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Abstract

The purpose of this study was to evaluate effects of spatio-temporal changes in land uses and rainfall magnitude using the Soil
and Water Assessment Tool (SWAT). Prior of application of the model to real-world problem, the model should be calibrated
and validated properly. In most modeling approaches, the validation process is done assuming no significant changes
occurring at the study watershed between calibration and validation periods, which is not proper assumption for agricultural
watersheds. If simulated results obtained with calibrated parameters match observed data with higher accuracy for validation
period, this does not always mean the simulated result represents rainfall-runoff, pollutant generation and transport mechanism
for validation period because temporal and spatial variables and rainfall magnitude are often not the same. In this study SWAT
was applied to Mandae study watershed in Korea to evaluate effects of spatio-tem poral changes in landuses using 2009 and
2010 crop data for each field at the watershed. The Nash-Sutcliffe model efficiency (NSE) values for calibration and validation
with either 2009 or 2010 was evaluated and the NSE value for calibration with 2009 and calibration with 2010 were compared.
It was found that if there is substantial change in land use and rainfall, model calibration period should be determined to reflect
those changes. Through these approaches, inherent limitation of the SWAT, which does not consider changes in land uses over
the simulation period, was investigated. Also, Effects of changes in rainfall magnitude during calibration process were analyzed.
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Soyanggang-dam Watershed, Kangwon

Fig. 1. Location of the Mandae watershed. Gangwon province,
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Fig. 2. Crop map in 2009 (TERRECO, 2010).

Table 1. Various cropping at Mandae watershed, 2009, 2010
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Fig. 3. Crop map in 2010 (TERRECO, 2010).

findiine Pumpkin Cabbage Corn Orchard Pepper Potato Rice Radish Bean
(AGRR) (CABG) (CORN) (ORCD) (PEPR) (POTA) (RICE) (SGBT) (SOYB)
2009
4]
Area (%) 1.73 237 0.80 1.43 0.30 3.74 14.15 3.53 247
2010
Area (%) 2.80 1.48 0.28 244 0.01 3.33 13.17 2.10 2.77

Cabbage, Comn, Orchard, Pepper, Potato, Rice, Radisho,
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Fig. 4. Major soil types.
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Fig. 5. DEM.
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Fig. 6. Overview of the SWAT ArcView GIS Patchll (Kim et al., 2009b).
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Table 2. The parameters used in calibration

File Parameter Description Range Default value
HRU LAT TTIME | Lateral flow travel time. 0.0~ 180.0 0
’ SLSOIL Slope length for lateral subsurface flow. 0.0~ 0.6 0
ALPHA BF | Baseflow alpha factor. 0.0~1.0 0.048
GW Threshold depth of water
AWIQMN In the shallow aquifer required for return flow to occur. Ocb--St0AY 0
SPCON Linear pa:.ameter flor calculating l!w maxlml.!m amount of sediment that can 0.0001 ~ 0.01 0.000]
BSN be reentrained during channel sediment routing.
SPEXP Expf}nent parameter for calculating sediment reentrained in channel sediment 1-2 1
routing.
Table 3. Criteria for evaluating model performance (Donigian and Love, 2003)
Evaluation Poor Fair Good Very good
NSE for daily simulation <0.6 0.60 ~ 0.70 0.70 ~ 0.80 =0.80
NSE for monthly simulation <0).65 0.65 ~0.75 0.75 ~ 0.85 >0.85
n e — 2 ATNME @Y EXOEEE thdte] AT ALE
NSE=1-Y,(0,—P)* /(X (0—0)? )
i i=1

i=1

d714 O+ 7 %A 438 @olx, P& 2ddA
A€ 7 298 29 golvl, 0 & ZE F9A 23
8] Bolth. NSE9Q ghol 1o 7M7eFs rde o%X
7} AEZAE & 55 Ag 9o

Ramanarayanan et al. (1997)2 R* 7} 0.5 o]4to]i NSE
7} 04 o]dold mgo] AAALL & B9 = Aoz
A ¢+5kel 2.8, Donigian and Love (2003)2 A 104 o] 4
o] mde] HEAS} AT ABE uigoR gukAl ®
dEgo Wels A8 FHE Table 33 Zo] A|A5)

26. AT AlLE|=2

EXo|&x9 Wyt Bge] A VA= dFE 4
53, SWAT 239 e FAHT 719 23 739
AL AFs7] flste] £ AFolA = Table 49 #o]
4712 Ay 2.8 AHgsTh

Scenariol & 200932l Exjolg&xe} 20099 7|HAEE
ol g% 20099 dF o 7|ES BE HH7|ZHo|th
Scenario2= Scenariol ¥ #2 BF WS} 20099 EA|0]
€5, 20108 71EAEE o] &3 71ES FA7IDN AP
FH}. Scenario32 201092 EXol&£x9 20108 714A
BE o]&3% 20109 o]F Foz 7]E9 B EH
t}. E§ Scenariod= Scenario3?] EF Wk 2009 €]
Exolgxet 20109 7|4AERE ol & 201099 <AF
#og EXo|8E9 Al-F7HE wisyl @9 Zje] b
AE dEFL EA57] A4 Agsdth

Table 4. Scenarios simulated in this study

Landuse 2009

Landuse 2010

Weather 2009 Scenariol >—<
Weather 2010 Scenar?ﬂ Scenario3
Scenariod

slRE etz sts|x| M9 H3E, 2013

st EAIHE AAE7] 98l Scenario29} Scenario3 9] §%
9 +4 RIZAMNE Ha BASHE £33 7)1F9 B33
ol && A7te| thsle] Scenariol, Scenario2, Scenario3
9 #rg 4 52 29 AFE o)L, Scenario3 ¥
Scenario4®] Z3}-g ol &35l EX|o|§xe] Al-F7HA wis}
7t B89 A nAE 9FE B

. 24 A 1#

3. /Y U RAIY 2H-H4Y &1

3.1.1. 20008 /EE FAHRF E8(Scenariol)

NI oz AFE 4% §5%F 4 FAF A8E ol &
ste] SWAT 289 848 Hregoh 20099 7946
109707 ST st EFnoA AN A §&5E 9
FAREO diste] BAFSAC. 2 A {FF] disiy
NSE =0.700, R*=0.768 & YelgthFig. 7). #&% 273
T FAEY 9 Fe HFUg ol gdla] fALE A&
9 o] Z3E A5 1 A3 NSE=0.658, R?= 0.669
2 9528$ A7 UsithFig. 8).

Scenariold] 23 23 §&% 9 fAF EF o=
wtEAee Ayt Ueh 2717 U] SWAT E2do] A4
ddE # 2odhes AoE Yehgtt

312 20108 FE2 X FAHF H3(Scenario2)

20099 75% 9 A B A1gE WSS ol &3}
o 20109 1€9%H 89714 7 S¢H EInoNA =
A AF FE2F 9 FAFR distd AAQstdcck 3 2
3} F&Fo] dthala] NSE=0.545, R*=0.884% vebytc}
(Fig. 9).

Y A3 F 27N AHEE fAHEe 9%E F
£ WFNE o|fstd FAIF AFA Y AFAE A6
t} 2 A3} NSE=-7.621, R*=0.682 2 vj-¢ Ag2d 4
#7F Y8ekFig. 10).
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Calibration Flow in year 2009, using Landuse2009
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& .
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| 300
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Data
Fig. 7. Comparison of the estimated and the measured flow at the Mandae watershed.
Calibration Sediment in year 2009, using Landuse2009
S,000 wye—=— - ' - - _l Ul | DSt i L Lo L B Lo = a
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Fig. 8. Com

StreamFlow (CMS)

parison of the estimated and the measured sediment at the Mandae watershed.

Validation Flow in year 2010, using Landuse2009

00

B |"rf——'—'rr el —l"‘r—r'r'rr" B3 ¢
" - I AL |
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160 - — —_
wSimulated  NSE = 0,545 o
140 —— - — — — ———
4 Observed R? = 0.884
120 — = —— | 150
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Fig. 9. Comparison of the estimated and the measured flow at the Mandae watershed.
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Validation Sediment in year 2010, using Landuse02009
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Fig. 10. Comparison of the estimated and the measured sediment at the Mandae watershed.

313 20108 /EZ U FARF 2E(Scenariod)
Scenario3+> Scenario2¢} PFEZEAIR 20109 B o)A of
Al gk, Scenario2”} Scenariol 9F Z2 Ex|o]-&1£(2009)9} X
’3;#% o] &3k W Scenario3: Fig. 113 2o] 2010
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Fig. 11. Scenarios simulated in this study.
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Fig. 12. Comparison of the estimated and the measured flow at the Mandae watershed.
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Calibration Sediment in year 2010, using Landuse02010
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Fig. 13. Comparison of the estimated and the measured sediment at the Mandae watershed.

Table 5. The parameters used in Scenario 1, 2, 3
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Fig. 14. Comparison of the measured precipitation in 2009 and 2010.
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