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Runoff Estimation Considering Dividing Watershed
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Lee, Jong Hyeong / Yoon, Seok Hwan

Abstract

The purpose of this study is both the variation of hydrologic topographical informations extracted by
using WMS and the quantitative effect of rainfalll-runoff simulation due to dividing watershed. Miho
stream basin in Geum river was selected by this study. Watershed dividing method are determined by area,
channel slope and channel length. Hydrological response of divided watershed using Clark method, SCS
method and Snyder method was compared with actual measured flood hydrograph. As a results, area-based
watershed dividing method are particularly suitable the hydrologic applications using SCS method. This
study can be used as basic data for the phase of the runoff variation in Miho stream basin.

key words : Watershed division, Runoff analysis, WMS

2 X
2 ATolAE WMSE o] &3] &fe] w8 e FEAZYRe] Hatsl A-FE2gE &3t a7
Al FEWHE Agsh=dl At tdF92 F45AY vEd fFdo®E AYstdor oo £ W
& oA, stAAL skl diste] EEekdth A £ el g f99 A 48
Clark @959, SCS FAAIHY =Y Snyder S EH o2 AA A5 Ay) vwstgot 48437 &
A oef o 5702 AfFgorw BE Ao SCS @ ol 7 £ AyE yehgon, B A=
N EHFe fFEHTe dd 72 ARE &89 & Qo
HAMEN : §AREE, =34, WMS 2
Frelxel el dist XA {99 S/ =
1. M B o] Al AsAdds fdl Fos LEFoEN of
L ALRZ AN FEELE B T A7t
AT 2 dA7t AS59E A3 FErt Az st JH7F Fash olst JRE Fall 19 A
FrlE WASlaL s feld] frEe dMsta Al AF 548 wgd By FEStolof dth A
A=) flairds el WM BAshs 1S i fEEAS 9% el Be At egd
A Q49 99 EAJAEL] A3 de A9 v} 9l o} HZo|= GIS(geographical information
T AT F1HA sl oigt A b system) & WEE sHHFH 2 ¥1H4 SAAEE ©
A AE 2 AYE Fdl o WA Ha vk 23 FEaAo] &ds] MAH T Q= Aot

N
1%
Rl
[
i
ot
o
ok
o
4z
Rl
4
X

I
3
=8
5
[¢)
[
®
&
@]
=
%,
=
[
o
i
s

H7# 1= 20074 32 57



Ze—fZEdlAoA  GISE ol&dhe Afdde o
Aol mla] B =S SolA] Fik FAILEAR
(Digital Elevation ModeD) & ©]&3to §9& A
A st g Al AF B
ol MpiirE A4 & 7 vk F9E oy A9
Afreow EEgowy f
=]

e o s Zlolt
(

=

= [e)
o) FUA WAHEYL

Band(1986)= DEMAIRZHE HFIEsy} s}
UrE FEshe WS AASIeH, Jones &
(1990)2 TINef| oJsfe] A|q wgFe] Jeje] o
2 e A Alzkste] He Adete] ARE FA ko] o)
AYEE sk daugss /IEssith Mayer
(1993)2 Arc/Info?] Tin modules ©]&3}%]
HEC—-1 E&9] 23t W AFRIAE AHderglon,
Ferdinand 5(1999)2 Arc/InfoS ©|&3to] f-49&
gho] #3k A5 stk 23A(1986)+=
e wWE PYAATE] WHIE va-EAFgoREs,
vt 92 FuEA Sl g AE E 9
99 FAATE Y2l wet ALY fAkSE wE

28 A5k Z7h5el ket
ke Fobdths ATARE £%

¢l 5(2005) FAAERRE AAFIS st
- o)
o

5 A 2fFoR At Rl gt
FAAs =E, 2o fE 239 AFaE S
o A—FrEFe] JFA S sl
2 AgelAE frole] B el m 4folo)
Aol Fgo] dEtAL fES 28 F e F
A B BEF Aeui o2 4T 5
71wl frEAA] W E = fd A, s AAL
23 A GE o8] afrow wIE ¢
fr& 54% 248t

2. ZDEo| Il

2.1 WMS(Watershed Modeling System)

S FHE(U.S Army Corps of Engineers) 2}
Brigham Young thdte] FeHlsre i A4
(Engineering Computer Graphics Laboratory) |
s e WMSE FwRd#S $st x5l 1
A AHEAE S AlwEl] T 22|tk WMS
FARAEH O EE o] &ate] AR = A
Z2HYH F95 9 &2FY AAd 55 AsoE 1

L
e
o

58

HFa A—F T3 HEC-1, TR-20, &
2]4] (Rational Method) %! NFF(National Flood
Frequency Program)el thst 128 Al8A} 34 -S
AFetant. §99 9 #AE AFoz YehFu

Fe—fE 2R upRasE ARE] Hest st
g Btas S Y Theeke AleE BE -
= HES WMS <tellA 24 A 4+ gla Adgk
2 R Eme 32 el FYEh

B Ao A GISe Aghd Alefol A 29
Ve e e TEROY SelA &9, AFEE, A
e, 33 W AgAkE 52 skl WMSE &
MRERA Ao o] 9% GIS ArcView
8 ZEIHE ARt ATE TR

2.2 HEC1 2§

AZE At SCSE curve number, +F
SCS, Clark % Snyder WH¥, F3
Muskingum—Cunge WHES 181 7824
e We] W2 Thiessen 7t & AAtshs

2 @i

W oshdolm 2 Foo] R dSAAA o F
AAZ54 AFe] F9u4L2 552,73kt o]tk Aol
M FAETFEALY T3 R Fax¥ A3
A o T nEd AW FAFL Tl oF F
AAFA AuiFeds Feudfgos Agsielct
O 12 dPrd e RS Ae FAFAE U
R ek 18 23 ArcViewold A 1ERES
o] gste] FEe Btz AH(TIN)olaL, 19 3&
DEM #8Z ASCI file® wW3ksla, WMSelA
el

gy stsl =2, M73 1= 2007H 38



. TR BN YR o
»“ ~ < T q T o
2 ElS = -
« 2 IS 2 g NI e ®HF
EL ] xFT T HTE
o = L% 4T oo
. R0 Z g TR e oF
KT 3r 3 = B 9 g K
I3 oF ~ X ME B2 _E Y
I =K o ~|2 I 8 o oF T
o ; = E|2 5ok 2 oF B o 4 W N o
i 50 3 r wd 8o o By s
Rl T WS 8 T oo R = N
M T o= T s <0k o 0 T g
g X @ oF R
< oo BB RET R o= o W
Mol 5 oMz BN BEE oW
B ol = X -~
NN E= T = Wﬂ%m Gl i S
ur |3 Els T TE oww BB Xy X
=5 re) < ) B0 0
ol N 3 o -
maI L G mm Q B TR T B
E F ™ o= g X i
& O & Lf [%)
g5 — T ~ 5 re o
i al - AT R CN- %o ur
k| 3 = g 28 X = s o N =
. £i ok [—= E| oo N R @ TS
25 _ \ B T ®E 5 W T W =
- I |3k , - - < o IR =5 2 ,
i e g k] Toae X% 2 w9 oF =
l..uL.__._1w LR r o_u ru1..r_.- ._u_ln_ ,LLt Xlo o e _SH\W = T Y ) F/y
o AN i <0 g o) zl 3 H oaxm o P OE F o F T o=
L i e B g, b O B 2w ow WEE w T E w T
ot 1 5 5 & k.2 = X ~ ol
58 e O o - %ok S Y ol 2 RIS
P y v e glel & = Up H 3 - = 7 ™~
-, xuﬂm.f..._._-..q = ; v % L% 12 T W z £ FE i o o
- il B2l & » 2% = L= 0 T oo K LA TR
T M A m S & Hy moL | mAE £ g X
_-__ Ilr...n......._. |_.H_".‘_m|. sl _|._ " 1A o Bl e MTTC m T ,_.%u ﬁ o .A.._ 5 R a0
S - ~ =
. AN | g F T T os YF M mE g e N I |
o . ¥ G C I R N oF
o H o oF WNW  oF ﬂ(m\ = o IH = 7T oF =l
= 2 A R~ M_M o TN W._M
< & - o FEE OO B FR i
Il
< m < oS S m__m = o ) P H
o w@‘l” ™ 3 ‘U| OME m._.
N o ﬂ_ﬂ X0 ok




o O { s 18 S Y
- ) Y. MV (Y /)2
i L__.f"' i L_H_.ﬁ_\\‘: ! ‘_:_
Y i £
¢ = I
3 28 57 28 7 28 107 29
J% 5 HAo| 95t AR B
E 2. 479 280 ME |9 EMAXNFAHA)

5402t A BS AOFD MFD MFDS

289 (k) (m/m) (m) (m) (m/m)

1 1B 552.73 0.1876 406.81 44,179 0.0070

1B 151.83 0.2708 369.41 44,179 0.0072

3 2B 219.64 0.1790 497.52 25,887 0.0172

3B 181.26 0.1282 417.57 28,476 0.0088

1B 134.98 0.1464 469.15 28,453 0.0061

oB 96.76 0.2961 376.58 20,174 0.0221

5 3B 103.93 0.2856 364.22 20,371 0.0116

4B 76.71 0.0712 389.11 21,328 0.0056

5B 140.36 0.1435 408.93 18,707 0.0127

1B 64.18 0.1699 440.57 20,990 0.0026

2B 91.21 0.2901 363.16 25,089 0.0109

3B 60.09 0.1417 471.75 24,219 0.0158

7 4B 63.99 0.2804 364.85 17,239 0.0151

5B 76.02 0.0717 387.70 17,633 0.0068

6B 96.63 0.2965 376.69 19,659 0.0226

7B 100.61 0.1074 419.45 16,617 0.0141

1B 47.64 0.1657 544.38 18,361 0.0068

2B 55.42 0.2885 365.44 24,353 0.0112

3B 55.10 0.2826 362.66 18,922 0.0160

4B 53.57 0.1745 431.77 17,859 0.0272

10 5B 76.20 0.0716 387.95 17,918 0.0067

6B 56.22 0.0761 418.90 14,086 0.0123

7B 67.21 0.3176 362.21 15,034 0.0260

8B 39.47 0.2356 383.75 12,344 0.0300

9B 46.25 0.1549 380.45 16,425 0.0235

10B 56.65 0.0700 448.65 14,297 0.0162
3.2.2 3HAA Y3t A FSH 2 DEM R Eo|A DEM ContourE o]&sle] %8 4
afd) $Ee AFRY] v GPel g B FESI DEM Contoure] whet 44k W
Qlafo]m, AGolo] Wake I mulx|zhe] xpo]= 9= 140</&210(m), 70</HK140(m) 2] HY=E F
CEA7FS AAfe)| WS- 2 oJFES Hb= o B3-S 3 AE 79 6o eI, T 38 o5

1=

;-_l 2ol A =S HeRa ok s A
5} AFE 140</K210, 70</K1402] M= F33t o]+
o)
]

O

= 99 28 Jx7} £31, DEM Contour& ©]-£3}
of gA F=2& 4 7] wEolth

gy stsl =2, M73 1= 2007H 38



LRy ME 79 EYARKSHHE A

=43l A BS AOFD MED MFDS

s (k) (m/m) (m) (m) (m/m)

1B 173.01 0.1051 449.73 33,486 0.0036

2B 119.12 0.2866 364.86 32,477 0.0098

5 3B 96.41 0.2971 376.49 19,524 0.0228

4B 63.34 0.1877 395.26 15,377 0.0241

5B 100.85 0.1074 418.99 17,067 0.0139

1B 99.10 0.1291 497.70 24,514 0.0024

2B 5.16 0.4641 343.89 5,277 0.0792

3B 86.62 0.2928 359.12 21,598 0.0140

4B 27.34 0.2335 387.01 14,989 0.0077

5B 73.91 0.0730 385.42 16,492 0.0068

6B 8.74 0.3187 355.93 5,882 0.0583

13 7B 9.31 0.3407 353.04 4,256 0.0590

8B 27.48 0.2190 362.73 8,957 0.0402

9B 10.42 0.1690 391.64 5,725 0.0431

10B 62.94 0.0484 448.08 17,067 0.0139

11B 45.29 0.1310 411.52 11,268 0.0237

12B 85.73 0.3170 363.86 16,168 0.0264

13B 10.68 0.1375 477.79 5,800 0.0588
3.2.3 ARl g% g 20kn o]’d2] atzel - (47N2F-o1) ek 20kn ©18te]
o] o o] M g2 EXS 517] S (8709 o) o7 ekl fols EEE
913ke] w5 AR 3% ks 2

Aol st |

61



=

4.1 ZAlael M3

2 AT A= 2002. 8. 5 3-9AME, 2002, 8. 31
FARE, 2003, 6. 27 T9AMFO R F 37 B4}
A Agste] RoE S X 4 F8 39
AP 5 ARG B, FEE, 2T
TS Vet

42 FER9

421 &2F9 28 & F& R

nge] Ago Sl tiidodel 7 Agtst g
G S Lol Al GISE o] &3t f&344] F
2 A= SCSHHS X 3teto] Clark @9 e 2

Snyder 91 =HE Agk3lnk @eI= e vz
of thgk Axtel thdte] WMSellA #ge] 7hs3k A

& Aesgr

w98 2o Aahrt AZARG o9 W
Hvl odvht Aga R0 she fERFY B
gAlel AgHRL = BAH FgiHes mojw
A% BAstel BP9 APE 9 FAES Bud
Atk 2 oleln AbEE BARA W X 5ol U

EFSIT
I3 8~1% 102 Clark ¥9| 54, Snyder ¢

FAE A dikE A5
APl tiate] Ao
Aol nlste] HFREEe AA
I WA= e Kol
EAEA A3 578 el SCS FA S =
7392002 8€ 54 AMFelA RMSES=
wdlsec: PEP= 0.05%, CCE 0.98, g 0.97%
eI, 2002W 8€ 319 AMIAM  RMSE=
27.65 p3jsec: PEP= 053 %, CCx 0.98, g
0.96°2% YERGoH, 2003 6€ 27Y Aol =
RMSE= 33.46 y3/sec, PEP= 0.48 %, CCi= 0.96,
R2E 0.87% UEpsith

I3 112 Clark 99 %Y, Snyder Y EH,
SCS Farde9 =l oJate] 371 Z-¢-APdl dist
of AL W A

(LTRI CCONE G )

(o

]

oA Clark T X o] A890] 1371¢1
7} 0.98% 7P & dA5kelar, 2002d 8€ 31 At
Aol A= 57091 A9 Clark @9 %=®o] CC7t 0.98%
713 Z dxe o, 20039 62 27 APtelA =
Zfolo] 57191 g SCS FArdwke|wol Ccovt
0.95% 71 3 akA molE At

E 4. §ZAlae| e
- - 5Y Y79 AR T AT
= o xJAF
shl S (mm) (mm) (mm) (m'/sec)
2002. 8. 5 48.13 35.63 374.38 2090.80
g | 2002. 8.31 88.60 8.75 99.75 538.80
2003. 6.27 41.36 12.63 123.25 369.00
I 5 SHEAM &Y
T = 7l & & A A T = 7l & 7 Al
N
> (X~Y)’
N = GX GY (Xlinm)Z
=1
N _
N & X,
o171 A, X; AZA, Y AREA], X, AZA 9] Ft Y, " ARk 2] 3+t ox " Aol FHAL
oyt ARG B, x 1 AZAS BERF, y o ANA) BF4Y

62



i ]

8. 2% EE ME R ROFIK(, 5, 107] £F) - 20024 8% 52

Bl i |

'I-.-H T e

a3 9. &79 2go mE & 2o/, 5 1070 &7Y) - 20024 83 312
1 ! ll JEan 5 : | ! II A 5 : 1 ! I! :_" =
e L o
a% : 4 :\
! ) i e
PE ] B! ] F
2| 7 N g f
LB ] i LI i
B oo [:F T
| 25 1 a:,
Tirwe o] Tirwe o] Tirwe o]
a2 10. A7 2eto] M2 F& 2oZn(1, 5, 107 £F) - 20034 6 27
a9 12+ Clark 9954, Snyder ©9%H, S ol g% vsH 99 fEeAs AT A
SCS Fadaei =Rl oste] 37] F¢AMgel st ¢ g8t Qe YT oRE 8/ A HY
o] shAA e e AFaE B e ZHzte] 4 of th3t Snyder ©l=Ho] Hlw A Hgsk Aoz 1}
FEAE A A9E A5A 9 vladk o & 1337e=4
FAPE] it AR Ay 8 afelA 422 AR 24 B upy

Snyder ©IEH 9] H$ 2002 8€ 5 AMelA
RMSE: 141.12 pjjeee, PEP= 0.02%, CC=
0.98, pr= 0.96°% uEbata, 2002¢ 8€ 314
APEelM RMSE= 26.66 pp8/sec, PEP= 2.48 %,

SRl et SAEA S
A A3 el £ el w

Fodn B nzaE #2874 HaE of

NN A=Y 2]
CC= 098, iz 0962 HEREom, 20036 68 (ypp) o) g9 PEPS B olgste] 22
274 APFAME RMSEE 32.92 ,3/gec. PEPE Agol B WS Smalet A0 sk AuE B
3.52 %, CC= 0.96, g 0.93°.%F YRyttt oy o] mao] Aen W Fe2 goste] b Aot
A EE T & w shAge] ot el 3 2] 28 g4l st wdaltt

o S o
| 28 2 o

=
TE=ES U

mjo

Nk

o
()]

63

HL



R R A

isuipjafmy=n

oF
4

137}

FAZ A

G

of M& 7& 2o HuK

oll
I

ar

4

il

ispinjafmyin

20074 38

z

, M73E A

64



Z6 34 =4 24
. 2002. 8. 5 A% 2002.8.31 AMY 2003.6.27 A
T = RMSE | PEP Rz cc RMSE | PEP Rz cc RMSE | PEP Rz cc
Clark 139.59(—-27.32| 0.97 0.93 | 55.42 [—24.22| 0.91 0.83 | 91.16 [—49.51| 0.32 0.10
170 | Snyder [140.80(-21.81| 0.96 0.93 | 54.41 |—16.64| 0.91 0.83 | 84.78 [—39.78| 0.45 0.20
SCS 242.43|—-10.79| 0.92 0.85 | 67.93 | =9.85 | 0.93 0.87 | 60.75 [—30.82| 0.76 0.57
Clark 129.63|—22.52| 0.97 0.94 | 54.53 [—21.56| 0.93 0.87 | 86.56 [—43.01| 0.54 0.29
370 | Snyder |107.67|—12.08| 0.98 0.96 | 54.89 [—11.87| 0.93 0.87 | 60.81 [—29.08| 0.81 0.66
SCS 146.50| =5.42 | 0.97 0.94 | 32.11 | =6.06 | 0.96 0.90 | 27.63 [—10.79| 0.97 0.93
oo Clark 147.06(—17.72| 0.96 0.93 | 36.44 |—16.55| 0.96 0.93 | 68.84 [—30.75| 0.65 0.42
:jx} 57§ | Snyder |109.64| —7.87 | 0.96 0.93 | 28,57 | —=7.64 | 0.98 0.95 | 46.78 |—15.66| 0.85 0.73
SCS 100.51| 0.05 0.98 0.97 | 27.65 | —0.53 | 0.98 0.96 | 33.46 | —0.48 | 0.96 0.87
Clark 163.67| 0.79 0.96 0.93 | 48.09 [—21.32| 0.95 0.90 | 69.10 | =5.03 | 0.74 0.55
770 | Snyder |226.71| 6.91 0.92 0.86 | 39.72 | —=3.67 | 0.96 0.93 | 70.07 | 14.94 | 0.79 0.62
SCS 198.76 | 8.77 0.95 0.91 41.16 | 10.56 | 0.96 0.92 | 39.87 | 23.73 | 0.97 0.95
Clark 282.05| 26.92 | 0.97 0.94 | 23.86 | 0.97 0.99 0.98 | 82.14 | 19.56 | 0.83 0.69
1070| Snyder [406.27| 47.69 | 0.94 0.90 | 44.91 | 22.20 | 0.98 0.96 | 78.65 | 52.15 | 0.97 0.94
SCS 481.18| 63.63 | 0.92 0.86 | 92.99 | 35.62 | 0.85 0.73 | 81.68 | 67.34 | 0.97 0.95
Clark 97.06 |—13.28| 0.96 0.95 | 39.85 [—16.21| 0.95 0.91 | 72.04 [—12.21| 0.70 0.34
57§ | Snyder |115.74| —5.21 | 0.97 0.96 14.00 | —=1.71 | 0.98 0.96 | 52.59 | —4.25| 0.86 0.65
=l SCS 176.67| —2.11 | 0.95 0.89 | 41.48 | 0.97 0.96 0.90 | 35.42 | —1.89 | 0.95 0.84
ZAF Clark 86.36 | —4.44 | 0.98 0.97 | 25.14 | 3.23 0.98 0.96 [133.59| 64.34 | 0.84 0.71
1378 Snyder [123.73| 6.68 0.97 0.94 | 34.89 | 17.19 | 0.97 0.93 |133.18| 87.26 | 0.95 0.90
SCS 201.37| 17.25 | 0.96 0.85 | 91.20 | 37.24 | 0.87 0.51 [129.04| 84.47 | 0.98 0.96
Clark 132.60(—15.90| 0.97 0.94 | 49.63 [—26.83| 0.95 0.85 | 39.55 [—18.64| 0.95 0.80
474 | Snyder |103.67| —4.80 | 0.98 0.96 | 24.20 [—10.30| 0.97 0.96 | 22.51 [—11.92| 0.94 0.88
Sl SCS 119.16| 3.65 0.98 0.95 | 21.69 | =7.33 | 0.97 0.96 | 18.06 | —=8.67 | 0.95 0.90
Zo] Clark |114.72| -9.15| 0.96 | 0.92 | 43.95 | —=3.89 | 0.97 | 0.96 | 34.66 |—-12.74| 0.92 | 0.85
870 | Snyder |141.12| 0.02 0.98 0.96 | 26.66 | 2.48 0.98 0.96 | 32.92 | —=3.52 | 0.96 0.93
SCS 340.84| 6.91 0.81 0.66 | 80.79 | 26.53 | 0.85 0.72 | 37.73 | 23.94 | 0.94 0.88
SAREA A 5709 fFguAoR {9 st TGS &S Aol A ZF SAVIERE PEP
A5 tsiA 2 T9APIE R PEP= —0.48~0.05, = —3.52~2.48, VEP= 12.61~23.719 1=
VEP= 0.83~13.35%] WS Yeld SCS @& Ebd Snyder®] oz RO HTH
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—2.11~0.97, VEP= 11.51~12.072] ¥H9= ek sk ubHo) 3, SRS =2 SCS w@he o] A Est
SCS @ =Ho] AglslA meojEglom, sddolz Ao 2 et
E 7 34 24 1
EXMRY A PRRS 9l s R o
ol A 5 SCS 0.05 0.98 1.78
2002. 8. 5 & A} 5 SCS -2.11 0.95 11.51
st o] 8 Snyder 0.02 0.98 23.71
ol 5 SCS -0.53 0.98 13.35
2002. 8.31 A AL 5 SCS 0.97 0.96 12.07
s o] 8 Snyder 2.48 0.98 12.61
ol 5 SCS -0.48 0.96 0.83
2003. 6.27 A AL 5 SCS -1.89 0.95 11.60
3k o] 8 Snyder -3.52 0.96 18.66
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