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Abstract

The effect of selecting hydrologic item for calculating objective function on calibration of stream flow was evaluated by
Hydrologic Simulation Porgram-Fortran (HSPF) linked with Model Independent Parameter Optimizer (PEST). Daily and
monthly stream flow and flow duration were used to calculate objective function. Automated calibration focused on monthly
stream was proper to analyze seasonal or yearly water budget but not proper to predict daily stream flow or percent chance
flow exceeded. Calibration result focused on flow duration is proper to predict precent chance flow exceeded but not proper to
analyze water budget or predict peak flow. These results indicate that hydrologic item calculated for objective function on
calibration procedure could influence calibration results and watershed modeler should select carefully hydrologic item for the
purpose of model application. Current, the criteria of stream flow of Korean TMDL is generated based on percent chance flow
exceeded, so flow duration should be included to calculate objective function on calibration procedure for the estimation of

criteria of stream flow using hydrologic model.

keywords :

2 rlo
X,

B

> 3
1o

4y

SH,

Y =g

Zgo] &&sHA o] FoA
H RN EEA AGA ol o
/\]—%T’]' tﬂ \:l—l—l:l'C_
RolA el d4g 9
28 E4EFo
Z BP0 A Fow
arsE £4%8 BHAA
fei3

t ATTE o FojHop @

1

f 1o
f

ut

=

= A

o

fu

Hydrologlc Simulation Program-Fortran(HSPF)< 34 ¢l A

o] &1 (Brun and Band, 2000; Choi and Deal, 2008;
Cho et a., 2008)% EFHAS TS vFLAdEZY A

" To whom correspondence should be addressed.
tdkim@andong.ac.kr

Sk
St=

A &S| X| X253 X35, 2009

Calibration, Global optimization, Hydrologic simulation program-fortran (HSPF), Stream flow, PEST

>~

—“i'—i(Hunter and Walton, 2008; Ribarova et a., 2008),
HH PAE A% IS FHega i
S, 2007a; Donigian et a., 1997; Luo et al.,

9101*1 AAR ez de 1%ﬂ +9

Zuete] Zol 9‘01*13 5 (2006)°]

gAY gt % = ﬂWOi BASINSE

o]-&3te] HSPFY Xﬁ % }o}ﬁt‘r o] & dZFA

(dung, 2007)$} 5 g3k, 20079 22 HRrI9S

EH*‘OE st 287 o7}<e} v glew, I 9 g

B st HSPRY A -&/do] f4FH AThAlot

i 20073, 2007b; FA S &, 2006, 3%

2oon. ¥, Jeon 5(2007)2 HSPFE 2%

449 HSPF-PaddyZ 7)atel HEFozM,
’@r‘kﬂ ol 583 EXEFHA FH

NE=F AT HSPFT_‘ +9

ZAA8 B F Utk F

A B Z}ES’% 2d 3

g 7é HES 9% B2 AT

3 7kA A Sl TH(Shoe-

maker et a., 1997). 2d9 é,(Callbratlon)O]%‘r z2dg

AAREE 2FFo2A AZA G AZA%e 2L H2

gele Hgoer Fo Fdiewdl e a., 1978). HSPFet

[CIR=S
AT

=
O,

9

=S u

=

e By mde mdo 4-2gRPe wes 295
olof ™, 18X e 49 24 A% FAgd 47



SEs BEoAe] £

wET HY WY ot 433

St BAE HAAAZ § A THShoemaker et d., 1997).

2d B AaHEHE ARG =¥E Higet 2d9
BEAHE TV fstd 2l B glo] HAg
71H o] AME-E 3L it} Model- Independent Parameter Opti-
mizer(PEST)= 578¢ Rl Fa=oUA Fa ot
o 2 2 2dY FHAHG HEF ¢ J=E AEd
#7)x =ZzZIaYo|tiDoherty, 2005). Skahill®} Doherty
(2006)S PESTZ o] &3 HSPF 9229 XIS Sat,
AHE  GaussMarqurdt-Levenberg(GML)71H ] & 5}HA]
284S 27hsled, Doherty$t Skahill(2006)9] &2
#& F3l HSPF-PESTY #&% B ddt 28-S H7t
9tk Kim 5(2007)2 HSPFY #&F RAPA AdFe
Holl ot RFAFe} PESTE o83 RFPZAAE wns

o PEST $44¢ &% w gleh

2 ATINE §22 24 oA A2 2R
Qd §EE 98 952, K52 WNES 47 =4
5 AR Atgol §5% RAAT MAE dTL
ofstx, RS A 449 §

21. AFHERA

BAFACN AA AFHe ATFHEAdez St
AFAL FogmHHo] 287.6 kmzohﬂ 244 368 kmel
AgstAoes FEPoplA s HAEE AFA Y
FEAM EXFoR AF mx}E et 52 T
& A1A Fol e

FHA ] oF 58%7h YoFR 7HE B2 WHOoZ A
i glom, ZAIA Yol AAWA S F 14%E A5k

5 Kilometers

Fig. 1. Study area

2.2. PEST /i

PEST Z2ade 715822 37 39 v 22
842 Fgd= Ut

Parameter definition and recognition: 222 95t
HA5E AA®ES BAFHZR IS ExE9 gEA
(*tph2 AZH template filed YAEH, HHFE AR
BAH 2 gAY AR & AAeh B AR
2 AQY AAsE AAFY HAHTd A% 58 ¢
Edo =N, HHstE JAAHY AIEE =L4H Al
Ak oAl gt mde] HAPAI o E FAL F
Atk

Observation definition and recognition: o3k =4l 2]
#3 F EFE dgstd HHS] Hagh BHYFE
24 o, ol rdld] ks 5 Fk(Observation)o] 2l 3
1;]. dE = 1:1\:-11-] 73_14._‘5_ a9y o:] x;}oi 1:1_,]3.__
v, é-l%%k% 2 shte] BASHR g o, o=
o AMEEE Rdo AAFPTE HEIZ FEHoF 0“3} o]
b AFRs FEY *17&% A 38}‘_ instruction fileg ¢

r

P

§

Cig= g

Nonlinear estimation and predictive analysis algorithm:
PESTE= H|AE 4dF 7]<(nonlinear estimation technique)
%9 89l Gauss-Marquardt-Levenberg(GML)71H & A&
sted QIAE FHA s, GMLYIE-2 tE A3 g
HiajA mdle] AFS¢rt H7] gl HHst ~9HE
AlHE @EAE F dvhes FHE 7R dtK(Doherty,
2005).

2.3. HSPF #+&
BdFZo] 93 A5 Y= HHE, A2
d(Digita Elevation Model; DEM), EXJo] &%, A
I8 FFRFLEAE, 73RS, #EF 45348 SO
=9 st EE AuFolA A|Fst= shapestd
GIS/HEE AMg3ldth. DEMAIEE 835 &4A=
(http://egis.me.go.kr/egigmainasp)oll Al Al Zsl= AR
30 m9 griddd gl GISAEE F&3ATHFig. 2(9).
EXol &R HA] SFF FFAYFHAAN AFste SE
F(1:25,000)9] shapemtd FH 9 EXIAE=E &84
(Fig. 2(b). AFsrAg T FHAEF ASARE AT
A ZolA 9 FHE AEFARE A5t AMESIATH
7]%X}E— Al &A= AF7NGARE AHESRE
, Al A, QIR QAN 2%, % 52 A
6‘}04 HSPFe] 718458 &
ol-gstd At F
AZE 714A59 WDMUL

AZotdt FE2F ASARE sEIAIA 29 T

Jo 2 mlo =

Journal of Korean Society on Water Quality, Vol. 25, No. 3, 2009



434 Hxg - &S -

/( Dem(m)
[ ]9-93
Gy
b ? [_|o4-178
W [ 1179-282

[ 263 - 347
I 348 - 431

432 - 516

‘3 I 517 - 600
) I 601 - 685
i? I 586 - 770

L] o 5 10

(3) DEM
Fig. 2. GIS data for HSPF application.
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Table 1. Land use reclassification for HSPF gpplication.

Landuse
[ Agricultural land
[ Barron land

Forest
I Urban
[ water
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Reclassification for HSPF Origina land use classification
Urban Residential, Industrial, Commercial, Leisure, Transportation, Public area
Paddy filed Paddy field
Upland Upland, Greenhouse, Orchard, Other crop, Pasture, Golf course, Other grass
Forest Deciduous forest, Coniferous forest, Mixed forest
Barron land Mining area, Other barren
Water Water

Table 2. Land use classification for HSPF application

Urban Upland Paddy Forest Barren Water Tota
Area (km?) 40.5 25.9 36.3 167.6 7.3 9.9 287.6
14.1% 9.0% 12.8% 58.2% 2.5% 3.6% 100%
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Table 3. Hydrologic items for model cdlibration and its evaluation in this study

Item to be used for calibration Item to be used for model accuracy
Case 1 Daily stream flow
Case 2 Monthly total fl
&L oy ‘o - ow Daily stream flow, monthly total flow, flow duration
Case 3 Flow duration
Case 4 Daily-monthly flow, and flow duration
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Fig. 3. Flow duration of observed data
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Table 4. Statistical analysis of model performance for daily
stream flow a Junju Watershed

AE (m¥s) | RMSE (m’s) R’ NSC
Case 1 -0.19 356 0.80 0.80
Case 2 -0.21 3.76 0.78 0.78
Case 3 0.05 450 0.68 0.68
Case 4 0.18 371 0.80 0.78
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Fig. 4. Scatter plots between daily observed and smulated stream flow for each case.
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Table 5. Modd performance for seasonal discharge volume at Junju Watershed (109m3)

Obs. Case 1 Case 2 Case 3 Case 4
' Sim. Error Sim. Error Sim. Error Sim. Error
Spring 3.25 311 452 3.04 6.65 3.03 7.00 3.07 5.65
Summer 5.18 4.82 6.98 4.96 4.30 4,78 7.75 521 -0.60
Fall 3.08 3.59 -16.58 3.05 1.16 3.26 -5.63 3.59 -16.39
Winter 244 2.54 -4.20 244 -0.11 2.49 -1.80 2.50 -2.47
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Fig. 6. Scatter plots between monthly observed and ssmulated discharge volume for each case.
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