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Runoff Characteristics of the Oedocheon Watershed in Jeju Island
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ABSTRACT

Runoff characteristics of the Oedocheon in Jeju island were investigated using the long-term stream stage monitoring data.
At the Cheonah valley in the upstream area and Oedocheon downstream, annual runoff occurred 21 and 12 times,
respectively, and their average runoff periods were 21 days and 12 days, respectively. Stream stage response time to rainfall
was 4 hours, and storm-water transfer from the upstream, Cheonah valley, to the Oedocheon downstream took about 2
hours. The stream discharge measurements had been carried out from Feb. 2004 to Jul. 2005, and showed that normal
discharge of the Oedocheon was 0.39 m/sec in average. Stage-discharge curves were developed to estimate base flow
(normal discharge) and (direct) surface runoff. The base flow separations by a numerical filtering technique illustrated that
annual surface runoff and base flow accounted respectively for 31.8~36.5%, 63.5~68.2% of the total stream discharge.
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Fig. 1. Streams in Jeju island and the Oedocheon watershed.
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Fig. 2. Topography and the monitoring points for the Oedocheon
watershed.
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Fig. 3. Stream stage variations at the Cheonah valley and the Oedocheon downstream.
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Table 1. Runoff occurrences on the Oedocheon watershed

(a) Cheonah valley
Year JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Sum.

1998 - - - - - 1 2 2 0 0 0 5
1999 - - - - 2 0 4 6 4 0 0 0 16
2000 0 0 0 0 2 2 2 2 0 0 10
2001 - - - - - - - - - - - - -
2002 - - - - - - - - - - - - -
2003 0 1 1 5 3 1 4 4 1 0 0 0 20
2004 0 2 3 3 4 2 2 3 3 0 1 1 24
2005 0 1 2 3 4 1 1 4 2 0 1 0 19
2006 2 1 1 3 4 7 3 2 1 0 2 0 26
2007 0 2 5 5 1 0 6 - - - - - 19
Ave. 0.3 1.2 2 32 29 1.7 29 3.3 2.1 0.1 0.6 0.1 20.5

(b) Oedocheon downstream

Year JAN FEB MAR APR MAY JUN JUL AUG  SEP OCT NOV DEC Sum.

1998 0 1 1 2 1 3 1 1 2 1 0 0 13
1999 - - - - 4 0 4 6 3 0 1 0 18
2000 0 0 0 0 0 0 2 0 0 - - - 2
2001 - - - - - - - - - - - - -
2002 - - - - - - - - - - - - -
2003 - - - - - 1 3 1 1 0 0 0 6
2004 0 1 2 1 3 1 2 4 3 0 0 0 17
2005 0 0 2 2 2 0 0 2 0 0 0 0 8
2006 - - - - 3 3 2 0 1 0 0 0 9
2007 0 0 2 0 0 0 3 - - - - - 5
Ave. 0 0.4 1.4 1.0 1.9 1 2.1 2.0 1.7 0.2 0.2 0 11.7
— : No data

o2 A BH, o ahFel HolAltelA Zkzt
8~173], 10-268] #=Z°] WHYES & & dot. €4 o —
it fElee] AR ARtete] B, o skRollA
oF 128], HopAlFlME oF 2187} He RS & 5 3
o g9 A 357t 7P B 22 o= Skl
745 180l 7 2.18)0]aL, oAl ool 8dt
490 247} 3.33], 3.28]2 7}3} e fEo] wAIEIT
(Fig. 4).
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Table 2. Runoft characteristics on the Oedocheon watershed
(a) Cheonah valley

No. Date Time Rainfall . Total Peak Time Stage Rise Base Time l-da}y Precedent

Duration (hr) Rainfall (mm) (hr) (m) (hr) Rainfall (mm)
1 2004-02-22 06:00 1 2.1 1 221 33 0.7
2 2004-02-28 23:00 8 433 2 1.1 18 0.0
3 2004-03-05 19:00 4 2.6 13 0.08 43 1.5
4 2004-03-17 13:00 9 475 4 1.92 26 0.0
5 2004-03-30 03:00 13 62.7 1 1.93 46 0.0
6 2004-04-18 21:00 16 162.8 2 2.5 43 0.0
7 2004-04-23 11:00 - - 2 0.19 11 -
8 2004-04-26 20:00 14 100 2 1.69 17 0.7
9 2004-05-03 15:00 12 51.3 6 0.92 15 492
10 2004-05-04 02:00 9 457 3 0.96 20 63.7
11 2004-05-09 01:00 14 108.7 2 1.84 22 0.0
12 2004-05-15 14:00 5 7.3 2 02 5 0.0
13 2004-06-19 13:00 11 76.8 2 242 20 13.5
14 2004-06-25 14:00 - - 2 0.29 9 -
15 2004-07-04 08:00 27 120.6 2 2.5 44 9.6
16 2004-07-07 10:00 14 90 2 1.68 20 0.0
17 2004-08-18 07:00 7 122.7 2 2.36 16 9.2
18 2004-08-19 05:00 54.9 3 0.46 18 2339
19 2004-08-22 12:00 12 1355 2 2.08 12 2.1
20 2004-09-07 11:00 6 88.4 3 2.47 38 24.6
21 2004-09-11 08:00 18 111.8 4 2.19 25 113.8
22 2004-09-12 12:00 5 18.5 3 0.58 5 47.0
23 2004-11-10 17:00 10 20.6 3 0.06 33 12.4
24 2004-12-05 03:00 16 50.5 1 0.76 19 0.0
25 2005-02-23 16:00 5 2 13 0.05 60 0.0
26 2005-03-17 03:00 - - 2 2.33 34 -
27 2005-03-22 06:00 - - 4 1.96 31 -
28 2005-04-10 07:00 7 47.8 2 1.74 28 4.0
29 2005-04-20 00:00 11 127.7 2 2.39 23 0.0
30 2005-04-22 21:00 - - 3 0.23 6 -
31 2005-05-05 15:00 13 128.7 2 2.38 36 0.0
32 2005-05-11 07:00 - - 2 0.08 7 -
33 2005-05-18 01:00 9 18.3 2 2.65 29 0.0
34 2005-05-22 07:00 - - - 0.29 - -
35 2005-06-10 20:00 12 419 2 1.54 27 0.0
36 2005-07-31 01:00 8 15.7 2 1.77 25 0.3
37 2005-08-07 17:00 8 16.2 5 1.7 34 5.8
38 2005-08-09 05:00 17 8.6 6 0.43 21 12.6
39 2005-08-24 18:00 25 18.1 5 1.81 32 5.5
40 2005-08-31 17:00 - - 2 0.17 18 -
41 2005-09-06 07:00 - - 2 1.64 28 -
42 2005-09-23 21:00 - - 2 0.08 13 -
43 2005-11-12 04:00 - - 2 0.06 21 -
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Table 2. continued

(b) Oedocheon downstream

No. Date Time Rainfall . Total Peak Time Stage Rise Base Time 1-day Precedent
Duration (hr) Rainfall (mm) (hr) (m) (hr) Rainfall (mm)
1 2004-02-22 10:00 14 12.9 3 0.19 24 35
2 2004-03-17 18:00 15 41.7 9 0.16 26 0.0
3 2004-03-30 11:00 13 56.9 6 0.11 28 0.0
4 2004-04-18 22:00 15 130.7 1 0.38 26 0.0
5 2004-05-04 04:00 10 44 8 027 27 51.6
6 2004-05-09 03:00 16 85.7 2 0.36 30 0.0
7 2004-05-31 03:00 7 16.6 8 0.06 13 372
8 2004-06-19 15:00 12 63.8 1 0.49 26 12.6
9 2004-07-04 09:00 10 74.4 1 0.4 8 3.0
10 2004-07-07 12:00 15 723 2 022 29 0.0
11 2004-08-18 08:00 8 118.1 6 0.55 20 8.7
12 2004-08-19 00:00 6 46.5 2 0.32 6 2172
13 2004-08-22 11:00 13 121.6 5 0.68 13 6.7
14 2004-08-23 02:00 5 20.9 1 02 5 184.6
15 2004-09-07 11:00 16 81.8 2 0.65 19 6.5
16 2004-09-11 08:00 18 122.5 5 0.65 17 5.3
17 2004-09-18 12:00 5 16.4 3 0.37 14 26.3
18 2005-03-17 05:00 - - 2 0.33 24 -
19 2004-03-22 07:00 - - 2 0.78 12 -
20 2004-04-10 14:00 9 425 2 0.13 31 2.8
21 2004-04-20 02:00 11 95.4 4 0.35 31 0.0
22 2005-05-05 17:00 9 71 2 0.33 24 259
23 2005-05-18 04:00 9 27 4 0.34 13 0.0
24 2005-08-07 00:00 8 26.8 7 0.08 15 9.5
25 2005-08-24 22:00 26 274 2 0.21 11 8.6
— : No data.
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Fig. 5. Relationship between rainfall and stream stage rise, (a) at the Cheonah valley, and (b) at the Oedocheon downstream.
1.00 1.00
(b) P T——
——— Chevmah valles stages
0.80 — o5
= =
£ 060 | £
= i = 0.60
z "- E
Z 040 | =
g \ g
g % 040 -
ff 0.20 — :
0,00 020 —
-0.20 — 77— T e i e e e e A
0 30 60 %0 120 150 -150 -120 90 -60 -30 0 30 60 90 120 150

Lag (hr)

Lag (hr)

Fig. 6. Correlation analyses of the stream stages and rainfall data, (a) auto-correlation coefficients, (b) cross-correlation coefficients.

o] Yol % gh= 20| YT Zol] W), Ha7
Sako] ST 02%1.@_4_ -‘rl’%ol ok & 4= 9} zﬂ

FrME HFg0] v F2 shiges Olvﬂxﬂ A
o} FEAEAIRE 1 ~3% o]q]g 71 el 24 7=
WA 1Y AR ARSI HE 29, 19 A

P7Fe-F sk FedAteldl 18] AR s B
AFAE Zhedl, FrAo] & AFES AESAd o
o2 HAETHTable 2).

2004304 20055371A)2] 717FESY, ol ATt M=
F739-o] 293} 39S A|QSlal 2.0~162.8 mm, A
EARE 5274 17blA 9PEE0] 5 em~2.65m HE L
Act. shfe] f=o] ARRRE F5E w7iAY] ARRKI 7]
ANZEE 56087k R, B 245471 o|3Ut). 9= 3}
FARNAE 12.9~130.7 mme] F735-2ol, F9AEAZ
& 52687, FHEES 6~78 cmo] Rt 71 AR
531X R, WetA] FEAEGAITES ik 241710 AT

Hol Aol a3t B 213, 2=H shFolM=

it 123]20 A} FAHAAM ] FEAGAIR0] &F 244
R RS e, Wit 5 458 & sl 7Rk
oAl ME oF 214, 9= skFolr= <F 12¢9]
Esiths A4S & 4 Atk

Q= skFART} Hol A= RE] 1998F5E 2007
d 797kx12] 713 Foll 783 9 Aol &S AIRE
A BV AFHeE Ul fEo] W= A,
2~3Y ool 21 AIRFEY fEe] AgEo] WA=
S}, u}a})ﬂ o}T oljel] WSt oJ3] el fZEol tis)
A 2 {EE 153197 "t fEENEs
zpol7t o 4 »M' oJ24e] FEo] Be A
Fo| AF=e v B954 HH*O]D%, *J
o} Aol A BIZ} F& A)7|Yol= 42d]] F=
Ashs A A Fof U™ AKEAY
i“W frEo] WA e 230

ﬂ“ﬂﬂ

g :lm rlo r
ies
&0

o =
‘Gﬂ}\qg

Journal of KoSSGE Vol. 13, No. 5, pp. 20~32, 2008



28 st - £ -

ARSI, Fig. 62 He] 5919} ol

Sl 2l 79 A Amol vie ALt 5

A FE APl IR S Helre WA
:

7REER A VIBATTE 002 SR ek ol Aks
of gk oA, 7198 HE 7L =t Wk, s
F AFE 40~50017F ol Z A7 VEEAGT ) sk B
297 EAS Zie e o ¢ ok TS BA8E
Zk= AR E Y ARE, sRFsAEE 24
52 sl wAPIHEAITE T B Al=Rle] 1l
gt E8o] wgAIRES & 47 th(Larocque et al.,
1998). ©1=7 3kFet Mol Al FAASA A s
ko] WAPIEAITE AAAIE 4xI7HelA ZE2E 0.462,
04742 7P} & s YeRISITE wetA, ZF 9185
ol X 7ol tigh S ES 4AREe] AAAS

AE AoF Ho] A,

>

o
n
PASURL S s a1k

3.3. &9 dusE

frzo] WA =W Eol s3de wE} ARl s
9 Wie7haA] 919k frge] Aupt a4
EUEY AFL0 Mot Al @)= shRAlele] Al
S wbA] 11.8 kmolth. FAHo] 247} §F 3hxde]
Frob sAIRo)7] wiEell 429 AIAE AgAlelol=
J7do] o= Ax Qg Aoz AETh

Fig. 70l vlaz] 2p5e] Feho] 22 A171Q1 20044 1
YRE 20059 8L71A] Ho} A=z} =H 3 479
7o) wmAPFAIE JERIQITE o] BAske] H4
Sk =919] Aol WY wE ME s o=
A= gl e AL & F Aok HluapdEAlS
E 227Fe] AAAZIA 061 GHoE AFgo] | Aow
Kol Ho} A5z 2= 3HF Alele] S8 HEA R
B 227 A% HH, 9] duEEs oF 5.9 km/r
Ax 9 Aog gdeAr)

Ir 2o |

o> T

o

34. FEE FH

34.1. A FEF

Hol Alolle dAdzor AP Je FHE=Ho)
E7Fs3IEE 5] shRollATt f57g0] o Fo] Frt.

=3 SRAIRCA A RS EHGgel A
B AsAEH AXFERE R ZO0=E oF 50m A
T "ozl X(A), sEIAFES] AXE(B), 18]al sk
9 AME ST oF 100m A9 siG3E WA 9
oH(C) 3ol o]FARTE A sk frke IS

Journal of KoSSGE Vol. 13, No. 5, pp. 20~32, 2008

n =
1 &
1 |

Stage (m)

Oedocheon downstre: II
Lo —
L v
050 =

Cheonah valley
0.00 1 T l

/14 G/1E04 112904 SN15805 10/28/05
Date

(a)
L.00
0.80
0.60

0.40

Crosscorrelation

0.20

0.00 1 I I I I 1

<3000 <2000 -10.00 0.00 10.00
Lag (hr)

(b)

20.00 30.00

Fig. 7. The stream stage variations (a), and cross-correlation for
the stream stages of the Oedocheon downstream and the
Cheonah valley (b).

A s SHske SEAHS A838le] s At
£H FEAZRE AATGE ol &3 F541<] Marsh-
McBimeyAF2] FLO-MATE Model 20003 =59 OTTA}
9] NAUTILUS®IH}. ©|5 f&Ale BT s rled
THe] ARE viRl ASo|t). 33X {7 SAT o]
fr= A FEAIY el g Fobx S
2t & ASE o He vk AR OE FhoA
S vlwsly] Mol By cHolA Y] fEke
B Ee floje] 9%, a8l cdHd e Sl 2Re
FES A - AT ke 4= Q1Y) whiEel], AT A
o] k& el A 7 BeE skt

Fig. 8& 2004 2€95E 2005 69714 <=4
Ae] € ] SR i WES YR Holth 5
H o=H SRR R ATnHS VIESE 0.14~
0.69 m¥/sec®] WA Hit 039 m¥secd] TS EHHL,
BEHANAE 0.11~0.75 m¥/sece] Mol HF 0.41 m¥Y/
sec, CHHHOAE 0.03~0.58 m/sece] HA B 0.18
m/secS YERNATE AR BRHolA S8 f3ke
BHol| M fo] tha oA BRI, cahHol
Aol frEke wol] whebr] vl o} fafo] AA 4HgE
Act.

ol
e



AT gAY FE5A 29

0.80 —
[ A section
B section
oso | 222277 C section
& 040 —
L
2
(=]

0.20 -

0.00 -

Feb-04 Mar-04 Apr-04 May-04 Jun-04 Jul-04 Aug-(4 Sep-04 Oct-04 Nov-04 Dec-D4 Jan-05 Feb-05 Mar-D5 Apr-05 May-05 Jun-05

Fig. 8. The monthly normal discharges at the Oedocheon downstream.

342 7IAF=E &

o] e wlo] RS 20049% 6YRE] VA
o] 43]ol AAMA, SFARLTARIA R =28 &
He o83t HAEEHAEAI(EE  KST12V200202)
FE B5A(floatys o83k fHS APgsIith. FHu)
1.49m F9JolA 106.07 m¥/sec®] fEo] 2% Zo] o
Zo| FQth 9l 99k frge] AE U
Ehlles F4o2 4909 sl SAHE F3S =8
Bojzict. 9l-frd=rde] FEAL SHE 795 7%
o= k7| fgoltt. vzl g 1hds] 919k #
o] TAIR FEskal 3R] FA R EEMolthE
EE, 1998). 2= AN F9le}b f=xte] A
28 EE3) k] 9IS FoE FHS o F
a1, Aplellxte 23F TRl o E AG9leae da e
=2 IAAH.

Q- 101.07h%~93.09h+21.10, R*=0.93 (h>0.54) 0
4.56h-2.14, R*=0.51 (h<0.54)
A7 Qi FRITL, b SFESglol).

Fig. o= (10 o1g 4917 A 942 e
ANk, T4919) $91-7% W FAAE ASlE
A Jw fgge] g9l e T Bl A0
7hERd G gke Wk ol ASl fgel At
2 % itk mep, Agslolie] 5914 2a4] B
[k, A%sle) 594 WA TaAL ARfEol B
AEHA] 29k 0.40~0.54 m TH9Ie] A 900l 2
H FAEE o83l =3

A w7 159 o wiEo FAATTE S A

1000.0
Q=101.07 h* -93.09 h + 21.10
R =0.93
100.0 — - - : \'
‘-u\ o =T
2 4
E 100 a
=4
1.0 - |
Q=4.56h-2.14
; R =051
0.1 05
040 T0.60 080 100 120 140 160

Fig. 9. Stage-discharge relation curve at the Oedocheon
downstream.

fr&ol HaL F4lo] Zlolx s 349 apt wAlE]
e AolA 711"t dEY. FESYA| -] oF
S50m A= Hojxl He] JIS wh= A, s EFo|
AFR7F obd BIdRolal FR7E obd Rl A= =
St AFAIGTE WA e A1 S 4 ) 15
A dolls 2 F=38A A 39 A9 5
Aol 23t FE=Ao] FHAo) o8l FEEe] AeAdo]
oA €t fJolg AASAAY e FRES A
sl FuAME F O ZYS fE SHAE 45 F ¥
= SHAIZE 2471 Wiz, ol dAgellMe FSolekAl
1o} FEgte] #Ae] fasitar 78 St
Fig. 10& PARTZZ 1S |83l 7AFES &

gk agolnt. o] Akl A kS wjoll=, A
=9 L 7IARER oFolA e AE ¢ F 2

T 59NE 9d7A] fEo] WA AL 3= 7]

Journal of KoSSGE Vol. 13, No. 5, pp. 20~32, 2008



ix.
ﬂl?\‘l_'l
Mo
Eing
i)
kd
N
o,
o)
)
N
ot

30

30,00 —

20,00 — Total Mow
Base Mow

Discharge (m*/sec)

10,00 —

L L AT Y

1/1/04 3 4/30/04  6/29/04  B/28/04 1027/04 12/26/04 2/24/05 425005 6/24/05  8/23/05  10/22/05 1221008
Date (mm/dd/yy)

0.00

Fig. 10. The results of the base flow separation.

Table 3. The results of the base flow separation at the Oedocheon downstream

(a) In 2004
Month Total flow (m*)  Base flow (m®) Direct runoff (m®*) Base flow ratio Direct runoff ratio Rainfall (mm)
Jan-04 1,929,051 1,929,051 - 100.0% 0.0% 75.1
Feb-04 1,366,192 1,011,512 354,680 74.0% 26.0% 66.0
Mar-04 982,129 673,762 308,366 68.6% 31.4% 128.5
Apr-04 1,445,804 628,305 817,499 43.5% 56.5% 2223
May-04 1,721,092 766,243 954,849 44.5% 55.5% 369.2
Jun-04 1,665,898 816,471 849,426 49.0% 51.0% 198.1
Jul-04 1,672,895 928,524 744,371 55.5% 44.5% 222.0
Aug-04 5,723,176 1,242,224 4,480,952 21.7% 78.3% 554.8
Sep-04 5,475,558 2,830,296 2,645,262 51.7% 48.3% 4014
Oct-04 3,373,754 3,372,775 979 100.0% 0.0% 60.6
Nov-04 2,720,592 2,716,971 3,621 99.9% 0.1% 77.5
Dec-04 2,518,847 2,515,226 3,621 99.9% 0.1% 97.9
Sum. 30,594,987 19,431,362 11,163,625 63.5% 36.5% 24734
(b) In 2005
2005 Total flow (m*)  Base flow (m®) Direct runoff (m®) Base flow ratio Direct runoff ratio  Rainfall (mm)
Jan-05 1,697,189 1,679,305 17,884 98.9% 1.1% 642
Feb-05 866,846 743,049 123,797 85.7% 14.3% 64.0
Mar-05 2,233,503 842,968 1,390,536 37.7% 62.3% 15.8
Apr-05 1,399,050 747,722 651,327 53.4% 46.6% 170.2
May-05 1,493,879 612,329 881,550 41.0% 59.0% 1383
Jun-05 1,087,650 906,945 180,704 83.4% 16.6% 61.9
Jul-05 643,400 598,041 45,360 93.0% 7.0% 1824
Aug-05 1,015,647 517,916 497,731 51.0% 49.0% 280.5
Sep-05 454,941 408,651 6,289 89.8% 10.2% 273
Oct-05 448,702 427,930 20,771 95.4% 4.6% 26.3
Nov-05 546,614 497,095 49,519 90.9% 9.1% 542
Dec-05 446,524 430,964 15,560 96.5% 3.5% 25.7
Sum. 12,333,945 8,412,916 3,921,028 68.2% 31.8% 1110.8
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