

Yipyung 1993, 9. 16 104.88 123.06 120.10 114.40 117.30
1999, 6. 23 101.98 11357 90.10 93.00 92.60

2000. 6. 26 121.54 101.82 111.00 111,00 118.29

1993. 6. 28 139.04 112.38 171.40 160.90 162.70

Tanbu 1993, 9. 16 104.88 114.52 98.10 93.30 104.60

1999, 6. 23 101.98 102.30 86.50 84.60 90.70

2000. 6. 26 12154 125.12 129.70 129.90 130.30

1993, 6. 28 13904 124.04 159.90 14850 154,50

Gadai 1993, 9. 16 104.88 110.23 122.80 115,50 122.00

1999, 6. 23 101,98 105.69 99.20 100.20 99.90

2000. 6. 26 12154 13241 132.90 133.20 13150

BEE olgdte] T AR AEFFH(AMM), 3 Thiessen {3 A7 Wk & zlolr}

Thiesseny], Fg7 7|HoR A9 Ax7}S-9
e Uedz Sloh A Z1Hel dd) Age
N HARFFATEL Fra5a ¥

A HgAo] Qe BAMEel disixe 7
451 9+ A&HdH 2 ThiessenHoh= %
& Aolg velRon, F9uEazte] ¥ty #
40| 37 G2 BVl dsiAE AT

(NI

UEREA] oot

FHEEE A2 dEddeE 74 7S Esle]

¥ AEYES olgated 2 A2 F-

5230 S A A5ToZH 7 edAE
Z8h= WAAZE (cross validation) WS o] 4

ot EARAEE 4 (8)3% 22 Mean squared

error (MSE) A %% o]g313th

O

4
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Table 5 Runoff characteristics of selected event

. Peak discharge | Runoff volume Peak time

Stations Date (/) (x10° 1) (h) AMC

1993. 6. 28, 07:00 ~ 6. 30. 14:00 26.46 1,542 6/29 05:00 1

Sansung 1993, 9. 16, 10:00 ~ 9. 18. 24:00 21.16 1,789 9/17 10:00 1

1999. 6. 23. 07:00 ~ 6. 26. 24:00 54.41 4,592 6/23 22:00 i

2000, 6. 26. 11:00 ~ 6, 28. 24:00 40.75 3.874 6727 06:00 il

1993, 6. 28, 07:00 ~ 6. 30. 14:00 24.91 1,740 6/29 07:00 1

Yipyung 1993. 9. 16, 10:00 ~ 9. 18. 24:00 42.18 2,616 9/17 15:00 I

1999, 6. 23. 07:00 ~ 6. 26. 24:00 115,33 6,373 6/23 22:00 i

2000. 6. 26. 11:00 ~ 6. 28. 24:00 69.64 5,595 6/27 07:00 i}

1993, 6. 28. 07:00 ~ 6. 30. 14:00 50.03 3,905 6/29 09:00 1

Tanbu 1993. 9. 16. 10:00 ~ 9. 18. 24:00 32.08 3173 9/17 15:00 1

1999. 6. 23. 07:00 ~ 6. 26. 24:00 35.77 3,361 6/23 23:00 I

2000. 6. 26. 11:00 ~ 6. 28. 24:00 33.22 2,200 6/27 07:00 Jil

1993, 6. 28. 07:00 ~ 6. 30. 14:00 249.43 14,720 6/29 07:00 I

Gidal - 1993, 9. 16. 10:00 ~ 9, 18. 24:00 162.20 11,927 9717 15:00 I

1999, 6, 23, 07:00 ~ 6. 26. 24:00 51345 44,637 6/23 24:00 I

2000. 6. 26. 11:00 ~ 6. 28. 24:00 282.66 16,402 6/27.07:00 I

10
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Table 6 Optimized values of parameter

Parameter Subbasin Sansung Yipyung Tanbu Gidai
Initial abstraction ratio AMC 1 0.5 005 0% 04
AMC 1.1 0.00 0.02 0.10 0.05
Potential retention scale AMC I 1.50 0.60 0.85 0.82
factor AMC 1T 1.00 1.00 1.20 120
Time of concentration 0.92 1.10 097 2.67
Storage constant 6.47 5.77 8.03 5.4
Regression constant 0.86 0.66 097 0.90
Threshold Q 0.10 0.10 0.10 0.20
Hefgel glonz 71ge) A4-FEd B3 A4k FARMSE)E BHAHeE 77 1089, 978,
g /s Table 6] YERIITE FHEEH 1061, 10.22 m’/s2 Uebdeh
EH 42 AT 988 deni) A4 12
e e fESS AHE Ao 7 TS e ]
48 foi3a8 oz 2 A ON S 4 H S I
7 Agaglon, FELFNY  wAEZ (nitial % g
abstraction ratio, Potential retention scale factor) 3 e
£ 7 S9AMIY AMCZER T FRae AHE 5 2
N g -4
sttt g w0 e
Fig. 78 7V 594130 o 3 2] 23 2 e
9 AFAEF 2 FEAR g 29E 45A9Y K 7”/
A2 kR Aot} 374 FHA 7T ° S !

Thiessen HoZ AAE 742 FE2Hq F&
& A 2" AFREE AS5XY AJAFTt
Simple, Ordinary, Universal, Thiessen®¢o} 2tz
0.9826, 0.9991, 0.9925, 0.9778% uyEhdth #
439 A% 77 09941, 0.9982, 0.9976,
0.99510%2 A Yepth Fig. 82 /& 59 2
e AAFCOS Awe BdAFLAHRMSE)

AR Jeiz Qloh a380xe 3%

Zt 39AMEE JERSIOH, 39AREA 9
AMe AW, olF, &%, JdA8E vepda g
o} ABAFCC)Y 49 Simple, Ordinary, Uni—
versal, Thiessenfo] FFASE 092, 0.95,

0.93, 0.948 Fate vedod, AFTHELA

r={> rlo mlru

Simulated runoff volume (X103 m3)

Fig.
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