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Integrating the Mechanisms of Agricultural Reservoir and Paddy Cultivation to the
HSPF-MASA-CREAMS-PADDY System
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Abstract

The objectives of this study were to develop a system linking hydrologic and water quality models considering the mechanisms of agricultural reservoir
and paddy cultivation and to evaluate whether the developed system simulates hydrologic and water quality processes better than a hydrologic model
that do not consider the mechanisms. The system consisted of Hydrological Simulation Program-Fortran (HSPF) as a watershed model, Module-based
hydrologic Analysis System for Agricultural watersheds (MASA) as reservoir water balance model, and Chemical, Runoff and Erosion from Agricultural
Management System-Paddy (CREAMS-PADDY) as a hydrologic and water quality model for paddy fields. This study carried out on the
Seolseong-Cheon watershed in Icheon, and the water level and water quality had been monitored for two years at the outlet of the watershed. According
to the results of this study, the performance of the simulation using HSPF-MASA-CREAMS-PADDY system was better than others, but they did not
show a statistically significant difference. This seemed to be due to the uncertainty of the farming data and the water quality data of the reservoir.
Therefore, if accurate input data for the system is obtained, HSPF-MASA-CREAMS-PADDY system could be used to model an agricultural watershed
to obtain more realistic results. The results of this study could be utilized to the modeling of agricultural watersheds in Korea where paddy rice

cultivation is dominant.
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Fig. 1 Schematic diagram of this study
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Fig. 2 Schematic diagram of HSPF—-MASA-CREAMS—PADDY system
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Fig. 3 Digital Elevation Model(DEM) and land use of Seolseong—cheon watershed
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Table 1 Crop coefficients of rice in Suwon (Song, 2017)

Preparation for . Days after transplanting
Parameter . Transplanting
transplanting 10 20 30
C fficient
rop cethicients 0.78 0.78 078 | 097 | 107
(Penman—Monteith)
Outlet height (mm) 66.1 80.9 74.0 57.3 34.6
Minimum ponding depth (mm) 20.0 60.0 40.0 40.0 20.0
Days after transplanting
Parameter
40 50 60 70 80 90 100 110 120
C fficient
rop coetiicients 116 1.28 1.45 150 158 1.46 1.45 1.25 1.01
(Penman—Monteith)
Outlet height (mm) 72.9 67.2 57.7 63.4 67.2 66.1 66.1 66.1 66.1
Minimum ponding depth (mm) 30.0 30.0 30.0 40.0 40.0 40.0 40.0 40.0 40.0

248 53 B B ARS TEegcE YRS of
Ei ’H 3y 04%01]*1 %k ZARSE] 2 mm= 28513
o} (Lee et al., 1999; Choo 2004; Song et al., 2012; Song et
al.,, 2013). <=9 ZHE Al4== Yoo et al. (2006)0] 4~ R 9]
dfstel Abgat 4he Agslgon, Ak uaeES APgehs

o Azt &4 g0, oS A AFE Harsto] &
W2 2935190} (Song, 2017) (Table 1).

AT PR AR F 7l Y P 24 A}
Jeong (2014)2] A1E Zrustel, 59 10UHE 10U7te =2
*Wokof‘oml 71422 Song et al. (2012)9] AHRE # ;13}0:]

% A% 168 kgha, 3 <1 56 kghas 28319t} 4]

wT
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7|3 HSPF-MASA-CREAMS-PADDY A| AL 23}0]
Bol2 Saelgich. TRt IS 98 HSPF Rt ofgelo]
oS Saste, o fudt w1 - A4 Aol 2e
7ALE Scheme 1, HSPF 23t o]85lo] RS 4345}l
w7 HSE ThA] BASE H9ES Scheme 28 A5k ROE
F3Y5FoiTt (Table 2). -t 4=2of| gk 29| AnE A%

- =2 7)AL wrdsty

1

W mUE RS SRS 15710 LRE 2970 uyege ae vmshe] A9 484S Brlskdtt.
Table 2 Schemes applicated in this study
Consideration of the agricultural
Scheme Method . L Parameters
reservoir and paddy cultivation
HSPF—-MASA-
System Consideration
CREAMS—-PADDY Calibrated using system
Scheme 1
HSPF Non—consideration
Scheme 2 Calibrated using HSPF
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m. #z ¥ o3
1, MAX Y = 7152 DRE 42 - 43 29

%38} HSPF-MASA-CREAMS-PADDY A]AE]S- A4
frofoll A8ste] B - AAES stk AeA] fUF
29 7R 2016\ 2017H ] T8l MASA 28-S
A3t A7}, R* 0.88, NSE 0.86= Moriasi et al. (2007)2] 7|5
“Very good”C & WHEsh= A 0= UEpyitt

MASA 23-& F3j AF43t 2016~2017d2] Eo] Wi
02,153,026 m’, ¢8-S~ FFEES 2274779 m?, A
=20 1,020,467 m’ 2 AP E|QIT} (Table 3). o] w2k
¥} AR HSPF M3 o] JYAtas ARSE ST

o

o K

Table 3 Results of MASA model (Unit : m®)
2016 2017 Total
Spillway outflow 620,681 1,632,345 2,153,026
Agricultural water | o> 6o | 951081 | 2274779
supply
Paddy drainage 341,393 679,074 1,020,467

CREAMS-PADDY 2.8 53 B0j4] v} =l T-Nz}
T-P9] Majeke APgaloic WAl Mo A2xE wiE e
814 glol, B WAof ofs] - AHo] e Song t al
(Q012)2] QAo AL T S-S Hesisick me) ATk
201640l= T-N 1,275.7 kg, T-P 96.0 kg, 2017\do]= T-N
24740 kg, T-P 161.8 kgo2 AP Qi)

MASA 233} CREAMS-PADDY %&°] 29| A= &
£510] HSPF R9& T5al1L, TeeA| 2o e B3t 1 -

S 2eigch $2FS NSE, Hol2he PRIASE 27
Mz olgalolt. B - A AT 9 HA7I7H 2017

o)

© Observed — Simulated
72

Table 4 Calibration results of HSPF model

PBIAS
R? NSE
(%)
) Calibration period | 0.75 0.76 -19
Discharge

Validation period | 0.76 0.60 —42

TN Calibration period | 0.68 0.60 -16
Validation period 0.81 0.59 -38

Tp Calibration period | 0.79 0.76 -10
Validation period | 0.91 0.59 37

= Upehd} (Fig 5). NG| A< 247]719] RS NSE, PBIAS
= 212} 0.68, 0.60, -16%= LEfow, HA717He) 9 27t
081, 0.59, -38%& UFEyich T-P2] A9 ©A47|7kS] R NSE,
PBIAS:= 2}2}0.79, 0.76, -10%2 UERtom, AA7]7He] 2
© 7}7F 091, 059, 37%5 LFERTH (Table 4). 92F T-N, T-P
9] 1B - AA A= Moriasi et al. (2007)9] 7|52 “Very
Good”~ “Satisfactory”’ = TE3l= Ao 72 eyt

2. MAX| Y = 7RIS MRS Q2 48 - 4TTo

FAE ApA 71 = 712k eakR] oA w7
7} HSPF-MASA-CREAMS-PADDY GA| A|AE & - HA
e} 22 -5 Scheme 1, FU-E AA] 7124t = 7]2¢
SRR il BES B 7495 Scheme 2= 475}
HOlE L35t

Mo iy,

R

]

7t NAE & - A D7fH~E 285 2O| Zut (Scheme 1)

TG ARAY = 71AE nstA] gal fHRFQl
HSPFY} 0]-83}o], HSPF-MASA-CREAMS-PADDY 17| A]
Ao A ARE w70t S U3t w7 HSE 2-85to]
o] it =8-S HOYgh %99l Scheme 19] R2] A},
ke wA7|zkel 20179 thsiA R* 0.75, NSE 0.74,
PBIAS -2%2 ueRgon, A4717k3 201610] tjsiA R

Waterlevel (EL. m)
S X

@
©

68

72
— y =0.9676x+2.3511
£ R?2=0.8754 o
7 .
= P
) H :
g
kc

o s

goo | A
£
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Fig. 4 Calibration result of the water level of the reservoir
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Fig. 6 Water quality calibration and validation results of HSPF model

0.78, NSE 0.69, PBIAS -23%& Urebytt}. T-NE| A$- 1A 7]
7Fe] R%, NSE, PBIASE 72} 0.32,, -0.01, -42% & et

AR717re] A 247} 081, 061, -35%2 UERGT) T-Po] %
9 HA7)7k0] R%, NSE, PBIASE 72} 0.00, 0.12, -49%2 Ut
Elgtom, AA7|7tols 22t 0.92, 0.05, 39%=2 LRt

(Table 5). &-3F 9] A% H7} A3}, NSE= “Good”, PBIAS
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Table 5 Modeling results of HSPF model in Scheme 1

Table 6 Calibration results of HSPF model in Scheme 2

PBIAS PBIAS
R NSE R NSE
(%) (%)
Calibration period 0.75 0.74 -2 Calibration period | 0.74 0.75 -12
Discharge — - Discharge — -

Validation period 0.78 0.69 -23 Validation period 0.78 0.67 -33

TN Calibration period 0.32 -0.01 —42 TN Calibration period | 0.31 0.63 =31
Validation period 0.81 0.61 -35 Validation period 0.81 0.62 =31

T_p Calibration period 0.00 0.12 —49 T_p Calibration period | 0,00 0.19 -32
Validation period 0.92 0.05 39 Validation period 0.91 0.02 43

L}, HSPF 2 - ZF Di7HHLE 235 20| Zu} (Scheme 2)
UL AR = 71AS ek ol B - 1S A
Y3t 741 Scheme 29| HOlE =3Y5}3Tt. o] I K=
HSPF-MASA-CREAMS-PADDY 17 A|AElS o] g3t o
Aol F 3ol 2lo]7} 0.1% olu7}t =2 HASHIck
B -84 Av), fERe BA7|7e] 201730 disiA R 0.74,
NSE 0.75, PBIAS -12%2 UEpt oo, AA7|711 201649
)3l 4] R 0.78, NSE 0.67, PBIAS -33%=% et} T-NOJ

© o 4

79 HA7|7ke] R% NSE, PBIASE 72} 031, 0.63, -31%=
Uehtem, 474717t A% 242} 081, 0.62, -31%= UERRt
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Fig. 7 Flow simulation results of HSPF model in Scheme 1
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Table 7 Comparison of the simulation results

R? NSE PBIAS (%)
Calibration period 0.75 0.76 -19
System . -
Validation period 0.76 0.60 —42
) Calibration period 0.75 0.74 -2
Discharge Scheme 1 — -
Validation period 0.78 0.69 -23
Calibration period 0.74 0.75 -12
Scheme 2 . :
Validation period 0.78 0.67 -33
Calibration period 0.68 0.60 -16
System - :
Validation period 0.81 0.59 -38
Calibration period 0.32 -0.01 -42
T-N Scheme 1 — -
Validation period 0.81 0.61 -35
Calibration period 0.31 0.63 —31
Scheme 2 - :
Validation period 0.81 0.62 =31
Calibration period 0.79 0.76 -10
System . -
Validation period 0.91 0.59 37
Calibration period 0.00 0.12 —49
T-P Scheme 1 — -
Validation period 0.92 0.05 39
Calibration period 0.00 0.19 -32
Scheme 2 . :
Validation period 0.91 0.02 43
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