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Water Quality Model Development for Loading Estimates from Paddy Field. Jeon, Ji-Hong,
Chun-Gyeong Yoon* Ha-Sun Hwang and Kwang-Sik Yoon!(Department of Rural
Engineering, Konkuk University, Seoul, 143-701, Korea, 1College of Agriculture, Inst. Agri.
Science & technology, Chonnam National Univ. Kwangju, 500-757, Korea)

Water quality model applicable paddy field was developed using field experiment
during 1999~2002. This model involves inputs from fertilization and sediment
release as dirac delta function and continuous source function, respectively, and can
simulate various processes such as ponded depth, surface drainage, total nitrogen
concentration and total phosphorus concentration in a daily basis. The model was
calibrated using data collected from field experiments which was irrigated with
ground water and validated from field experiments which was irrigated with
surface water. The nutrient concentration of surface water depended on the ferti-
lization and dirac delta function can efficiently explain the valiance of nutrient
concentration of surface water by fertilizer. As a result of calibration and validation,
this model demonstrates good agreement. The model fit efficiencies (R? of ponded
depth, surface concentration of TN and TP were 0.93, 0.98 and 0.95, respectively for
calibration, and those of TN and TP were 0.99 and 0.70, respectively for validation.
We can apply lake and reservoir model to analysis paddy field considered with
shallow ponded system, but it will need so many parameters and have much uncer-
tainty. Fortunately, paddy field have a series of cultural practices yearly basis, such
as irrigation-fertilization-forced drain-harvest with a similar time, so simple model
may explain the mechanism for paddy field. Water quality model for paddy field
developed in this study is simply, needs little parameters, but appeared high
applicability to evaluate paddy filed drainage. We recommend this model to estimate
nutrient loading from paddy field and establish best management practice.

Key words : water quality model, paddy field, nitrogen, phosphorus, dirac delta
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Fig. 1. Layout of study area and location of sampling stations

Table 1. Agricultural activities during the study period.

(a) paddy field with ground water irrigation

2001 2002 Agricultural activity Remark
May 20 May 27 Plowing and basal fertilization Phosphorus (19.64 kg/ha), Nitrogen (55.00 kg/ha)
May 29 May 27 Rice transplanting 15 x 30cm, four plants/hill
June 9 June 7 Tillering fertilization Nitrogen (33.00 kg/ha)
July 17 July 26 Panicle fertilization Nitrogen (22.00 kg/ha)
October 7 October 12 Harvest -

(b) paddy field with surface water irrigation

1999 2000 Agricultural activity Remark
May 22 May 20 Plowing and basal fertilization El?gr%%r;%r%ss%%-ﬁg /E%T?A.é%ﬁé/ﬁ%ﬂa;**)’
May 25 June 2 Rice transplanting 15 x 30 cm, three plants/hill
June 15 June 14 Tillering fertilization Nitrogen (28.00 kg/ha)
July 30 July 23 Panicle fertilization Nitrogen (1,8.00 kg/ha*, 28.00 kg/ha**)
October 2 October 10 Harvest -

*is for 1999; **is for 2000
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Fig. 2. Water balance concept in paddy field (a) and this model (b).
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Table 2. Water balance analysis during growing season.
(a) paddy field with ground water irrigation
Inflow (mm) Outflow (mm)
IR1 IR2 PR Sum DR ET INF Sum
May 54.1 102.7 7.0 163.7 143.1 51.0 23.2 217.2
Jun. 65.5 41.9 212.5 319.8 182.4 100.0 329 325.1
2001 Jul. 0.0 257.6 202.4 460.0 252.9 160.6 5.5 409.1
Aug. 0.0 11.0 89.4 100.4 14.8 174.7 14.4 203.9
Sep. 0.0 0.0 0.0 0.00 0.00 0.00 0.00 0.00
Sum 119.6 413.2 511.3 1043.9 593.2 486.3 76.0 1155.3
May 151.7 0.0 7.0 158.7 0.0 58.6 23.1 81.7
Jun. 61.6 0.0 61.4 123.0 0.0 111.9 33.8 145.7
2002 Jul. 0.0 461.6 217.2 678.8 452.9 137.1 13.8 603.8
Aug. 0.0 325.6 531.6 857.2 583.3 135.0 14.9 733.3
Sep. 0.0 0.0 48.2 48.2 0.0 85.2 7.4 92.6
Sum 213.3 787.3 865.4 1865.9 1036.2 527.8 93.0 1657.1
(b) paddy field with surface water irrigation
Inflow (mm) Outflow (mm)
IRy IRz PR Sum DR ET INF Sum
May 160.2 - 96.0 256.2 53.0 108.2 72.5 233.7
Jun. 147.7 - 160.3 308.0 59.7 107.8 77.2 244.7
1999 Jul. 96.1 - 285.6 381.7 292.1 1311 45.4 468.6
Aug. 162.0 - 218.8 380.8 210.1 118.5 49.5 378.1
Sep. 0.0 - 268.8 268.8 86.2 85.6 65.5 237.3
Sum 566.0 — 1,029.5 1,595.6 701.1 551.2 310.1 1,562.3
May 32.7 - 39.6 72.3 0.0 50.2 25.0 75.2
Jun. 115.2 - 255.6 370.7 74.2 132.6 60.2 267.1
2000 Jul. 94.6 - 279.4 374.0 198.7 189.1 48.0 435.8
Aug. 155.3 - 347.6 502.9 283.3 191.0 40.4 514.7
Sep. 15.3 - 291.4 306.7 145.0 119.1 61.0 325.1
Sum 413.1 - 1,213.6 1,626.7 701.2 682.0 234.6 1,617.9
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(b) Calibration and validation for surface water irrigation paddy field.

Fig. 5. Precipitation, observed and simulated ponded depth, and runoff from paddy field.
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Fig. 6. Fertilization, observed and simulated T-N, and T-P concentration in surface water quality of paddy field.
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Table 3. Model performance statistics for ponded depth,
and surface TN and TP concentration data pre-
dicted with water quality model for paddy field.

Ponded depth TN TP
(mm) (mg/L) (mg/L)
Calibra- Valida- Calibra- Valida- Calibra- Valida-
tion tion tion tion tion tion
AE 0.81 - -0.11 -0.53 -0.06 0.02

RMSE, % 16.45 21.88 47.35 52.49 249.91
RMS, % 11.48 1.99 2.52 0.24 0.38
EF 0.93 - 0.98 0.99 0.95 0.70

Table 4. The input parameter of water quality model for

paddy fields.
Description Symbol  Unit Value
Water balance
Runoff coefficient ai - 0.80~1.00
Infiltration coefficient a - 0.008~0.015
Nitrogen
Loading by fertilizaton 41~ 20,
(basal, tillering, mi, M2, Mz kg/ha 17~34,
panicle) 9.4~19
Decay rate of _ 0.04, 0.03,
fertilization A A2, As 0.17
Concentration by - N
sediemnt ¢ mg/L  25~52
Sediment loading _
coefficient As 0.15
Phosphorus
Loading by fertilization m kg/ha 2.4~5.8
Decay of fertilization A - 0.2
Concentration by sediment T mg/L 0.15
Sediment loading _
coefficient As 0.13
S F pASAe] o] Folgor], A7} o] Felal Fg
NFos $ARUEY e ool Asts W2 7
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Table 5. Comparison of observed and simulated runoff, and TN and TP loading in control plot during rice culture periods.

(a) paddy field with ground water irrigation

Rainfall Runoff (mm) TN (kg/ha) TP (kg/ha)
(mm) Measured Simulated Measured Simulated Measured Simulated

May 7.0 143.1 151.2 24.64 21.58 1.13 0.94
Jun. 212.5 192.2 141.2 0.15 2.71 0.01 0.20
Jul. 214.0 243.1 281.7 2.67 5.46 0.05 0.35
2001 Aug. 87.8 14.8 11.3 0.00 0.00 0.00 0.02
Sep. 3.0 0.00 0.0 0.00 0.00 0.00 0.00
Sum 524.3 593.2 585.4 27.45 29.86 1.19 151

(1%) (9%) (25%)
May 7.0 0.0 0.0 0.00 0.00 0.00 0.00
Jun. 61.4 0.0 0.0 0.00 0.00 0.00 0.00
Jul. 217.2 452.9 484.2 21.84 18.97 0.55 0.72
2002 Aug. 531.6 583.3 637.1 11.37 6.30 0.70 0.82
Sep. 48.2 0.0 102.5 0.00 1.52 0.00 0.14
Sum 865.4 1036.2 1223.8 33.21 26.79 1.25 1.66

(18%) (19%) (34%)

(b) paddy field with surface water irrigation

Rainfall Runoff (mm) TN (kg/ha) TP (kg/ha)

(mm) Measured  Simulated  Measured Simulated Measured  Simulated

May 96.0 53.00 34.40 7.79 8.84 0.05 0.36

Jun. 160.3 59.65 94.38 6.43 8.62 0.11 0.11

Jul. 285.6 193.13 126.46 11.98 7.34 0.26 0.17

1999 Aug. 218.8 210.07 186.36 10.01 8.21 0.26 0.25

Sep. 268.8 86.162 96.76 3.49 5.03 0.16 0.14

Sum 1029.5 602.02 538.36 39.70 38.03 0.84 1.03

(11%) (4%) (23%)

May 76.6 24.27 0.00 3.12 0.00 0.01 0.00

Jun. 221.4 52.96 81.42 2.58 2.02 0.13 0.11

Jul. 316.8 257.88 160.62 5.09 3.48 0.12 0.19

2000 Aug. 377.2 245.44 221.53 6.07 5.50 0.24 0.33

Sep. 221.0 120.70 160.18 2.98 4.00 0.18 0.24

Sum 1213.0 701.25 623.75 19.84 15.00 0.67 0.87

(11%) (24%) (30%)

2 AYgriet A 3ol S veRfgion) TP A% 4 EolAe] H3lEF &S A ZIR UM E AW
Qe wAses deplgc, o) Fel = mH4e] FEE vk} % B 4 A
) w - Z°“5]-‘;]' 2 AFoMEe Alnlel AHBeA
3. =949 99 fEysE ¢ &% & 3}= Dirac delta function®} continuous sour-

ce functiono 2 s|Aslglom, w3 B W HZAz
239 2 A4S vehlo] =oAe niHed
RaleF A BMPs/ o] H3H oz &3 Fevt
ook getEleh

w4 g AFE mye olgale] J7IEd oA
o] 9 239} TN g TP 3} wlsle] A=]9}
A &X]9] vla: Table 59} 3e}. %735t o=
 fE39k TN, TP 3alefel] g Ao exle 47t 1

~18%, 8~19%, 17~34%% 77+ Jehygld. 3] 4= = Q
FolA AT A R Yeldel J%E F A
o= ekt e gehtet 3 WA 12%% AAs, AEE



a4

354 HAE - 25% -

o] olFolxt EAelg F AhA W
dielln Fa8 gl A
A7) Wgel] EERSe] AR Fol v A A
57} olFel e Mgl wet el ael Rahae] 2 o
e mH7) Wl oA ednslapg A4%
e gle] FAH Asksl Agol w7}
oleh. it ohjeh Z1Ee] AUE feimyel gpye
e 2P QA It EFSetE relMe 3
B 1 20 S Qo] felislel Aol sleiA
s DR R DERIEEE D
& Sl R el Asd 2o e

folugs 2o 2edql

EEEERNE L)
& A} o] ol

SBEE AL FAR Al Aokt B 2
U, £U% o3t ele] Aluls} olgolxe g
o o3 Thgale) 4ol Je Aol nHA) gow
o3)e e e e 288 34 s
2
o]
o3

°© W i 4§ 2 of gL ot W (T g

gebech 2 Aol e oleldt Pee) Jwesel

FolAx koMol Aulsh wiel o] Zel o|&
J8F-S- dirac deltal functionz} continuous source func-
tiong o] 43l B sl NepBAA Y A
F4WNAGE Aoz B4 9 AFAH ¥ A4
PP e vehiigle Yozl Qe =M %
14el mUEt oje] Ao 448 B3 = wye)
% AFE ANFoH, wellA e e Rt Ay
} BMPs At - oluje}, 712e] felmgel o
24 elve 295l Feldel Hge] el
of & 7oz e

N
X, of

of
M

t

AL AL

¥ QT 2147 ZeeleldTRAk Q)
A4 Buo) L RA ke AT A9)

Z=2}2] 9
(A& 4-

5-1)e] o) =%l gic
o 8 2 3

AL 2002, =3 =
44:19-26.

AN 95 g A5 eI|A.

952 8. AL AL

A, AA
AA%, 259, 4. 1999, Fd=el A9 Ax - qle] F=
o} eqdystd SA, U FIA 41:47-56.
Z] o) A

3
A 32, AR, 7REA. 2002, A e
al

u
oAl edokEa 34 mael A fLuresA 44

EA 3, A 2002, FA ARt =2 B4l
43 f&;%J‘ﬂi]xl 44: 67-74.

2
51090, ole] A o el et £2

SEES

MG
ot
o My
off -1
<%
ol
©
=
w
w
=
D
I\)

w5 TR, TAE, U, e, 99d, 444, 39
3}, ol33), o], oA, H5TF, 247 314 1995. 1]
o) Yo el FEAL A

g Aol g 5
Rosimae] A Aevsta ey Haetsl e,
# 7 4F, FAHE-. 2001, mpE AT HA|

f2Rsie B35

BEASR) 9} & = 5} 3:153-508
FAT, AT 1989, FAXZHEY] 2P9EA HERIE
A, 8Hs383] %] 31: 92-102.

g, &84, AAF
N BAEAAM
3}3]#] 44: 39-50.

APHA. 1995. Standard Methods for the Examination of
Water and Wastewater, 19th Ed. pp. 4: 99-153. Ameri-
can Public Health Association, Washington, D.C.

Bouman, B.A.M. and T.P. Toung. 2001. Field water mana-
gement to save water and increase its productivity in
irrigated lowland rice. Agricultural Water Manage-
ment. 49: 11-30.

Cabangon, R.J., T.P Tuong and N.B. Abdullah. 2002. Com-
paring water input and water productivity of trans-
planted and direct-seed rice production systems. Agri-
cultural Water Management, 57: 11-31.

Chae, J.C. 1998. Effect of tillage and seeding methods on
percolation and irrigation requirement in rice paddy
condition. Korean J. of Crop Science. 43: 264-268.

Chapra, S.C. 1997. Surface water-quality modeling,
McGraw-Hill, Inc., pp. 47-87.

Cooke, G.D., E.B. Welch, S.A. Peterson and P.R. Newroth.
1993. Restoration and Management of Lakes and
Reservoirs, 2nd Ed. Lewis Publishers.

Counce, P.A,, T.C. Keisling and A.J. Mitchell. 2000. A uni-
form objective and adaptive system for expressing rice

. AW 3], 2002, A 7FSAx A stS5 B
=A 717 Feke] BASA]



=o0lMel F=HFES fIEt 2

development. Crop Science, 40: 436-443.

De Datta, S.K., W.P. Abilay and G.N. Kalwar. 1973. Water
stress effects in flooded tropical rice. pp. 19-36. In Wa-
ter Management in Philippine Irrigation Systems: Re-
search and Operations, International Rice Research In-
stitute, Los Banos, Philippines.

Eom, K.C. 2001. Rice cultural practices in Asia. pp. 28-35.
In Rice Culture in Asia, International Commission on
Irrigation and Drainage, and Korean National Com-
mittee on Irrigation and Drainage, Korea.

Hukkeri, S.B. and A.K. Sharma. 1980. Water-use efficien-
cy of transplanted and direct-sown rice under different
water management practices. Indian J. of Agricultural
Science. 50: 240-243.

Kampen, J. 1970. Water loses and water balance studies in
lowland rice irrigation. Ph.d. Thesis, Cornel University,
Ithaca, NY. 416pp.

Khepar, S.D., A.K. Yadav, S.K. Sondhi and M. Siag. 2000.
Water balance model for paddy fields under intermit-
tent irrigation practices. Irrigation Science. 19: 199-
208.

Kitamura, Y. 1988. Water balance in tertiary development
area with low and flat paddy land Case study in the
Muda Irrigation Project area, Malaysia. Irrigation
Engineering Rural Planning. 13: 18-35.

Lee, B.W. 2001. Rice cultural practices in Asia. pp. 36-54.
In Rice Culture in Asia, International Commission on
Irrigation and Drainage, and Korean National Com-
mittee on Irrigation and Drainage, Korea.

Loague, K. and E.F. Green. 1991. Statistical and graphical
methods for evaluating solute transport models: over-
view and application. J. Contam. Hydrol. 7: 51-73.

Nash, J.E. and J.V. Sutcliffe. 1970. River flow forecasting
through conceptual models. Part 1. A discussion of
principles. J. Hydrol. 10: 282-290.

THat 355

o2

Mishra, A., A.K. Ghorai and S.R. Singh. 1998. Rainwater,
soil and nutrient conservation in rainfed rice lands in
eastern India. Agricultural Water Management. 38: 45-
57.

Montheith, J.L. 1965. Evaporation and the environment.
pp. 205-234. In The state and movement of water in
living organism. XIXth Symposium. Soc. for Exp. Biol.,
Swansea, Cambridge University Press.

Odhiambo, L.O. and V.V.N. Murty. 1996. Modeling water
balance components in relation to field layout in low-
land paddy fields. 1. Model development. Agricultural
Water Management. 30: 185-199.

OPM. 2001. Statistical data of water management, com-
mission on protection of the quality and supply of fresh-
water resources. Office of Prime Minister, Korea (in
Korean).

Chung, S.0., H.S. Kim and J.S. Kim. 2003. Model devel-
opment for nutrient loading from paddy rice fields,
Agricultural Water Management. in press.

Yoon, C.G., J.H. Ham and J.H. Jeon. 2002. Reuse of recl-
aimed water for irrigation on paddy rice culture and its
effect, Journal of KSAE. 44: 14-24.

Watanabe, T. 1992. Water budget in paddy fields. In:
V.V.N. Murty and K. Koga (Editors), Soil and Water
Engineering for Paddy Field Management, Proce. Of
the Int. Workshop on Soil and Water Engineering for
Paddy Field Management, Asian Institute of Techno-
logy, Bangkok, January 1992.

Wu, R.S., J.S. Chang and K.M. Lin. 2001. A simulation
model for investigation the effects of rice paddy fields
on the runoff system. Mathematical and Computer
Modelling. 33: 649-658.

(Manuscript received 15 June 2003,
Revision accepted 20 August 2003)



