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Evaluation of Applicability of SWAT-CUP Program for Hydrologic
Parameter Calibration in Hardware Watershed
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The purpose of this study was to calibrate the hydrologic parameters of SWAT model and analyze the daily runoff for the study watershed using
SWAT-CUP. The Hardware watershed is located in Virginia, USA. The watershed area is 356.15 kmz, and the land use accounts for 73.4 % of forest and
23.2 % of pasture. Input data for the SWAT model were obtained from the digital elevation map, landuse map, soil map and others. Water flow data from
1990 to 1994 was used for calibration and from 1997 to 2005 was for validation. The SUFI-2 module of the SWAT-CUP program was used to calibrate
the hydrologic parameters. The parameters were calibrated for the highly sensitive parameters presented in previous studies. The P-factor, R-factor, R’
Nash-Sutcliffe efficiency (NS), and average flow were used for the goodness-of-fit measures. The applicability of the model was evaluated by
sequentially increasing the number of applied parameters from 4 to 11. In this study, 10-parameter set was accepted for calibration in consideration of
goodness-of-fit measures. For the calibration period, P-factor was 0.85, R-factor was 1.76, R’ was 0.51 and NS was 0.49. The model was validated using
the adjusted ranges of selected parameters. For the validation period, P-factor was 0.78, R-factor was 1.60, R’ was 0.60 and NS was 0.57.
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SWAT (Soil and Water Assessment Tool) 2.&-2 0| 5
ILA] (USDA, United States Department of Agriculture) Ak}
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£ 0yl A A=Aze} ulmste] e e 24
FHck upAe e B Fa) A v ol
3 o] A=A o] utA| F--5] ARV E S ske 1
o]t} (Arnold et al., 2012).

7= 0] B S 917 S 2A] =5 17g (manual
calibration) ¥} A5 24 (automatic calibration) © & J-E-3)
4= Qltk. F HAL Ato] 22 A AR5 S A A
A ot (Madsen, 2000). ERFAREA o] whE 21} HAG
7 ®i4=0] a1 o] REsh o] 2 Qlsf| 1y o) mojA vt
gt A= =5 BrFstaL ARgAR e dadS f-A]817 7} of
21 THo] YAIEh, SeEl WETLS] A9 45 S Al
8101 $pet HAAIE A 2 ek, A B =
5 st S8l A178E AA AAlol| whet wl7f H4=7}
e, -5 13} |iLehe A W) Kk w2 A
24 9l 2o ATZ A% 3 2 Ik (Boyle et al., 2000).

SWAT 5339 nffic AREH o] U BSHIA o412
8l 2= SWAT-CUP (Calibration and Uncertainty Program)
T 7Wo| wo| o] &1 QJch o] T2 T O SWAT g
o izt B4, HA, 17, B3 s el A o2 )
ZNH4~2] HAS ¢Jsf] SUFI-2 (Sequential Uncertainty Fitting
Ver.2), PSO (Particle Swarm Optimization), GLUE (Gener-

alized Likelihood Uncertainty Estimation), ParaSol (Parameter
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Solution), MCMC (Markov Chain Monte Carlo) 2] &112]=
< A3k} (Abbaspour, 2008).

SWAT-CUP & 720] 21 28 AH|S A, &
oF7beH ©.010] & = AR AL 95 SWAT-CUP 2| 284
7}o 4] GLUE, PARASOL, SUFI-2 9] A|7}4] €1t

o] 83} 74 R A ANE v w st v Tt (Ryu et al,,
2012) 7&*] 5ol Al SWAT-CUP-Z 0|83+ SWAT

ﬂH RiaE S0 A Tt e B ATE B2 7702 ufiAA
Am 5111 SUFI-2 211 2] &-2 o]&38ke] 21 7ke] 2pa

7]7}01] sl 25t A3} P-factor 0.85, R-factor 0.06 = NS
S} R*= 71710.92, 0.98 2 LL.O| 2|7} Al=2| 9} e o Alka] &
Hol= Z2iE P31t (Choi, 2013). AT 9S>
SWAT-CUP 2] #-8-0]| 4= GLUE®} SUFI-2 ¢t118]Z-&
831 NSOI R’ 24240.873}0.89 5 LFER) 0.0, T 9z
ol T2 toli= A9 glis 202 YRt (Lee and Seo,
2011). 59§18 ko2 SWAT-CUP2] SUFI-2, GLUE,
ParaSol €] A|7}A] &a1e] 52 o]-8-5te] SWAT 29| o=
ESAIALS BAS A3l SUFI-2 dare]Zo] 71 &2 Ax}

Atk (Joh et al., 2012).
AT A= SWAT 3 <] ufj 7=

A5 R A3} 28t
A% g »a]w 2 93] F|UESWAT-CUP & 184 0] SUFI-2 &

1 EE o]-gsto] ul=l BixYols=e) $J%] % Hardware -
o2 gjAre 2 u7Hs=o] HAT AAL AX|sk 1 AL
e H7FskaTk

1. SWAT 2&9| IR

SWAT 238 etz Alo] g5 ool 4 thoket Bk} =4)
o1 27104 EAJo|§ol thE 5, AR, 4]
et e BAIsH] Sltt 5402 ApEsh ol 9ls)
E2A 7HEe 2 47| o8 4= Q= A= E 0|8-51o] Alto]
E8H0| 1A |710] HhE BAJR 4 LR S RHEofAlch
ol gt ApAISE 8-> SWAT o] gl o] 2431 7<=
3} 1% A2 Sof thet g AHEA virlo] -2 o]
T} (Neitsch etal., 2011; Arnold et al., 2011). SWAT =&

A TheFet Fopol| A G 9i5A| 28] aL Qlct (Hunink et
al., 2011).
tho]o] moly} 7R3t SojTtelo] = B

SWAT 232
=Y Yo gEugoR
o7 JLAElo] 9t} & S5
=4 FEE, sleaa fi ﬁé
Fae 27 Al ofs) o

A 4712 9] F1 & (sub-model)
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A G, S AR 7R RS S
4beo® e o] Itk SWAT 2o A U X2 -5
T2 SCSHH S o]-g-sho] A8, S-E-2 Kinematic
Storage Model&- ©|-8-5}1L I F= E55 2 1071 S7HA]
AlEststo] A Alad 41710 ARg-sto] AlilRlth =3t
SWATZ A5 7719 502 23k & 7+
o] spHlel I HFE Fathe T2 v 9t tiaat 1o vt
O shFof| et 3l<pol| 7]oohe 212 T 5o = U
o] = Alof sl AT R ol A= A AR At
A3}7] Y51] Hargreaves, Priestley-Taylor, Penman-Monteith
HIHS- A|-g5tkc) (Arnold et al., 2011).
SWATZAA £A3-420) -2 4319] o)
Nto] T WA A o ZAE FAL A, T AERE,
7142, Alsl, Askr Foll tigh R olE 2 - E Rk
(HRU, Hydrologic Response Unit) 2 AAFSIC) §-E35S
2}7rolHRU] H8] S Aom Akbeo]xu, ShEsa s
59 815 1 2TAHOIN S5%L thee) 4] ()RR

AP 4= e,

N U

SW, = 5W0+§] Ry, —

1=0

qurf - ‘E;z - wsfep - qu,') (l)

o17]4 SWitz1919] 2% B (mm), SWol=igo
27] EFERF (mm), Ray = 1°‘4 7 (mm), Quir |
Ao} A3 {2 (mm), Eaiz 1 20] SHEALE (mm), Weeep
=19 HETF (mm), Q=i 394 A&k 2% (mm), ti=
A7} (day)o]ef

2. SWAT-CUP =273 71

SWAT-CUP (Calibration and Uncertainty Program)2SWAT
53 o] w7 AFs B A B2 S sfiA sk fIRt =
2780 2 Fx SWAT-CUP 2012 B]H o] 7fits|o] R g
AlEEaL )lom, 291220] Eawag A-FAxof Al 7= ict
(Abbaspour, 2008). o] &2 13O SWAT & o] qi7te B
A, B4, A4, B2 A 91t 2= SUFI-2, PSO,
GLUE, ParaSol, MCMC % 574 &11g]& = shE A
o 2 slonl, 41eE el S ol gsie] A
o] W) A A4 (relative), 2t (absolute), ﬂgzj
(replace)O w74 WAL o] 85to] HHE A o 7 H A

sl 2212] WAL Sl (Fig 1), 2 el
A= SUFL2 3 2.5},

SWAT-CUPL nfl7j=0] 1A 915t 117]2] B3t

S ARsslaL Jlem, & Aoz =A== Nash-Sutcliffe

(1970)8] &7 A5 o] &3t om thaol 4 (2)eF Lk




TxtInOut , LASF] ZEIWE NS B} Q= vl MR Yok
ny o ©]x|3} Hardware -9-91-& tjAk9- 0 & 5191t} Hardware
Nex\: el SWAT_Edit_exe |_ PSO A {ames 3] A5ole, James 22 A Chesapealfe
puts Bay = ZejEoitIt}. o] §9-2 20025 E ool thgt
[sn2 | ojze) ogizapaie) dikgelos A4E9om, 2007d @
’ [voe | @&l gieAzalel seie 2ok (VADEQ, 2007)
- Hardware -8-23-2 North Fork Hardware -39} Lower Hardware

Lrmsel | oo ol qom, 22t 20748k 24749 4feele
(wrowactee | ToE ] qmsio) glek 290 shHg, EA0lg B mUE A
, W 52 mefate] Tstgick the-ol Fig 24 e elel 9]

Fig. 1 A schematic of the linkage between SWAT and five optimi—
zation programs

E(Qn - Qs)?
NS=1— —o
Z(Qm.i - 62711,)2

2 Ao 7|Eo) L @FTFEE] dV o ofl EadE o

Albemarle County Charlottesville

2-HNF008,28

North Fork Hardware River

Fluvanna County

Fig. 2 Hardware watershed locations and monitoring stations

Table 1 Landuse of study watershed

Z|of FaHd, HUER] A4 52 HojFa ok

4. YR 7

tii8ole] 7| AR R = n)at AP HATE] (National Climatic
Data Center, NCDC) 2] F=7 |42 (Cooperative Weather
Station) 0.2 -2-%4%] 31 3)+= Bremo Bluff (COOPID: 440993)
o ARE olgsiglon], o] BEALE daFfelom
WEZO 104 km TojA ok BEAHE) A2A R Q)
220l 12054 7] 4 AT 2] 4528 o] Gele] w kst
o, T2 40] 1971 5E] 20006717 3017H) <1 7
SE 1,094 mm O], AP 53 % 1= RS 7IZE
Q15 10271 Al on, A7) e 132 C ek
AR AR (USGS)olA 2%oh= Hardware
594 o] 9123k Scottsville (02030000) 2|7 2] A G-2F
A2 o] §o1500, USGS ool A1o] e ol
o] o] 8319t} (USGS, 2005).

ArcGIS 10.25 0|-8-50] X[ F e, sPHH =, EYE, EX[O]
L1 S0] GIS AR 23190} (Fig. 3). A|&@AFRE USGS
©] 1:24,000 DEM 225 ©]-8-5}30, 5F%-2 v]=-57
= (US Census) 2] TIGER (Topologically Integrated Geographic
Encoding and Referencing) A} 25 ©]-8-3} 5t EUALR
L n)3 2poizk B A2 (NRCS) ] STATSGO? (State Soil
Geographic) AHzE o]-§5H3t:. 792 T8 24
EFAEE SN RS 58S Bl EX0l89 3¢
o2} ©] Table 194 Ri=u}e} o] AHH (forest)©] 73.4 % =2
7P =2 188 A}l 9J o, %X (pasture)7}23.2 %=
=2 H|ES B 4.0 2] (cropland) 2} 327 A| (residential)

Landuse
Hardware Total
Water Residential Barren Forest Wetlands Pasture Cropland
Area (kmz) 1.52 2.93 3.63 261,43 1.46 82.72 2.46 356.15
Percent of Area 04 0.8 1.0 73.4 04 23.2 07 100.0
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Fig. 3 Landuse (left) and soil map (right) for the Hardware watershed
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SWAT 23 o] B AL 213)] 1990 5-E] 1994 F7}12] 57
O] A= o|gsqieh HAZIE e g Ald el o
Bt 7S 1,072.1 mm, A+ 524478 mmE ¢

W
- 100

- 200

= Precipitation
—How

Flow (m?/s)
5
w
<]
3
Precipitation (mm)

0

T T T T T T T T T 600
Jan-90 Jul-90 Jan-91 Jul-91 Jan-92 Jul-92 Jan-93 Jul-93 Jan-94 Jul-94
Date (Month)

B GE8242.1 %P o Arl $58-237.6%47.6%
O] §I9}E E3ict (Table 2). th2-2] Fig. 4= 48 79t
FEFY TAE Holgar glom, A2 7ol ==
AEHE Foohs FE Holal Lok, 19919 799 4
S ek 249 mm = H|w A g2 7RSI O U
©ZTk0 134 m/s (38.6 mm) &2 AN 02 Lo 7S 1Yl
. O| A ASAR L] -2 T A ol A Eolgl gro] WAy
st w7 Ha=0] HA oA @2} AR = lo] "t
o] HAS $Iaf 1997 AH-E 2005A7HA] 81d7ke] =}
£ o]-&stieh AB T 21,042 mm, AR FEF
£312.9.8 mm=Z ABFF FEE-228.8 %= 7|7 H]
A vl A W2 kS Holom Awl §-5829.9 %453
%2] H LIS H ATk (Table 3). T4 Fig. S+= € 7982
EF] WAE Bl ¢lom, 1999 d5E] 2002714

© A 2 {fEe HolFal Qlrk

iy

Table 3 Yearly precipitation, flow, and runoff ratio for validation

Fig. 4 Monthly precipitation and flow data for calibration period period
Year Precipitation Flow Flow Runoff
Table 2 Yearly precipitation, flow, and runoff ratio for calibration (mm) (cms) (mm) ratio
period 1997 975.4 1,148 330.7 0.339
Veur Precipitation Flow Flow Runoff 1998 1,066.8 1676 483.1 0.453
(mm) (cms) (mm) ratio 1999 950.0 749 216.0 0.227
1990 1,056.6 1,518 4375 0.414 2000 919.5 751 216.5 0.235
1991 1,016.0 1,559 449 4 0.442 2001 883.9 502 1447 0.164
1992 910.6 1,498 4317 0.474 2002 1,008.4 347 100.0 0.099
1993 1,226.8 1,599 460.8 0.376 2003 1,452.9 2,251 6487 0.446
1994 1,150.6 1,595 4597 0.399 2004 1,079.5 1,261 363.3 0.337
Mean 1,0721 1,554 4478 0.421 Mean 1,042.0 1,086 3129 0.288
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20 0 9] 27|%+= SWAT 2§ 9] J#R}= G152 TablesIn t] &
v EEIO KR Holeuo)x shelo] 4 2 ui w4t 3t
o o] gl Blo] ] g olg-stol Asielc
200
T
- £
Ew - s Precipitation 300 -§ 2' ¢EDH7HE¢ Eg
E —Flow g_

SWAT-CUPo||A] vl 7]} 1 4=2] 58H44-2-95 % 2] S&-2
22 A, o] G vl B4 S Hatato] 414
o H &8 o 1A B39 2.5 % W 97.5 % oA ALk
‘ ‘ ‘ ‘ : ‘ ‘ ‘ T, 01595 % o= B = (95PPU)E} St} P-factor=
TS ety ASgko] 95PPUY| b= &2 UEhfH, 0~12] ¢
= 7HAAL Lo 775 RO A a4t Al o= gt
t}. R-factor= 95PPU H ]9 =H4E el m, R-factor7}
ARALZE =2 P-factorS A2 4= itk SWAT-CUP )=}
. 2zt 2 0F 7} RF3ESH = frof| wh2H, 5-5F2] ¢ P-factor7}0.7 o]4}o]
WA Refactor7} 1.5 ek 2ho i mig) gher grolebm kot
(Abbaspour et al., 2015).

0

Fig. 5 Monthly precipitation and flow data for validation period

SWAT-CUPS A3 5 SWAT B8-S 755 A4 5 SWAT-CUP-Z o] 851 4Bl /5g 1Asl] 9Jstol
= TxInOut tlel=ele] 91215 Helole SWATZHOIA] 7 Table 40]4) AHH ol s 714 0.2 o] gale] 1000
o RSl BRe) FEANE 0] Bele 4 ok 3 ukoR BAS aelsic o] o] S8 v pAsE 4
] S Sl ASAEE SRR (e E T ARRE Aol 1Y Ao 2 SR, e )
slatelom, M7 a=o] A 91l o83 w7l 4~= van 7N o] whE B A = th39] Table 59} L.
Griensven et al. (2006)2] A-LA x| A A|AJSE 7 71715 SWAT-CUP2] 27471 47)|2] wlj7jtH<= (CN2, ALPHA

W2 10702 Z3HsE 11709) i ees AAstgdon,  BF, GW DELAY, GWQMN)2 2831 A3}, P-factor= 0.72,
Yang et al. (2007) 52| A2 1S 2F1sto] ufj7|H4 2 A R-factor= 1.430]Q11, Tolg-Zako] B0 3,08 m’/sFom,
HPH T o] W okE AR (Table 4). T/ M 717H(19904~19941) Foke] A28 222374 ms

Table 4 Selected most sensitive model parameters and their prior distributions (van Griensven et al., 2006; Yang et al., 2007)

Acareqate Initial Prior distribution
9areg a Name and meaning of underlying SWATparameter parameter of aggregate
parameters I
range parameter
r CN2.mgt Curve number 55-77 U[-0.5, 0.4]
v_ALPHA BF.gw Base flow alpha factor (1/day) 0.048 ulo, 1]
v_GW_DELAY.gw Groundwater delay time (days) 31 U[30, 450]
v GWQMN.gw Threshold depth of water in the shllow aquifer required for return flow to 1000 U[0, 5000]
occur (mm H20)
v_ESCO.hru Soil evaporation compensation factor 0.95 ulo, 1]
r SOL_AWC sol Soil available water capacity (mm H.O/mm soil) 0.01-0.19 U[-0.5, 0.5]
v_GW_REVAP.gw Groundwater ‘revap” coefficient 0.02 U[0.02, 0.2]
v_RCHRG_DP.gw Deep aquifer percolation fraction 0.05 ulo, 1]
v_SURLAG.bsn Surface runoff lag coefficient [days] 4 ulo, 10]
r SOL K sol Soil hydraulic conductivity (mm/h) 0.71-650 u[-0.8, 0.8]
v_CH_K2 rte Effective hydraulic conductivity in main channel alluvium (mm/h) 0 ulo, 150]

®v_means the existing parameter value is to be replaced by a given value, a_means a given value is added to the existing parameter
value, and r_means an existing parameter value is multiplied by (14+a given value),
®U[x, y] represents the uniform distribution over the interval [x, y] for the given aggregate parameter.
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YoMy A X2
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i

oA L v HE 1

& 2k NSOFR 2] gh

ol 7P =S g B

SRS

= spby 27HA7IRA 1A s
gt ATE A PRt A3k thao Table 59
oA HH uj7fH=E 671, 77HE 285t
71 AS A e AT ATE B3l o™, P-factor o] T
O 48T 30852 1 e
221070, 117] A3t 4
it} R-factor2] A of| A XwH w7}

S 47), 57 A G BN A U WS 15

ofste] g W

NS, 5% 5= 222ste] 10712] vz

el 2.2 2o vl
° oA

ol s AEAl AlAE w7

HAof| whE v

9} B dLof| A= P-factor, R-factor, R’

SRR

HAATZ A eis}ich Table 6
w9} 2}7k] v
o] W91 Kol 9iet.

o) A Q1 o7 4=2] B Aol 4| R-factor7} T~ 322 G
W3, R NS ZhS 2H2H0.51 71049 2 T Whe ATRS 1

ot

Flow (m?/s)

2

95PPU  ——Observed ~ —DBest estimation

Fig. 6-& W A% ZAulo|| jaf) A=|9} m.0] ]2 v| w3t A} P
o
= pri;? et ﬂz:zli;:;] o H 19:? ;]—f;l:lf: Fig. 6 Comparison between observed and best estimation algng vyith
= © 95PPU (shaded area) derived by SUFI-2 for the calibration
B& 9 5] va) W §EFE wylon], o2 9l period
Table 5 Calibration results according to the adjusted parameter numbers
par'\;;:tfers PaAr(aj(rjnZ?er P—factor R—factor R? NS '("'r:;r;; STD
CN2
ALPHA BF
4 GW_DEiAY 0.72 1.43 0.49 0.42 3.08 177
GWQMN
5 ESCO 0.72 1.43 0.49 0.42 3.08 177
6 SOL_AWC 0.78 17 0.45 0.44 3.68 1.86
7 GW_REVAP 0.78 1.7 0.45 0.44 3.68 1.86
8 RCHRG_DP 0.83 1.87 0.47 0.44 3.41 2.02
9 SURLAG 0.83 1.87 0.47 0.44 3.4 2.02
10 SOL.K 0.85 1.76 0.51 0.49 3.41 1.94
11 CH_K2 0.83 1.81 0.51 0.49 3.42 1.91
*Observed mean: 3.74
Table 6 Fitted value of calibrated parameters and suggested new minimum and maximum ranges
Parameter_Name Fitted_Value Min_value Max_value New_Min New_Max
1:R_CN2 mgt -0.1 -0.5 0.4 -0.36 0,15
2:V_ALPHA BF.gw 0.2 0 1 -0.19 0.6
3:V_GW_DELAY gw 44517 30 450 237.57 652,77
4:V__GWQMN,gw 757.5 0 5000 —1363.93 2878.93
5:V__ESCO.bsn 0.32 0 1 —-0.02 0.66
6:R__SOL_AWC,sol -0.34 -0.5 0.5 —-0.76 0.08
7V_GW_REVAP.gw 0.06 0.02 0.2 -0.01 0.13
8:V__RCHRG_DP.gw 0.08 0 1 —0.38 0.54
9:V__SURLAG,.bsn 4.83 0 10 2.24 7.41
10:R_SOL_K sol 0.7 -0.8 0.8 —-0.05 1.45
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95PPU (shaded area) derived by SUFI-2 for the validation
period
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