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M P-factor 0.88, R-factor 0.562.%2 E5% 72 AFGS BRIt 8719 FHTFE F-83t AU FolA FAHe
g BRATZH BT bRES P-factor 0.88, R-factor: 0.56, R*= 0.66, NS 0.66, PBIASE 3.00.2
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Abstract In this study, the Soil and Water Assessment Tool Calibration and Uncertainty Programs
(SWAT-CUP) were used to calibrate and validate the parameters according to the objective function for
the Danjang-stream watershed located upstream of Miryang Dam, and the applicability was evaluated.
The Danjang-stream watershed is one of the standard watersheds in the Nakdong River region. The area
of the Danjang-stream watershed is a total of 61.9 square kilometers, and land use of the watershed
accounts for 92.7% of forests and 4.59 % of agricultural land. Digital elevation models (DEMs), river
network maps, land use maps, and soil maps for SWAT model operations were developed using ArcGIS
(version 10.5). The 23 parameters selected were repeated a thousand times by sequentially changing the
objective function one by one using the SWAT-CUP Parameter Estimator (SPE) Algorithm. As a result, in
terms of runoff, when the objective function percent biases (PBIAS) were applied, the results were similar
to those of the measured runoff. The results of the P-factor and R-factor showed the same results, with
a P-factor of 0.88 and an R-factor of 0.56. As the best parameter correction result among the possible
scenarios, in which the eight objective functions were applied, the objective function bR? had a P-factor
of 0.88, an R-factor of 0.56, an R® of 0.66, Nash-Sutcliffe Efficiency(NS) of 0.66, and PBIAS of 3.0,
showing the best simulation results. On the other hand, eight objective functions were applied when
automatic correction using SWAT-CUP was performed under the same conditions. The parameter
correction resulted in a similar range but with completely different correction results. These results
indicate the uncertainty of the SWAT model defined through the objective function, but further research
is needed.
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1. M

SWATL "= 554 5AATA(USDA Agricultural
Research Service, ARS)9] Jeff Arnoldell &Jsf| 7Ht=
9 d =2 A Soil and Water Asesement Tol2®] 2Fx}
olch. SWAT-Z tivto] Ex43t folA 77kl 2
7 ot S579 EGT EXolE ¥ EX#E AH
U2 &5, AR 2 JGEEY Aol HiE EX
Y] FFE ASsH] flste] AEITHLIL SHA|T
SWATAE thefFst A8 p=et w747t 993t g
2 29| Ao gt AHAA7L ojgeh E9], 99
B0 W2 wizivia= B59 FHEH0 R <l FE
gt AFgo] og7] wjiZof RIEA] H-E7 3po] RtE
of 2], +EEFY A EHPFL F99 FEELS
gt FARHA 2o = e HA 9 wiidsE &
<= oIk

uj7fRis=e] BAS 913t WS 34 5 B4 (manual
calibration)¥} A= 24 (automatic calibration)2
2 FES £ o 5 B2 ARlo] o8 deje o
AL AAA AH3). BT AR o e 2
o w7 R0l B o2 Qls) By 1
ojAdxo] izt AR g Hrleta AREAR ] B
FAB717F ol o] et &H" A7t 4
§ &5 ATHE ARESt] St BEAANE 4 5
Act. A BAPL 2AGeE H4slkel] s 215"
A A A wet a7 2=, 5 25 1)
W s BHAo] Hrt wiE2A Ay Sl 2oddt
£ AES 4= AL

SWAT Hg 9] uj7ii4: Apai7go] wE S of
A& 98l SWAT-CUP(Calibration and Uncertainty
Program)©] @o| o] &=1 St} T SWAT-CUPS
A" WH O R SWAT-CUP Premiumo] &A= ATt
SWAT-CUP Premium- 27H4] Abgfo] ©Ask3ct. A
HA, de] ARRER] o, SWAT 23S Adgst=d]
o BlE&2olal, wd82<Q GLUE, PARASOL,
MCMC giglE&S AlASIR. &+ HA, SUFI-2 €12

&2 Jago|=3t SPE ¢EE&S tAISFATHS]. ]
of 2 AoflAl= SWAT-CUP Premiume AH8-5I3TH
SWAT-CUP Premium- SWAT 29| uf7fs= - 57,
e 24 9 2SS SiAsH] fIsi SPE(SWAT
Parameter BEstimator) % PSO(Particle Swarm
Optimization) ¥12j&E 283 A5 B 7152 A
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= SWAT-CUPE o8¢t vz Bl ofst
g AHE ATEH, PSS o= SWAT-
CUP9] A-gojAl= GLUE?} SUFI-2 Y1 8&S 0|43
o] NS¢t R*= zH2}H 0.873% 0.892 b on, & gl
ZZo] 2 Zol= A9 gle Ao YEttHe). &%
T 799 9F ASEHS 9l SWAT-CUPS] 28
4 W7} A GLUE, PARASOL, SUFI-29] Al7FA] &1

25< ol&sto] wiive RAAIE Hluet = Sloh
[7]. 359 §9& Wdo& SWAT-CUPY SUFI-2,

GLUE, PARASOLS] A7IA] o]-g-5tf
SWAT 239 oS E44S BA3t 43}, SUFI-2 &
gl 7MY £ A EATHS] ABAIE Rl
SWAT-CUPZ ©]-&3F SWAT 29 w74 F4o)A
= BEA9E EYE 7709 wiEss Adsta
SUFI-2 €1 8&S o]&ste] 2:8%k9] A=717ko] tish
BA3F A7} P-factor 0.85, R-factor 0.06& NS¢} R?
£ 7217 0.92, 0.98% HOX7} ASA|9} &2 A
Kol A3E AATHIL. ABAARE] NP5t 54
7=} SWAT-CUPY] SUFI-2 ¥a8|&S ol8%t
SWAT 28 vi7fsis=eto] AaA Al dsta, A
S AHIA LS o]8oto] AR R SWAT 239
7RSS 2 9 H844E BUeFRH10l. WEH &
d& giFo =z SWAT-CUPE olg3to] 8719 Z&g
of wiet APgH mogtat WL Aol SRS AL
A& Brietgon, 1 Zit HFHo= SWAT s
F HAE 97 24 B23= MNS 9 SSQRE A1
SFICH111.

SWAT-CUPOA 9] A5 B
function)® 43617 Y8 A=
ST 2, 7|2H 02 11749 53
|3ttt gHH, SWAT 239 uizfids 3
Al AgERE off] EATE AR fARE

1oL}, ZF ufj7f<E gho] HA o] wlat
Act= AL AFg bt AcH12].
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2.1 SWAT

SWATZ & Bxq /|- FREEFoEA A
919 mo} s, Beld Je] 48, B4
PR, ShEdH 47p9) By FAE| gk
SOl 52 W] ShHL Eq. (1)0] ekl Az Zol
Ae Aw FW B0 9, AR :
SdA 50 £EEHE WIS B4A AL A

|3IH11].

=
Al
=,
o]

O = 7]

+
SVV{ = SV% + E (Rda;z/ - qurf - E;1 7“)55(:;) - Qg]uv)

o))

Qe 199 ARY FEFHmm), E= i
Hmm), w,,,,= 189 IFHmm), @, i29| A3

& FE%¥(mm), t= AlZKday)oltt.

2.2 SWAT-CUP

SWAT B3 =5 BT A5 BP0 uj7fHs
B g RS 5 9tk SWATS 45 B4 7152
FIgell A oJEsto] ARG wet BAATrt get
A £ Q7] w2l A=EgE B ofHth. o3t of

< diEsk] s AsEA A gt
SWAT-CUPo] 7jgt=|Q]c}, o] T2 =L SPE, PSO 2
7] gaElE F ohE AEE 4= qloH, AeE g1
255 ol8ste] i) 9 oAl weHd, Ay
A2l w7 HALHS o] 85t BAS S3sto]
2ol Wi E =& B AFoA= SPE ¢aEE
< AR&SIGITh SPE €AL& Ao g wifisE
S5k Wi, Wiz, E79% 5 22 B
gt w7 E o]FoA Girh. BE B3 Hr
95% &9 EFAAY HER &

71_.0
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wps 2434 e Zolct,

TxtinOut —
P [ Paramclcn)-i
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(New SWAT™\ ISR ifditiexe
A Inpun//

/" SWAT > ‘
. Outputs
~ =

JEL

SWAT_Extract.exe

1

('/ Output H— |
A = 4

Fig. 1. SWAT model calibration procedure using
SWAT-CUP (User manual SWAT-CUP
Premium, 2020)

}

SPE_LH_sample.exe —  parinfm

M f

par_val.oxt SPE_new_pars.exe

BACKUP —» SWAT. Edit.exe

{

Modified
SWAT inputs

v

swat.exe

<= SPE_swEditdef

T !

“ou —»  SPE_goal frexe

\_; SPE_95ppu.exe

— goalmt —»

Fig. 2. Step-by-step creating of SWAT-CUP SPE input
files(User manual SWAT-CUP Premium, 2020)

=1
=

3. Ay

E AdFoAE

A5l Axe g :

ARFAA] S5 AEH 554 dBolA wsto],
FAT AHATE vt 20 9o R s
U5 Al 24RelH, AA fHAe 350.13 km®, f
2ARL 43.15 km < Zapdoltt. o] FolA diA
61.9 km?, S22 23.0 kmolct. WA
PAol AR sEH O R SWAT HE-S o]-&5}o]
EF TN FEEL 4 A7E Pl HE
b dEglos, B §92 Fig. 30 yehd Azt
2ol 1719] Ao g FEsIgirh

o

4

Ll
o]
=
=

ol rlo
i (0

% 40 8

ol
=
¢

237



AR &85 =8 A A22d8 A9E, 2021

3.2 X # 7|[dX=

SWAT 29| 98 A=me A FARS} 71gA =0,
AJARE $AFIZY(DEM), YL, EX0lRE
4 EGEE 2Rt i 92 759 obdwgat A
|20l oJaf AFH 9] EFA%o] X5t 1749
2G990z 2459t 2 dFoAE SAET R
A9E= 30 m ZAA 2719 ASTER Global Digital
Elevation Map< AMESIL, EX0]&%9] 9= &
AROIA AT QA= 1:25,000 EXTEES] 237
FERE A8ot3lon, RS fYUAL A=A
0] 92.7 %= 7P¢ Wo| sk 2 0F Yehgton, =
3} Bk 733} HHRA7F 4.59 % FEQl Ao E YERt
o EdTEe IEsgIsteld  AFstan Sl
1:25,000 JUEFEE ARSSHATHFig. 4).

VdAEE D A5(mm), 4 H17l2 9 I A7
2(C), € LARHMI/m?), € BFANEE(%), L 3
FEE(m/sec)S T8I, SWAT 2FL 7AAES
B 20 digh =8 AES ARG B A7
20209 APslA0n, 20119RE 2019W7HA] &
A 49 FHY 73R 2 fEARE HASSH ot
A5t w7 BAE A5 dejeaESa Ad 7R
2 % 2017929} 20199 % SRR Y AZ0] 9]
o] ®Eo|alA 2011+ E 2016W7HA] AARE 0|83
Aok A /49 FR TS A F 619 B9V
7H2011.01.01. ~ 2016.12.31.)3%} LA|5H= 477 =14
o] MHE|ItHFig. 2). A%, BHeS, w2 4
A7) 71FH(EY, B, S, FHEE)0lA Al
Fohe 471 A-ollA =R oH, AT B dd
St YYHEALY] A7t ARSE QI gt a7/
HAE sl e84 AHA 89 20134 1
4 1¢95H 20169 12¥ 31¥7HA] {3 AR E 0]87]
o, 714 94 F7HER) BEA9 A= Fig. 30 Y
Rl Aat 2t

‘7 A Weather Station [ Water Level Gauge Station ‘ KYN
e% )
w i ] E

Songbaek
Weather Station &

Miryang :
Weather Station Danjang
A Weather Station

A

Daeri Water Level U ‘angsan Sangbuk
Gauge Station Weather Sta&ion

Fig. 3. Study area and station information

Fig. 4. Landuse(left) and soil map(right) for the
Danjang stream watershed

3.3 Oi7HH M

D39 B2 WS} Hlwsto] 9tk Hele] 2o
AIE = Fgold, SWAT 23 A - RS 95|
A3l WA ARt WiAHSE A7gsfoF gt

AP A= Kumar and Merwade2 &3+ &
AE R tiste] A&, AHEst, /G Al 7HA
TEoky, A" WHHSE AF5ATH13]. Malago
et al.2 WAHSE Yo R Tfe 451 {E9
FIFE 7MY IA FFE vAE WiEsE Agsklt
[14]. Teshager et al.2= #&, FAF 2 &Y AP
BT & 5 = WHsE RSt ohEd vizfi
= ARAZE YA TH15]. Yu et al.+ FEF 4AF3
Hgol = & = A= EY, Aok, & 2 st=F
Ao Ao TAE viriHsE A7FStITH6!

A} 22 7|EATE Farsto] & AtollA= Table
1 ~ Table 2] Uehd 23} Zo] 2oE 3+ & 2374
9] wi7HSE A5tk

Table 1. SWAT input parameters and their ranges
selected for calibration

Parameter Name Unit C%:;lege Initial range
ALPHA_BF.gw day-1 a -0.048 ~ 0.952
CANMX.hru mm a 0 ~ 100
CH_K2.rte mm/hr a -0.01 ~ 500
CH_N1.sub - a -0.004 ~ 29.986
CH_N2.rte - a -0.024 ~ 0.286
CN2.mgt - r -0.25 ~ 0.25
EPCO.hru - a -1~0
ESCO.hru - a -0.95 ~ 0.05
GW_DELAY.gw days v 0 ~ 500
GW_REVAP.gw - v 0.02 ~ 0.2
GWQMN.gw mm v 0 ~ 5000
RCHRG_DP.gw % a -0.05 ~ 0.95
REVAPMN.gw mm v 0 ~ 500
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SFTMP.bsn T a -6~0
SLSUBBSN.hru m r -0.25 ~ 0.25
SMFMN.bsn mm/T-day a -4.5 ~ 55
SMFMX.bsn mm/C-day a -45 ~ 5.5
SMTMP.bsn T r -0.25 ~ 0.25
SOL_AWC.sol mm r -0.25 ~ 0.25
SOL_K.sol mm/hr r -0.25 ~ 0.25
SOL_Z.sol mm r -0.25 ~ 0.25
SURLAG.bsn - a -3.95 ~ 20
TIMP.bsn - a -1~0

[Change typel

a . means a given quantity is added to the default value

v : means the default value is replaced by a given value

r : means the default value is multiplied by (1+a given value)

Table 2. SWAT input parameters and description
selected for calibration

Parameter Name Description
ALPHA_BF.gw Baseflow alpha factor
CANMX.hru Maximum canopy storage
CH K2.rte Effective hyf;zigzlc;?jiiﬁrity in main
CH_N1.sub Manning's “n” value for the tributary
channels
CH_N2.rte Manning's “n” value for the main channel
CNZ.mat Initial SCSA runoff curve number for
moisture condition II
EPCO.hru Plant uptake compensation factor
ESCO.hru Soil evaporation compensation factor
GW_DELAY.gw Groundwater delay time
GW_REVAP.gw Groundwater re-evaporation coefficient
GWOMN. gw Threshold wat?;rleg/aesleglll\;hallow aquifer
RCHRG_DP.gw Deep aquifer percolation fraction
REVAPMNgw | TR e onaon
SFTMP.bsn Snowfall temperature
SLSUBBSN.hru Average slope length
SMFMN.bsn Melt factor for snow on December 21
SMFMX.bsn Melt factor for snow on June 21
SMTMP.bsn Snow melt base temperature
SOL_AWC.sol Available water capacity of the soil layer
SOL_K.sol Saturated hydraulic conductivity
SOL_Z.sol Depth from soil lsal;;ffce to bottom of
SURLAG.bsn Surface runoff lag coefficient
TIMP.bsn Snow pack temperature lag factor

3.4 Do My U yt= 34

SWAT-CUPE o]-83t 29| A o HiE 3l 7]

2 AFoA Abbaspour 52 SUFI-2 ¥alg]&oA+=
LHS (Latin Hypercube Sampling) ¥

i Zo] 2O| o] wet XA v Yool SR
o] gEAEE, JE3T 314(500-1,00081 o/h)9] Ko
€ T3 AL AASFATHLT7]. Yu 5= 10008 ol
o] & 19| A 35g At 27] 1~23] Hk vHE
R oJ5H= Zlo] & oty AAISFATH16]. 2 Aol
A BEAQ 25 95t7] s 1,000819] 2o] A
Y S5 FPoirh. 2ol AY SIE 100080 & 4
ZJolttA ARSAE AHojgt 2] wiAH4=e] Wl
1000719} ko2 WXtk ol £°1, W7l o,
o] HE 0~12= AA3I3ictd, 0.001(1/1000)2] 7t
Ao F 1000719 kol A/ et wahal 237 w7
H2=0] 7Hsdt 22 100077019, 1 % 1000712
ZFo] SPE gaE]Eol wet &kl 7P Aet B
AIE AMESHE Ui el 9 ghE 27

3.5 SMep0| ME SWAT 2 4 - EHH

£ AFo|A= Table 30l Uehd A} o] SWAT-
CUPOA AlFstes & 11749 5848 5 8719 &4
s Aot F-BAEE st 81 =4gs
= AE = o] et A4 wifHSE tEA
Ageit 5Us AP 2 71 ARE A= SWAT 23
of thelf Ztzte] B E AR tE FEEY AR
£ g

R¥(Coefficient of Determination)= T=gd &
oY FEAN HEWAY HER AoEY, B4
(dispersion) H&o] oJsf 9] AE B7Ieitt. #A=53)
I 2oJgho] 4t F=rE dAeHE 2O J&0] =2 A
o7 Wsing, ol HL HIS] 8] bR
(Modified Coefficient of Determination)7} 7Hgt=]
At} bRE R AFAASD)E Folo] =gk
2Ot Afolo] APBAES 1T FrPt 7Kssict R
9} bR’E 19 7242 o] At B&3) AR
HERdTt.

NS(Nash-Sutcliffe Efficiency)= ZxHresidual)9]
A TE5e] B4 Aol9] AiE 271E vlwshe
g9 585 IRt NSE 2419 AlFH(p=2)& A&
Steg HEgro] kg E T Sagko] BAgTEE
Aol &A=z, MNS(Modified Nash-Sutcliffe
Efficiency)&3 NS)E pat& st Fx]gko] gk
7t 385 Eol] flol AEEt ¥HH KGEKling-Gupta
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Efficiency)= 84H} BEo] A3A¢et Wt Sl
a2ste] NS9O @& FEsStuA U= NS,
MNS 9 KGE= 1°] 7hes= 239 29| J5°] =
= Uehdoh

PBIAS(Percent Bias)= BH& o2 #=3ko] Mozt
Hoh 34 52 AA AERAEA Brleh o
o ROJANTL fA4HY, 29 @l o AeiAHE =S
< YUttt PBIASE AWgte] 0o “Mhass 29
d5°l &} RSR(RMSE- Observations Standard
Deviation Ratio)® SSQR(Ranked Sum of Squared
Erron)& ZAk9] 3h& o]8sto] APgEch RSR et
TS #EHEARY] vE2 o=y, SSQRS #=5gkt
HoREE F7] AR HEsto] AR ARE 753
T dare] Algghe Baoto] APgE. RSRY SSQR=
00 ST 29| A7t 5T FARS UEhdt

Table 3. The information of objective functions in
SWAT-CUP(Yu et al., 2020)

ObjeCFive Formulation Range
Function
Coefficient of YR~ @)~ Q)
Determination |R*= : — —— 10 to 1
®) NI REND NN RE
Modified
Coefficient of zf{\b\ﬁz if bl <1
Determination bR = [l R2Af 1bl >1 0tol
(bR?)
_ 2
Nash-Sutcliffe NS=1— Z(Q'" ) oo 10 1
Efficiency (NS) : M@, — @,
Modified Q-
Nash-Sutcliffe MNG— 7 mom
- MNS=1— o to 1
Efficiency N1 Q,..—@, 17
(MNS) '
Kling-Gupta
Efficiency | KGE=1—V(r—1)+(a—1+(@—1? [0 to 1
(KGE)
. M@, -a)
Percent Bias - -0 to
PBIAS=100 X ——
(PBIAS) Y., o
RMSE-Observatil —
ons Standard RSR= Z(Q'” Q 0 to ®
Deviation Ratio E(er.775ru)2
(RSR) '
Ranked Sum of|
o L 2
Squared Error SSQR = ;E[Q, ' 0 to
(SSQR) '

* R is the correlation coefficient between measured and
simulated data; b is the slope of regression line between
measured and simulated data; @,; and @,; are the ith
measured and simulated values, respectively: @, and @, are
the mean measured and simulated values, respectively: n is
the total number of observations; a=¢,/0, and B=o0,/0,
where o, and o, are the standard deviation of the
measured and simulated data, and p,, and g,
of measured and simulated data, respectively.

are the mean
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£ dFolA= AR 2371 wi7iE4~E SWAT- CUP
< o]&3lo] 879] BATEE 10003] HHE: $-3451ct

SWAT-CUPOI|A wi7is=e] BSAAGL 95%9] SE
B2 Yed, P-factors BEgto] 95PPUY 3
e HEE Uehfin, 0~19] ¥91E 71 19 77k
$E B fARE Aoz wusith SWAT-CUP A
gzto] o] wEwW, P-factor’b 0.7 ©JAoli,
R-factor7} 1.5 K} 2o 28 73t gholgka Bt
[18].

SWAT-CUPQ] W A& 243k R'S 283 23,
P-factor+= 0.88, R-factor+= 0.56°]1%1, HolA-&
o] FFL 1.18 m?/sRom, BA7|7H20139~2016
W) B9re] ASREFL 1.33 m’/sArh BHASE
ShE WAA7IHA 8719 BEATE 835 Auks
The Table 49+ Zth. f&%0] Io|A B Bxg<
PBIASE #-83t 3% 7H A&aE3 543 49s
Heow P-factor®t R-factor® Ao EHH
P-factor 0.88, R-factor 0.56°0.2 & -2 ANZS
Bk, Wi/Es HAS 93 BLE R NS, &
PBIAS7} ¥Rt&olw, =] Mg AFA} HHst =5
o] W=, R*7} 0.5014}, NS7}F 0.5014 0] A] PBIAS7}
25 B} ztom H& 7H53t grolztal ErH19).

SWAT-CUPY] 477} R4 B BAFRY
bR?, NS, MNS, RSR)Z 283+ 4L 0.65 oo &
2 e Bgon, bR’Q BAZIIN ZHI5(bRYS
Ag3¥S 1 0.46°0F 7FF =2 S HYh

NS9| ®AAFolA Hu 2SR’ bR, NS,
MNS, RSR)Z #8342 0.64 oo &o ge 1
Fom, MNSS HAZAolA ZHR’, bR’ NS,
MNS, RSRE H&3t4S f 0.5 oJo2 &2 Fe
Bt} E3F KGEQ] B Aol A EH34(bR%, KGE,
PBIAS, SSQR)E 8519 W 0.74 oo 2 w2 3t
2 2

PBIASY] EAZATo|AN HH EHF4(bR?, KGE,
PBIAS, SSQRYE Z-&3F 3% 10 oJst] k& B3t
RSR| B AT oA HH E234R%, bR, NS, RSR)
£ Z83 F% 0.58 o5tz 2 712 Hlom, SSQR
o] BTl BHg=bR%, KGE, PBIASE 283}
e 1 1.0 oJstR W2 & Btk
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Table 4. Calibration results according to the CN2 0.191 -0.250 | 0.250 | -0.030 | 0.411
objective functions EPCO 20859 | -1.0 | 00 |-1.288 | -0.429
Objective ESCO -0.109 | -0.950 | 0.050 | -0.529 | 0.312
functiony | SSQ GW_DELAY | 87.250 0.0 | 500.0 [-119.142(293.642
R® | bR?| NS | MNS | KGE |PBIAS| RSR
Calibration R GW_REVAP | 0.151 | 0.020 | 0.200 | 0.085 | 0.216
results GWQMN 347.5 0.0 | 5000.0 |-1978.926[2673.926
P-factor 0.88]0.88/0.88| 0.88 | 0.88 | 0.88 | 0.88 [0.88 RCHRG.DP | 0474 | -0.050 | 0.950 | 0.212 | 0.735
R-factor 0.56]0.56|0.56| 0.56 | 0.56 | 0.56 | 0.56 [0.56 REVAPMN 268 00 | 5000 | 90.107 |363.393
R’ 0.68|0.66|0.68| 0.65 | 0.61 | 0.58 | 0.68 |0.55 SFTMP 5781 | 6.0 00 | 8672 | 2.8%
bR? 40{0.46]0.43] 0.38 | 0.45 | 0.43 | 0.43 [0.41 ‘ ‘ ‘ : ‘
0.40/0.46|0.43/ 0.38 1 045 | 0.43 | 0.43 10 SLSUBBSN 0.196 | -0.250 | 0.250 | -0.027 | 0.419
NS 0.67]0.66|0.67| 0.64 | 0.59 | 0.54 | 0.67 | 0.5 y— 5235 | 4500 | 5.500 | 7603 | 1.133
MNS 0.54] 0.5 |0.52| 0.54 | 0.45 | 0.44 | 0.52 [0.42 X 2'075 4'500 5'500 1'213 5'363
KGE 0.64(0.76|0.68| 0.64 | 0.76 | 0.76 | 0.68 |0.74 . . . . .
SMTMP -0.156 | -0.250 | 0.250 | -0.359 | 0.047
PBIAS 113]3.0(152[10.1| 6.2 | 0.1 |15.2]-23
RSR 0.58/0.58[0.57| 0.6 |0.64 |0.68|0.57 |0.71 SOL_AWC ~0.005 | 0.250 | 0.250 | -0.222 | 0.093
SSQR 1.5(0.99| 1.2 | 1.4 |0.78 058 | 1.2 | 5.4 SOL.K 0155 |-0.250 | 0.250 | -0.048 | 0355
- SOL_Z 0.191 | -0.250 | 0.250 | -0.029 | 0.412
Mean_sim —
- 1.18/1.29]1.13[ 1.20 [ 1.25 | 1.33 | 1.13 |1.36
(Mean_obs=1.33) 3 3|33 SURLAG 16.300 | -3.950 | 20.000 | 6.174 | 26.425
TIMP -0.982 | -1.000 | 0.000 | -1.472 | -0.491
4.2 AN 2xEL 2Y U 9EY A
£ o)A P-factor, R-factor, R%, NS, PBIAS R
- - = /\ Bestestimaton
5= 1Est 8719 EHTE A8 AU Fol ’

A 2] wiZiEs 2AEATE At AAd,
E24g bR w2 w7 A A= P-factors
0.88, R-factore 0.56°1911, HO|f&H9 B
1.29 m*/solem, AH717H20139~2016¥) &<t
o] A=gzero 133 m?/soldck ARVl gt
bR*:= 0.66, NS= 0.66, PBIASE 308 m9| ZAijr}
= 22 et 9 959 2 FEglo]
M AR Qi A 84S B9kt Table
5= B39 w7 gt Alkd AR a9 F
o HYE HolF: Qltt. Fig. 59 S gpof mE
EX|¢t R E H|wE AFE 95PPU 1=} A
HolZT 9tk Fig. 62 4 B3 A4 bR S
Hgslo] I f 1o fe vlwste] YeRd A
ojct.

Table 5. Fitted value of calibrated parameters and

suggested new minimum and maximum
ranges

Fitted_Value
0.830
45.7
160.7
5.979
0.098

Min_value
-0.048
0.0
-0.010
-0.004
-0.024

Max_value|
0.952
100.0
500.0

29.986
0.286

New_Min|
0.391
18.471
-8.904
-6.026
0.004

New_Max
1.268
72.829
330.390
17.984
0.192

Parameter_Name
ALPHA_BF
CANMX
CH_K2
CH_N1
CH_N2

Flow (m?/s)

Date (day)
(@) R?
A Uppe

/\ Observed

/\ Bestestimation

Flow (m¥/s)

Date (day)
(b) bR®

A vore

/\ Observed

/\ Bestestimation

Flow (m¥/s)

Date (day)

(o) NS

/\ Bestestimation

Flow (m¥/s)

Date (day)

(d) MNS
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R BAT4: PBIAS AH8-2 |93k vjl4: ALPHA_BF
N 7 Vg WakEst A ek

B eA7olA 8710 BAske the vihas B 2
e mslgon], BARo] et sk Watshe
WAEST} Ges AuE Slstgt. SUs A
9 JJgRRS 7H S9N BAgso] et ok
So] ATt 88 & e Ak, ol A
e THe BARE B9 Hosls SWAT 23o) B8y

Flow (m¥/s)

Date (day)

(e) KGE

& vehiich £ ole] 9] 2GS A8ste] B
He Susie o, Bl dek A2 ok v
: . 5 2= SWAT Z3o] A== EAEE A-4e 1t
Date (day)
Qo]
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ootz |
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v_GWOMN.gw I
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(g) RSR oo nlsub  EE—
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N t-Stat
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Fig. 7. Sensitivity of parameters by SPE of SWAT-CUP
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