Journal of Korean Society on Water Environment, Vol. 28, No. 2, pp.247-254 (2012)

AT 3 RE - TE AZE 0|88 SWAT ASEF ZE M ¥ HE FI}
28 - BRI - ZEA - AR 25T - HE0 - AFA
Zeicietn X|dziaZem)
BREAE T

“SplEnse $USTHTI
pisoinisiel

Enhancement and Application of SWAT Auto-Calibration using Korean Ministry
of Environment 8-Day Interval Flow/Water Quality data

Hyunwoo Kang - Jichul Ryu * Hyungsik Kang' - Jaewan Choi - Jongpil Moon™  * Joongdae Choi + Kyoung Jae Lim'

Department of Regional Infrastructures Engineering, Kangwon National University
"Korea Environment Institute
" National Institute of Environmental Research
™ National Academy of Agricultural Science
(Received 15 November 2011, Revised 12 January 2012, Accepted 12 January 2012)

Abstract

Soil and Water Assessment Tool (SWAT) model has been widely used in estimation of flow and water quality at various
watersheds worldwide, and it has an auto-calibration tool that could calibrate the flow and water quality data automatically
from thousands of simulations. However, only continuous measured day flow/water quality data could be used in the current
SWAT auto-calibration tool. Therefore, 8-day interval flow and water quality data measured nationwide by Korean Ministry
of Environment (MOE) could not be used in SWAT auto-calibration even though long-term flow and water quality data in the
Korean Total Maximum Daily Load (TMDL) watersheds available. In this study, current SWAT auto-calibration was
modified to calibrate flow and water quality using 8-day interval flow and water quality data. As a result of this study, the
Nash and Sutcliffe Efficiency (NSE) values for flow estimation using auto-calibration are 0.77 (calibration period) and 0.68
(validation period), and NSE value for water quality (T-P load) estimation (using the 8-day interval water quality data) is 0.80.
The enhanced SWAT auto-calibration could be used in the estimation of continuous flow and water quality data at the outlet of
TMDL watersheds and ungaged point of watersheds. In the next study, the enhanced SWAT auto-calibration will be integrated
with Web based Load Duration Curve (LDC) system, and it could be suggested as methods of appraisal of TMDL in South
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Korea.
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g =% dgsy] 0@y Wi 29 9@ WHLED
MEsde A8sFFHlE A AKBAE 5,
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HSPF (Hydrological Simulation Program in Fortran; Bicknell
et al., 2001), ANSWERS (Beasley et al., 1980), CREAMS
(Frere et al.,, 1980), AGNPS (Young et al., 1987) 59 t}
Fe 2] A F AIEY AHH fon, HZ SWAT
(Soil and Water Assessment Tool; Arnold et al, 1998) X
o A& Adel thd AF7F Sl Lol &d3] o] F
AL 9)tHAkhavan et al., 2010; Jang et al., 2011; Jung
et al, 2011; Ryu et al, 2011). SWAT 2382 Geographic
Information System (GIS)E 7]& QUHIFo|AZ i glo
H WP ZE7 /S A7) e AHERI A 2=
T3e 59 EFE AR F e FHl A 9
st 22 SWAT 239 FH8Y 9 4% FFEe sty
B2 A3 oJFoAL AT, FF F 52 dF) A
o] B2 EF4AHME 7ML A7) "l wids 2F &
% 289 23 9 33 HPL =2¥9 FE4Y vE e
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48 ui¢ a5 AT 2P 2 33 AL FE F
Zheg o|Folxy] de, B UAFH} AL Loz
st B30l 9lth(Jang et al, 2011). SWAT ¥ ¢
4 3 B9 7HGE Jst9 apfdEsE A5 ¥
SAA EEE HFS:  A-EH7E(Auto-calibration; Van
Griensven et al., 2002) 7]5°] §A4=0] =dH, 2 Haiy
7 52 FHELY die B2 S/ 29y #4E 9
o] A AREE AL 91tHGupta et al., 1999; Van Griensven et
al.,, 2002; Van Griensven and Bauwens, 2003).

A St FAd = A4S, AdHF F9 W
2387185 244 d3td #FHALY, A=
A8t o2 2 -HF &Pl F7tst E 2F o] M
25 871€€ EFsHAE M #ddHe 2¥9E3Y
F8| 3718t f99 F2E o2 L] EFHAG
ole] FRNE FHdA ME=HEe LHEZDY WEET
o] 3 8FFoISE AL A Fdo] FE E F Y
=5 FALHITFHIANEE =t AA 99 790
L3 AthBASE, 2004). BAFANNE FALEES
T 1293 wE FRAFTFRE ZFEFAAA
i 4 -FEFXALE AAE e ol 3% +32-
% 239 A2"(http://water.nier.go k) (FAFFZH T
Al&", 201014 AlFSHL 9. £3-/4F F3T A&
dolie 22935584 99 /99 Y 14 %
2 42 E(BOD, Total Nitrogen, Total Phosphorus )&
AFska e FZFe A2 FE 2 FF A5 27}
7Hs skt

TA-fF 3T AN AFse ddE 49 &
Z 3 FAAEE SWAT AsE39 AFARR A5t
g BP0 #8d0E 33 A 9 +F € +4 54
S mofstn g §F 9 FAARRE AFsEd 2 89
g Zolgt #ddth E9t ols 84 4 #F 4 72 A
BE7F Yeid F v 48 EAFE Bdsied A2 F
AE Aol AAZAY. AT A SWAT AFEFL &

Monitoring
Station of daily flow

0 48

Fig. 1. Location of Hongcheon-gang watershed.
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16

T 9 FAAFRFY 949 4, €, d=d 43A8E
gag 7] g, #23% 834 3 4% 2 £2AARE
SWAT AE5RAd A 282 ALEsl7]d B EAF 0
ek,

kA 2 A9 EF2 1) SWAT W+ Source codeE
T334 84 73 4 ¥4 AEE o8 AFEF] 7
s S=EE ¥ S MAsE AT 2) AAE SWAT AR
e AA 94 A L3 ol FrHge] Ak

2. Ay

21. SFHAXS

2 479 dTFHAAG L FeE FATF AT A
Z YR 7 FEY /Yol &, FAF SR
5 147 2R9ez BREcKFig 1). E37F 99 9
HAL 1,566.06 km’, FABFEA 39.3%, FYEFILE
366.51 m, F2AF-2 106.1 kmols] B ZFFS 1387.1
mmo|THEZ T, 2009). EX|o]&-E& ok 82.52%, A 6.22%,
B 4.27%, WA 2.15%2 I FHAGe] dFES A
AGTHEA K, 2009).

2.2. SWAT 282| 7H2 X Xz

SWAT EZ2 vl 554 Y A74(United States
Department of Agricultural Research Service, USDA ARS)
A 7Add §9 2¥er {§99 AE, Z+F EA|
€, EF 4Hd & F§ 2 74, sUAFERY AF
o tg 548 2357 f84 7les A h(Neitsch et al.,
2005a, 2005b).

SWAT 289 YPAEE F99 AYPELE 2L A&
F2) E1 2P (Digital Elevation Model: DEM), @713
NZABFTE, Ad 2 A 2%, F5, 42F, JdF
=), ITHHLE 2Xde EAolE AE A E(Landuse)st
ESFE4(Soil) AE7F B astHAmold, 1992; Amold et al,
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Fig. 2. Digital Elevation Model of study watershed.
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Fig. 3. Land uses of study watershed.

Fig. 4. Soil of study watershed.

1998). & A7M+= FHAZ Y 1:5000 FAALE o] &35t
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#2409 714 9 ZAFAEQ2006~20090)2 A&
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Table 1. Soil legend

Silty clay loam Loam

Silt loam

Loamy coarse sand Sandy loam soil

AsD2, AsE2, DaF, GpB,
GpC, Gq, Gt, Gy, HYB,
HYC, MdF, MoB, MoC,
MoD, MVF2, NkB, NoD2,
PgB, PgC, PxB, SgE2,

ArB, ArC, ArD,
HiB, KcB, SfC, SqC,
SqD, SqE, YjB, YjC
SNE2, SNF2, SRE2, SRF2,

SsC, WIE, YcB, YcC,

YdB, YxB

BeB, BeC, CaE2, CaF2, CGB,
CGC, CiB, CiC, CmE2, CmF2,
CmF3, CvF2, DbF2, DF, DpF2,
Dq, DyB, GZ, HbF2, HdC, HEB,
HEC, Hr, JiB, JiC, OnE2, OsE, EgB
SgF2, SbD, SbE, ScB, ScC, | Ng, PuB, RC, RCS, RO, SE, SfB,
SgD2, SmE2, SmF2, SC, StD,

StE, SuB, SuC, SV, WoB, WoC,

YaC2, YbD2, YbD3

Je, Jd, INC, IND, JoB,

JoC, JoD, JxB, JxC, Ny,

0aE2, 0aF2, OdF, SgC2,
SKC, SKD, SND2,

2.3. SWAT XtsEdE 0|88t RE 23

SWAT 2ol F99 3 2 4 viAdsE AF
o2 BAY 4 9= A5 HH(Auto-calibration; Van Grien-
sven et al, 2002)715°] A= Uk £ AFAE 8
A 3 £2 ARE o1& £2 BF FAQ Ad 7129
SWAT AE5RE 7]5E o839 37 #9499 &%
METE FF39% € 49 AZE FIEALEAET
FEAZHQ01D)ANAN AFst FEHFFANAM B s
NE FE29] 2008~2009'A9] ABE AMESAL o) F A
FRA ol gsHh. =& 20108 1€9~2011d 599 &
3 A8E A8 39 53 oiAdEsE A S

SWAT AgEZoz vi/jdis+E 38 o, 236 ALE
HE UFE ASA d92 AYg @ 5 qled, 2 A7
Me #83% #8€E 279 wAds F OUPE £4
(Sensitive Analysis)2 3l 28 49 12719 o7
£ AEEFo] o] &3¢ HTable 2). SWAT AFEHS B
5 A A o4 =Y A4 §do A9 wpisE
F@sted. 4 ddnig mpdSE Asoz WEsa,
A FE WEA 7] WY (Variation Method)oll = 3714
7b Atk A WA B2 ‘Replace by value’2 ZF gAte}
o ohds & FolR ¥ HdA I3 uiHFE 33
o]aL, ‘Add to value’s “i7EFS 7]& ghell FojA ¥
W2 slzee dqgsts wdelm, wAT Multply by

value's Wi7RES9] 71 ghe] Folxl ¥ewnEd v &S
F¢ A F¢ @&E 712 @l Jhgshs et SWAT
AsEPo] AHEE 7+ vi7iE <] Variation Method 2
%)(Lower Bound, Upper Bound)t Table 201 BAIH¢] Sloh

24. SWAT XIS2d 282 M W HE

SWAT A5E3 S 4 #3 2 32 B3 A, 949 4
5 4 ARE €4= Ik AT YUY BS A%
9 7F 24545 B FY0A AdLE F UAAT,
T4 AR89 B FERFSETALEQ011)AA AFs
£ 84 73 4 AR 9ot B2 #9049 2713
A& ARE @771 o3& d@olth. wetA 2 AFelA
= 8¢ 114 3 A82% AFHAHo] 753 ES SWAT
239 ¥ Source coded FAFSHt MAE AsrAFY
g A, 2L 99 92 FFAFA™ #3DH)Y 9%
4 72 ARE o839 F99 7F pAdFE F3
ddem 1 olFd] HE SWAT AEEFE o] &5}
T4 s E RS AFRF AHgE £AAE
v FAFEZFAGAN2E02011)04 AFshe EHA AF
9] 2008~2009d9 8¢ I+ FU(Total Phosphorus: T-P)
A5 T2 AHe 4 AR A4E 4 F5F A8
o, 9 FaF AL 4 ()F} 2ok aFAE¢ £
A AAdAM $£2 A5E 874 FAHYoH, 4 4T #=

Table 2. Twelve parameters used in auto-calibration for flow estimation

Rank of
Parameter Description Variation method Lower bound | Upper bound | sensitive
analysis
ALPHA BF Baseflow alpha factor Replace by value 0 1 1
BLAI Maximum potential leaf area index Replace by value 0 1 8
CANMX Maximum canopy storage Replace by value 0 10 i
CH K2 Effective hydraulic condl.!ctivity in main channel Replace by value 0 150 3
alluvium
CH_N2 Mannings’ “n” value for the main channel Replace by value 0 1
CN2 SCS runoff curve number for moisture condition II | Multiply by value (%) -25 25
GW_DELAY Groundwater delay Add to value -10 10 11
GWQMN Threshold depth of water in the shallow Add to value 0 2500 12
SLOPE Increase the lateral flow Multiply by value (%) -25 25 10
SOL_AWC Available water capacity of the soil layer Multiply by value (%) -25 25
SOL K Saturated hydraulic conductivity (mm/hr) Multiply by value (%) -25 25
SURLAG Surface runoff lag time Replace by value 0 10

R ESatEas(A| H28A H2E, 2012
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(Station of daily flow)
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Hongcheon A
(Station of water quality)

Fig. 5. Monitoring station of daily flow and 8-day interval
water quality data.

Table 3. Location of monitoring station

Monitoring station Longitude Latitude
ke & 127-35-27 37-43-22
(Station of water quality)
Seomyeon
(Station of daily flow) 127:40:13 34137

ARAE #325)F% HA AHY A& Fig. 5, Table 3
g 2o EF £33 AR AHSE 117 wiAEse
Variation Method ¥ *¢l(Lower Bound, Upper Bound):
Table 49} Zt}.

Load (kg/day) = Flow (m’/sec) x WQD (mg/L) x 86.4 (1)
WQS : Water Quality data

3 23t 3 u&

3. 7E XISEd d#3

£ A7ANE SWAT AFEEE o859 SWAT 28
0% R #FE 3 -BF sA% AYE FF49 2008~
20099 2d §%¢9 43 € £FE ABE ARSI,
Foll 97 12709 wiAdsE AFRE A4 =@
20109 1€-2011d 5€ 713H9] 4 % AR 39 o
Mg AFsdch

A58 A3 H3F o7 H<(Best parameters):= Table 5
o} 2o FHA ujfEszE BAY 4 $FL BA77H
NSE (Nash and Sutcliffe efficiency; Nash and Sutcliffe, 1970)
7} 0.77, 38713l 0682 Yeh} R-RAF 7T BFE F
2 H844g Bol:= 2R YetiFig. 6). Donigan and
Love (2003)¢] Aol @29, o #3F vlu9) Z$ NSE
7} 0.6 ©]°|d Fair stta Bted], £ A7 A5RE
2 AF FAAE o) HEATE ALE YEtiTable 6).

3.2. JHME SWAT XISEE & 0|88t TP BH
2 d7odMEe 835 84U 1F £AAEE SWAT A%

Table 4. Eleven parameters used in auto-calibration for water quality estimation

Parameter Description Variation method Lower bound | Upper bound
NPERCO Nitrogen percolation coefficient Replace by value 0 1
PHOSKD Phosphorus soil partitioning coefficient Replace by value 100 200
PPERCO Phosphorus percolation coefficient Replace by value 10 18
SOL_LABP Initial labile P concentration [mg/kg] Replace by value 0 |
SOL_NO3 Initial NO3concentration[mg/kg] Replace by value 0 5
SOL_ORGN Initial organic N concentration [mg/kg] Replace by value 0 1
SOL_ORGP Initial organic P concentration [mg/kg] Replace by value 0
SPCON Lin. re-entrainment parameter for channel sediment routing Replace by value 0.0001 0.01
SPEXP Exp. re-entrainment parameter for channel sediment routing Replace by value 1
USLE _C Minimum USLE cover factor Multiply by value (%) -25 25
USLE_P USLE support practice factor Replace by value 0 1
2500 1200
— N0 -—-m
$ y 3
£ . $
i 5
2 NSE = 0.77 2 w
T 0 T
| £ o
8 8

0 500 1000 1500 2000 2500

Simulated Flow(m?/sec)
(a) Calibration period
Fig. 6. NSE from SWAT auto-calibration for flow estimation.

4

o 200 400 00 800 1000 1200

Simulated Flow(m®/sec)
(b) Validation period
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Table 5. Best parameters of auto-calibration for flow estimation

Table 7. Best parameters of auto-calibration for water quality

Parameter Value Variation Method estimation
ALPHA BF 0.8572 Replace by value Parameter Value Variation Method
BLAI 0.5429 Replace by value NPERCO 0.0567 Replace by value
CANMX 6.6128 Replace by value PHOSKD 189.1800 Replace by value
CH_K2 34.5530 Replace by value PPERCO 14.9520 Replace by value
CH_N2 0.7025 Replace by value SOL_LABP 0.1024 Replace by value
CN2 10.5490 Multiply by value (%) SOL_NO3 1.9910 Replace by value
GW_DELAY -3.9050 Add to value SOL_ORGN 0.5686 Replace by value
GWQMN 1785.8000 Add to value SOL_ORGP 0.0810 Replace by value
SLOPE -19.2710 Multiply by value (%) SPCON 0.0053 Replace by value
SOL_AWC 19.5940 Multiply by value (%) SPEXP 1.0751 Replace by value
SOL K -8.4989 Multiply by value (%) USLE C 11.9320 Multiply by value (%)
SURLAG 0.5797 Replace by value USLE_P 0.5252 Replace by value

Table 6. Criteria for evaluating model performance (Donigan
and Love, 2003)

Poor Fair Good Very good
Daily flows <0.60 | 0.60~0.70 | 0.70 ~ 0.80 >(.80
Monthly flows | <0.65 | 0.65~0.75 | 0.75~0.85 >(.85

((kg/day)

TP_Load

I fﬂf@?’of rrd

HZ9 4% AER 837 959 SWATS W+ Source
codeE TAsI(Fig. 7), E74sHA F38 2 A87}
ARG F&s) HEE F U=F sk A" SWAT
AERPE o835l F4€ A 52 d/ETE Table 7
3 gon FAF udF2 34¥ T-PY ¥t Y
3 T-PY ¥35HF AR T A £ ARE st
Hng 2% HF7|7HES NSEZF 0.802 2 A E(Very
Good)E Hol: Aoz JeytthFig. 8).

33. JMME SWAT XIS H8YH HE

B3 7293339229 (http://water.nier.go.kr/)o| A =
TA29EFA 99 w99 84 13 §F 4 2 A=
& AFstn doy, A4 #F FL 73S 19 ¥
o 403] <Y A8 FIHIL Ak ol BEFe] &
dHoz Ao §F WEH HFLAY viEo] FL &
71, AF7lole §aEF g AL 4TE nAAT, ¥

@ Ssimulated TP
B Observed TP

o

-u!}

B

“x’ﬂ

1

g =

-2l o
P . e T S BT - b

"g;ﬁ,@”\g#wo!oaafﬁ‘,@ffiﬁffff

Fig. 8. Results of auto-calibration using modified SWAT engine.
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Table 8. Comparison of daily and 8-day interval flow

DATE Daily Flow(Seomyeon) |8-day interval(Hongchoen A)
2009-07-08 6.94 13.57
2009-07-09 1040.11 -
2009-07-10 1041.09
2009-07-11 276.64 :
[ 2009-07-12 1803.65 - |
2009-07-13 1166.05 .
2009-07-14 1437.03 581.64
[ 2009-07-15 1948.53 - |
2009-07-16 488.48 -
2009-07-17 234.56 -
2009-07-18 817.89 :

F718 Zol € §F WEol ue A& AVl F5F
Aol & FAE 4o F Utk AAz A% 5%

2 f99 A AE BFA9 THA AEY 7F
£ ¥nd A M FFA29 A Hd §F2 200949 7
4 159(1948.53 m'/s)& 79 129(1803.65 m'/s)o LA}
Foyg TA A ARAME 2L 9 73S 3FA
e AL 2 el thTable 8). ol= 8Y 3 §%F 239
TAEE YebdF Aol o FahE- A7 FaE A
E Aolg B F &S guidth mepA B dFolA
AAE SWAT ASHEE o] &a0E, 89 73 2 8Y F
A A8E o)&% 2¥Y A-BAFo] spsst, 4-2FE
SWAT 28 & o858 9 43 2 29839 4 %33
F4o| 7tss7] g2 89 13 A8} A= EAEE
ddsted 7195y 2UHE 9 $£2 BAd 28H:
Y 2 u&g APsed 28 F F UL R #
g =3 27 0 8T FRALASFA 29594
A7 Fatgs AFshed o188 F A Aol gdd
o E=3 AHE SWAT A5EE EES Web 7|8 LDC
A 28(Kim et al, 2012, http://www.EnvSys.co.kr/~ldc)3}
#3043 2EF QA=Y FALATHAY AdS-FAF
sl9 olgPslo] AL B + A Aolg AlgET

4 2 E

B dFodME SWAT AEEE9 Source codeE A8}
o 89 744 3 AE7F SWAT AFBAY A28 2 A}
$8 F EE sYoen o A4 9 HLsd 1 F
&4 Frtsdn. & 47 2348 293ty g% 2o
1) S7trAL &2 5§78 BA 28 (http://www.wamis.go.kr/)
oA AFst= AR #3549 9 FF AEE SWAT
AEEPY HEAER &3 4 FFS 23S 2
# BA7]7H2008~2009d)o] NSE 0.77, AAE717H2010
d19~2011d59)°] NSE 0.682 ¥ FHE&A4L BHol:=
Aoz eyt

2) 83% 23334 9228 (http:/water.nier.go.kr/) o] A
AFst= 8¢ T-P A8E /4" SWAT AR 4

& ARE AMES T-P HstEe 2g¢ 47, 477
7H2008-2009'd)e]l NSE 0.8022 43 3 =3 2
AEAE Hole A2 Jegrh

3) /148 SWAT AFEES 4 #%F 9 29849 ¢
ol F40 AH8E & A& Aoz #oHH, ol& 8
d 7% 9 72 AR89 FAHE AAsted =FS
F31 Yoyt £ALFFTAEY A FIF 44
ol§€ F A& Aol

4) =3 7HE SWAT AFEFL 1 AZ §99 %
4 48 AFsteds 888 F e Aoy o
B2 a9 24 382 F e Aolg wddn

5) % /lAE SWAT AEE3Pes 349 4 4% 9
FHAREE Web 7]8F LDC A2¥(Kim et al., 2012,
http://www.EnvSys.co.kr/~1dc)s AAshs Al29 & g
@ dFoln, ol #3dE £4 9 FaF EHE b5
A sted, =25 O A#Fo|x HFAQ] FHALEEF
Az ojFP7t 71FE viAst=d 7148 5 AL A
olgt #etE T}

AL A}
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