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Summary

Unlike most rivers in Jeju Province that become dry because of geological
characteristic with excellent water permeability, Central Seogui River area
always maintains flow of spring water, which results from base runoff
nearby the coast. Base runoff of Akgeun-cheon and Gangjeong-cheon, major
base runoff regions of Central Seogui, was computed using distribution
SWAT model in order to establish methods for management and use of
surface water.

As input data for SWAT model, hydrologic and weather data such as
maximum and minimum temperatures, solar radiation, wind velocity, humidity,
and precipitation were constructed with DEM (Digital Elevation Model) and
soil type map. After simulation, correction of results was conducted after
sensitivity analysis on 27 parameters using 20 observations between July 2011
and April 2012.

As a result of simulation with SWAT model, excellent results were shown
on base runoff in general. However, better results can be deduced by
conducting studies with more runoff data, continuous water level data, and
precipitation data with consideration on errors in some water level data and

lack of observation data in this study.
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Table II-1. Classification of model according to hydrological process (Singh,

1995)
FREH TREA &5 7= B3 49
HEC-1
(Hydrologic Engineering Center, 1968)
HYMO
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Lumpped .
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(U.S. Army Engineer, 1972)
Tank Model
(Sugawara et al., 1984)
[HM
Hydrological (Morris, 1980)
Process [LLUDAS
(Terstriep et al.,, 1974)
NWSRFS
Distributed (Hydrologic Research Lab., 1972)
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(Abbott et al, 1986)
SWAT
(Arnold et al., 1994)
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(Metcalf and Eddy, inc., et al., 1971)
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Table I-3. Runoff curve index of natural region, CN (AMC-1I, I, =0.25)

Fallow Straight row - 786 91 9
Straight row Poor 72 81 8 91
Straight row Good 67 78 8 &9
Contoured Poor 70 79 84 88
Row crops
Contoured Good 65 75 82 &8
Contoured and terraced Poor 66 74 80 &2
Contoured and terraced Good 62 71 78 81
Straight row Poor 65 76 84 &8
Straight row Good 63 75 83 87
. Contoured Poor 63 74 82 &
Small grains
Contoured Good 61 76 81 &4
Contoured and terraced Poor 61 72 79 &2
Contoured and terraced Good 5 70 78 81
Straight row Poor 66 77 8 &9
Straight row Good 58 72 81 &
Close—seeded
Contoured Poor 64 75 81 &
legumes
) Contoured Good 55 69 78 83
or rotation meadow
Contoured and terraced Poor 63 73 80 83
Contoured and terraced Good 51 67 76 &0
Poor 68 79 86 &9
Fair 49 69 79 &4
Good 39 61 74 &
Pasture or range
Contoured Poor 47 67 81 &8
Contoured Fair 25 59 75 83
Contoured Good 6 3 70 79
Meadow good 30 58 71 78
Poor 45 66 77 &3
Woods Fair 36 60 73 79
Good 25 55 70 77
Forest Very sparse - 5 75 8 91
Farmstead - 59 74 82 $4
Dirt - 72 82 87 &9
Roads
Hard surface - 4 84 90 92
Commecial and 85% impervious - 8 92 94 95
Business Area 72% impervious - 8 &8 91 93
Industrial Area 65% impervious - 7 8% 90 92
Residentia Area |309 impervious - 5 71 86 &6
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Allen, 1986), Priestley-Taylor W% (Priestley®} Taylor, 1972) 18]i
Hargreaves 'Y (Hargreaves &, 1985)& A -83ta Qlth Al wWHe] w2} Q3

e myl 747k vEn 7+ 9le 2= Table 11-49F 2t}

Table -4 Input data according to PET calculating method

Method A4 s
Penman-Monteith Method 712 AdEE, kiYL
Priestley—-Taylor Method 71, AdlsE, HEEAldE
Hargreaves Method 7]

Penman-Monteith Method : Penman-Monteith ®'3-& xS F%817] ¢
sk oy xet F571E AAS7] fg 712 Ax, F719eAE 2 A A

QA" FAH 9 om Penman-Monteith ¥4 A& o8 2 (27)3 2t}

A - (H#—G)-i—p(m, TC, [62—62]/?”a

AE= A+ - (1—1—7”0/7”(1)

(2.7)

A7NA, A FLABEMIn ) | E 2 9] 2el(mm/d)

A Z3tFESg-2E 54 71E7] de/dT (kPa/TC)
_, | =8 A} (net radiation) (MJm *d ')

G: AE=Hx (MIm 2d 1Y), p, @ 7195 (kg/m')

c, - 4 FHIAM WMd (MIm *d )

el o] zol A9 E3 535 7]HKkPa)

e, © =] zol| A9 FF7IH(KkPa), r, @ AT EAE(s/m)
v 55244 ( the psychrometric constant) (kPa/TC)

r, - 715 AR (E7IHTAY) (s/m)

a

Priestley—Taylor Method : Priestley®} Taylor(1972)%= A 3EHo] 53 2-$ At
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- (H_,-G) (2.8)

o714, A 718E M/kg) | Ey - AT 24 (mm/d)
et - AT A BTS2 49 71&7] de/dT(kPa/C)

DBV (M i)

Priestley-Taylor 2] 22 o]FxoAe] ZAlSdit A A849 4 9l
o omEbA, oy Ao o]Fde] Fagk whHax Ee AXRA oA =
Priestley-Taylor 21& AF&3to 24 A SEALte] vHA A4 Ed % Qo).
Hargreaves Method : Hargreaves ™2 California Davis A% 2] cool-season
Alta fescue HFel g 8d e HFA AREHEH FEHIAG
(Hargreaves, 1975). ©o]% 2 <o )X o] o]Fo] % 1(Hargreaves} Samani,
1982, 1985), SWATelA Al&¥ 3JHl= 1985 i H A chH(Hargreaves &,
1985).

— T )% (Taw+17.8) (2.9)

T mn

AE, =0.0023 « H, + (T,

A71A, A 7S E M /ke) | E, ¢ AL mm/d)
Hy : 188 BAE (M 2d ) |, T, @ 1% 2o Ha712(T)

T T3 o HA72(TC), T,, + Bd7](7C)

@ A A=A Actual evapotranspiration)

AT Eakol A EE AASEAo] ALtE T SWATO M= 4 295
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Fig. IMI-1. Site observation of the Gangjung and Akguen basin to be studied
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Table IMI-1. Baseflow discharge using ADCP

33 a4
S AR ADCP ADCP
(m3/sec) (m3/sec)

2011.07.08 - -
2011.07.22 1.025 1.2453
2011.08.06 1.304 1.3103
2011.08.19 1.309 1.4783
2011.09.02 1.104 15405
2011.09.16 1.115 1.3603
2011.09.30 1.188 1.1693
2011.10.14 - -
2011.10.28 0.864 0.7400
2011.11.11 0.828 0.7330
2011.11.25 - -
2011.12.09 0.661 0.7023
2011.12.23 0.599 0.5218
2012.01.06 0.519 0.614
2012.01.20 0.540 0.383
2012.02.03 0.455 0.324
2012.02.16 0.285 0.105
2012.03.02 0.354 0.226
2012.03.16 0.333 0.334
2012.03.31 0.388 0.385
2012.04.13 0.550 0.323
2012.04.27 0.819 0.827
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Fig. IV-1. DEM of basin to be studied
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44.24%, 10°0]42] A He] 2364%= wAHANL, T F99 HAAHRA A
5° o]ate] HEA 7} 235%, 5~10° A9 o] 50.5%, 10°0]%4e] A 9e] 26% = A4
= 9 tH(Fig. V-4, 5).
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Fig. IV-5. Slope analysis map of the Gangjung basin to be studied
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F Wako] 114% 02 ey Az or 18 BIE o] WS ual
AR F9e Wwggdel diste] EA% Ay fFYEdAHoR Fe Wako] 16.6%

W Wako] 128% 22 YERRttt (Fig. V-6, 7).
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Fig. IV-7. Slope direction analysis map of the Gangjung basin to be studied
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1.3 EXA| 3 &% (Landuse map)

EXu i I7EAddy 8- B A 2" (http:/www.wamis.go.kr) A&
e EXYEAEE o]&3lg). olf¥ EXyEAEE 20008 Landsat 949

Fg ol &3t IEEFE AR olH, wamisoll Al AlFE AP G aEH 9
2 arcinfo?] griddtd S shape o] Fe=Z WHIe Tt EXIHEE A85E
Arcview Z 2195 o] &3l FEIP o, FIEE AXA7]= 100mx100m
o7 dAste] R JHARE ARG

ot 99 EXIELHE AFEA 76.99%, A 16.89%, A 2.74%, T+

3.21% 71EF 017% o2 At e Ao 45 A th(Fig. M-8).

)
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SwatLandUseClass

[ FRSD
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[_|PINE
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[l URLD
] WETN

o 2 4 E Hilometers

Fig. IV-9. Land-cover map of Gangjung basin to be studied

14 EY%(Soil Type map)

E¥%(Soil Type Map) A5+ s H7sdolA Agstes sHEFHEA
2HI(ASIS) AlFshe 1:25000 A EYLEE EYEHE=E Fiste] dHAR=E
TEoATH ESE A shape HA= Holglom EX|o] &Lt wiriA R &

Ao BRE HA EANSARS 2 Yon APhAFI 7 s

F9HE EYE(Soiltype map) A5 E Arcview TR IS o] &3lo] =890
o, 982 AxA7]E 100mx100m o2 At mdo] JHPAFTE A3}
ATH.

oM Y9 EYES 5% 41.8%E HlEste AF%, 5HF, L8, 19
T AR BE EXE Holu utH(Table. -2, Fig. M-10).

Table IV-2. Rate and dimension by soil series at the basis of Akguen river

E4%T FE | AFT | FAF | 2% —_ A
H & 4185% | 1616% | 7.21% 6.56% | 28.22% | 100%
SCSE & A C C C - -
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SoilClass

[ ~ra
[ ]oonGGul
[ GAMSAN
[ cueom
[ GUNSAN
[ svoraE
[ HANRIM
[T HEUGAG
= oo

B Eau

[ [eosas
[ JocHEON
[ JunGEOM
B sunsmun

B s0NGAS
. [ Tosan
1 [ ] YONGGANG
[ YONGHEUNG
[ voNGsu
Q 2 4 6 Kilometers
! |

. Soil map of Akguen basin to be studied

AR F99 BEgEL FolEo] 3834% =2 AAEa o, FE =i -

’

2,09 B9 42 E¥E HOltH(Table. -3, Fig. M-11).

Table IV-3. Rate and dimension by soil series at the basis of Kangjung river

ESE Zots SEE =315 25 a9 Al
B & 38.34% 13.24% 12.81% 8.94% 26.67% 100%
SCSE %+ A C B B - -
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Table IV-4. Weather input data of the basin to be studied

Station d Input data
tation data BA A otz
Pa_pre.dbf Seo_P, Wekseorem_P, Hawon_P
Pa_climate.dbf Seo_C
Pa_hum.dbf Seo_H
Pa_solar.dbf Seo_S
Pa_wind.dbf Seo W

Table IV-5. Status of meteorological post of the basins to be studied
W32 A= A= AYDEm) | BSAAY
A E 33°15°'N 126°34'E 50.5 1961.1

MAEAD ATl AAZE AT E7]d = 1961 H-H
o, MFE7FHAN BS5H= 4
EF 91

_41_
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Table IV-6. Weather data by month of Jeju meteorological post

ga | BEE | ANE ARV | AEF | BASE | BdGE | 2D
() () () (mm) (m/s) (%) (hr)
01¢ 6.8 10.7 36 61 2.8 62.3 152.2
02¢ 7.8 116 44 771 3 62.1 152.6
03¢ | 106 144 7.1 131.2 32 62.4 174
04¢ | 148 185 113 1749 3 64.5 190.9
05¢ | 186 22 153 205.8 2.7 69.9 199
06¢ | 217 246 19.2 276.9 2.7 78.2 144.2
07€ | 256 28.3 235 309.8 2.7 84.1 142.1
08¢ | 271 30.1 246 291.6 3 79 184.2
09¢ | 239 274 211 196.6 3.3 725 176.1
104 | 193 234 159 81.6 3 63.9 207.1
1ng | 141 182 106 714 2.8 63.2 1705
124 9.3 132 59 45.1 2.8 62.2 161.8

MAE B=49 nde g Vdxg T Fur)e 2 HA7|2 e &
A Az AFdA7]7H2009.1.01~2011.1230)7H4] o Hu7) e 3H5CE LE
£ 39T Jewon, f¥xaE Fig. M-12 ¢ Zth

4500

— a3
—AHA

35.00

25.00

15.00

T/1/60
T/1/60
T/4/60
T/0T/60
T/1/0T
T/7/0T
/0T
T/0T/0T
T/
T/H/TT
T/
TOT/TT
e
/e

b
S

Fig. . Temperature data of Seogwi meteorological post
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2
AT T AR E ATl AAE AWS 2470 AR T il
i Fst= 3MAHSIALE, ste, AAE)Y ARE A&t tH(Table -7, 8).
T e WAL FAH F9ol 3824 kit olal ofI F& 2351 ki
W, o] Al el HaliA 20099 1€5H 20119 12€7b4] 2F A9a35
H ARE ol&sto] B AHEstAth. 4 Fel e REe A48Tt
z

_[Q'_
o 9w 7% A= (Table M-9, Fig. M-15) ¢ 2t

Table IV-7. The status of rainfall observatory at the basins to be studied

CX=] g7 7k Aop=2 A%
P e 2009.1~2012.04
- A S22 3 AT
ob1x 2009.1~2012.04

Table IV-8. Situation of meteorological postof the basins to be studied

A= elevation Xpr Ypr

S 110 149373.1602 —-26835.7872
SIMLE 1700 155691.5461 -14883.0038
M ZEA| 50.5000 159418.1010 -27676.0800

Table IV-9. Rainfall data by month of rainfall obsrvatory at the basin of
watershed(2009~2011)

A3 SIA Q= ot
14 40.07 107.50 4817
24 91.40 243.33 104.50
34 188.70 370.00 24417
44 218.80 504.50 253.83
54 112.90 529.00 179.00
64 454.83 965.17 467.50
74 255.17 1082.67 283.83
84 298.70 1327.00 394.00
9¢ 136.43 295.33 111.33
104 92.50 123.00 83.17
114 210.73 319.00 189.83
129 42.20 113.50 46.33
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IV-15. Precipitation by month and by precipitation observatory of Oaedo

river basin
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sk
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SWAT =39 wi7/f¥s(Table IV-1) SollA A&

tol, SWAT iz =

S

=

o

gk 2009)&
REVAP, REVAPMIN, GWQMN,

2008,

Fol AgE AT(A.

S

of o
b 2 Wi 475 (GW.

A
5

3%

=
=

)

ALPHA_BF

2, ESCO, CH_KZ,

]

A

} 5 tH(Table V-2).
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SOL_AWC
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bol Q1% ey
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Table V-1. Parameter in SWAT model

® F o 7] ¥ 5= A 3FeHX] | A& eHA]
Crop.dat USLE C |EAIEY mE &5 A5 0.001 05
SMFMX [6€21¥9¢ &3 &4 0 10
SMFMN [12€2199] g3 &4 0 10
SPCON  |EA}ols WA Ao A AT 0.0001| 0.01
Basin input SPEXP EAlo]% ubA Ao A o] A4 1 15
NPERCO |Z4F A& A4 0 1
PRERCO |14t HF AlS 10 175
PHOSKD |E49] A& F8sh= A4 100 200
SOL_LABP E¢ZFeAe 27] NO3 5= 0 100
_ SOL_ORGN |E%Z=o| Ao %7] Aslda H%| 0 10000
Chemical . - .
SOL_ORGP |E%ZFolAel =7] 4kl 5% 0 4000
SOL_NO3 |E¥ZddAe 7] NO3 5% 0 5
ALPHA_BF [71AF& &+ 25 0 1
A FrEFe] e ¢ gF
GWQMN 0 5000
Ground A FEF
water GW_REVAP |&2 452 REVAP A< 0.02 0.2
Tl et & dFe A
REVAPMN 0 500
TR
ESCO EGSH BAAAS 0 1
HRU General SLOPE |&f99 Hi ZAA= AF(%) [0.0001| 0.6
SLSUBBSN | AFe] Zo](m) 10 150
n g o] X AS
Soil TLAPS |2% W% A% 0 o0
SOL_AWC | E%% a2 % 0 1
CH_COV |3}xd9 I&H 84 -0.001 1
Main channel| CH_EROD |3} 9] I24 &4 -0.05 0.6
CH.K2 |stdolA e A= AT -0.01 | 150
BIOMIX |AE3sH% &3A 0 1
Management| USLE_P |USLE 4 @A+ 0.1 1
CN_2 AMC-TI ©I4¢] SCS =444 35 98
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Table V-2. Value for analyzing the sensitiveness of hydrological parameters

related to runoff
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g 5 oglom, w2 A5l U NAE G B5~-95% AA i 3

< Table V-3 3 Fig. V-1 o yebdl mie} #Zo] &2l & 5 St}

Table V-3. Rate of change of direct runoff according to the rate of

CN_2 of parameter at Akguen basins except for a river

nfj 7 ¥ = -50% -25% 0 25% 50%
WATER
-6.38 -3.34 0 3.63 1.56
YIELD
GWQ -28.13 -15.05 0 16.53 34.29
SURQ 95.74 9.22 0 -52.48 =79.43
: 1
£ 2
: =
E -100% -50% 0 50% 100%

Fig. V-1. Rate of change of direct runoff according to the rate of change

of CN_2 of parameter of Akguen basin of a river

-2).
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Table V-4. Rate of change of direct runoff according to the rate of

ESCO of parameter at Akguen basins except for a river

ujj 7] W 5= -50% —295% 0 25% 0%
WATER
0.63 -0.82 0 2.08 6.83
YIELD
GWQ 198.58 -14.18 0 34.75 380.14
SURQ 6.46 -0.65 0 2.38 7.53

SURQ

SENSITIVITY(%)
-
K
g

0 - —

-100% 7;9%'_-__-‘-_———' o 50% 100%

50 -

Fig. V-2. Rate of change of direct runoff according to the rate of change

of ESCO of parameter of Akguen basin of a river

SOL_AWC ¥13t% #AXoM = & &S 4~5%, A48 =32 2~4% A
EoWsEs e 3 @ 5 A A Aol te uusy
WE A 2ol 57~160%9] 2 WHE el AT S Utk v A

5)
THE A Hes vlal o oF 41~550%= SOL_AWC w7l 3k
of wj-¢ WxFek vkg-S YEWtH(Table V-5, Fig. V-3).
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50%
4.52
-41.14
-4.19

SURQ

—4&#— WATER YIELD

—a-cwa

25%
2.33
-35.46
-1.93

0
0

—29%
-1.66
0.89

parameter at Akguen basins except for a river
132.62

-50%
1.83

-3.79
5907.45

SOL_AWC of

parameter of Akguen basin of a river

-50%

-100%

of SOL_AWC of

V-5. Rate of change of direct runoff according to the rate of

600
500 1
400

ujj 7] W 5=
WATER
YIELD
GWQ
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[=] =]
a a
o] &

(%)ALINLLISNIS

100 1
-100 -

Fig. V-3. Rate of change of direct runoff according to the rate of change
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—
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CN_2 e stobd52 Astsel gat Wgn gho] A5gFgow Frhshe
Aes Holal JtH(Table V-6, Fig. V-4).
Table V-6. Rate of change of direct runoff according to the rate
of CN_2 of parameter at Kangjung basins except for a river
o 7] ¥ = -50% -25% 0 25% 50%
WATER
-5.59 -2.97 0 3.51 7.38
YIELD
GWQ 82.12 31.02 0 -30.90 -36.76
SURQ -30.49 -15.85 0 18.28 37.53
g 40 -
£
E 20
E I
—537!67 -25% 0 25% I 50%

Fig. V-4. Rate of change of direct runoff according to the rate of change

of CN_2 of parameter of Kangjung basin of a river

Bz BgASe ESCOOl Wate] Wiztm BAe A= ESCO Wae] A
SRRl 0~1 7H4 value @& A8F A 7ERE VFor FHEFH
ARFEFS 7% A=) Wgs dehln, Astafiadel s 140%~

160% 744 2 zbol7t YEhds &2l & 4 A H(Table V-7, Fig. V-5).
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Table V-7. Rate of change of direct runoff according to the rate of ESCO

of parameter at Kangjung basins except for a river

uj| 7] W 5= -50% —29% 0 25% 50%
WATER
6.75 -1.03 0 2.45 8.13
YIELD
GWQ 138.82 -15.61 0 49.10 168.38
SURQ 7.48 -0.81 0 2.18 3.76

+—SURQ

150

SENSITIVITY(%)

50 1

50 -

Fig. V-5. Rate of change of direct runoff according to the rate of change

of ESCO of parameter of Kangjung basin of a river
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Table V-8. Rate of change of direct runoff according to the rate of

parameter at Kangjung basins except for a river

SOL_AWC of

0%

6.31

-07.71

-6.05

25%

2.83

-38.47

-2.55

0

0

—295%

-1.81

87.65

1.24

-50%

-3.89

164.16

2.54

) 7] | 4=
WATER

YIELD

GWQ
SURQ

—#—WATER YIELD

—B-GwaQ

SURQ

50%

25%

-25%

-50%

200 -

150

=1
a
=

o
)

[%)ALINLISNES

-50

-100 -

Fig. V-6. Rate of change of direct runoff according to the rate of change

parameter of Kangjung basin of a river

of SOL_AWC of
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2} (Root Mean Square Error, RMSE)

Mo
=
Iz

\.—_mﬂo

(6.1)

2 (6.1)3 2.

(f)<
f=RMSE

A %ol tH(Wood, 1974).

o714, 0Q =

o
oF

ad

SQ; =

[©)

=z
- —

Nash ¢} Sutcliffe(1970) 7} A ¢tst =A% 7]

-

1

(ME)

o~
T

244 A9 (Model Efficent, ME)

=4 A

3

(¢}

) B
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g

KeX
=

tol moldu g

SOL_AWC +0.03

Table VI-1. Corrected parameter of the basin of Akguen river
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+after calibration
R(0.75), RMSE(0.13)

3+

Simulated Discharge (mm)

1 2 3
Observed Discharge (mm)

Fig. VI-1. Result of correcting the model of the basin of Akguen river
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Fig. VI-2. Result of runoff simulation of the basin of Akguen river
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Fig. VI-3. Result of runoff simulation of the basin of Kangjung river
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