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Abstract

Long-Term Hydrologic Impact Assessment (L-THIA) was modified to improve runoff and pollutant load prediction for
Korean watersheds with changes in land use classification and event mean concentration produced from observed data in
Korea. The L-THIA model was linked with SCE-UA, which is one of the global optimization techniques, to automatically
calibrate direct runoff. Modified L-THIA model was applied to Gumho River Basins to analyze spatial distribution of nonpoint
source pollution. The results of model calibration during 1991~2000 and validation during 1981~1990 for direct runoff
represented high model efficiency of 0.76 for calibration and 0.86 for validation. As a results of spatial analysis of nonpoint
source pollution, the BOD was mainly loaded from urban area but SS, TN, and TP from agricultural area which is mainly
located along the stream. Modified L-THIA model improve its accuracy with minimum imput data and application efforts.
From this study, we can find out the L-THIA model is very useful tool to predict direct runoff and pollutant loads from the

watershed and spatial analysis of nonpoint source pollution.
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Table 1. Land use of Gumho river basin

Urban (km?) Agriculture (km?) Forest (km?) Others (km?)

Gumho A 29.94 (3.22%) 199.10 (2L.44%) 656.68 (70.73%) 42.83 (4.61%)
Gumho B 33.87 (7.67%) 156.02 (35.34%) 22056 (49.96%) 31.02 (7.03%)
Gumho C 114.90 (15.90%) 10145 (14.04%) 451.00 (62.42%) 55.22 (7.64%)
Tota 178.71 (8.54%) 45657 (21.82%) 132833 (63.48%) 120,07 (6.16%)
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Fig. 2. (a) Overview of the L-THIA GIS system (Lim et a., 2006), (b) L-THIA AreView GIS system.
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Table 2. The ranges of CN parameter recommended by NRCS

Hydrologic soil group
A B C D
o Min. 68 79 86 89
Residential area
Max. 90 93 95 96
. Min. 80 87 91 93
Other urban area
Max. 95 96 97 98
) Min. 61 70 77 80
Paddy field
Max. 72 81 88 91
Min. 51 67 76 80
Upland
Max. 77 86 91 94
" Min. 51 67 76 80
Other crops area
Max. 7 86 91 94
. Min. 30 55 70 7
Deciduous forest
Max. 57 73 82 86
. Min. 30 55 70 77
Coniferous forest
Max. 57 73 82 86
Min. 30 55 70 77
Mixed forest :
Max. 57 73 82 86
Min. 30 58 71 78
Pasture
Max. 68 79 86 89
Min. 39 61 74 80
Open space
Max. 68 79 86 89

" Other urban area includes industrial, commercial, leisure, transporta-

tion, and public building

" Other crops area includes greenhouse, orchard, and other crop.

" Pasture includes pasture, golf course, and other grass.

" Open space includes inland and costal wetland, mining area, and
other barren.

*
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(b) Hydrologic soil group
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Fig. 5. Flow chart of L-THIA application.
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Table 3. Land use code and description for L-THIA application

REolstA o= ARE AHEEIA Fig. 62 #3%
9 EXNE FZEFI ARFES $FF L-THARZDY
A& ge Uehia it

32 REE 4 - Ed ZAq
27 98 dde=zZstod FA 209 5$H1981~2000
) € Zlﬁ%% o g L-THIARRS A - 53 A3

£ Fig. Table 59 2t} BEAZAF =X A
Zx)9 ﬁzwhg} Nash-Sutcliffe(NS) &< 2+ 0.79, 0.76
olglon, APAFRE 247 090, 0.86°.2 UETH
Donigian(2003)2 49 d&X < ASX 9 ZAAEA S
of Mgt ndgge IS gER9 dHEE FTHI}
o] AAStETHTable 6). L 7]&d] wWaW 2 T4 <
B A= £8(good), AFATE WS F3(very good)
o2 ASAWt 2058 AR 1ot $A vsteH, A

Origina L-THIA Modified L-THIA
Land use code Land use description Land use Code Land use description
710 Fresh water
1000 Water
720 Seawater
2000 Commercial 130 Commercial
210 Paddy
220 Upland
3000 Agricultural 230 Greenhouse
240 Orchard
250 Other crop
4000 HD residential o
—— 110 Residential
5000 LD residential
410 Pasture
6000 Grass/Pasture 420 Golf course
430 Other grass
310 Deciduous forest
7000 Forest 320 Coniferous forest
330 Mixed forest
8000 Industrial 120 Industrial
140 Leisure
150 Transportation
160 Public building
Not available 510 Inland wetland
520 Costal wetland
610 Mining area
620 Other barren
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Table 4. EMC from document for L-THIA application in Korea (unit: mg/L)

Code BOD Ss T-N T-P Code BOD Ss T-N T-P

1107 53.00 150.20 11.42 1.62 3107 2.70 12.40 0.68 0.03
120" 13.34 43.25 4,01 031 3207 2.90 4,60 0.23 0.07
130" 68.54 151.71 11.29 1.69 330° 111 18.28 3.37 0.04
140" 14.00 60.50 1.26 0.28 410" 0.50 1.00 0.70 0.01
150" 54.81 146.05 507 058 4209 9.00 6.50 1.29 133
1607 10.15 198.28 4.19 0.63 430" 050 1.00 0.70 0.01
210" 8.39 19.46 3.93 0.28 510° 4.00 6.00 1.38 0.08
2209 19.21 231.30 2.21 0.82 5207 4.00 6.00 1.38 0.08
2307 460 78.75 2.70 4.00 610° 6.66 63.39 153 0.21
2407 355 4478 478 0.59 620° 150 11.10 1.25 0.05
250” 4.24 282.50 458 0.42 710, 720 0.00 0.00 0.00 0.00

1) National institute of environmental research (2006)

2) Han river water supply management committee (2007)

3) Nack-Dong river water supply management committee (2007)

4) Young-San river and Sum-Jin river water supply management committee (2007)
5) Ministry of environment (1995)

6) International erosion control association (2002)

7) Baird and jennings (1996)

8) US EPA (2001)
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Table 5. Statistical analysis for calibrated and validated mon-
thly surface runoff

Calibration Validation
Determine coefficient (R 0.79 0.90
Nash-Sutcliff coefficient (NS) 0.76 0.86

Table 6. Determine coefficient vaue ranges for model perfor-

mance
Poor Fair Good Very good
Daily flows <0.60 | 0.60~0.70 | 0.70~0.80 >0.80
Monthly flows | <0.65 | 0.65~0.75 | 0.75~0.85 >0.85

Table 7. Optimized CN parameter by L-THIA linked with

SCE-UA
Hydrologic soil group
A B C D
Residential area 88 92 94 95
Other urban area 93 95 96 97
Paddy field 55 86 82 85
Upland 69 83 90 94
Other crops area 69 83 90 93
Deciduous forest 38 60 69 74
Coniferous forest 45 71 82 89
Mixed forest 42 66 76 83
Pasture 53 74 85 90
Open space 49 66 75 79
<33.6 AMC |
Dormant season 33.6~40.2 AMC I
Sy 40.2< AMC i1
rainfall
(mm) . <41.0 AMC |
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Table 8. Average CN value and yearly Runoff a Gumho-
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Table 9. Nonpoint source load from Gumho-River Basin
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