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Conjunctive Use of SWAT and WASP Models
for the Water Quality Prediction in a Rural Watershed
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Abstract

Predictions of stream water quality require both estimation of pollutant loading from different sources and
simulation of water quality processes in the stream. Nonpoint source pollution models are often employed
for estimating pollutant loading in rural watersheds. In this study, a conjunctive application of SWAT model
and WASP model was made and evaluated for its applicability based on the simulation results. Runoff and
nutrient loading obtained from the SWAT model were used for generating input data for WASP model. The
results showed that the simulated runoff was in good agreement with the observed data and indicated
reasonable applicability. Loading for the water quality parameters predicted by WASP model also showed
a reasonable agreement with the observed data. It is expected that stream water quality could be predicted
by the coupled application of the two models, SWAT and WASP, in rural watersheds.
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Table 1 Effluent loads of various point sources by

subwatersheds (Unit : kg/day)
Domestic Livestock Industrial

BOD T-N T-P BOD T-N T-P BOD T-N T-P
WS#1 677 64 15 45 103 05 13 26 03
ws#2 101 15 03 00 060 00 02 03 00
WS#3 84 10 02 99 89 06 00 00 00
WS#4 M5 59 13 249 79 27 25 50 07
WS#5 170 18 04 60 129 07 00 00 00
WS#6 52 116 14 00 00 00 00 00 00
WS#7 40 05 01 23 103 02 00 00 00
WwS#8 309 35 08 09 41 01 402 804 107
WS#9 61 06 01 00 00 00 00 00 00
WS#10 239 25 06 109 461 09 00 00 00
WS#11 29 25 06 81 373 07 150 300 40
WS#12 192 18 04 455 1076 44 00 00 00
WS#13 136 13 03 173 922 17 00 00 00
Total 2875 409 80 1303 4036 125 592 1183 157
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Table 2 Observed monthly sediment loads

(Unit : kg/ha * month)
WS#1  WS#2 WS#4 WS#I11
Apr. 4.0 34 - 2.9
May 4.1 18 0.3 46
June 56 46 21.0 115
July 215 349 273 94.7
Aug. 324 878 1675 250.5
Sept. 39 41 8.3 85
Oct, 40 37 6.7 5.5
Nov. 19 0.3 14 1.3
Total 774 1426 2325 379.5
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Table 3 Values of groundwater related variables

Variable Cagglrséed Range*
GWHT 25 0~25 (m)
GWQ 10 0~1000 (mm)
ABF 1.0 00~10
SYLD 04 00~04
DELAY 400 0~500 (days)
REVAPC 0,02 00~10
RCJRGC 00 00~10
REVAPMN 100 0~500 (mm)

* Ranges suggested by SWAT Manual (Arnold et al, 1995)

Table 4 Comparison of observed and simulated water
yield and runoff ratio

Water yield ~ Runoff ratio
Rainfll ~ (mm) (%) -

(mm)  Obs, Sm Obs. Sim.

Data Data Data Data
WS#1 10325 10824 6 6 070
Calibration -y 49 %56 1658 % M 07

941 163%. ’ '
L W 878 8158 51 51 07
Ws#11 90 9%1 B 7 082

* . Correlation coefficient between observed and simulated
daily water yield
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12.0~49.9 mm¢] xo]& R}

A BAL AR (WS#1, WS#2, WS#4
9 WS#11) o9 FAMEEEES SWAT oA
Bodte] A&zae ¥y A fAE
A 1" dyidss FAE2AAAH0), HA
R FAAHPE) & o] &5} th(Table 5~6).
A2FE 7MY 24 {9 ARskEE B
A& 8|3 A= Table 7o) veRd wvis} 7
o H@7|ZHEQ WS#19 ZAgol: moAng
AZA7} 1.249 kg/hadl o)7b WL, WS#204
T U8 2792 ZAeRog 2o wgge] w2,
ol WS#27} thi¥E AHbx|Z Holglo] AL

=53 EE A A4d5E 23, 2003



7

jai

A

3

-2

2=
U

’-.%Aél L

:l

Table 5 Crop factors for different landuse

Landuse ca]lsfﬁfg?ieon After calibration
Forests 0.001 0.001
Paddy 0.00 0.00
Upland 0.03 0.01
Farmsteads 0.01 0.00

Table 6 Erosion control practice factor for different

landuse
Landuse eI After calibration
Forests 10 0.7
Paddy 0.2 02
Upland 1.0 0.7
Farmsteads 1.0 10

Table 7 Calibration result of observed and simulated

sediment loads (Unit © kg/ha - month)

WS#1 WS#2 WS#4  WS#I11

Obs. Sim. Obs. Sim. Obs, Sim. Obs. Sim.
Apr. 41 473 34 698 - - 29 25
May 42 28 18 186 03 01 46 0l
June 56 02 46 05 209 101 115 08
July 215 04 349 03 273 58 948 49
Aug. 324 28 878 181675 1492505 149
Sept. 39 200 41 210 83 281 85 252
Oct. 40 07 57 18 67 00 55 00
Nov. 19 20 03 21 14 00 13 00
Total 776 762 1446 1159 2324 59 3796 484
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Table 8 Calibration result of observed and simulated
pollutant loads at the outlet of WS#2

Type NOyN  T-N PO-P T-P
R 0.62 0.70 0.89 055
vl e ogt eAEA Rk AL AfY
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Table 9 Main reaction coefficients of WASP model

Range*  Calibrated
Cont. code (Mean) value
S 0.001~0.800
Nitrification rate (11} (0.387) 0.001
e 0.001~0.151
Denitrification rate (21) (0.041) 0,001
. 0.082~0.165
Deoxygenation rate (71) (0.124) 0.101
. 0.101~1.500
Reaeration rate (82) . (0603) 0.251
Mineralization rate of 0.001~0.031 00l
dissolved organic nitrogen (91) (0.017) '
Mineralization rate of 0.001 ~0.021 0001

dissolved organic phosphorus (100) (0012)
* Ranges suggested by WASP5 Manual (1994)
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Table 10 Calibration result of observed and simu-
lated pollutant loads at the outlet of WS4

Type BOD NOs-N T-N PO~P T-P
R 1.00 0.73 0.77 0.94 0.87
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Table 11 Application results of water yield and run-
off ratio at the outlet of Bok-ha watershed

. Water vield Runoff ratio
Rainfall (mm) (%) R*

(mm) o Sm. Obs. Sim.

931~ 930 9736 5579 5680 57 58 077
9741~ 930 10383 7268 7061 70 68 09
9841~1130 16361 10102 10281 57 58 084

*: Correlation coefficient between observed and simulated
daily water yield.
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Table 12 Application results of observed and simu-
lated pollutant loads at the outlets of Bok-
ha watershed

Type BOD NOyN T-N POsP T-P
R’ 097 062 073 087 074
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