SRHi==2d M18a 1= L
KCID J. VOL. 18 No.1 (2011. 6) pp. 58~67 b

M

375 A2 HSPF 2%9| 8%
Calibration of HSPF Model from Mangyeong River Watershed
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Abstract

The HSPF (Hydrological Simulation Program-Fortran) model was applied to Mangyeong
river watershed to examine its applicability through calibration using monitoring data. For the
model application, digital maps were constructed for watershed boundary, land-use, Digital
Elevation Model of Mangyeong river watershed using BASINS (Better Assessment Science for
Intergrating point and Nonpoint Sources) program. The observed runoff was 1976.4mm while
the simulated runoff was 1913.4mm from 2007 to 2008. The model results showed that the
simulated runoff was in a good agreement with the observed data and indicated reasonable
applicability of the model. In terms of water quality, trends of the observed value were in a
good agreement with simulated value despite its model performance lower than expected.
However, its reliability and performance were with the expectation considering complexity of
the watershed, pollutant sources and land use intermixed in the watershed. Overall, we
identified application of HSPF model as reliable evidence by model performance.
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= o ZHHEAet fE sAA Y e ok AT o] & A LA R WESh= AL <
SHE HHog §99 AU g ke 2 H]E 2 AZE 59 AR o] qlof, 2T 4+
fH-E At sfg Fedtele shdgs o S HFHoR AT 9l 4
S5 A5 AREteleH, ofn] 37t%, o W7 9 5 $3t o R fordoe] i
AT, ANILS ) ofAlE ol AMEel 8 4 A} o) A-8-5 1 gleHe] 5, 2007)
Aoz SgET QA 5, 1990). Auk Foando]= ANSWERS (Areal, Non-
T 9] 2006 WA ET choFl B o point Source Watershed Environment
2 285 dAoltt ATt AFEE ujE Response Simulation), SWRRB (Simulator
3t o]Q} QA3 B EEs o AL Ay B for Water Resources in Rural Basins),
AR A4=g o) 2 aicke) QX8| o] & HSPF (Hydrological Simulation Program—
LHELEC] FYHD Q= AAolr}, E3], Fortran), AGNPS (Agricultural Non-—
T 50 F£5 Attt TAERE A point Source), SWAT (Soil and Water
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Water quality sampling point

A

O
A& 77 9) Fig. 1. Location and Monitoring Points
8 Helo Sl for Mangyeong River Watershed

2. HSPF 2go| A 3. ASZA}

HSPF 292 TMDLS| &3¢l A e& 9 WA G99 GEARE dRe) ol
&to] USEPAOA 7igstglon, &3 T4 QT H4Bo)| gl Fig, 13} o] ddA| A
7} BT Aol gt £ A 0127]  oagme o|aste] mu B BLHY
7S] e W 29 ATE 2 g 4z gepas Ay gais sk
o A 5, 2006). HSPF 222 #9 o 2oj0f 939 932 Z7stel Apzd
o} by @Y 7|AdR R F8), pElsHy 2=9]-9ekuA| 20| W st A FAT T
Time series] 1412 7 2AH US4 gaae) shagpol Al 7GR EGAE
o|™ Time seriest= U= #7374 (EPA)IA k2o d o] =g 2 HolA 299} Fere &
7Hdtst WDM (Watershed Data Management) Aala glon] B Ao ol 2T A}
i Y 5HY AR Z2O3s 59 o] 229 Qerpl A AL 08319 T 1 A

Al A=Y o] QA= UCI (User s Control Table 17 2T},
Input) Y& F3 HSPFol| AF=o] zick
(F =, 2006).

Table 1. Rating Curve for Daecheon Station

Rating Curve

2007 Q=1.856H"** 2.362H
Q=25.093H° + 114.86H-323.45 2.36¢H

2008 Q=71.1H’-139.82H-66.622 250=H
Q=6.356H"*" 2.50¢H

¥ Source: Model Study on Water Quality for Saemangeum Water Area{Rural Research Institute, 2009)
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Table 2. Point Source of Mangyeong River Watershed

popusten | Gatte | MikCow | Po | Chiten | Eo | it
(person) (Head) (mi/day)
1,041,317 21,478 5,880 403,715 6,520,980 152,327 13,724
4. TEEA VAR, 299 AR Fo] Basit} 53,
NAARGEE, Hd - H4 712, F5, ol&
2 A7 ARA AP §F SHAA A, A, 5 5)= WDM TEFEE 14
3} oF 10km SFR) XS DAAGlE 7 2 HHOR YeEolof sl 2 o] 4g
AAEE FABATHY FREVAATE ) G AR E A3 7S 142
o] 87t ASHAHolH, & HApofA= A 425 Agurot Abgstatt, 4% 714
= HetA ety GAESEATAY 89Tt A5E HSPF 239 feigeo] oA &
THEPAARE FRPol R R A &8s} 3hAke 3 WDM ZR2I13E o]g-ste] HSPF
Ak, =82 4+ DO, BOD, T-N, T-P& 714 DBE ¢Hd%th. AFAEE BASINS
Ao g2 zAVsIgITH (Better Assessment Science Integrating

a9 LEd 9 Exjol g 7}
Z} Table 29} Table 33} Zt} =29
+ 7} 21,4785, BTt 5 880%F, HA
,880%F, Hol 6,520,980%, 7|} 152,327F2
ZAPE|QIT), BE2|0]8-9] 79 who] | 19 656ha,
+=0] 33,124ha, AH 58,500ha, Al7}8}ASH
°] 14,400ha, 7|E} 8 500ha® FAFE] i},

T

6. ¥ Xig 7

Hh

HSPF REE vH 7ol A-835t7] feiM=

Point and Nonpoint Sources)& ©]-&3}
F%31% ). BASINS+E USEPAo|A TMDL
o] &AL 9L A8 v Hedd ¥
HH 9 Y Febal Y3k GISA=e &
PRz A AT F U=E AEE &
Ae] AlAFOIT(R 5, 2006). BASINSO
A AlEsh= Utility toolS ©]-8-5ko] A
o9l GIS A&E Fig 29} o] #3355t
A= ADEM)T sHdEs |7HAR
)2 HA| 28 (http://www. wamis, go.kr/)
o] ArE EEU, EXolEe ST
oM AF3t ARE o] &3t

Table 3. Land Use of Mangyeong River Watershed

{Unit: hay
Upland Paddy  Forest Uban |  Etc
12,656 33,124 58,500 14,400 8,500
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A Btronm.shp
Smw stershed.shp
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Fig. 2. DEM, Delineation and Land Use Map of Mangyeong River Watershed

7. HSPF H&ui g 2 rgeiAg, AgAe B9 3R F
A9 QA Hrtshs ASRA 2219 A
HSPF 2d9] fFEAAH-E dfHz|Ho] =5 Yehtr 3t w}aw QA0 Axg
W, BA7IZRS 20079 ~20084, $AEA et 7] sl dvbE e
2 £2 DO, BOD, T-N, T-PE tjifoz A}ﬂﬂt} ok éi]g} 34x}7} orxmc}
AABET, myol HAEE 93t 7joR: , RMSE: 0, NSt 1€ uehdct Nsg
Al 2o S AMSSRGaL, B A4 $- 71 gkl 04 OAfelefl Qlod, HoJx|E
eAE BHrekr] fl8ll A A4 (Coefficient Ak%o%-« Aol H&X 9 Hg o]8dh= A
of Determination, R)E A8 o B3 Hop £2 238 A8+ glon, A4 NS
<=2 RMSE (Root Mean Square Error) 7} 0Bt 2o By 9] o F At pmAL
9} NS (Nash Sutcliffe Coefficient)E A& A& E7E dBAdo] §leE Yulgth(Nash

&ttt AATE 0.0~1.09 BH9 32 7 and Sutcliffe, 1970).
AW, 109 717he48 A7} AEX) 2] 7
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HSPF 2ol faFRAe Holfga} A
FEe) wwE A AASHT A

AHEE w7 LZSN, INFILT, AGWR@,
UZSN, DEEPER, INTFW, IRC Solu, o
3t i AFES o] 83k Al e S F
ato] w75 st BASHT, Green
5(2006)> R*7F 0.5014°] 31 NS7H 0,404
Ramanarayanan 5(1997)3 Santhi %

(2001 R7} 0.60]40]3L NS7} 0.50]440]
H 2ol AoAdAE Z mojgttil AQts)
ek, whEhA B Ao e AR &
2 oJA] R%0| (.60]4F NS7F 0.50]40] €
7bx] oiEsE 2dste] fE B
o}, fEFel] oigh 7o) oA met e A
ol A ARS8 w7 B|aLgt A= Table 4
o} gk,

?

Table 4. Comparison of HSPF Parameter Values for Hydrologic Simulation

Final . |Engelmann| * Moore
Parameter Definition gﬁ;del Calibrated K(()z&';_l)a . Ja‘e;o&:) al mzz&tm?" stal. | etal
% | value (2002) | (1988)
Lower Zone Nominal
LZSN  [Soil Moisture Storage| 2.0~150| 0.2~0.5 1~45 5.8 43~5.8 5 4.9
{Unit: inches)
Index to Infiltration
INFILT Capacity 0001~ o165 |ooi~oa6| o038 | OO~ 1 gpa | 000
) 0.50 0.075 0.02
(inches/hr)
Ariable Groundwater
KVARY Recession 0.0~50 1.5 - - - - -
(1/inches)
acwRe | Base Groundwater | 085~ 1 o 098 |0.85~0.97/0.83~0.91] 0.99 0.98
Recession 0.999
Fraction of GW
DEEPFR Inflow to Deep 0.0~0.50 0.02 0.1 0.08 0.05~0.45 0.18 -
Recharge
Upper Zone Nominal
UZSN  |Soil Moisture Storage| 0.05~2.0 1.128 ~1.128] 0.4~15 | 0.35~1.0 0.7 0.2
(inches)
interfiow inflow
INTFW Parameter 1.0~10.0 1.75 0.75 1.9~55 ] 1.0~1.7 0.5 1
(inches}
interflow Recession
IRC Parameter 0.3~0.85 0.5 0.5 0.4~08 | 0.3~0.5 0.5 0.6
(none)
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Fig. 3. Comparison of the Observed and
Simulated Discharge
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Fig. 4. Scatterplots of the Observed and
Simulated Discharge
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Table 5. Observed and Simulated Discharge for Calibration Period

b Discharge (mm} S - k"RMSE
| Observed Simulated (mm/day)
2007 ~2008 1976.4 1913.4 2.98
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Table 6. Comparison of HSPF Parameter

Values Water Quality Simulation

i . ~ Final Calibrated | Ribarov et al. Jang et al
Parameter | Definition Model Range Value (2008) (2006)
ELEV Mean RCHRES 0~30,000 1,074 - 180~423
Elevation
KEVAP |Evaporation Coefficient 1~10 2.24 - 2.24~4.24
KODSET |Rate of BOD Settling 0~ 0.01 - 0.027~0.439
REAK |Reaeration Coefficient 1.0E-30~ 0.2 - 0~2
KgoDzo | DOD decay rate 1 0E-30~ 0.001 0.1 -
(1/H)
KNO3zg | Denitrification Rate | g o0 o) 0.002 0.05 -
of Nitrate
KTAMmzp | OXldation Rate of 9.9E-04~ 0.015 0.05 -
Total Ammonia
KNOzzg | OXidation Rate of 9.9E-04~ 0.002 0.05 -
Nitrites
Temperature Coefficient
TCNIT for the Nitrogen 1~2 1.07 1.07 -
Oxidation Rate
Temperature
TCDEN Coefficient for the 1~2 1.04 1.07 -
Denitrification Rate
Oxygen Concentration
DENOXT |[Threshold Above Which 0~ 5 2 -
Denitrification Ceases
Maximal Algal
MALGR Growth Rate for 9.9E-04 0.08 0.3 -
Phytoplankton
WAL B3] 1 4SS HEslleh LA uehdh SR 9] B9 RO 45K
FEGO A9 wolxoh A7 SR A o %S YR L ugstgor mYY ag
S uUetion mygo] agAd A, A®7} &) vlal Aridos WA e
RMSE, NS7} ZH2} 0.81, 2,98 mm/day, 0.78= o} g AUt SR £ 9 2dE Ao o
UEIL HSPF B3 §28 840 Hojd Aoz 3 3v1Adl a7t 59 g Aow doEn

Table 7. Model Performances with Observed and Simulated Value of Water Quality

Water quality R’ RMSE NS
Temperature 0.85 3.66C 0.70
DO 0.34 2.15mg/L -0.85
BOD 0.40 1.37mg/L 0.15
T-N 0.46 2.23mg/L 0.38
T-P 0.46 0.15mg/L 0.25

65




66

o

=R =2d Hi1sd s

BOPmg LY

Temperature(C)

Jan07  AprD?  Jun0?  Sop.07  Dec-07  Mar08  Jun08  Sop.08  DocOf
Dategmmiyy)

(a) Temperature

Ja87  Apr07  JunD?  Sep-07  Dec07 Mar08 Jun0B  Sep08  DecS
Date(mmiyy)

(c) BOD

—— Simuhted
@ Observed

DO@mgLY)
8

Janl7  Apr07  Jwn07  Sep 0T Dexf7 Mar08  Junf8  Sep 08 Deciif

Date(mm/yy}

(b) DO

e Sinttulated
~ee] @ Observed|.

Jan07  Aprd7  Jun07  Sep-07  Dec-07  Mar(®
Date(nméyy}

(d) T-N

0.0

e Shtulased
8 Observed

Jnd7  Aprl7  Ra0?  Sep-07

PeclT  MarO8  JunDB  Sep 08 Declf
Datemmiyy)

(e) T-P

Fig. 5. Comparison of Observed and Simulated Water Qualities

2 ATE NedE
o

THEIAAT ATd| xlHoll 3|

SHEATHAM Ast

66

Juw08  Sep-08  Derfif



AALHANMO HSPF 289 2% 67

ok

et

1. ZA9, e, 9% 2007, HSPF 23S o] &3
= T"r@%‘ o e} it 29, EﬂﬁPiiﬂﬂ =3,
27(3B), pp. 211~388.

2. WS, FEA WS, ZYE, 1990, 955 &
dda 9 «.~°i°k§} H‘X?Oﬂ #e A, PERES

10.

11.

. 71)\}u] 1:1}«"»0 Z(X)’l, .‘:r..f At X

. olEls, o) &

pp. 159~171.

"4 AR
238t & HSPF 2y ¥AN HA, §Eg hl
=834, 37(8), pp. 643~651,

ia%i%iﬂ 2009, M7 FA4E Ld i+

, B3l 2000, SWMM3 WASPS 23&
SIEEFEY FddE A2 AETIHA,
19(3), pp. 252~258,

o\ AR, AFA, AEY, oldn|, 23, AAH
2005, DAY F9 Ei‘él%s}% 37}, t‘&%ﬁyé%ﬂ
314, 24(2), pp. 83 90.
2, Ao}, vk

Q
Qgsiee 43N 4L

2o
ofo A

F_.Jo:d,r

*o“’é, 2007, HH
$) 8k HSPF &, o

odepnaets] - g B ?‘73'6134 FEEA e
3] =23 pp. 721~7%.

1“1"1 uAlg 2008, MRS EA7ME o]gg
B 99 A FE A BY, B=ES
74@}515: 7 24(4), pp. 480~487,
C UARE, Kevm M. Brannan, Saied Mostaghimi, &
A, 2003, HSPF9} SWAT REE o]&3 49

°°ﬂ«l & 2 A 34, dFeEAggEs
9(4 ) pp. 59~64.

ﬂﬂi &4, 43S, dA%, 2008,
BASINS/HSPFE o83 499d f99 g%
s A s HEsd =R, 39(2), pp.
187~197.

AR, &4, FAZ, YA, 2007,
BASINS/HSPFE: o|-&3 3449 2gKalae
A #Hrh I EIE=EHE, 49(2), po.
61~74,

12. Chun, K. C, Chang, R. W, Williams, G. P,

13.

14,

15.

16.

17.

18.

€O

19,

Chang, Y. S, Tomasko, D, K. E, LaGory, J. D,
Ditmars, Chun, H. D, Lee, B. K, 2001, Water
quality issues in the Nakdong River Basin in the
Republic of Korea, Environmental Engineering and
Policy, Vol2, No3, pp. 131~143.

Engelmann, C. J. K, Andy D. W, Amn D. C,
Bair, E. Scott, 2002, Application of the BASINS
database and NPSM model on a small Ohio
watershed, Journal of the American Water
Resources Association Vol38, Nol, pp. 289~ 300,
Green, C, H, Tomer, M, D, Di Luzio, M., Arnold,
J. G., 2006. Hydrologic evaluation of the soll and
water assessment tool for a large tile-drained
watershed in Iowa, Transactions of ASABE,
Voaid9, No2, pp. 413~422,

Larry, W. M, Harvey, M., Ted Tyree, David, S,
Stephen, J. K, 1998, Agricultural Runoff Modeling
in a Small West Tennessee Watershed, Journal of
Water Pollution Control Federation, Vol60, NoZ2,
pp. 242~ 249,

Nash J. E, Sutcliffe, J. V. 1970, River flow
forecasting through conceptual models, Part T -a
discussion of principles, Journal of Hydrology,
Vol10, No3, pp. 282~290,

Ramanarayanan, T. S, Wiliams, J. R, Dugas, W.
A, Hauck, L. M, McFarland, A, M. S, 1997,
Using APEX to Identify Allernative Practices for
Animal Waste Management: Part II. Model
Application, ASAE Paper pp, 97~2209.
Ribarova, N, P., Cooper, D, 2008, Modeling
nutrient pollution during a first flood event using
HSPF software: Iskar River case study, Bulgaria,
Ecological Modelling, Vol.211, pp. 241 ~246,

Santhi, C, Armold, J. G, Williams, J. R, DugasW.
A, Srinivasan, R, Hauck, L. 2001. Validation of
the SWAT model on a large river basin with
point and nonpoint sources. Journal of the
American Water Resources Association Vol.37,
No5, pp. 1169~1188,



