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Water Quality Prediction at Mandae Watershed using SWAT
and Water Quality Improvement with Vegetated Filter Strip
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ABSTRACT

Mandae watershed in Gangwon province has been known as one of soil erosion hot spot watersheds within Hanggang basin. Thus
numerous efforts have been made to reduce soil erosion and pollutant loads into receiving watershed. However, proper best
management practices have not been suggested because no monitoring flow and water quality data were available. Thus, modeling
technique could not be utilized to evaluate water quality issue properly at Mandae watershed to develop and implement the best
management practices. In this study, the SWAT model was applied to the Mandae watershed, Gangwon province to evaluate the
SWAT prediction ability and water quality improvement with vegetated filter strip (VFS) in this study. The Nash-Sutcliffe model
efficiency (NSE) and Coefficient of determination (Rz) values for flow simulation were 0.715 and 0.802, respectively, and the NSE
and R* values were 0.903 and 0.920 for T-P simulation indicating the SWAT can be used to simulate flow and T-P with acceptable
accuracies. The SWAT model, calibrated for flow and T-P, was used to evaluate water quality improvement with the VFS in
agricultural fields. It was found that approximately 56.19 % of T-P could be reduced with vegetated filter strip of 5 m at the edge
of agricultural fields within the watershed (34.86 % reduction with VFS of 1m, 48.29 % with VFS of 3 m). As shown in this
study, the T-P, which plays key roles in eutrophication in the waterbodies, can be reduced with proper installation of the VFS.
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Fig. 2 Input and output data of SWAT model
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Fig. 3 Monthly precipitation at 11 weather stations
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Table 1 Various cropping at Mandae watershed, 2009
Landuse Pumpkin Cabbage Corn Orchard Pepper Potato Rice Radish Bean
2009 (AGRR) (CABG) (CORN) (ORCD) (PEPR) (POTA) (RICE) (SGBT) (SOYB)
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(a) Crop map in 2009

(b) Crop management information

Fig. 4 Crop map and management information used in SWAT runs
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Table 2 The parameters used in calibration
File Parameter Description Range Calibrated value
IRU® LAT_TTIME | Lateral flow travel time. 0.0 ~ 180.0 1
' SLSOIL Slope length for lateral subsurface flow. 0.0 ~ 0.6 0.6
ALPHA BF | Baseflow alpha factor. 0.0~ 1.0 0.2
.GW GWQNMN Threshold depth of water in the shallow aquifer required for return flow to occur. 0.0 ~ 5000.0 20
GWSOLP Concentration of soluble phosphorus in groundwater contribution to streamflow from subbasin. 0.0 ~ 1000.0 0.1
Chm SOL_LABP Initial labile (soluble) P concentration in surface soil layer. 0.0 ~ 100.0 50
' SOL_ORGP Initial organic P concentration in surface soil layer. 0.0 ~ 4000.0 400
* HRU; Hydrologic Response Unit
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Evaluation Poor Fair Good
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Very good
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2 Mgt 4 _RICE_An

Management Data:
Generic HRU
Load Scenario I Save Scenario
General Parameters:
Initial Land Cover Status
[Rice k3|
LAIINIT 000  BIO_INIT 000 pyy_pLT 0.00
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T P
BIO_MIN 000 IFLTERw | 5000 IN2 73.00
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Urban I ' mgation |

& Schedule by Date

TileDrain |
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€ Schedule by Heat Units
Year Operation Crop Month Day

Add Year I

1 Férlrﬁzel application January 5 A |
1 Tillage March 1

1 lmigation March 1

1 Plant/begin. growing season RICE ~ May 20 Delete Operation I
1
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j Edit Operation |
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Fig, 7 Width of edge—of-field vegetated filter strip in SWAT
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at the Mandae watershed

2.0 1 ] . 0
35 | | | B Precipitation 50
~-Simulated
3.0 ® Observed 100
3
< 25 150 E
5 R2 =0.920 z
E 20 NSE=0.903 200 =
& =
> . a
- 15 250
- ®
a
1.0 300
05 350
» m)
0.0 400
07/01/09  07/22/00  08/12/09  09/02/09  09/23/09  10/14/09

Date
Fig, 9. Comparison of the estimated and the measured T-P
at the Mandae watershed

Fasotel=ad A153dE AL, 2011



oA - A - AEH - BUN - RAH . 4RS- A71 - A

o =

Fig. 81} Fig. 904 Hol= vie} Zo] 5 % T-p 24 ZAY A3 Al T-P7F oF 48.29 % APEen &5 m %
Z3} Ramanarayanan et al. (1997)%} Donigian and Love A Az Al T-P7F ¢F 56.19 % AZECH
(2003)7F AAISE 7] 2% wrES gish Ay} ygkon,

ol W A4 sjotel Solo] oje) T3 SWAT @Hol V. 28 & 2#
AAFHARS & molsls Zog Al g},
£ A7) Ayl Holi viel Zo| SWAT 2Fg ol 2 Arlie A wUAHel Hobd EAjolgat itk
srof opr st wel Oodow SIS 9 Z ek} 1], 3 uRAkg o o]zs—}oq ZYOA] 228 9T} Bk B} A
ALE Hes] HrR 4 S Ao wekEnh Zkek o 3ot tH‘d o] thsto] SWAT 23 284
%7} @ zan% o] 43} ML AaNe molalyrt 1
o 7t ALIZIOY T-p X7t 52 Az} A= S| qo}o:] SWAT %3 HAZAT} NSE=0.715,

R?=0.802% Uehgon, T-P AZ29} dZ25 HAs}o
2 AtolA= s3A E}OW 2 AU 25 A83to] 5 A 2_ o ST
Aol OFk TP AAELE SWAT BRS olgse] B} B8k A3 NSE=0.903, £?=0.9202 ul$ &£ 284

u
© o 5t 72F = 52 feXe:! Jaafs Z

loieh moplziel 20009 7%&&] 109 = 7t v 57 Heoh Tk 7F A Alye| o vlded Aai=
of

Ol H‘l'

m AT Az Al AT Az o Hlom T- P7} 34.86 %,

oo gi3lo] Fig. 1004 Kol ule} zo] At A& A} "
2 Ao 2GS HeskS o g Eo oo w0 m S8 GA A TP 4829 %, m 24T A
o zjo|7} Q= Aow HAE I} A Al T-P7} 56.19 % 7astgc). 2 oq;L a4 qw =3}o] of
= T A Eie | AT N ‘

G Bl ' e 30.62 %) 5B ixgq} q T OHOJEE T ool it SWAT 2de] 28 7HsAe
SAT E 1,3, 5 mo 2AY AL T T-po| ALFELL gRIgk 4= glom, ljé ZAE o] &3lo] Rojoks) ¢o] B
A = 1, 3, S A 2 7 2 g u|A= T-po] AZANES 3ol & &

Table 404 ¥ol= el Zo] & 1 m 5—’%‘1311 AR A 5’%‘

o A3 Aol Hlste] T-P7} oF 34.86 % ARHGL E 3 m T & AT AIE SN WEE vgedd A

ul

S skl o3t 7xARR E8E 4 qloge &
Table 4 Effects of vegetative filter strip on T-P trapping e
efficiency A FolAe] HHedd AE fRh B At 7‘]53
Scenarios w/o VES w/VFS1m | w/VFS3m | w/VFS5Hm a1 glom B gjdisoe] AAEHL ek ol g & =
T-P (mg/l) 1.03 0.67 053 045 s A4 WAske HAedYge A7 & Qe
T-P (kg/day) | 37656 245.28 194.71 164.98 shbe] Hpow nHFedy A7 2 Zal Qe Aow
Reduction (%) 34.86 4829 56.19 Z1qEa Qe e o]#3t AW A ENE Hrlsly] 9
4.00 l - - 0
3.50 50
3.00 - 100
E
2.50 150 E
= §
oo =
£ 200 00 £
o =
= g
1.50 250 a

07012009 07042009 07052009 07132009 07182009 07252009 08012009 08112009 08232009 08272009 09122009 09282009 10082009

B W/o VFS H W/ VFS 1m B W/ VFS 3m E W/ VFS 5m H Precipitation

Fig, 10 Effects of vegetative filter strip on T-P trapping efficiency
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