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A Review of Baseflow Analysis Techniques of Watershed-Scale Runoff Models
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Abstract

Streamflow is composed of baseflow and direct runoff. However, most of streamflow during dry seasons depends on baseflow. Thus, baseflow analysis
is very important to simulate streamflow of dry seasons. Generally, baseflow analysis is conducted using watershed-scale runoff models due to diffilculty
of measuring baseflow. However, it is needed to understand and review how the model simulates baseflow because each model uses inherent baseflow
analysis techniques. In this study, SWAT, HSPF, PRMS-IV were reviewed focusing on baseflow and soil water. HSPF and PRMS-1V calculate baseflow
using the variables which depends on user, so the baseflow analysis results of HSPF and PRMS-IV are not consistent. Moreover, soil structures which
were assumed from HSPF and PRMS-1V, since these two models assume soil structure as two soil zones and three conceptual reservoirs, were not enough
to describe real soil structure. On the other hand, baseflow in SWAT is calculated using baseflow recession constant which can consider the
characteristics of aquifer and also, soil structure in SWAT is similar to real soil structures. Thus, baseflow analysis result from SWAT was concluded as
the most suitable and reliable model because SWAT can reflect the characteristics and soil structure which is close to reality.
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(Brodie and Hostetler, 2005). S}A]QF o3t 4~ H2-4-S- E5t
7IAfE R B A el A8sh ol asAolA] &
ah, 71 Af= 2] TPgollA A1 71AR-E Fe)7t otk
=bdo] Qlt} (Hong et al., 2015).

o]o] RECESS (Anderson and Burt, 1978), RORA
(Rutledge,1998), WHAT (Lim et al., 2005), Bflow (Arnold
and Allen, 1999)% A7|-9-2& R X of| A 7|4 4-&2 East
= REEo] JgEo] 8511 ¢)om, HSPF (Hydrological
Simulation Program-FORTRAN), SWAT (Soil and Water
Assessment Tool), PRMS-IV (precipitation-runoff modeling
System, version 4) 5t 2h2- 19 ©9] BES F3f 71A=

2 AFg3}Hal Qlt} (Atkins et al., 2005; Caldwell et al., 2015;
Dams et al., 2015). 3}A|9F 2o w2} 7| A2 27| o2 5
0 58 APGEP] ohEo] Tl 2 ES B3] 0] 2 2
B0) 71495 2] L 415 71WSo] thet olse} v} e
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1. R B9l 42 23

= =T o

AE £99 7ARE A4S flsiAl SWAT, HSPF,
PRMS-IV, APEX, L-THIA ACN-WQ system 5 C}oFo} G-
9] 5 o] ARE AL )T} (Atkins et al., 2005; Caldwell
et al., 2015; Chalise and Dol, 2013; Cherkauer and Douglas,
2004; Dams et al., 2015, Golmohammadi et al., 2014; Ryu,

2016). 7+ 8o B0l A Q] 7|A8= A YL wE U EQF
3 oie] o B el njeh MR T2 g 5

A} o] FofZict. i Aoz i QloA el ZEEL Q=
S5l SWAT, HSPF, PRMS-IV R &oj|x| 2] 7| A-5= At
A 142 HESIAETE (Luo et al., 2012; Zhang et al., 2011;
Peterson and Mamlet, 1998; Said et al., 2005; Said et al.,
2007; Cherkauer, 2004).

7} SWAT 2

SWAT BYE ZRIG 49 §& 590 24 tlopgt 7.
EAT EXjo] 8 5 BARH oA S o R A 17}01]74%%
FeF oj50] 7153lT), SWAT 2R ofn] pe.
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P 10l = SRRSO (Hydrologic Response Unit, HRU)
£ 712 510 Eh9]2 of2o] |0, oA S 7O B 2]
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(Neitsch et al., 2010).
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Fig. 1 Soil structure and soil water behavior of SWAT
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HSPF 22 7-9of ot o= A A 9] 2] W 2
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Fig. 2 Soil structure and soil water behavior of HSPF
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Fig. 3 Soil structure and soil water behavior of PRMS—IV
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Fig. 4 Behavior of soil water in soil profiles and aquifers
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HSPF 132 B A5} olis 2719] o8 His}
o] QS HOJRIth HSPF R oA Eqk= A 52
RO T == ARARY o8 Hrt. RS ®
O AT mHol A 8% RS 4 A8 (nominal
storage)ol| Tt ARGAR7} 278 9] A5 Xt A9 vlee
APt o5 7| o' AAHt SR Aol o] 54
a0} QRS ol FY =l SRS dlEfste] 24H
o}, S =SS A el f T LA ARl ok
2 AA= (4] (6)).
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o ARO) F7H9EE) A RoIN0) S ERHE $9)
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ek
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e

IFWK1= 10— (IFWK2/ KTFW) @)
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2) HSPF 20X 9] 7|3 f2
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o
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o171 AGWO= AR5l 4= (in/interval), KWG= A
Sk = A5 WS (finterval), KVARY = Aol 1255
= Q1Z} (/inches), GWVS= A|&l=2] AAPH A4 (inches),
AGWS= 24 AJsl4=9] 27| A7 (inches)E 5okl Qlrk
VS SAIEl 10l ofa) Z7hee grolck et
ISz 1520l 3% T 2157 0.2 el ATl 24 Ao}
0] £13Je0] Q33 HHe], TR KVARYE Aol 7140 vl
of thet st e} TR ehE R e o, KVARY
7}00] o uh= whelee] ket AR e R o R U
Epdt). webs] KVARY S E-83510] 7| A9 ws= 1k

o=
3‘./\01:
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Ct. PRMS-IV

1) PRMS-IV 2§o]A2] Bk

PRMS-IV Z:3:& ol ] A1t A} o] £k =17 4l
3 ARA), B AR, F2 AR 370 HRAE A1
o] EQFE mOfRIc), 2H 4RAI) AR A et
A 7|50 2 2ol AaES AT 5 o8 )RR ALY
.
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slow_flow
= (slowcorf_lin gy, X grav_stor gpp) (11)
+ (slowcoef _squpy < (grav_stor yp,)?)

grav2_stor yp; = grav_stor gp;— slow_flow gy (12)

A71A, slow_flow= 584 AFAlA SPOE fEE =
S7HE (CES), slowcoef line S84~ A3R] #5359 2k$-
Bl 915t X9 Al (fraction/day), grav_stor-&F24= A 54|
O] A7 (inches), slowcoef sqi= 384 AFA| AF=Fe] 2
2EE st u|XE Al grav2 store= 584 AFR] ATl
A =) Z7h822 Alojet A5 (inches)olch, M2 $7152

N A5 Ao SPIERE 522 551 T3 4] (13), (14)
o) Ay

S
g
=
=

fast_flow gpy
= (fastcoef _lin X pref2_stor yp;) (13)
+ (fastcoef _squpy < (pref2_storyp)?)

pref_flow_stor g, = pref2_stor ypy— fast_flow gpy,

(14)

oJ71A, fast_flow= e T AFA NN frathe we St
8= (inches), fastcoef lin'= AT A ZX| oA GEZT| ==
T2 AE 15 A A, pref2_stor= A9F A7 <]
#322F (inches), fastcoef sq=XEF A FR|ol|A] G5 = i}
E = AP $13 nlAd @ Algo -

2) PRMIS-IV E3el9] 7442

PRMS-IV 282 2|5} A 54| 2 E5) 2|34 A5 1 7]
A9ES Bl o]7)4] sl A5l SWAT Hgolx o]
Qe tgZat fAla Adoln], PRMS-IV 2ol A3 A
FA19) AR REStCRL Zbgaleh A5t A5 A0 § el
o B 4RA|, B ARAL AR A5 ARAN) 5
RJeE B Fsjo] AXEIT (4] (15)).

gwres_ingyp
=s50tl_to_gwyptssr_to_gw yn (15)
+gw_upslope oyp+ gw_dprst_seep g

7| A, gwress_in A3} AFA 2] F F-YTF (inches),
soil_to_gw+= B3 ARAOl|A Aol ARAR o5tk &
] & (inches), ssr_to_gw= 524> AFAJollA ZJalg= AFA]
2 o] 53k= 20] oF (inches), gw_upslope=AFa 2|84 A5
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A e ] 212 (inches) o] .

Xl AFA|0] syl ZAER Kake ARA|] AR
B0 7|4 8ET} AJ5}4 A2 5 71 B o)5ap) Hek. 4
sl Al el B o ol mEo) S1 A 31
ol AR, 7141522 A5l ARAloIA] §Elo] sPHe.

= §9lelo] 51 gl TRk

gwres_flow qyp = gw flow_coef cyp
X gwres_stor qyp

(16)
oJ7|A, gwres flow= 7|A8= (inches), gwflow coef*=
s Aol HBASE IR 0.001-0.50]0),
qress_stor= A8l A15A12) A5 (inches)olck 254
2 A5l ARA] AT S AZINA] eSS o]
A AN A3l ARAL) AReRE: Tefsto] AXEc

gwres_stor oyp
_ t—1 -
= gwres_stor qyp+ gwres_ingyy 17)

o D o t—1
GUTeS T GUTESG)  — SEEPAGE gy,

]

ofgict. o] T oA SWAT 23, HSPF 2, PRMS-1V 23
O 71X & 4P Ae A L Table 13} 2tk

2o YOIH 714 R E AP SR ARE A 2 W AL
T SWAT Bl AR Qe ik o, = 7149 70
A= (baseflow recession constant), HSPF 2304l KVARY
= Aok 1= A5 Wi, GWVSE 742 S5 AL
AGWSE 27] 17104 e] 3l A Fago]o, PRMS-IV 53
oflA] gwhlow coefiz 7|12 AF4 S 9ig AT Aol

o] Zof|A KVARY, GWVS, AGWS, gwflow coefi= 41|
Follxle] tia=5 B3-S defsto] APt 4= Sli= o] o,
5] ARSAR IR ol A AARE 9] Woll A AREARF (1o =
A3 ot (Bicknell et al., 2001). ©]2 Q13 AREA7} 4
Al a5 B30 dolRt M gk AN 789, A5 714
e et 4 olck
of e SWAT wgo] A8} Q12 ¥i4e2) it 4
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Table 1 Baseflow calculation equations of each model

Model Baseflow calculation equation User input variable
qu:.i = Qg1n,7—l * eXD[*Oég“, *
SWAT +wrch7‘g.sh . (1*6XD[* a/u . At]) a_(/'u'
HSPF AGWO= KGW*(1.0+ KVARY* GWVS)* AGWS KVARY, GWVS, AGWS
PRMS_IV gwres_ flowg ., = gwflow_ (’Oif CWR awflow_coef
guwres_stor qyp
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2= Q) 71 T 329l #|:olc}. E3F Web-based RECESS
(Lee etal., 2014)2} SWAT Bflow (Arnold and Allen, 1999)
=7 22 Aol 7 A RS e A 2RE A Al
Al 7] dizell Bl e U5 A2 s A 714
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