Journal of the Korean Society of Agricultural Engineers
DOI : https://doi.org/10.5389/KSAE.2017.59.6.101

£Q01 # TIKRE USA+E

—_)TT—/ =

Vol. 59, No. 6, pp. 101~108, November 2017
ISSN1738-3692 | elSSN 2093-7709

g8 9% U 1IKRE 29

Baseflow and Streamflow Simulation Applying Baseflow Recession Constants
in Individual Sub-watersheds
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Abstract

This study attempted to improve the accuracy of streamflow and baseflow prediction of Soil and Water Assessment Tool (SWAT) by applying baselfow
recession constants for each sub-watershed. This study set two different scenarios (S1 and S2) to evaluate the impact of application of baseflow recession
constants for each sub-watershed on streamflow prediction. In S1, Only the baseflow recession constant obtained from the streamflow station located in
the final outlet of study area was applied for whole sub-watersheds. In S2, baseflow recession constants obtained from six different streamflow stations
were applied for each sub-watershed. Then, baseflow was separated form the measured streamflow data and the predicted streamflow of S1 and S2 using
Web-based Hydrograph Analysis Tool (WHAT). The results showed Nash-Sutcliff efficiency (NSE) and R” of S2 were a little higher than these of S1 in
both streamflow and baseflow prediction results. However, it is important that S2 reflected physical meaning of baseflow recess. Also, recession part of
hydrograph in S2 was calibrated better than that of S1 compared to the measured hydrograph.

Keywords: Baseflow, Baseflow separation, Recession constants, SWAT, WHAT

.M 2

27| SIBh Q18] A A A 0 2 S REo] Watst
e, Iz Qs ol e T 7 5o AR sl
A9} 5757 HE AL Qe (Kang, 2011). £3] 2 wijd
=4 AR afsE WAEAI7 AL Qs 7R 2061~2090 9
= ¥ 1977~2006'30] B|ste] ©AY717k0] 3.4u) F7h= of
C5 Azheid Aolet = Al Qlet (Han et al., 2016a). ©]
of 7ha th-8-& SR theRt A 5o A4t gled, 15
of| At X[k} 7] A 2ol et AE7E o] X AL 9
= Alglo|t} (Han et al., 2016a; Jung et al., 2014; Lee et al.,
2014; Lee et al., 2017).
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9]t} (Han et al., 2016b). o]o] 319
147§ Sk} 7 ol o2l
=531 )t} (Hong et al., 2015). 5}
SACE Qlsf AA| shHofl A 71Tt
of| A% 71A & USE 713 o= FHAI7F Q{Tk (Cho, 2006).
oj&fgt o= thF-E 2] 7| A= AF-ollA = AlS ol Al
BEE g R Ry ReR A5 ES BE |19 4
22 7Pgstel Q78 Atk B B G AR} 2
AakA] h vl A2 glol A 935 BRS o) s
fake o2 T o5 SRR NSS4
3= HHo] o] 0]- 85|31 ¢Jt}h(Han et al., 2016a; Loukas, A
and Vasiliades. 2014; Luo et al., 2012).

thoFst 71 9-6-& 3 o)A SWAT (Soil and Water
Assessment Tool) 2 &-2 7 A A2 0 2 0] A|S F-<of gt
55 o) 918 o] AT gl W0k (Neitsch
etal., 2010). SWAT =& = Ujof A = thelgt 192 o
o HgE|gon] B 7S Bl 44T HeHo] 2
ZE AT SWAT BH& SHe v 52 So 47 2
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wigo] )4 ojnef et el glo] Ges] BATE
2171 vl o] Zqhhe 2hect, o]
W4 A} 2t $RRAE
7h sk, o] 2 Qe S ARGE 714 R
Eoto] ARNg-sEaLAL o off EEH A o] miS- =LA
QIth (Jung et al., 2014). w2hA] 3
A= 199 294 EAS ALEsto] 71X R=
7 g A7 S0l o gt
o= ¢I%l Lee etal. (2014)= G240l A H7-H7
57| Agae) PRl B S el 71442
A} S APE0 R AVYT 5 9l Y7IMFRECESS A28
51T}, E35H Jung et al. (2014)= 174 RECESSE o] &
S0l P2 GUARZIE 714 5E Ao AVl of
= SWAT 8ol 2510] f5 2 7] 282 w0lo] 9lo} A 7]
A= Ao S BT o] @of| = of 7] At
A WS AR R AP E 7 AR S SWAT
HA uf7l o] 2-8-sto] frige Hofot= A7F X3 =S
o}, Zey 7120 AtolMs 799 FFHEel fIAR
S ae teto] AP E 7 ARE AT E R W B
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S Y A afoHE EX0| 8%, B, FAE 5 5
el JEFs = EuE] S0 bt = 7] Wiz
2E =Tl A E 71AR=E A3 E e Al @
20 2 Agoh= A F7F U 71 A = ool JlojA] &2
AE S = ek ol & dtellM = HER=9
A

f
lo
N
N
N
o

=2

7

o

2 = J

7

=

o & 1
N

T

oZ‘: O
[o Ho

HU

ot

o
ol

o

(2 10
1

T

T+

il

O
= Ay o=

1

N

PVARE U S B 2500l YRR Mg Aa)
9}-2} 2 ool e AP 71258 2148 2]

/
Fojol A0 2 A8 AN lmwste] 3 W /1A E
0] shizo] oful3t S u et} shck

webA] & o] BAe 1) EAPRE
fe oo of

>
)

1A= A
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1. SWAT 2§

SWAT 238 282 2902 BEoR 1|2 504
974 (United Steates Department of Agriculture Agricultural
Research Service; USDA ARS)oj| A 7|3}t SWAT &
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7r =S EAY AR, S ET 2 st Ld=EY A
= HAo] 7M53lt) SWAT B2 5%t Ex|o]&a} Eok
=9 2H& ou|sh= EH-StH] (Hydrologic Response
Unit, HRU)E X4 29| Th9| 2 5} HRU &9, 479 o
S o ol gt ZE40] 7hsst:

SWAT H oA 9] thpzS &2 t4=% (shallow aquifer)
T} 72 tj4=ZF (deep aquifer) &2 FLE3Io] Z|5l=5 22|
S} EORE A} Eope] SR 3t g 2710 )3 A
Ht ESSolA tieso= ohdE= =9 ool 249,
o B0 m ook URE Aol LE afeke o
420 7 o]E3}o] A5t} H e} (Han et al., 2016b).
3 el AJst= thaes S/l whet 94 713t &
3 ol Aol dlew, 7|A4f= 2 20 s
Ko 9 71A16E U2 28 the3 el Aot o
O 7 o] FRith 2 thrFolA s’ ol F sk 714
228 4] (1)o] ofa) Hejick
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flo o flo
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ng = ng-,,l . expl— Qg * At]—l—w,.d”,g’sh,
« (1—expl-a,, * At]),
if aq,, > ag,,u,.,
i =0, if aqy, < agg,., @]

L

A7|A, Q=i 7IAFES (mm), Q1 =i-149] 7]
g 7 1A= 53 (baseflow recession
constant), At+=time step, w 4= ko
& (mm), aq,, = F 43 AFE Ask=F (mm), ag,,,,
= 71ARE AP S 2R &2t YA (mm)ojoh &
< 3 W AT Askrike] dARES 2k -9
gl 71 A f=o] EAYsHA Fck

Al (DollA 7| A&l & F= i< 71 4q=
Aotk 71ARE Aadarst iEAoA SRR
Y 3 23 =] B 2l o3 7 IARE s
Ueh= FHOo2 ti3 Wl Aok 259 23201 |24,
EFEAT} o E4Joll 9 ¥=rH(Smedema and Rycroft,
1083). 71415 Tt P SRR RS o) 85101 A1
5 91001, 0014 1410]] h& 71T 00] 775 7]
A152) 247} el A aEhs 2L SlulalaL 10] 77k
2 74550 77k kA A 2 ofula,

A& (mm), o

L jo] ko
rchrg,sh 1= ' & B 1o

2. RECESSE 0|8%! 7|NMRE ZAeds LE

RECESS+ u]=-X| 2 ZA}=+ (United States Geological



Survey; USGS)of|A 7det 2802 FA|skp3AH
(Master Recession Curve)2 Z-8-310] 22419 ZH4= EA]
2 5A4517] Y3l 7HE et (Lee et al., 2014; Liddle, 1988).
USGS©jl A 7tst RECESS 21318 g2z 7]4ke)]
MS-DOS T2 73O 2 ofg| 7}X| o] B2 73 0 & LA L]
o] Qct g3 % 7]Hke] RECESS Z 2 138 & 7| 7| 719]
T4l SOl eSS Bk A e AR
A7F 2134 Aeafol 3171 wiizoll 717t et FAS fish
A= B AlREe] 228 5= THdo] QI Lee et al. (2014)
& olgfat eSSl TLA 7]5ke] RECESS 22198
Aarshsict.

Lee et al. (2014)0] 7}aFat 9178} RECESS = ARE2} 7} 2
A5l AL 7| 7to| et Al 2 S el R E 2 EEEH 250

2 BT B PR A o2 HAste] gl
Siufel 21 103 e el g el

=21 A} (Recessmn index)E A%3slo] MRC 4 A3-=
Al58tct (Jung et al., 2014). Eﬂ OIIIH A A= R
B 71A= A8rE AP st MRC 7 At oAl Al
Fakch(2) ).

Q QOKf Q ot

a=—Ink ©)

0471*1 Q= AT AR AM & 3, t% AR tofl Al
&, K= d=edAh 283l as 714 = gdseolth

3. 7IMRE dxdE ot R MF

2 Aol M= SWAT Wi o] ARs g BE9] SWAT-CUP
(Calibration and Uncertainty Program)<- o|-&5}o] -5-8F 11 9]
AE BAsITE SWAT-CUP- 52135 7| o= A}
827} Aleat ul ol dete] 221o] ghe AlgaEch
H Aol A wy By Ans grsly] Y8 23445 (R)

Table 1 Classification of model efficiencies

1970). oqmq

]:I
= ol On B BEL 0 BE
olck. Eat 7} H7H|40] i

9= Table 13} Zch.

R*= (P~ 07/35(0,~ 07 3)

g3 =

Ak AL 1 (S1)2 n‘—’r‘?‘% 45%3?“{1 4l FEES

&0 AR R AP VA= e AP 2
= W YRR e ol dEA o R At P
FE AL ohE viliREol disiAs SWAT-CUPE
ol-g-5to] HASIAT Alue] L2 (SZ)‘: %Q lﬁ HX13}67H
o] FERISA] M AHgE 1%
2 frgasart YRR 29 7H”“4 = E XMLOH’— 7::‘#
FTE AR s S S1 B0l AR v et
SUT 7ol tiste] SWAT-CUP-- ©]-8-3t0] 2 A3}
AT} 82 B IOl M e _iﬁé\JF ZABIA] = A
off tsfirl= ek sk & oA 71 7h7ko] 1A%k
TSR 7R RE J#% 21831 AT

30

4. WHAT AMARS 0|8st 7|MREH 24

AP A2 A ARASWAT 23 ol ol

Z}Ei—,—E% 7IA S 2elsh7] 918 WHAT A|2~H) o]
%0}9\";12}. WHAT A|2:E] (http://www.envsys.co.kr/~what)
2 Local minimum method (LMM), BFLOW filter, Echkardt
filter A] 7}A] WP o) 4] AJ82}7} AT e 2 o] -2-5)0]

Statistical criterion Value Classification of performance Reference
0.90(R?<1.0 Excellent
5 0.75¢(R<0.90 Very good .
R 0.50(R*<0.75 Good Parajuli et al, (2009)
0.25(R°<0.50 Fair
0.75(NSE=1.00 Very good
0.65(NSE=0.75 Good Boskidis et al, (2012)
NSE 0.50{NSE=<0.65 Satisfactory
0.40{NSE=<0.50 Acceptable Santhi et al, (2001)
NSE<0.40 Unsatisfactory
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7| A4-8-2-8 Bajske 7|HE 22 2ot (Lee et al., 2017).
LMM2 =348 o183t 7142 22 *Holw, BELOW
filter+= 413 %] 2] (signal processing)&- o]:oﬂ A a1 Fule) A
s Helsi] Sfa) AR e SRIA] 485t
7IAfES Belshe TAE 2 HHPH*O]E} Echkardt filter
= RSkl BAS AR DejelA LolT wed] i

4 0] FAML: 712 11 7] 4928 Ea|3l= BFLOW filter

o) TS SR} A B o 82 7] A8 Z) 7]
=g ou|sh= BFlaZhs BG4S 53l g5 54

e = Qe V1A= 22 ol (4 (5)).

(1= BFI,,) X 3xb,_, +(1— ) X BFL,, * Q,

0 1— X BFI,,. )

o371 b= t A7kl Hel 7| A5E5 (mYs), B LE]
9] wi7RA<, Q= ¢ AIZbell A 2] HA] SRR (ms), B,
© A7 F FrEel iR 71AFEue] Adigholth

Eckhardt (2005)= A &5}2] 948 Bl AF&-0.& 0131 2+
LH 7| A GE B AnE 2 4 9l7) witol FHA| 6}24
o] Z2 31 FFo| W 4= thEF O 7 shHo] a2 11

o] g i, FA| shdo] s ko 2 AE q{T
Zo]) t3}ed 2+240.80, 0.50, 0.25 2 BF g 1S AFslaATh
(Limetal., 2010). & $Atol A= i3 5442 a2 = 3l
~ Echkardt filter B2 0]-83}o] 7|A46-&8 BAs1G S

1, BFInax 2122 @A| 5 0] 22531 F=0] g <3l

rvonqumm PO
P'yongyang

HUKUOKA |
SR Fukupkaax

B G A SHY S sk e Al
R 22 AL A o 7 7kl WA o] 9)2]5)aL QJch
S 1,774 km G2 %S 147 kmo] 1L,

©.0] Yl HTIE 1,560 m, A 3% 200 m, HFIE 614m
2 A1) o] o] BEBIIL Qo] 18] T} T (Yiet
al., 2012). =3+ BT 792 A7 A12] (International
Hydrological Program; IHP) A|®H-G-9 0 & AA o] §-
o) g5k QI sl 9o 71710 o Sk T
RS B4 9k 2 ATl FELER I 5o
BEAE NFRETR AHSI] 1L A seick o

sl
e
y

12

o
e
o I

o l‘lO l

Ul HUVELE HERETR ALY Ao ol
FAEE A7 folo) WAL 1,613 kmPo|c).
6. RUAIE ¥ BY YR

3510l A= SWAT alpha factor AFY 2! & o] A} &
Ao HOH 7R £8P HAA 8] (Water management
information system, WAMIS)oJ| A Al 3-dl= G A2 s &
L3}tk AR A0l BAR) S-odojj= oL, AT,
ey AMHF W Moljnl, A, FHAW, oFEnl £ 87
o] 471 1A At (Fig. 1), 8719] B34 5
ol 3 Aol A AR 17E % B 17 B2 7 gl Aoy

®Streamflow sation
@Selected streamflow station
024 8 12

16
O — e Kilometers

_______________________________________

Fig. 1 Location of Pyeongchang—watershed and streamflow stations
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20139712 ARE 0] L5610} SWAT 28
71k (warm-up) 3\8S ZgFeto] 2pw= 7)7F 5 7P F2l
2008 5] 201374 mol5HT.

SWAT 23 105 Q|3 ARGt 71 A m= B
off QUHRES7) O 7S 4 (hE 8, e A, &4, 9
TS AAsFE o, 714 (http://www.kma.go.kr) ]|
A Alsshs 75, s, AR, 35, AV EA 7=
A8 o] §}ei). A HARRE HEA 2| ol x| A g ek
1:5000 =2 A| =2 885107 30 m SAHE] x| T m el
(Digital Elevation Model; DEM)& 2Hg3}o] 2835140
EAT G S g7 R A ] 20 4 A IR 20131 5
ERE o8, EYs FEHOA Algshs RS
520|319t (Fig. 2).

A2 S APt (Table 2). 67 52 5
TR JZA0] 7| A G ] ghe] 012782 71
A bk on g a W54710.0285 2 7P 2k
e} &, S a #E27F QAR R o) thE 27
T}l aste] 71 AGEo] 7P wEA 2eE 3, A i
27F A3 foo] Aid o ® JERE T $ 71A
Zo] FpElad o B AlZo] 48 5= A 08 Ut

SWAT-CUP-Z o]-85to] S1ofli= 99 HF/=E72 3
A1 TS0 A APE 71AGE 44 (0.0486) 5 A4
2yl A-g-sk3len, S20)= 212+e] &f-2of] X3t
G o] thsto] AP 71 A2 S 28-Skl
Table 3-& HF-HE+< YLl FFUZ2 g B AF
B o7 e} g 9] T2 a1 S137}S20]] gt w7
HAANS eRd Aok

Table 3 2] vl 7i s~ B ATE S13}S20f| 2|50 L2
T ATE FYl FFHSA0 SRS} Hlaste] 1
o] ete = Wrslgict (Fig. 3). WSt 29b v st 2
7} S1of| g3t R*9FNSE= 742}0.67, 0.599. 2.1 S20]| o gt
R*9} NSE= 7}2}0.69, 0.62 2 AHA=|9ict. Boskidis et al.
(2012), Parajuli et al. (2009) Z12] 1L Santhi et al. (2001)©] A
AJgF SWAT W o] {5 o] A} 3717|508 5 Alue
9 ML R E9 (goood), NSEX UHE (Satisfactory) O

A

DEM(m)
i 180

landuse|

(a) DEM

(b) Landuse (c) Soil

Fig. 2 Topographic input data

Table 2 Baseflow recession constants of each streamflow station

Streamflow station Yeongwol 1 Jucheon

Baegokpo

Sangbanglim Seonae Jangpyeong Pyeronchang

recession constant 0.0486 0.1278 0.0385

0.0346 0.0428 0.0285 0.0372

ST 38| =1 A5 A6F, 2017 » 105



AR ¥ IKRE ULULE NBE 9 W TINSE 20
Table 3 Range of calibration parameters and the results
SR Boundary for calibration Calibration results

Method Min Max St S2

ALPHA BF repalce - 0.0846 each
CN2 add -5 5 —4.62 —-4.85
CH_K2 replace -0.01 50 14,98 21.65
CANMX replace 0 70 68.21 51.68
CH_N2 replace -0.01 0.1 0.0315 0.0294
GWQMN replace 0 5000 3794.47 4150.47
SLSUBBSN relative -0.2 0.2 1.185 1.177
SLOPE relative -0.2 0.2 0.80 0.97
SFTMP replace 0 5 475 2.68
SMTMP replace 0 5 2.89 3.25

10000
—— observation .- scenario 1(S1) - - scenario 2(S2)

1000

Streamflow(m3/sec)

2011-01-01  2011-04-01 2011-07-01 2011-10-01 2012-01-01  2012-04-01

2012-07-01

2012-10-01 2013-01-01 2013-04-01  2013-07-01 2013-10-01

Fig. 3 Streamflow observation and streamflow simulation results of SWAT

Bkl
S17}S29] R°INSE Q] 2fo] = & 2jo] = Eo]x]% orFo.
U, 29270l 71A9E eAeE 9o ) Ao 117

o Q0.2 4GSl W3] 21252) 2-ctol el 4
A 7| AR A AfolEE 483t s29] Hekest
Eh 7 AV |Gl EREFig. 3014 3 4= Q10| STef 1]
Slo] 27} pfreph ot Ml WS ) -5 4 6
o] Zhamhs 74 RS AT A 0 2 13 ek o
A 2l A & 4 Sl

SEAIRE 134 S20] U3k A wiRol chste] 714 52 2
At ASigh Lol ool A2 T e 483
Lol wo| Auto] JeHErt fARE AL HAT s
o] glol 2t v A4Sl et Be) 4 B4 Tejsta) ek

9] Rl Aot olgoflcts A& el
WA G| 718 A s e o)
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AT A= WHAT A ~ES o] £5}0] 74
Bt 7| A& A= 71 A-GEo)2) 75T

7=

Lojof gt 71 A= A

2014-01

SPEs 0 2 Qla) AlA) SHHA TEe
1&=2%0 2HA7E Q7] o ‘joﬂ Fo] dAtof A= 7]
Be) e A sle] BRI E ALY 7]
AGE2 A= a2 78 E]- (Ahiablame et al., 2013;
Arnold et al., 2000; Jung et al., 2014; Zhang et al., 2011). &
= e

_,] 0:]’61‘-— HA—!
371 Sfefe] SWAT w0 2 sejgh o 734(51, S2)2H
g 2o 7AGE diE 85 VA RE
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Fig. 4 Baseflow estimated from observation and SWAT simulation results using WHAT
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