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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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B7HE AchAlold, 2008; §%7 5, 2007; FAE 5, 2006;
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Table 1. Land use of Gumho river basin
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Fig. 1. Location of Gumho river basin.

Urban (km®) Agriculture (km®) Forest (km®) Others (km®)

Gumho A 29.94 (3.22%) 199.10 (21.44%) 656.68 (70.73%) 42.83 (4.61%)
Gumho B 33.87 (7.67%) 156.02 (35.34%) 220.56 (49.96%) 31.02 (7.03%)
Gumho C 114.90 (15.90%) 101.45 (14.04%) 451,09 (62.42%) 55.22 (7.64%)
Total 178.71 (8.54%) 456.57 (21.82%) 1328.33 (63.48%) 129.07 (6.16%)

FESHN =mSHIX| M25A HM2s, 2009



A% exjus ZEF M22 9/ LTHA D9 $55} SCEUAAXR| ol3 2529 vHey Bxujo} 313

22. P BM Wl

2.2.1. L-THIA (Long-Term Hydrologic Impact Assessment)
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Fig. 2. (a) Overview of the L-THIA GIS system (Lim et al, 2006), (b) L-THIA AreView GIS system.
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Fig. 3. Flow chart of SCE-UA algorithm(Dual et al., 1992).
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9d AE/EZ AERFE $sd SCE-UAS dAE
L-THIARE S 48+ #&F ¥ Fs2 448 9% GIS
71¥te] L-THIAREHE FE39 FHEAdh EXFGEES
EdlFEE GISE ol &3std FHAIA CNgteg 2ddtes
Hl, NRCSo|A FHsl= EXo]§¥ CNge SAEA Y
A5 Exo)8d EQFEd CNgo HHE 443t
% tHTable 2). NRCSIA EFHA @2 EXIH] disf
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(a) Landuse
Fig. 4. Gumho river basin.
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Table 2. The ranges of CN parameter recommended by NRCS

Hydrologic soil group
A B C D
Residential area M. i L . 8
Max. 90 93 95 96
. Min. 80 87 9] 93
Other urban area 3
Max. 95 96 97 98
Min. 61 70 77 80
Paddy field
Max. 72 81 g8 91
Min. 51 67 76 80
Upland =
Max. 717 86 91 94
Other crops area’ i, o o1 L] 50
B Max. | 77 | 8 | 91 | 9
‘ Min. 30 55 70 77
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
Pasture™ Min. 30 58 71 78
asture
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.

tt. o EMC FHEAde EEY FPE AHEIE=S s
o FA 103d(1991~2000)F<He] ¥ AFE{FEE s
o SCE-UAZ|¥ 23l CNIARE FAsete AFoR
BAsgon, BAE CNAAZS I9 = AFE&te] 1981~
1990 F<te] 9 AxFEZ datd AF& LA
o #2F 3 - RZAFLE FEF #9H A= 2
1R §&F FEAF FoA 71F sl EAss A
AdE dgaden, 3572 #9 7H22 F¥ 279

(b) Hydrologic soil group
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Fig. 5. Flow chart of L-THIA application.
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gozn AFUFAG i FHAA EETGS A4
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3 21 ¥ ¥
31, AR EXISERM e LTHAZE &3

FAFANN AFse EXADE FEF HES 984
L-THIA 2d¢ EAE BF 237] §5& 4= HEE

Table 3. Land use code and description for L-THIA application

F JIEE FPsaen, EXNERIE £ 835 FEF
29 YA P2 L-THIARYD FHES ¢ HEE9
EXFEQEF 2 AU AA AZHTable 3). 3
ZA}o] 93 Exo]€¥ BOD, SS, TN, TP tig EMC+
Table 49} 2t} 2 A3} il 438 AT 7|9
o2 9L BS =AANYY AE FAAAH FAA4,
AEAGNAM, FIAGNME BoA, A AME SZZ
A AdHez ¥ EMCE Yepiiid z3u &4,
718k 2, 718t YA dsixdEe AR BFELE U
o REo|sHA 9T ARE AMESA Fig. 62 3%
o EXgE FEFA AFIES 3T L-THIARD
&334 & Yepl L 3l

32 RER 4 - EE &1

237 f9& qgezso #A 20d F¢H1981~2000
d) 99 AF45F0] U3 L-THIARDS] 4 - 23 2%
L Fig. 75 Fig. 8, Table 59 2t} RPZAH X9 4
z3z)o] AAA 49 Nash-Sutcliffe(NS) z+2 z+2+ 0.79, 0.76
olglen, AAARE= Z7 0.90, 0.862 2 ettt

Donigian(2003)& #&39 cZx9 AZX 9 ZAZAF
o el RdFEgs] FEE JER9} ERIE FE
o] AAstATTable 6). 1 71Fe] W2H £ AF|A 9
BAADE F8(good), ABZAFH= vlj$ F3(very good)
o2 AZAH) o8 RFAT B A Usken, 3 -

Original 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 10 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 S8 T-N T-P Code BOD SS T-N T-P
110" 53.00 150.20 11.42 1.62 3107 2.70 12.40 0.68 0.03
120" 13.34 43.25 4.01 031 320" 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 5.07 0.58 420” 9.00 6.50 1.29 1.33
160” 10.15 198.28 4.19 0.63 430" 0.50 1.00 0.70 0.01
210" 8.39 19.46 3.93 0.28 5107 4.00 6.00 1.38 0.08
2207 19.21 231.30 221 0.82 520" 4.00 6.00 1.38 0.08
2307 4.60 78.75 270 4.00 610" 6.66 63.39 153 0.21
240" 3.55 44.78 478 0.59 620" 1.50 11.10 1.25 0.05
250” 4,24 282.50 4.58 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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Fig. 6. (a) Land use and (b) soil for L-THIA application
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Fig. 7. Calibration (a) and validation (b) results for monthly surface runoff.
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Fig. 8. Scatter plots of calibrated (a) validated (b) monthly surface runoff.

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 value 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 >(.85

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

SCE-UA
Hydrologic soil group
A B G 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 11
sy 40.2< AMC 111
rainfall <410 AMC 1
(mm)
Growing season 41.0~63.3 AMC I
63.3> AMC 1

BAAT 2% AvFoz ndRoPITE FE oFeR
Ul #AEFE CN QAfES 3574 79 Hxd +
e Aoz Yt

SCE-UA7I¥d| 93l HAsle CNgt2 Table 73 Zth
TA1Z 9 ) CNgke& NRCSOIA FHsE ¥ oA = 4]

aA ¥ &g Yehio v=x9 E/‘W‘—‘Ml Hl3 553
AAugo] AHo2 £ AL ¢ F Ak EF =AY

3} @A e CNgrollx Apol7} EHL Aoz yepgrt $2
Uzte 2o EXo] &4 E AL e AEAF
AgE FR5EH A5, £aY2 TESA A Es
E Aol §&F A3 2 FHd Zez gddnt

33. 257 /Y92 /&% U H|H2¢Fst 3UHe
=M g1
L-THIA =g ola] HH3E CNEE o] &ste GISY)
uke] L-THIAZD 9 98] A4E CNg#t dF+d /&
g 204 2¥E9 FFWS 47 Fig. 99 Table 83
Zrh. AA oo U@ BF ONgE 75.572 Yebsh o
B#F CNgtEo ¥2 @8 Jel e 2 58A, 5
3B §9°o2 Z7 77.50, 78.859 & UM 7+F
e 2L 3B $9o2 eyt F3C 7§99 3+
B CNFRT 3 70362 ZAMHAT =& A4 49
9 A4 208 Y A AP HEF LS 19241
mmZ Yebgod, 2B §90A M 2 ARRETE
(219.24 mm)2 Jehfilon oz FTA F9o] 18042
mme FFFEFL YAk 3C 199 BF I3
F&F0] 17757 mm2 7}Hg 32 AY{FEES UER
. §3A 92 Jgo] gL FES AAsA eH
(Table 1) 3tHe F40= g9 ¥ CONgk s A&
o2 JelgthFig. 9). 3B f9& 53A7 g2 ¥
B2 A o ANl AAA wigrt 2FF
A o] thFig. 3). Wetr, FEB 9 AA AN =
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Table 8. Average CN value and yearly Runoff at Gumbho-

River Basin
AR Yearly runoff | Yearly rainfall
(mm) (mm)
Gumho A 77.50 180.42 1028.85
Gumho B 78.85 219.24 1083.10
Gumho C 70.36 177.57 1083.10
Total 75.57 192.41 1065.02

3C f90] 39.68 kg/haZ 71g ¥ ¥3&€ Eola 9l
. F3B f99 ZAfole 27.39 kghaZH FIA £99
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o] ¥2 A& ¢ #71 AUtk SS BAAG FIFE A
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oA 150.80 kg/ha2 714 B R5FS Yepli, 23
C f9o] 138.86 kg/ha, F5A FYo] 92.85 kg/hao] 3}
Zo] BHAEA e RS ¢ T Ak GFEZY TN, T-P
o] &9 AAG v|FePFsFE AWEE TN F ¢ 7
3C §90] 7.83 kgha2 9 BHG ¥FLFGFF]
714 &4 Jeds F35B F9% 7.06 kghat2 F3ZA
493 ¥4 NFLFREFE e Uk F3A &
o] A9 374 kgha2H @9 @HG HHLFFIHTFS
714 Ak T-PY AS= SHAZ F F5F°] 085
kghaz2# ©] & F3C 4904 1.10 kghaZ2 7}g £&
2age Jeri 3, 3B §90] 1.02 kgha, F3A
F9L 057 kg/haz 7+ F& F5tFE YeEi i

Fig. 102 L-THIA 249 93] 4Zd #A 26d S¢<
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Fig. 9. Spatial distribution of CN value (a) and 26year average yearly surface runoff (b) in Gumho-River Basin.
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Fig. 10. Satial distribution of nonpoint source pollution at Gumho-River.
Table 9. Nonpoint source load from Gumho-River Basin
BOD (kg/ha) SS (kg/ha) T-N (kg/ha) T-P (kg/ha)
Gumho A 15.80 92.85 3.74 0.57
Gumho B 27.39 150.80 7.06 1.02
Gumho C 39.68 138.86 7.83 1.10
Total 26.49 120.97 5.85 0.85
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