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The Application of the GWLF model for Rural Small Watershed

FAe-F38A" s gy
Hwang, Sye Woon - Jang, Taeil - Park, Seung Woo - Kang, Moon Seong

Abstract

This study reviews the applicability of the GWLF (Generalized Watershed Loading Function) model, which
is based on a loading function that requires only a relatively small amount of data, in a small agricultural
watershed. The hydrological data was collected from 1996 to 2004 for a study area based on the HP#6 upper
stream reservoir small watershed area. This data was then used to calibrate and verify the model. A
simulation based on the model yielded R> values of 0.47~0.89. This is considered to have high applicability
when compared to the simulation and the observed results, which yielded relatively high values of R? for
SS (Suspended Solid), TN (Total Nitrogen), and TP (Total Phosphorus) of 0.58, 0.47 and 0.62, respectively.
This study provides a useful approach for researchers selecting appropriate models to use the insufficient
measuring data for rural watersheds.

Keywords : GWLF model, Hydrology, Water quality, Agricultural basin
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Table 1 Calculation of annual pollutant loading for each sources
Unit generation load Annual pollutant load
Item Number
™ | TP ™ | TP
. (g/capita/day) (capita) (kg/year)
Population
B | 18 2,096 90946 | 1109
{(Unit) (g/head/day) (head) (kg/year)
. Milk cow 161.8 56.7 58 3,666 1,285
Live-stock -
Swine 2117 122 35 379 167
Poultry 11 04 1693 723 263
(Unit) (g/m’) (ea) (kg/year)
Manufacturing 40 42 7429 724
Industry -
Construction 50 3 176 18
Others 59.9 18 1,586 159
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Table 2 Curve number values for each land uses

- Table 4 Nutrient concentrations of drainage water

(AMCII) from paddy field
Lond use Hydrologic Soil Group (%) N Date
A B C D Item 2004 2005
Paddy 4.0 119 96 04 78 07.12] 08.12 | 08.26 | 06.30 | 07.21 | 08.31
Upland 04 19 15 01 83 TN 0221 027 | 030 | 0989 ) 0.781 | 0.887
Forests 220 20.5 3.7 038 67 TP ND | 003 | 008 | 0020 | ND | 0.067
Farmstead 37 94 9.3 0.7 75 SS ND | ND 4 223 17 190
Water 02 | 100 ND: Not detected

EA 0|52 olgalo] AT T Table
2t EX0l§ Mz 7 $E8H 5T e

AAH&3 AMCI ol gt CNghe APdsid 42
& ot}
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%, 2813 USLE %% 7H4 g 284

A% 94 A4 5 GWLF 28 ul7+4 (Haith et
al, 1992)9lA §49 A8 EXo 9= g
o} 431300 Table 3& & AT AL3
olg #g= Ad Aotk £F SA TS
sk 744 A% (groundwater recession coeff.,
/day) 8} & A4 (seepage coeff., /day)= BH
= &3 Agstel F4sigith

T8, GWLF 23X e EXo]Ld wj&Fo
et FA49 F99 FE2RE HEY Halek

E(MOE,, 1995; 2003)& #73F-ollA At
% P7Re AgAgeH, £ Wase A9
Table 45} 2ol N4 f Y=g HAs
200433} 20059 A HEHE AHE A3
9. 1 BT $EE $449} 057 mg/l, 39
0.05 mg/LE AEHYT

A
1
hy

Mo 32 2

al
x

N g% 9 13

1. 289 B

o HAE Ad AMFFeE Fste wisd
FE F48%on, BA7IZEE 1996WA 1999
A2 4979 #E ARE o] 8319 Fig. 9
$ Fig. 10& 23 A9 831 9lod RP&
0.47~0.91, RMSE(Root Mean Square Error)&
2.11~5.72, RMAE(Root Mean Absolute Error)

7
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=4
=2
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ARG HeE, A, 2 WE S F

= 0.04~0.44 F99) 22 BTk Table 5& &

Table 3 Input factors for calculation of evapotranspiration

Month
ltem Jan | Feb | Mar | Apr | May | June ! July | Aug | Sept | Oct | Nov | Dec
ET Cover coef, 030 | 030 | 030 | 095 | 09 | 100 | 1.00 | 1.00 | 1.00 [ 095 | 030 | 030
Day length (hrs) 98 | 106 | 118 | 130 | 140 | 144 | 142 | 134 | 122 | 111 | 101 95
Growing season - - - - 10 1.0 10 1.0 10 1.0 - -
Erosivity coef. 012 | 012} 012} 030 | 030 | 030 030§ 030 | 030 | 012 | 012 | 012
28 553 =83 #4874 3=, 2006
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g AZo] B2 200047 20013 A9 g 2002
Jold 2004d71A) 3dzbols, Fig. 113 Fig. 12
= A% 485 B9F 1 Utk Table 7& A&X)
g 2o ARE FAZE olgste] vw A A
o, 299 £2%3 429 R’: 0.81~
0.86, RMSEE 3.26~4.03, RMAEE 0.15~0.47

Table 5 Transport parameters

o . . Initial | Calibrated | Literature range
Parameter Description Unit | Variable valte value /comments
Sediment delivery Anqual sediment yield/annual None SDR 0.08 027 Site-dependent
ratio erosion
. Ground water N
Baseflow recession recession coefficient /day r 0.052 0.0461 0.01-0.2
Deep seepage P
Seepage coefficient (loss) /day S 0.000 0.0191 Calibration
Initial unsaturated available Only affects first
10S water capacity cm 1US 10 10 few month
Unsaturated available N
UAWC water capacity cm UAWC 10 1 Calibration
Initial saturated Only affects first
185 storage o 155 0 0 few months
Table 6 Simulated runoff for calibration period
Rainfall Obs, Runoff (mm) Runoff ratio
Year (mm) span | sim, . sim. R* |Bias| ¢ d
a b | (day) ) a b i b

1996 883 780 | 274 345 239 | 236

044 1031 [ 030 | 091 | 038 | 211 | 044

1997 1204 | 1204 | 348 788 672 | 653

065 | 056 | 054 | 087 | 037 | 330 { 0.20

1998 1621 955 | 273 564 886 | 429

059 | 055 | 045 | 067 | 053 | 368 | 033

1999 1515 | 1254 | 299 719 | 83 | 713

057 | 055 | 057 | 070 | 010 | 572 | 0.04

a: For total span  b: For observed span ¢! RMSE (mm/day) d: RMAE (mm/day)

Journal of the Korean Society of Agricultural Engineers, 48 (3), 2006. 5 29
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Table 7 Simulated runoff for verification period .

Rainfall Obs Runoff (mm) Runoff ratio
Year (mm) span sim. sim, R Bias c d
(day) | obs. obs,
a b a b a b

2002 | 1247 | 1191 | 298 | 657 | 563 | 510

055 | 047 | 043 | 086 | 032 | 403 | 015

2003 | 1515 | 1117 | 238 | 677 | 775 | 457

061 | 069 | 041 | 085 | 091 | 370 | 047

2004 | 1192 | 1155 | 312 | 731 | 591 | 478

065 | 051 | 041 | 081 | 070 | 326 | 038

a: For total span b For observed span
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(Nash and Sutcliffe, 1970), 28z ZAAAF
RHY 547 24L& 589 29 Hrlo] 2t
(Kang, 2002; Kang and Park, 2003; Kang et
al., 2006). RB= RS8R 9} &S] Aol 253
92} (systematic error)E& YERH, RMSES}
RMAEE A%3 2atet &8 LAHrandom error)

30

¢: RMSE (mm/day)
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I A%k RS 2yY 29 FEE #ZEd|
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F QA FYE ool dArhH(Maidment, 1993).
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o] g3 4 RE AN AE7]|ZH(1996~
2004) 9 A&As s} o3 4 HalFg vlms}
Atk Zze] g R2E AT A} FAFS
0.40~0.98, TN 0.50~0.94, 781 TP: 0.59~
0.972 Jelod, £3 A4xE A A87)%
AAo] 3t 0.6 o] *a s Fe e
t}. Table 83 Table 9% & A4 GWLF 2
ol 1. 4R g AFE Jepd FolH, 739
AEEE vlualy] Yzl Y el dis SWAT
23 (Kang, 2002) % HSPF 28 (Kim, 2004)&
AL A7 A fEFE ool g 294
% A%E Aystel 239 a &S vwsigirt vl
o A%, f%9 A% R®2 GWLF 20| 0.67~
0.91, SWAT %280} 0.87~0.93, HSPF Z3&
0.84~0.92, $AF%Y A% R GWLF 2¥o
0.40~0.98, SWAT 2&o] 0.77~0.89, HSPF &
H& 0.58~0.68, TNY Z$ R?2 GWLF 2&o)
0.50~0.94, SWAT &} 0.84~0.85, HSPF &
& 0.43~0.81, 283 TP A% R%& GWLF
2o} 0.59~0.97, SWAT %.3o] 0.81~0.85,
HSPF 282 0.70~0.762 Jelgt)y. 289 &
& Brka) g8 AHE 28AF ElE 34
st A&7 dxshE 1.0019, 1 gol 03 1.0
Afolel] gloW FAXE AMEste Aol A&
P olgshe ARt 22 ARE dS F 90

Table 8 Runoff simulation comparison with established research

Runoff Runoff R? RMSE RMAE EI
Year Rainfall{ _(mm) ratio (mm/day) (mm/day)
(mm) Obs. { Sim. | Obs. { Sim. This | Kang | Kim | This | Kang | Kim | This | Kang | Kim | This | Kang | Kim
- : - - 1study {(2002) [ (2004) | study | (2002) | (2004) | study | (2002) | (2004) | study [ (2002) | (2004)
19961 780 | 345|236 | 044 [ 0.30| 091 211 0.44 0.69
0.93 | 092 229 | 210 040 | 040 093) -
1997 | 1,204 | 788 | 653 | 065 {054 | 0.87 330 0.20 0.65
19981 955 | 564 | 429 {059 |045] 067 | - - 1368 - - 1033 - - (051} - -
1999 | 1,254 | 719 | 713 [ 057 {0571 0.70 | 087 | 084 | 572} 621 | 6.03 | 0.04 | 051 | 049 | 066 | 0087 | -
2002¢ 1,191 1657 |5101055)043)086| - - 1403 - - 1015 - - 068 | - -
2003 | 1,117 [ 677 1657 | 0610591085 | - - 1370 - - | 047 | - - 066 - -
2004 | 1,155 | 731 | 678 {065[059{ 081 - - 1326 - - ]038] - - 1061 - -
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Table 9 Sediment, TN and TP simulation comparison with established research

. R El
Year oo o This | Ka Kim | This | Kan Kim
(ke/ha/year) | (ke/ha/yean)| g o | 008) | (2000) | study | (2000 | (2004)
1996 109.96 110.34 0.95
0.77 068 0.70 -
1997 365.89 24358 0.66 023
1998 188.19 305.40 0.40 - - - -
Sediment | 1999 441.24 26797 0.9 0.89 058 089 -
2002 385.50 23416 098 - - - -
2003 40338 215.92 050 - - 0.84 - -
2004 31355 15745 083 - - - -
1996 2057 21.30 053
084 081 0.73 -
1997 4021 29.84 0.60
1998 29.24 37.00 0.76 - - 038 - -
TN 1999 33.77 39.11 0.90 085 043 0.89 -
2002 32.32 32.94 0.94 - - - -
2003 36.70 31.25 0.77 - - 0.48 - -
2004 50.28 20,88 050 - - - -
1996 1.02 122 0.94
081 0.70 042 -
1997 217 2.36 059
1998 161 2.70 0.66 - - 046 - -
TP 1999 191 283 0.97 0.85 0.76 0.19 -
2002 1.78 233 0.94 - - - -
2003 209 222 0.90 - - 065 | - -
2004 271 152 0.87 - - - -
o, AAE ElF 0 2o} 2ol 2o 24 A AR BAAE 71E AF A vusi s
7} ymAY AZ 257t 98430 9 Y o) 2590 g GWLF 289 A4 7FeAe 2
o 2 A3 A3, 239 ElE #%¢] 0.51~0.69, HAFEW Qo] ¥& Af93 22 1] AZXG §
FAEERO] 0.23~0.84, 282 FUYAFY ALE 9 A dFo] &3 RoF ekttt
0.38~0.652 YEltos, SWAT 289 ZAL:= g5 E d7E GWLF ﬁé«] E*a‘g 13}
&0 0.87~0.93, fAFZFe] 0.70~0.89, JU4 FE AR 2 Ao B Aol FELEES
9 ALE 0.19~0.892 YERYTH GWLF 23 FY02N UEFFAS %ﬂ T°r 5483 3
9 A% §2& 9ugE 2oy} Hi g, 9ok FAolg U HHAY7Y HE o §9 FAR3
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3. GWLF 23¢& A&30 ¥4 749 344
& AA Rog e @ysgd 45XE vud 2
7, R¥7} fAIEE 0.40~0.98, TN 0.50~0.94,
TPE 0.59~0.972 Yehod, ol #4 29y}
L2 o|RAXEZ 27t BA Yrhe AR
S 138 f £ FEre} wuHy, 2y &
SAFE 0] 0.51~0.69, FAHF] 0.23~0.84,
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