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ABSTRACT

Hydrologic Simulation Program-Fortran (HSPF) coupled with PEST which is optimization program was calibrated and validated at
Bochung watershed by using monitoring data of water quantities and nutrient loading. Although the calibrated data were limited,
model parameters of each land use type were optimized and coefficient of determinations were ranged from 0.94 to 0.99 for runoff,
from 0.89 to 1.00 for TN loading, and from 0.92 to 1.00 for TP loading. The optimized hydrological parameters indicated that the
forested land could retain rainfall within soil layer with high soil layer depth and infiltration rate compared with other land use
type. Hydrological characteristics of paddy rice field are low infiltration rate and coefficient of roughness. The calibrated parameters
related to nutrient loading indicated generation of nutrient pollution from agricultural area including upland and paddy rice field
higher than other land use type resulting from fertilizer application. Overall PEST program is useful tool to calibrate HSPF

automatically without consuming time and efforts.
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A=l ool AEE|SIT,. Lee et al. (2009)= PIAIS 9
o 23RS APdsk=t] SWAT 29 o8& Aottt
0™, Jang et al. (2009) HoHH 99 vjHY S HujE
AT A S dHeket SWAT 22 o]&3t |t Q)
o} Park et al. (2009) 7|52} AZE = H3b7} £:219
e GRS Hrlslet SWAT Zdle AMS3I9on, Park
et al. (2008) El‘/lﬂ}% Lol ZBAE T3t Aol B
AL Bt AgsiA ®od 5 Qe SWAT ArcView GIS
Extension Patch& 1430}04 Eoko ks AT d} Qo)
HSPF Zdlo] ALAldS AHEH, Jeon et al. (2006)0] S
gluet folollhe] fEt SAGSA] HSPFY 4845 3
7¥st v 9lom Hwang (2007)% Jung (2007)2 2424 Y%
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7% HSPF- PaddyE 7sto] Awhe 9ol 2-8si5le
o, HSPF-PaddyE ©l-83lo] EX|o]§HE E4AAS &3t
=oA] FEEAS BA% bF At} (Jeon et al., 2010).
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AEAMS ®olil QJt} (National Institute of Environmental
Research, 2008).

2. PEST 2

Model-Independent Parameter Optimizer (PEST)+= S.S.
Papadopulos & Associates, Inc.ollA] 7igE 223} 9j7]]
Zagos E43 Bl FetE|oflA] dal ot /9
2 A wdo] A87lsstn @A) PEST ZEI8 S5jo]X]
(http://www.pesthomepage.org/Home.php)olx] F82=2 tfe=
= wlopa] ARGl 4= It} PEST 232 75202 7
parameter definition and recognition, observation definition
and recognition, nonlinear estimation and predictive analysis
algorithm¥t zFo] 37He] @42 FAdE|o] Qlrh. Parameter
definition and recognition HEe] Yuto] 2| A3 1zt
g0 o128 BAm muE 3R ol Sl 238 3
s Q19| A4t A0k Bl 9l sk 24l
BT mEdmelA o] 917 5 AR F HHE el
o) A A4S keR et A8 AR

&S 3t} Observation definition and recognitions 22
g ARlel] flsto] AEgEs FESe 9Ts St o
Al

Zgke A)HE WDM o] DNS HE
Sl 23 22 5 glom At 7]
dates.dat TFoA AAF EA7|7HEE olX]sle] Akl
Nonlinear estimation and predictive analysis algorithm
o= vAY 23} 71&59 sl Guass-Marquardt-
Levenberg (GML)7|"]e] o3| ZEo] wj7fiiE 24 3lel=
o3k it} (Jeon et al., 2009b).
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Aol M= BASINSE ©l-83to] HSPFE F55132n o5
aid= Bl GIS dataql A0t A3 (Digital
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Table 1 Land use classification for HSPF application (Unit:

km2)
Urban | Paddy | Upland | Forest |Pasture | Barren | Water | Total
Bochung 12.7 | 67.1 | 46.3 [ 256.6| 4.9 5.0 7.9 1006
watershed B%) | (17%) | (12%) | 64%) | (1%) | (1%) | (2%) '
e 156 | 0.03 | 223 [ 978 | 0.09 | 0.00 | 0.02
Urbanizedarea | 1101 (16 | (16%) | (709 | (%) | 0% | ) | >
044 [ 300 ] 077 [ 7.26 | 008 | 018 | 0.09
Cropped| 2 | 4 |@5%)| G |61 | (%) | @ | ag | 1
area Other 0.10 | 0.34 | 0.42 | 2.06 | 0.00 | 0.00 | 0.00 999
IS 3% | (1299 | (15%) | 719 | ©0%) | 0%) | ©%) |
Forested ar 002|026 | 0.14 | 1.10 | 0.00 | 0.00 | 0.00 152
OreSteC A | og) | (17%) | (9%) |(72%)| (O%) | O%) | 0% |

! I Agriculture
[ ] Forest
I Others
[_] Urban

Fig. 2 Land use classification at study area
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HEHHHE The use of TSPROC as a model post-processor is programmed. f:3:3:3:3:4

START GET_SERIES_UDM
CONTEXT all
FILE BOCHUNG.wdm
DSN 1001
NEW_SERIES_NAME nflow
END GET_SERIES_UDHM

START GET_SERIES_WDM
CONTEXT all
FILE BOCHUNG.wdm
DSN 2001
NEW_SERIES_NAME oflow
END GET_SERIES_UDM

Fig. 3 Example of control file to designate observed and
simulated time series

Volumes are calculated from the modelled flows.

START VOLUME_CALCULATION
CONTEXT all
SERIES_NAME mflow
DATE_FILE dates.dat
NEW_V_TABLE_NAME mvol
FLOW_TIME_UNITS hours

END VOLUME_CALCULATION

(a) Control file

06/17/2008 15:00:00
06/18/2008 00:00:00
06/19/2008 00:00:00
06/28/2008 07:00:00
06/29/2008 00:00:00
06/30/2008 00:00:00
07/19/2008 09:00:00
07/20/2008 00:00:00 07/21/2008 00:00:00
07/21/2008 00:00:00 07/21/2008 07:00:00

(b) Dates.dat file

06/18/2008 00:00:00
06/19/2008 00:00:00
06/19/2008 18:00:00
06/29/2008 00:00:00
06/30/2008 00:00:00
06/30/2008 09:00:00
07/20/2008 00:00:00

Fig. 4 Example of control file to designate period of cal-
culating volume

### Exceedence times for various flows of the wodelled time series are
### next calculated.

START EXCEEDENCE_TIME
CONTEXT all
SERIES_NAME mflow
EXCEEDENCE_TIME UNITS days
NEW_E_TABLE_NAME mtime
FLOW 4.8
FLOW 11.

=

=

=]

=

w

@
NOONNRN -]

FLOW 79.5
END EXCEEDENCE_TIME

Fig. 5 Example of control file to designate exceedence time

80

HEZu}do)A] ZFRE AAREL 7|7to] EE utdL 2A3H
t} Fig. 4= AEE -LPO‘OHH dates.dat® A|As}, dates.dat
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Table 2 Calibrated HSPF parameters and description

Parameter Description
LZSN (mm) lower zone nominal storage
NFILT (mm/hr) index of the infiltration capacity of the soil

Water | AGWRC (1/day)
budget | UZSN (mm)

the basic groundwater recession rate

upper zone nominal storage

NSUR Manning's for the overland flow plane

IRC (1/day) the interflow recession parameter
TN/TP ACCUM (g/ha/day) | the rate of accumulation of selected pollution

SQOLIM (g/ha) the maximum storage of selected pollution
PWAT-PARM2

**% < PLS> FOREST LZ3N INFILT L3UR SLSUR KVARY AGWRC
FEE X - X {in) {in/hr) (fr) (1/in) (1/day)
11 17 .50000000 § LZSN § § INFILT$ 150. 0.6509 0. §AGWRCS
21 27 .50000000 § LZSN § § INFILTS 150. 0.6727 0. §AGWRCS
31 33 .50000000 § LZSN § § INFILTS 150. 0.8636 0. §AGWRCS
37 37 .50000000 § LZSN § § INFILT$ 150. 0.8636 0. $AGWRCS
41 43 50000000 § LZSN § § INFILTS 150. 0.7391 0. $AGWRCS
47 47 .50000000 § LZSN § § INFILTS 150. 0.7391 0. §AGWRCS
Fig. 6 Example of tpl file

lzsn log factor 7.0 2.0 15.0 lzsn 1.0 0.0

infilt none factor 0.2 0.001 0.5 infilt 1.0 0.0

agwre log factor 0.9 0.85 0.99 agwrc 1.0 0.0

uzsn log factor 1.0 0.05 2.0 uzsn 1.0 0.0

intfw log factor 5.0 1.0 10.0 intfw 1.0 0.0

ire log factor 0.5 0.3 0.85 irec 1.0 0.0

Fig. 7 Example of initparl.dat to designate minimum and
maximum range of calibrated parameters

FasEote =2y A529 A5%, 2010



50 3
M Observation W Observation
O Simulation O Simulation
40
o 35 2
30 :
E E
g 2 E
DD: zf 1
10
0 0
6/17 6/18 6/19 6/28 6/29 6/30 7/19 7/20 7/21 6/17 6/18 6/19 6/28 6/29 6/30 7/19 7/20 7/21
(a) Urban (b) Paddy field
2.0 1.0
M Observation W Observation
O Simulation o8 O Sinmulation
1.5 :
g g 0.6
E 1o E
e &
0.5
0.2
0.0 0.0
6/17 8/13 8/14 8/22 8/23 6/17 8/13 8/14 8/22
(c) Crop land (d) Forest

Fig. 8 Comparison of simulated and observed runoff from land use types
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Fig. 9 1:1 Scatter plots between simulated and observed runoff for calibration
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Fig. 11, Comparison of simulated and observed TN loading from land use types
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Fig. 14 Comparison between simulated and observed TN loading from land use types
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Table 3 Possible ranges and optimized values of calibrated
HSPF parameters,

Urban

Paddy
25.4
0.76
0.99
45.0
0.43
0.97
2.53

571.82
1.52

19.27

Upland
25.4
1.52
0.58

7341
0.78
0.05

122.00

368.15
4.05

184.30

Forest
429.26
2.79
0.99
5.59
0.54
0.83
4.52
23.65
0.40
17.91

Parameter
LZSN (mm)
INFILT (mmvhr)
AGWRC (1/day)
UZSN (mm)
NSUR
IRC (1/day)
ACCUM (g/ha/day)
SQOLIM (g/ha)
ACCUM (g/ha/day)
SQOLIM (g/ha)

Water
budget

0.05

8.32
62.60
0.62
2.99

ARk 71Qleks Ao® FAE=
Aoz A7 ol Tzl Fo2 4
| =] lom =i} o9 ool
1:1:]1]0]1,}- Ea}x] =
75‘—?—9} 14“}—7401]’\1 S5/ 1AZ =8t
= < v 95 5] Heloll ot
7gukgo] FAdHct (Honam Agricultural Research Institute,
2005). ZEAGONE EXo] 8 Tt AolE Y=t
EF4Y ARG 7P W2 S UEdgler, B
o= =ollA 7 =2 g UER I
o°ok7§1] ! UH7HB'J.T M= EX|ol8H AtolE et
Woletl, das] ol oA g A=kt 54w
o] H]ﬂ@. 2 %}:“é‘ Uetfiglon, =oflis 4l S
W2 32 vERslou —’:‘4‘41% 192 7H =2 = YER
Utk AbolA] vl whe o Ak SRR e
Weleh 21e] A9 fARE Hake Uepfl oy =9 ¢ 4
2of Bjgf| FSAFe] vt Wt 2 AjolE Yeil= AS
T YRt Adb o AJujz} o]RojR|= =it oA ok

ZO =

e, e

0FO.
jEopuy

L

Journal of the Korean Society of Agricultural Engineers, 52(5), 2010. 9

L o vehgon,
ﬂw AgHo mggalo] o]

| 4ot
Qlo] B 2

i e
ofA)=

Aoz vepyr}. 7]uln) 9l
o] AFEl7] uhE
Zgo] ol wls] WA et
B AT Wigte) A% e w
ol7) who] mr} A=y ol
| RUEY ARE o

n

HU mx © o 2
fu o

v.2 2

T AC HARE 2RSS
SAIAHol| tiste] 20084 ZH--A1S] R 9

= olgslo] HSPFY =%

2 HAS 5 20064W~20084 St
AuttolA S4E ZUER ARE o835t
o}, HSPFO] HAL A EHA 20l PESTS ARl
T 5 9 e FolsF BAER AgkE RuyEH
Aag etk dAEE Jlov =2 Z2RASE YEY
lon, ARMAS Fe A7 mojdunt Asst Avke} #
ARgE 2733 YEho] HSPF-PEST®| 75
A =2 489S YERfSIct. PESTOl < &
@ HSPF u/feiss 13t A7 AloA =&
Eolxj=ERs Uehfo] 7oA Atfroem uke o

=i}
=

Eofom GolEt Aom Ut ko Ao 543 2
o 71 We a8 Uegist] o o] ik
Zolehe Aow e Yo ZEARL ko] SEstdsl

S 54 ol Shel A0 Uebie), #7559 =

Lo we ZEARE Uehjolr dekedne oas

£ 1A% A}, A7} olRolRls i} wolNe] Zx

2ol AdHoR Be Aow yeptort okl ol wel v
Aghe wol WSy @A G ghe el ol

=04 Q1] Aol @sz7] 7ulAl AlujEl =Rl o

T2 Fol FAEO] Al BrAo] ofFoIAA] &) w

ol o] ]3] ATHOR A et R0 weelc,

B AT Exjo)u 294 M| BrRIoR g
of walo] WAElolHrks WA o3 73 gk, e}
NG 29 BT EX0l§ B DHS s

SYelojzl WUEY ARE vigor 19 nio|
gt

85



BAARY 7 2 99=E AsEAS 9 HSPF-PEST AA#&

2 AFE 2008 +H3HA
O

ATs}ele] (A

AR e oE

] /\Zl

AT 2 e Sl

REFERENCES

86

Honam Agricultural Research Institute, 2005. Guideline
of Soil Management of Paddy Rice Fields in Honam
Plain Area. GOVP1200603450, Honam Agricultural
Research Institute, National Instutute of Crop Science,
Rural Development Adminstration (in Korean).

Hwang, H. S., 2007. Applicability study of BASINS/
WinHSPF on TMDL in Korea - Nakdong River Bains
case study. Ph. D. Dissertation, Konkuk University,
Seoul, Korea (in Korean).

Jang, J. H., C. G. Yoon, K. W. Jung, and S. Y. Kwon,
2009. Decision of critical area due to NPS pollutant
loadings from Kyongan stream watershed using BASIN-
SWAT. Journal of the Korean Society of Agricultural
Engineers 51(5): 69-78 (in Korean).

Jang, J. H, C. G. Yoon, K. W. Jung, J.-H. Jeon,
2006. Pollutant loading estimate from Youngdam
watershed using BASINS/HSPF. Korean Journal of
Limnology 39(2): 187-197 (in Korean).

Jeon, J.-H., C. G. Yoon, J. H. Ham, and K. W. Jung,
2006. Evaluation of BASINS/WinHSPF applicability for
pollutant loading estimation for Korean watershed.
Water Science & Technology 53(1): 25-32.

Jeon, J.-H., C. G. Yoon, A. S. Donigian, K. W. Jung,
2007. Development of the HSPF-Paddy model to
estimate watershed pollutant loads in paddy farming
regions. Agricultural Water Management 90: 75-86.
Jeon, J.-H., Y.-J. Kim, K. J. Lim, D. Choi, and T.-D.
Kim, 2010. Analysis of water budget components by
simulation of HSPF-Paddy model at the Bochung
watershed, Korea.
(submitted).

Jeon, J.-H. D. Choi, J. J. Kim, and T. D. Kim, 2009a.
Regionalization of CN parameters for Nakdong Basin

Paddy and Water Environment

using SCE-UA algorithm. Journal of Korean Society
on Water Quality 25(2): 245-255 (in Korean).

Jeon, J.-H., D. Choi, J. J. Kim, and T. D. Kim,
2009b. Evaluating calibration methods of stream flow

10.

11.

11.

12.

13.

14.

15.

16.

17.

for water quality management. Jownal of Korean
Society on Water Quality 25(3): 432-440 (in Korean).
Jung, K. W., C. G. Yoon, J. H. Jang, and J. C. Kim,
2007. Quantitative estimation of pollution loading from
Hwaseong watershed using BASINS/HSPF. Journal of
the Korean Society of Agricultural Engineers 49(2):
61-74 (in Korean).

Kim. J.-J.,, T. D. Kim, D. Choi, K. J. Lim, B. A.
Engel, and J.-H. Jeon, 2009. L-THIA modification and
SCE-UA application for spatial analysis of nonpoint
source pollution at Gumho River basin. Journal of
Korean Society on Water Quality 25(2): 311-321 (in
Korean).

Lee, J., N. Kim, J. Lee, and B. Seo, 2009. Estimation
of runoff curve number for ungaged watershed using
SWAT model.
Agricultural Engineers 51(6): 11-16 (in Korean).

Journal of the Korean Society of

National Institute of Environmental Research, 2008. A
research on calculation of dilivery rate for TMDL on
the Geum River. National Institute of Environmental
Research, Ministry of Environment, Republic of Korea
(in Korean).

Park, Y., J. Kim, S. Heo, N. Kim, J. Ahn, J. Park,
K.-S. Kim, and K. J. Lim, 2008. Comparison of soil
loss estimation using SWAT and SATEEC. Journal of
the Korean Society of Agricultural Engineers 50(1):
3-12 (in Korean).

Shin, A. H., 2008. A study on BASINS/WinHSPF for
dam and non-point pollution

simulation source

management in Chungju Dam watershed. Master
thesis, Konkuk University, Seoul, Korea (in Korea).
Yoon, C. G., J. Y. Han, K. W. Jung, and J. H. Jang,
2007. Application of BASINS/WinHSPF for pollutant
loading estimation in Soyang Dam Watershed. Korean
Journal of Limnology 42(2): 201-213 (in Korean).
Yoon, C. G., A. H. Shin, K. W. Jung, and J. H. Jang,
2007. A study on BASINS/WinHSPF for evaluation on
non-point source reduction effciency in the upstream
of Nam-Han River watershed. Aorean Journal of
Limnology 23(6): 951-960 (in Korean).

USEPA,

assessment

1997. Compendium of tools for watershed
TMDL
Environmental Protection Agency, Office of Water,
Washington, D. C.

and development. U. S.

A A5248 A5Z, 2010




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


