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Abstract

This study aims to quantify the uncertainty that can be induced by the objective function when calibrating SWAT parameters using
SWAT-CUP. SWAT model was constructed to estimate runoff in Naesenong-cheon, which is the one of mid-watershed in Nakdong
River basin, and then automatic calibration was performed using eight objective functions (R%, bR NS, MNS, KGE, PBIAS, RSR, and
SSQR). The optimum parameter sets obtained from each objective function showed different ranges, and thus the corresponding
hydrologic characteristics of simulated data were also derived differently. This is because each objective function is sensitive to specific
hydrologic signatures and evaluates model performance in an unique way. In other words, one objective function might be sensitive to
the residual of the extreme value, so that well produce the peak value, whereas ignores the average or low flow residuals. Therefore, the
hydrological similarity between the simulated and measured values was evaluated in order to select the optimum objective function. The
hydrologic signatures, which include not only the magnitude, but also the ratio of the inclining and declining time in hydrograph, were
defined to consider the timing of the flow occurrence, the response of watershed, and the increasing and decreasing trend. The results
of evaluation were quantified by scoring method, and hence the optimal objective functions for SWAT parameter calibration were
determined as MNS (342.48) and SSQR (346.45) with the highest total scores.
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SWAT (Soil and Water Assessment Tool) (Arnold et al.,
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SWAT-CUP (Calibration and Uncertainty Program)-=
SWAT 20| mi7ji4 - B, T E 74 9 E544
Sf A4S 915l 7= 212 ™, SUFI2 (Sequential Uncertainty
Fitting Ver.2), PSO (Particle Swarm Optimization), GLUE
Generalized Likelihood Uncertainty Estimation), ParaSol
(Parameter Solution) & MCMC (Markov Chain Monte Carlo)
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Fig. 1. SWAT model calibration procedure using SWAT-CUP
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SheEA Al sl =gkt
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SWAT 2 HAS 5517 SJal 9202 Agkern) sk 7|9ler, ARA oA SWAT 24 24 9 vzt
A2 Ao et 2 s A BAE SEEe] & B SRt u S AR A0 B b A ES A
AL 0] et mgo] mAL PEht wast B 9lom], okt Zo] A 744 WA TET 4 At
3 1919] mLO] ATE AT 4 Gl 2742 B TP,
B AT G99 P15 BHS TE SIFISWAT 1) % fAHE QAR 0l GRS E 5 Y MrE B
S AgSIAo R G2 A o] FFL E L YR 51o] TF2 4 w4 7 A4 4 HEHTH Teshager of
oF 2|5k, 8= 9 Sl F2] o) A of| T E He2 HAE al.,2016; Me et al., 2015; Arnold et al., 2012; Abbaspour
AlgtslATt. et al., 2007).
T8y o fEol BE B o aehE oA 2) & E1E g ofl thstod 2] E(surface), 2] 3E5F
A H517] o] Het o] = SWAT REo| =5 AAFRF Y J9F (subsurface), -f-<J(watershed) 2] Al 7}A] HF-(response)
BT BAY FREIPL A2 B o2 dAAlsto] meld o2 7Es1Y, 7 ukgo] P uhspHss Mgt
WS APSEO 7 ZFZEO) i 7j <=7 th=o] Akt of) FoF (Kumar and Merwade, 2009; Feyereisen et al., 2007; Van
S u|x]7] ot} of & E°],CN (curve number)-2 A E-5 Liew et al., 2007).
ol 234 &= v A oA o EE 3) of= mi7iE Vo ® WgE 242 st 1=
Table 1. SWAT input parameters and their ranges selected for calibration
Input Parameters Description Unit (i Ab'solute Range
Type Min Max
w ALPHA BF | Baseflow alpha factor day™ a 0 1
hru CANMX Maximum canopy storage mm a 0 100
rte CH K2 Effective hydraulic conductivity in main channel alluvium mm/hr a -0.01 500
sub CH_NI Manning’s “n” value for the tributary channels - a 0.01 30
rte CH N2 Manning’s “n” value for the main channel - a -0.01 0.3
mgt CN2 Initial SCS runoff curve number for moisture condition Il - r 35 98
hru EPCO Plant uptake compensation factor - a 1
hru ESCO Soil evaporation compensation factor - a 1
w GW_DELAY | Groundwater delay time dyas v 0 500
W GW_REVAP | Groundwater re-evaporation coefficient - \ 0.02 0.2
w GWQMN Threshold water level in shallow aquifer for baseflow mm v 0 5000
W RCHRG_DP | Deep aquifer percolation fraction % a 0 1
w REVAPMN | Threshold depth of water in the shallow aquifer for re-evaporation mm Y 0 500
bsn SFTMP Snowfall temperature T a -20 20
hru SLSUBBSN | Average slope length m r 10 150
bsn SMFMN Melt factor for snow on December 21 mm/C-day a 0 20
bsn SMFMX Melt factor for snow on June 21 mm/C-day a 0 20
bsn SMTMP Snow melt base temperature T r -20 20
sol SOL_AWC | Available water capacity of the soil layer mm r 0 1
sol SOL K Saturated hydraulic conductivity mm/hr r 0 2000
sol SOL 7 Depth from soil surface to bottom of layer mm r 0 3500
bsn SURLAG Surface runoff lag coefficient - a 0.05 24
bsn TIMP Snow pack temperature lag factor - a 0 1
* “a” means a given quantity is added to the default value

** “y” means the default value is replaced by a given value
*** “r” means the default value is multiplied by (1+a given value)
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of Y& 71 IA v A= Wi S-S A tth(Malago
etal.,2015; Dechmietal., 2012; Muleta, 2012; Ahl et
al., 2008).

o]} T2 AP A= g o] w4 A7 B ot zt |
7 I 712) LtobH, whEba] ¥4 4*4 25ygol EX Y
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FAAL A w5 BRI
RY(AAS) = TS5aat molghe] 3Rt 3 mAte]
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B7Ieth TS R ojgho] AN AR AxJehH Hol g
o] F2 202 Frketn 2, o]2gh -2 Hekstr] $l5l bR*7}
=] Sict. bR = Rl A 3171 (b) & Fote] T=gkat
LLojgk Atol o] AgTAE 1 fsh B7 P} 7ottt R*2HbR?
+ 19 7Pk 19| A7t BE53 fARES UEhdI
NS (Nash-Sutcliffe efficiency)= *F*H(residual) 2] 241t}
TSR] EA Aol o) AT A 27| & Hlwste] RY o] a6

3.4 2HE40|| 25 SWAT 28 -5

BRIk NS 2440 A (p=2) AHg ek 2 AT gl

SWAT-CUPOIA = F 117]19] 545 Algstal 3le WA E AL SA4gho] WA = o] EAISR R,
L} &2 Aof| A= Table 201l LFEFH A3} o] 7H St MNS (578 NS)= pite 245t S 213kl vigt Bt a&
= Melste] 4. B AL 48519t 212t9) e o3} 2 =0)7] Yl AR ¥FH KGE (Kling-Gupta efficiency)
£ “delsto] Uetdl= S/l whet 224 | o= = A o] Ao Bt SAl ol g5l NSO
AP, A FUS 71 H A AR E e e S S5 A E S E’r NS, MNS % KGE+= 1] 7}
o FZESWAT RGL AR OEFREEAL AL 74258 ngo] mo] o] 282 Uehic,

Table 2. The information of objective functions in SWAT-CUP
Objective Function Formulation Range
E(QWLJ - aﬂb )(Qy1 - @5)
Coefficient of Determination (R?) % = . — Otol
\/E(Qm,i - Qm) \/E(Q‘s\,i - Qs
2 if
Modified Coefficient of Determination (bR?) bR = {}ZE e 1 ¢ :Z} fll 0to1
Z ( Qm Q )
Nash-Sutcliffe Efficienc S NS=1— - to 1
YO S0, G,
E'Qﬂl - QS |f)
Modified Nash-Sutcliffe Efficiency (MNS) MNS=1- —— -0 to 1
ElQ th
Kling-Gupta Efficiency (KGE) KGE=1— V(=1 +(a—1)* +(3—1) Otol
E(Qm - Qe )i
Percent Bias (PBIAS) PBIAS=100X ————— -00 to 00
Z Cgm,i
Z(Qm Q.):
RMSE-Observations Standard Deviation Ratio (RSR) RSR= ————— 0 to
H E Qm.i - Qm
Ranked Sum of Squared Error (SSQR) SSQR=— E (@~ Q. ;] 0to o

* 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; Q, and Q are the mean measured and simulated values, respectively;

m

n is the total number of observations; a=o0,/0,, and 3=o0,/o, where o, and o, are the standard deviation of the measured and simulated data,

m

m

and p,, and p, are the mean of measured and simulated data, respectlvely,
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PBIAS (percent bias)= B4 0 = 53 o] HoJg) Bt
A F-2 A AP E A=A ks o] 3 o o
YF AR, 2o #E o A = e= QrlRit
PBIAS+= A Higto] 09l 7I7ka5 2.9 /d5°] =t RSR
(RMSE-observations standard deviation ratio) SSQR (ranked
sum of squared error)-=Zt2}2] §-& o]-§-5to] A Eh. RSR
© 7ol PEgre] EEWA] ]2 HO|H], SSQRE TE
Wt moRke 27] w48 Adsle] YR e RS 75T
& A2 AlE et et sto] AP E T}, RSRYF SSQR= 0]
THEFE 2O A7t S FARES UERdI.

4, 97 2}

41 074 Ao SaH
A o] w7 A5 4517 918l SWAT-CUPE ©]-&
shof 8711 0] ZAetapofl wheh B g5 5-73] Wi A 3)st
9.0 ™ g+ ¥ o] A8 (iteration) Tttt T L5} 500 2] O]
(simulation)Z 5=35}F53 ). Ro] 314 Tt i /e B4 o}
oA B a9l o= Zgeh o QAT HO A= dS
seol] 1o WA s 24 N4 0} 914 oA ek 1
2L SUFI-2 &1’ 2]& ol A= LHS (Latin Hypercube Sampling)
WS Aol who] 2.0] 5o el 2 s
o] FHFo| FeA| B2, 5 S14+(500-1,0001 0]/
o] i o] & 4345t Z1-S HAFSHH Abbaspour et al., 2018).
SWAT-CUP-2 A| 80| F-=d wfjnfc} 2|2 uf 7<= ghrt
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grol o] Alaia} Z A gebA| A] g o A3 =0kt
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Fig. 4= 2 A3 &l 24 24 w74 ghe] 271
Zholl it oA wales vrepdlith AP 9] Zhol ool 717k
255 B gro] 7] groll A 3A ¥iskeA] ¢k UEt
W, 2] 2k whi= (-) Mk, o] 4 whis (+) kS
olu]gtct, Tk A et M AP = 72 2 A Al 2
npx]al AR o] Aut2 HAH 7hS Uepdi s, S AR =
27914 o] AvE et Fig. 404 LpEL}S0] B AL
of| A -85 87l 2] ZHAa = A= ohE v/ S B At
£ TEoHH, Bt B0 A-gof ufat qiztolA| Hatst
= st ek = AkE gRlskit e e e |
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SURLAG. 2 et}

Fig. 4= 5L A 2 715He A8 Fol Hod 74
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§2 7 e ARSI, o2’ At o2 mi S F
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Fig. 3. The results of each iteration
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Fig. 4. The relative changes between the initial values and the best fitted values corresponding to each iteration using SWAT-CUP auto-calibration
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