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Abstract

The SWAT model developed by the USDA-Agricultural Research service for the prediction of rainfall run-
off, sediment, and chemical yields in a basin was applied to Jeju Island watershed to estimate the amount
of runoff. The research outcomes revealed that the estimated amount of runoff for the long term on 2 water-
sheds showed fairly good performance by the long-term daily runoff simulation. The watershed of Chunmi
river located the eastern region in Jeju Island, after calibrations of direct runoff data of 2 surveys, showed
the similar values to the existing watershed average runoff rate as 22% of average direct runoff rate for the
applied period. The watershed of Oaedo river located the northern region showed R* of 0.93, RMSE of 14.92
and ME of 0.70 as the result of calibrations by runoff data in the occurrence of 7 rainfalls.
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Fig. 1. Watershed for the study.
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Fig. 2. Flow chart of the study contents.
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Table 1. Weather input data for the study watershed

Input data

Station data

3 o] AL A GIS(Geographic Information System) Chunmi river Oa(.edo m:'r
N N % 0.010] Hala]0 Pa_pre.dbf Seo_P, Sung P & Jeju P &
Toold] GRASSS} At F&EFAA BHFA  "p, climatedbf  Seo C, Sung C Jeju C
9] L ARFFS & oy} o, dFH F Pa hum.dbf  Seo H, Sung H Jeju H
o frFErst £ANLE Y3 SWAT 58-S& 3 Pa_solar.dbf Seo_S, Sung S Jeju S
L3 wpr} Qoo Pa_wind.dbf Seo W, Sung W Jeju W
Table 2. Status of meteorological station of the study watershed
Observation . . Sea-level Observation
station Latitude Longitude elevation(m) beginning date
Jeju 33° 30 "N 126° 32 " E 20.0 1923. 5
Seogwipo 33° 15N 126° 34 " E 50.5 1961. 1
Sungsanpo 33° 23N 126° 53 ' E 18.6 1971. 5
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Table 3. Monthly weather data of Jeju meteorological station(1999.1.1~2007.9.30)

Average Lowest The maximum Rainfall Relative Sunshine Mean wind

temp.(C)  temp.(C) temp.('C) (mm) humidity (%) (hr) speed (m/s)
Jan 5.6 3 83 63 69.2 73.5 49
Feb 6 3.1 8.9 66.9 69.4 99.6 4.7
Mar 8.9 5.6 12.2 83.5 69.3 159.7 4.1
Apr 13.6 9.8 17.3 92.1 712 195.1 3.7
May 17.5 13.9 21.3 88.2 73.7 2179 32
Jun 21.2 18.2 24.7 189.8 80.1 174.6 3.1
Jul 25.7 23 28.8 232.3 81.6 203.4 3.2
Aug 26.5 23.8 29.5 258 79.8 205.2 32
Sep 22.7 19.7 25.6 188.2 75.8 168.8 32
Oct 17.8 14.5 21.1 78.9 70.7 180 35
Nov 12.6 9.4 15.8 71.2 69.3 129.2 4.1
Dec 8 5 10.9 44.8 68.9 91.9 4.6

Table 4. Monthly weather data of Seogwipo meteorological station(1999.1.1~2007.9.30)

Average Lowest The maximum Rainfall Relative Sunshine Mean wind

temp.(C) temp.(C) temp.(C) (mm) humidity (%) (hr) speed (m/s)
Jan 6.6 32 10.5 59.4 64.8 153.6 3
Feb 7.1 36 11 80.6 64.2 152.8 3.2
Mar 10.1 6.5 13.9 125.6 64.6 174.5 34
Apr 14.4 10.8 18 1722 67.8 185.5 3.2
May 18.1 14.8 215 2154 71.3 202.8 2.8
Jun 21.3 18.6 242 2793 80 146.9 2.7
Jul 25.3 233 279 306.3 85.1 1442 2.8
Aug 26.6 24.1 29.6 257.6 80.4 186.4 3.2
Sep 234 203 26.9 170.2 73.6 1779 33
Oct 18.8 15.3 229 72.7 66.8 199.8 3.2
Nov 13.7 10.1 17.8 68.4 65.6 1743 3.1
Dec 8.9 5.4 13.1 43.1 64.6 163 29
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Table 5. Monthly weather data of Sungsanpo meteorological station(1999.1.1~2007.9.30)
Average Lowest The maximum Rainfall Relative Sunshine Mean wind
temp.(C) temp.(C) temp.(C) (mm) humidity (%) (hr) speed (m/s)
Jan 5 1.4 85 78.2 69.4 1273 3.6
Feb 5.6 1.8 9.4 80.6 68.9 141.7 3.8
Mar 8.9 45 12.8 126.7 69.3 178 35
Apr 133 8.5 17.5 143.8 73.1 202.7 31
May 17.1 12.4 215 160.9 76.5 2257 2.7
Jun 20.7 17.1 24.3 2422 84.1 174.9 25
Jul 25.1 223 28.2 286.4 86.5 194.9 2.8
Aug 26.3 23.2 29.5 289.5 83.1 218.7 2.8
Sep 22.7 19.1 26.2 196.9 78.2 189.2 2.8
Oct 17.8 13.5 21.8 93.3 72.4 200 29
Nov 12.3 8 16.4 87.2 71.3 159.2 3.1
Dec 7.4 33 11.3 55.2 70.2 135.9 32
Table 6. Monthly rainfall data at the Oaedo watershed(1999.1.1~2007.9.30)
Hangpa Eoeum Aewol Chunback Eoseungsang Jeju
Jan 53.0 44.4 40.7 65.2 103.6 62.0
Feb 55.4 52.3 44.6 81.2 86.0 59.5
Mar 66.8 59.0 53.1 1229 106.9 67.8
Apr 64.6 67.7 69.6 242.6 144.4 65.5
May 1233 102.2 126.7 274.2 221.9 131.3
Jun 142.9 133.8 126.4 265.9 204.3 146.7
Jul 205.4 192.9 196.9 388.7 431.4 237.5
Aug 236.9 230.1 241.6 579.9 526.9 290.0
Sep 160.7 112.2 114.6 259.6 3327 219.1
Oct 55.3 39.9 40.2 106.4 110.9 64.1
Nov 55.0 51.1 43.0 90.5 95.6 70.5
Dec 53.4 43.1 39.9 69.2 90.0 63.7
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Table 7. Monthly rainfall data at the Chunmi watershed(1999.1.1~2007.9.30)

Gyorae Songdang Seongeup Pyonsun Sumang Namwon Seongpanak Gwaneomsa Sungsanpo Seogwipo

Jan 108.4 78.6 100.5 92.1 109.8 85.4 1313 112.0 88.7 74.4
Feb 903 68.6 73.0 71.5 72.6 75.3 109.1 88.9 59.3 64.8
Mar 156.1 103.1 123.1 1233 129.6 110.8 216.4 134.5 100.9 97.0
Apr 2448 144.2 184.9 152.1 238.5 176.8 3774 157.8 135.2 176.2
May 335.0 202.0 246.0 229.0 309.3 253.5 531.4 275.3 194.5 2425
Jun 2473 209.4 2145 185.7 2278 218.5 3744 217.5 2131 222.2
Jul  465.8 371.4 393.9 300.0 404.4 308.5 675.4 508.0 289.3 3226
Aug 5424 421.6 367.8 361.6 412.7 358.9 740.7 571.7 3594 341.3
Sep 3833 337.5 293.3 242.8 264.8 241.7 4873 405.8 242.1 180.3
Oct 126.6 115.9 119.5 115.3 119.5 76.0 192.8 121.8 108.4 92.4
Nov 1015 95.3 99.6 94.0 97.9 86.8 153.9 104.8 96.1 71.3
Dec 726 68.4 71.1 71.0 78.8 49.8 83.0 85.5 72.4 39.7
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Fig. 3. DEM of the study watershed.

Qaedo river Chunmi river

Fig. 4. Land-cover map of the study watershed.
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Table 8. Ground coverage state at the watershed to be studied

Oaedo river Chunmi river
Area(km?) Ratio(%) Area(km?) Ratio(%)
Paddy field 0.07 0.16 0.01 0.01
Grassland 4.71 10.58 11.14 8.73
field 731 16.42 25.4 19.9
Forest 31.52 70.77 86.86 68.05
City 0.92 2.07 424 3.32

Oaedo river

Chunmi river

Fig. 5. Soil map of the study watershed.
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Table 9. Rate and dimension by soil series at the study watershed

Chunmi river QOaedo river
Region Area(km®) Ratio(%) Region Area(km?) Ratio(%)
GUIWA 351 275 HEUGAG 12.33 27.69
MIAG 10.20 7.99 GUNSAN 2.80 6.28
GIMYEONG 1.56 1.22 RB 1.75 3.92
PYEONGDAE 34.65 27.15 TOSAN 2.01 4.51
JUNGEOM 3.36 2.63 NORO 1.79 4.01
GUEOM 0.65 0.51 NONGO 2.05 4.61
RB 4.19 3.28 JEOGAG 3.01 6.76
JEJU 6.39 5.01 SARA 0.55 1.24
JUNGMUN 0.40 0.31 DAEJEONG 0.14 0.31
IDO 0.32 0.25 YONGGANG 0.01 0.03
ORA 2.23 1.75 ORA 3.10 6.96
GEUMAG 0.37 0.29 AEWEOL 0.49 1.1
GYORAE 0.82 0.64 GUIWA 0.08 0.17
HAENGWEON 0.69 0.54, DONGGUI 1.23 2.77
EUIGUI 0.10 0.08 GUEOM 0.07 0.16
ARA 0.08 0.06 GANGIEONG 0.26 0.59
SONGAG 1.16 0.91 JUNGMUN 1.60 3.6
NAMWEON 8.39 6.57 HANRIM 1.46 3.28
NOGSAN 6.55 5.13 YONGHEUNG 1.03 2.32
PYOSEON 1.53 1.2 MUREUNG 0.29 0.64
SONGDANG 332 2.6 ARA 0.49 1.1
TOPYEONG 4.60 3.6 JEJU 1.39 3.12
WUIMI 0.70 0.55 IDO 0.01 0.03
GAMSAN 0.87 0.68 JUNGEOM 0.08 0.17
SINEOM 1.42 1.11 JEONGBANG 0.08 0.17
Rocky Land 0.15 0.12 UDO 0.70 1.57
DONGGUI 0.49 0.38 DONGHONG 0.05 0.12
HEUGAG 5.14 4.03 PYEONGDAE 2.50 5.61
NORO 13.91 10.9 HANGYEONG 3.05 6.84
JEOGAG 5.13 4.02 SONGDANG 0.03 0.06
HANRIM 0.20 0.16 MIAG 0.12 0.26
NONGO 3.06 24
BYEONGAG 0.06 0.05
TOSAN 1.11 0.87
GUNSAN 0.31 0.24
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15% 3= F FEF] S718e 23S B3
EFALPHA BF= F#& %l tatod whe& Bol
A gtirt &stgkel Hstde -16%38 =] & #&

A%55

&S Ho|1 d3gto g LS E 16%
AT F FEF) I/l 4% EAh ESCO,



AFx - thg SWAT 239 A& 1047

Table 10. Parameter in SWAT model®

Atheroma Parameter L()w;r U.p per
limit limit
Crop.dat USLE_C 0.001 05 Min value of USLE C factor applicable to the land
covet/plant.
SMFMX 0 10 Maxi‘mum melt rate for snow during year (occurs on summer
solstice).
SMEMN 0 10 Minimum n_lelt rate for snow during the year (occurs on
winter solstice).
Linear parameter for calculating the maximum amount of
SPCON 0.0001 0.01 sediment that can be reentrained during channel sediment
Watershed input routing.
SPEXP 1 15 Exponent parameter fqr calculating sediment reentrained in
channel sediment routing.
NPERCO 0 1 Nitrogen percolation coefficient.
PRERCO 10 17.5 Phosphorus percolation coefficient.
PHOSKD 100 200 Phosphorus soil partitioning coefficient.
SOL_LABP 0 100 Initial labile (soluble) P concentration in surface soil layer.
Chemical SOL_ORGN 0 10000  Initial organic N concentration in the soil layer .
emic
SOL_ORGP 0 4000  Initial organic P concentration in surface soil layer.
SOL_NO3 0 5 Initial NO3 concentration in the soil layer.
ALPHA BF 0 1 Baseflow alpha factor.
GWQMN 0 5000 Threshold depth of water in the shallow aquifer required for
return flow to occur.
Ground water
GW_REVAP 0.02 0.2 Groundwater "revap" coefficient.
REVAPMN 0 500 Threshold depth of water in the shallow aquifer for "revap”
to oceur.
ESCO 0 1 Soil evaporation compensation factor.
SLOPE 0.0001 0.6 Average slope steepness(%).
HRU General
SLSUBBSN 10 150 Average slope length(m).
n Manning's "n" value for overland flow.
Soil TLAPS 0 50 Temperature laps rate (?/km).
oi
SOL_AWC 0 1 Available water capacity of the soil layer.
CH_COvV -0.001 1 Channel cover factor.
. CH_EROD -0.05 0.6 Channel erodibility factor.
Main channel
CH K2 0.0 150 Effective hydraulic conductivity in main channel alluvium
- (mm/hr),
BIOMIX 0 1 Biological mixing efficiency.
Management USLE_P 0.1 1 USLE equation support practice (P) factor.
CN_2 35 98 SCS runoff curve number for moisture condition II.

GW_REVAP, REVAPMN & z}z} 5% u)uhe] uhg

< YeEHo
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Table 11. Values for Analyzing sensitiveness related runoff parameters

Parameter Lower limit -25(%) Standard price 25(%) Upper limit
ALPHA_BF 0 0.25 0.5 0.75 1
GWQMN 0 1250 2500 3750 5000
GW_REVAP 0.02 0.0515 0.101 0.1505 0.2
REVAPMN 0 125 250 375 500
ESCO 0 0.25 0.5 0.75 1
SMFMN 0 25 7.5 10
SMFMX 0 25 5 7.5 10
TRAPS 0 12.5 25 375 50
CH_CovV -0.001 0.24925 0.4995 0.74975 1
CH_EROD -0.05 0.1125 0.275 0.4375 0.6
CH K2 -0.01 37.4925 74.995 112.4975 150
CN2 35 51 67 83 98
SOL_AWC 0 0.25 0.5 0.75 1
200% —— CN2 ~-8-~SOL_AWC
*-ALPRABE e owamn
~——GW_REVAP ——REVAPMN CN2
grx oy ah.oov ChH-EROD
z e OIS -
g
3 100%
8
Z 0%
B
2 .
2 -100% -50% 50% 100%
5 Parametric variable change ratio(%)
-50%
-100%

Fig. 6. Change rate of direct runoff according to the changing rate of watershed parameter for dry stream.
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Fig. 7. Change rate of direct runoff according to the change rate of watershed parameter for the watershed river.
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Fig. 8. Change rate of total runoff according to the change rate of watershed parameter for the watershed river.

Table 12. Corrected parameter of the Chunmi watershed

Input file Parameter Definition Revision price Range
* mt N2 ngiéﬁﬁog curve number for moisture v 3598
*.sol SOL_AWC Available water capacity of the soil layer. 20.03 0~1
*.hru ESCO Soil evaporation compensation factor. A0.25 0~1
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Fig. 9. Result of simulated runoff for the Chunmi watershed.

Table 13. Yearly simulation results at the Chunmi watershed

Year Rainfall (mm) Direct runoff (mm) Year Rainfall (mm) Direct runoff (mm)
1999 3584.6 998.89 2003 3001.18 743.12
2000 1651.49 222.58 2004 3030.7 835.68
2001 2317.09 304.23 2005 1879.23 320.76
2002 2443 .89 513.89 2006 2568.09 576.45
422 2=  {F4H SOL_AWC +0.03, ESCO +0.45 A+3Fsled B A&t
AEH F9L 20073 25 HBAY F&%F A (Table 14). XY Az ﬁéﬁﬂl%e AHRMSE)=
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Table 14. Corrected parameter of the Oaedo watershed
Input file Parameter Definition Revision price Range
* mgt CN2 SCS.x.unoff curve number for moisture 76 3598
condition II.

*.sol SOL_AWC Available water capacity of the soil layer. A0.03 0~1

*.hru ESCO Soil evaporation compensation factor. £0.45 0~1

*gw ALPHA BF Baseflow alpha factor. v 0.028 0~1
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Fig. 11. Result of runoff simulation for the Oaedo watershed.
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