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ABSTRACT

This paper aims to calibrate the Soil and Water Assessment Tool (SWAT) model and to evaluate
model performance on irrigated rice yield and evapotranspiration estimation in the Greater Mae Klong
Irrigation Project area. Crop parameters were calibrated using rice phenological data and the yield
collected from the experimental plot at the Irrigation Water Management Experiment Station 9
(Tha Muang) in Kanchana Buri province, and the simulated results were compared with those from
DSSAT model. From the observation of the phenological development, rice was grown under the
potential production system. Neither water nor nutrient stresses occurred during the growing season. It
revealed that SWAT performances on rice cropping simulation, yield estimation, and evapotranspiration
calculation were satisfactory, after having calibrated crop parameters and set appropriate initial
conditions. The SWAT results were comparable to those from the experimental plot (%RMSE =21.6%,
d=0.984) and from the DSSAT simulation. Moreover, SWAT modeling environment has spatial data
utilities for conducting large scale simulation. However, further studies are essential to properly represent
the lowland paddy field and to develop novel algorithms for more reasonably simulating the ponding

rice cropping.
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Figure 1 Field experiment plot located at Irrigation Water Management Experiment Station 9

(Tha Muang), Kanchana Buri
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Figure 2 Daily meteorological data at experimental plot (Kanchana Buri) during rice growing period

(January 2006—-July 2006)
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Table 1 SWAT Parameters for rice
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Parameter Description Unit Initial Calibrated
value value
BIO_E Radiation use efficiency MJ/m?/d 22 30
T_BASE Base or minimum temperature of growth °C 10 9
T OPT Optimal temperature of growth °C 25 30
HEAT UNITS Heat unit to maturity °C 1,797 2,902
RDMX Maximum rooting depth for plant m 0.9 0.3
CHTMX Maximum canopy height m 0.8 1.25
HVSTI Harvest index for optimal growing condition fraction 0.5 0.75
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Figure 3 Above-ground biomass of rice from day after planting: mean of samples (black dot) and

(full blue line)

standard deviation (upper and lower cap), DSSAT estimation (full red line), SWAT estimation
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Figure 4 Dry grain yield of rice from day after planting: mean of samples (black dot) and standard

deviation (upper and lower cap), DSSAT estimation (full red line), and SWAT estimation

(blue rectangle)

Table 2 SWAT model performance on simulation under different values of radiation-use efficiency

(BIO_E): the percentage of RMSE (%RMSE) and the index of agreement (d)

BIO_E (MJ/m?/d) %RMSE d
22 43.0 0.917
26 29.7 0.965
30 21.6 0.984
35 26.9 0.978
40 43.0 0.953
BINIAUAZHANAG mMadSpuiisudrnaauaznanaaiiie

1 Table 3 LaAIBIRUITZNOLVBINAHER
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(dry above-ground biomass) Nawa(ﬂﬁnlugﬂ
LWEALRS (dry grain yield) uaz @z AULA YA
(harvest index) M ILALAae LT udn lag
WINEIUATEAY 16,197.2 kg/ha (2,591.5 kg/rai)
NANAAT1 9,630.2 kg/ha (1,540.8 kg/rai) LLag
auiLAuie) 59.5 gauanmstiunanaadu
usanuwia 1 m? $1u3% 4 udenlddiade
HANAATN2 7,362.5 kg/ha (1,178.0 kg/rai) 96
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Table 3 Harvested yield components from the experimental plot and simulations (DSSAT and SWAT)

Yield component (unit) Experiment DSSAT SWAT

Dry above-ground biomass (kg/ha) 16,197.2 15,523.0 (-4.2%) 14,133.0 (-12.7%)
Dry grain yield (kg/ha) 9,630.2" 8,274.0 (-14.1%) 8,189.8 (-15.0%)
(7,362.5)” (+12.4%) (+11.2%)

Harvest index (%) 59.5 53.3 (-10.4%) 57.9 (-2.5%)

Note 1/ Dry grain yield estimated from sampling.
2/ Dry grain yield harvested from 4 blocks of 1 m?.
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Figure 5 Rice evapotranspiration (ET) from the day after planting estimated by DSSAT (red full line)

and SWAT (blue full line)

YSanmnnsldin

4 Figure 5 uaasn3ldiive sty
mm”m%fluﬂgﬂﬁﬁﬂmmﬁw DSSAT (L§uNUR
Lad) ez SWAT (Lﬁuﬁuﬁfﬂﬁﬁu) Wy JInnm
nsl4%n (ET) 91n DSSAT fidrgandn SWAT
luga4 30 i’mmnﬁfumm”m‘%mﬂgﬂ (DAPO-
DAP30) %9310 DAP30 LULS1ABINIFOS
Usza A ET 8a0a8a9N% ANLANGE1ND8Y

ET lugnausnifinananwiuidivesuuusnaes
YIga9fn9nn DSSAT 81313081889n15 LN
gadszmulasdiluudad ladarinliinnsssine
ﬁ’mﬂﬁaﬁﬂuﬂ’%mmgﬂumaLLiﬂlummzﬁﬂT’n
zl”a"l,;iifumﬂﬂﬂqu §7% SWAT $1aa9nsliin
gadszmulagsnsnysinminluaul ety
gatsznin 59rnldnsszmosinannfaauluy

JSunmnenin



1M33Inemansuazinalulad yninenasnsasaaas i 12 ayun 1 2566 10

Usurmnisldinvesdna (ice
evapotranspiration) @aa@qgtwnﬂgnﬁ’lu’sm
91N DSSAT t¥inAU 659.5 mm as SWAT
LYY 590.9 mm @9 DSSAT Uszanaudnganiy
angnIniuwaIndrenulugasusn 1ie
Lﬂ%‘ﬂuLﬁsmﬁ"uwamnmﬁmﬁ:ﬁam}aﬁwaa
faiansldinvesdiadarindy 640 mm (373
51, 2552) Farinlediuuusinasniaasling
AurmdSunmnslfinvesdingeandasny
TayanT1990 Tag DSSAT lAwan T 1uIm
AINNIINAMIATIATA 3.0% Telnatdasunnni
Ha8d SWAT (Faanin -7.7%) iawSoufisy
ﬁ'mmﬁnmﬁmums’fiaLflumia‘haaai:uuﬂan
TNNTBYATALALING WU SWAP Uazanm
frmslfsinuesdn Winsy 566.7 mm (len&ns
LeZA M, 2550) §3% ORYZA LYinNU 520 mm
(37378, 2552) F91Anladn SWAT dausyauslu
msfmmUSun s sldinsestalelndidss
AULUUSa0sduRTnsdnsnunnaunin uads
faasnalunisinaasnsldinoasszniulu

LasmInuui ke

G

9

nwispitldnanulaimansslasiiy
gnateeud lananaa 9,630.2 kg/ha (1,540.8
kg/rai) mumsl,ﬁm']’agaﬂgauﬁaﬂmm@ 1 m? 'l
HANAALARE 7,362.5 kg/ha (1,178.0 kg/rai) M3
I%ﬁﬁmaa@ﬁaal,w*n:ﬂgn 640 mm

LUDS1889 SWAT tHadsutfiou
W dLao AT I RuafIFuARNzau T
sussnuzlunisdinasszuunisdgndin ns
Uszanmdnuande uazdsinmmslainlndides
AUKNANLLUAINARBILAZLULUT 1809 DSSAT
wananit SWAT ﬁm%iaaﬁaa]”@mﬁ]"a;gagﬁ
gIRwnAfInIuNMIaasiuiisuwalve 9
NI miﬂizqﬂ@i’ SWAT §1%IUMI3NaadInmy

Ugni1au1a2w (lowland rice) gafidadinalu

MIINNBINVI a9 30T NuANBUNILAN
LN ARANTITINRAINANIZRUTINDINM TN

Iﬂmmm?’m%’umsﬂgnﬁn’smmu
ﬁ'mauq ™

mu?a‘i’sﬁiﬁ%’ummﬁfumgumn
AMTIAINTINANEAS ATUNIURY
ARVINUITBINHATAIRAT WAZAMZKIT Y
mamauqmﬁmmmﬁlﬁmmawmw:ﬁfﬁaga
fwsunwidseitUsenoudas nugahuuing
nINRAITNTIAW NInTaLIE WAZUDVBLA NG

v o

fd GJ\I%WIU‘JLLﬂSM SWAT ez DSSAT “F‘IINE]‘]J
a a

a° & 6o = &
PYRNDTBOWALITRIRILMIANTNN
& A
LANFENID DI

AT TUNEE, ANAN IUAIIAIW, BNHUTT WA
Saime. (2543). Mstlsadnenguiszans
NIRKINITNVITIEMILLLLIRDY
CERES-Rice. L1 lasamyszuyaivanyu
maaaaulamsnaans: 71 lumamiie
(. 141-165). NTUNWY: FWNNUNDINL

UL a‘y‘bumﬁﬁ‘ .

wisdn@ Awlala, landnt luFaanaty. (2563).
MMUTLL A WLV 18I SWAT §1HRI U
a [ :’ U dqf A
’;mﬁwaw@amlummnwuﬂiﬂsdmi
radszmuninaaslng. nvvszgy
TTINITENIANIAINTININ G TUIAY
Uszinalnyg seaue1d Aasan 21,

PATITHIN.

a 1 a a Af =Y Q
PN DA Lﬂaagw‘lm, LANAND Imamqam.
(2563). MIUszendluLTIaas AquaCrop
o % £ 6
Iumsmaaamiﬂgﬂmnwuq na 43
mU‘L@Tﬁ:@”ummaq@mugsﬁmaa@‘iuﬁ
A19IN . miﬂizgf&/?:mmmmmy
SINTIUNEATUAILTENA INY SeAUTIA

& A =
AN 271.U%AIINTRUN.



1M33Inemansuazinalulad yninenasnsasaaas i 12 ayun 1 2566 11

W 1anedIv, aenaen awiaw, 85307 51 ANUT W Ea, Laﬂﬁﬂﬁfimﬁmqaﬁ'ﬂ. (2562).
@21, 027 sawtlszw, WHUFNG WL nsUsziNunNavadInlI Y sdsan
ywd, 3lans uiafing, & a1duri wa niaMasdadnuNWNANIAY8IT1I
AU, (2543). Tﬂwmﬁ:ymﬁyf«g&un'ﬁ 8% IUIIRTATEUINGIBUUUI 1R D9
gaanlanisndaiy 711 lun1aniie DSSAT-CERES. n131/3 30321113615
(IBNWNTITY). NTANWY: F1ENNU MDA MIULRE M TN EUUAITIE
NBIUSULERUMIINY (EN.). a3 12. wn3: naTaLlsEn.

9876 NMANNZNA. (2538). UszAnnwnsld Laﬂﬁwﬁﬁ[mﬁ@laqaﬁm, TIYWIIR AIRTNNINE,
seRaNNaguastnamelauuumsii iy ainyiu, Unland anuansuas,

o a7 a a v a v 2 a
CANG ﬂ%%nﬁﬁ, ?qmﬂ‘ﬂ @]%ﬁiﬁlﬂﬂﬂ@, e
s 1 £ v A

(ﬂﬁ NNDIFY, HTUR NBJILNI, WHDY

U 9

WA, AITY AnSIny. (2550).

=p

WILASEFNTWUIABBNNUANAIN .

()]

MIETanenmaasuazinalulad svvad
uaTUN3, 17(1), 23-33.

P s

o Aa A A o %
o o " - . upyFImaImanaSyiAvlavasn a1l
30378 PR, (2552). MITATIHMIITI v

Ca ., oa . ve o mstssdunandauszmsltinvesiely
UReMIITURUAR w7 lae 10970

& A = )y
X ° WUNTaLIENIU: Zﬂ?\?ﬂ'ﬁ?’/ﬂﬂ"ﬂ'ﬁt‘w&l
mﬂ%mwadﬁmmmyuamad ORYZA.

- - - o o Useansnwnslginlumsiniztan.
ArnerdiwnsdSagrunitydia). 3

a o 6 a
a o HATUIN: URINRULNBATFNRAT NN
ﬂ?\‘iL‘ﬂ‘We‘J: UYRINBIR ElLﬂ‘]:&@]i?l’]ﬁ@]g. *

5 LUATLLNTLLR.
RUNNULATHINIMINBAT. (2562). FNANITAT
Akumaga, U., Tarhule, A., & Yusuf, A. A. (2017).

Validation and testing of the FAO

Fuannuasingnueis/szine 2562.

NI SN INEAT.
AquaCrop model under different levels of

FUNT UIUSITLLNA, ITOTY IUALIT. (2547). , . . o
q a d nitrogen fertilizer on rainfed maize in

st ouad1anunITUIsLiuan
* U Nigeria, West Africa. Agricultural and
Forest Meteorology, 232, 225-234.

doi: 10.1016/j.agrformet.2016.08.011.

o a n€ Qs o o o
FudzAnsveswuidrmivuuudinas
CERES-Rice. (T1847%N137798).

NIANWY: a‘hﬁfmmnamuaﬁfnagun'ﬁ

531 Allen, R. G,, Pereira, L. S., Raes, D., & Smith, M.
(1998) . Crop  evapotranspiration-

AITOTH IUAZIT, FUNT UTIULITLLNA, NOUNad o ,
9 a q Guidelines for computing crop water

WUTElan, 1Y AT LRIUNU LRAdA . L .
requirements-FAQ lIrrigation and drainage

VMR- (2547). Lililauj_/mqmmm@muh paper 56. ltaly: Food and Agriculture

a =) Qo v Q' v 1
WNANNANTISA LI 1! 7’18\71’1\717’)8 1.0. . . .
9 Organization of the United Nation.

(BNHMNIIIL). ATINWY: FIUNY

ﬂamuaﬁfuakl,umﬁﬁ‘ B,



1M33Inemansuazinalulad yninenasnsasaaas i 12 ayun 1 2566 12

Amold, J. G., Moriasi, D. N., Gassman, P. W.,

Abbaspour, K. C., White, M. J., Srinivasan,
R., Santhi, C., Harmel, R. D., van
Griensven, A., van Liew, M. W., Kannan,
N., & Jha, M. K. (2012). SWAT: Model
Use, Calibration, and  Validation.
Transactions of the ASABE, 55(4), 1491-
1508. doi: 10.13031/2013.42256.

Bannayan, M., Kobayashi, K., Marashi, H., &

Hoogenboom, G. (2007). Gene-based
modelling for rice: An opportunity to
enhance the simulation of rice growth
and development? Journal  of
theoretical biology, 249(3), 593- 605.
doi.org/10.1016/j.jtbi.2007.08.022.

Cheyglinted, S., Ranamukhaarachchi, S., & Singh,

G. (2001). Assessment of the CERES-Rice
model for rice production in the Central
Plain of Thailand. The Joumal of
Agricultural Science, 137( 3), 289- 298.
doi: 10.1017/S0021859601001319.

Chinsuwan, W., Choun-udom, S., & Phayom,

W. (2002). Rice Harvest Losses
Assessment. TSAE Journal, 9(1), 14-19.

Donald, C. M., & Hamblin, J. (1976). The Biological

Yield and Harvest Index of Cereals as
Agronomic and Plant Breeding Criteria.
Advances in Agronomy, 28, 361-405 .doi:
1 10.1016/S0065-2113(08)60559-3

Gassman, P. W., Jeong, J., Boulange, J.,

Narasimhan, B., Kato, T., Somura, H.,
Watanabe, H., Eguchi, S., Cui, Y,
Sakaguchi, A., Hoang Tu, L., Jiang, R,,
Kim, Jeffrey G. Arnold, M.-K.,, &
Ouyang, W. (2021). Simulation of rice
paddy systems in SWAT: A review of
previous applications and proposed
SWAT+ rice paddy module.
International Journal of Agricultural and

Biological Engineering, 14(6), 1-24.

Gassman, P. W., Sadeghi, A. M., & Srinivasan, R.

(2014). Applications of the SWAT Model
Special Section: Overview and Insights.
Journal of Environmental Quality, 43(1), 1-8.
doi: 10.2134/jeq2013.11.0466.

Hoogenboom, G., Porter, C. H., Shelia, V., Boote, K.

J., Singh, U., White, J. W., Hunt, L. A,
Ogoshi, R., Lizaso, J. I., Koo, J., Asseng,
S., Singels, A., Moreno, L. P., & Jones, J.
W. (2017). Decision Support System for
Agrotechnology Transfer (DSSAT) Version
4.7. Florida: DSSAT Foundation.

Hoogenboom, G., Porter, C. H., Boote, K. J.,

Shelia, V., Wilkens, P. W., Singh, U.,
White, J. W., Asseng, S., Lizaso, J. |,
Moreno, L. P., Pavan, W., Ogoshi, R.,
Hunt, L. A., Tsuji, G. Y., & Jones, J. W.
(2020) . The DSSAT crop modeling
ecosystem. In K. J. Boote (Ed.),
Advances in crop modelling for a
sustainable agriculture (pp. 173-216).
United Kingdom: Burleigh Dodds.



1M33Inemansuazinalulad yninenasnsasaaas i 12 ayun 1 2566 13

Jones, J. W., Hoogenboom, G., Porter, C. H.,

Boote, K. J., Batchelor, W. D., Hunt, L.,
Wilkens, P. W., Singh, U., Gijsman, A. J.,
& Ritchie, J. T. (2003). The DSSAT
cropping system model. European
Journal of Agronomy, 18 (3—4), 235-265.
doi: 10.1016/S1161-0301(02)00107-7.

Kakarndee, |., Kositsakulchai, E. (2020).

Comparison between SWAT and SWAT+
for simulating streamflow in a paddy field
dominated basin, northeast Thailand.
Proceedings of E3S Web of Conferences

(The 13th Thai Society of Agricultural

Neitsch, S. L., Amold, J. G., Kiniry, J. R., & Williams,

J. R. (2011). Soil & Water Assessment Tool.
Theoretical Documentation Version 2009.

Texas: Texas A&M University.

Pannangpetch, K., Laochasiriwong, S., & Vorasoot,

N. (1991). Determination of physiological
characteristics to simulate growth of rice
variety RD6. In F. W. T. Penning de Vries,
H. H. van Laar, & M. J. Kropff (Eds.),
Simulation Systems Analysis for Rice
Production (SARP) (pp. 102- 108) .
Natherlands: Centre for  Agricultural

Publishing and Documentation.

Engineering International Conference),

187. doi: 10.1051/e3sconf/202018706002.

Penning de Vries, F. W., & Van Laar, H. (1982).
Simulation of plant growth and crop
Kositsakulchai, E., Phankamolsil, Y., & Yodjaroen, production.  Natherlands: Centre for
S. (2021). Future runoff projections based Agricultural Publishing and Documentation.

on land change using integrated Markov- Ritchie, J. T., Singh, U., Godwin, D. C., & Bowen,

Celular  Automata  model and  Soll W. T. (1998). Cereal growth, development

Water Assessment Tool in Lam Pachi and yield. In G. Y. Tsuji, G. Hoogenboom,

Basin,  Thailand.  Agriculture  and & P. K. Thomton (Eds.), Understanding

Natural Resources, 55(5), 807-816.
doi: 10.34044/j.anres.2021.55.5.11
Khakbaz, B., Imam, B., Hsu, K., & Sorooshian, S.

Options  for  Agricultural  Production

(pp- 79-98). Netherlands: Springer Nature

ki hi, A., Eguchi, S. K M. (2014).
(2012). From lumped to distributed via Sakaguchi, A, Eguchi, S., & Kasuya, (2014)

Examination of the water balance of

imgated paddy fields in SWAT 2009

semi-distributed: Calibration strategies for
semi-distributed hydrologic ~ models.
Journal of Hydrology, 418- 419, 61-77.
doi: 10.1016/j.jhydrol.2009.02.021

using the curve number procedure and
the pothole module. Soil Science and
Plant  Nutrition, 60( 4) , 551- 564.

Mankeb Panya. (1993).  Calibration of genetic doi: 10.1080/00380768.2014.919834

coefficients of paddy rice (Oryza sativa L.)
for validation of the ceres-rice model in
Northern  Thailand  (Master's  thesis).
Chiang Mai: Chiang Mai University.



1M33Inemansuazinalulad yninenasnsasaaas i 12 ayun 1 2566 14

Sakaguchi, A., Eguchi, S., Kato, T., Kasuya, M.,
Ono, K., Miyata, A., & Tase, N. (2014).
Development and evaluation of a paddy
module  for  improving  hydrological
simulaton in  SWAT.  Agricultural
Water Management, 137, 116- 122.
doi: 10.1016/j.agwat.2014.01.009

Singh, U., Ritchie, J. T., & Godwin, D. C. (1993). A
user's guide to CERES Rice-V2.10,
Simulation Manual IFDC-SM-4.

United State: International  Fertilizer

Development Center (IFDC).

Wallach, D., & Goffinet, B. (1987). Mean squared
error of prediction in models for studying
ecological and agronomic systems.
Biometrics, 43( 3) . 561- 573. Doi:
10.2307/2531995.

Wallach, D., & Goffinet, B. (1989). Mean squared
error of predicton as a criterion for
evaluating and comparing system models.
Ecological Modelling, 44(3-4), 299- 306.
doi: 10.1016/0304-3800(89)90035-5.

Wikarmpapraharn, C., & Kositsakulchai, E. (2010).
Evaluation of ORYZA2000 and CERES-
Rice models under potential growth
condition in the Central Plain of Thailand.
Thai Joumal of Agricultural Science, 43,

17-29.

Willmott, C. J. (1982) . Some comments on
the evaluation of model performance.
Bulletin of the American Meteorological
Society, 63(11), 1309-1313. doi: 10.11
75/1520-0477(1982)063<1309:SCOTEO
>2.0.CO;2

Xie, X., & Cui, Y. (2011). Development and test of
SWAT for modeling hydrological processes
in irrigation districts with paddy rice.
Joumal of Hydrology, 396( 1-2), 61-71.
doi: 10.1016/j.jhydrol.2010.10.032.



