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Rice Cultivar Coefficient Optimization of DSSAT Based on PSO
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Abstract; Decision support system for agrotechnology transfer ( DSSAT ) is increasingly used in
agriculture, and the primary task in the localization of DSSAT is to estimate crop cultivar coefficients.
Generalized likelihood uncertainty estimation ( GLUE) coefficient estimator is a self-contained coefficient
estimation tool for DSSAT, but the crop cultivar coefficients estimated by GLUE coefficient estimator are
not always effective, and the simulation accuracy of the DSSAT with the estimated coefficents is often not
high. Through using the field measured yield data of four cultivars of rice and the comparative analysis
method, with the results of running the GLUE coefficient estimator as a reference, treating each particle
of particle swarm optimization ( PSO) was considered as a group of rice cultivar coefficients, calling
DSSAT to simulate rice yield during the operation of the PSO, and modifying the particles according to
the yield simulation error and the operation mechanism of PSO, thus verifying the feasibility of PSO to
optimize the coefficients of DSSAT rice cultivar coefficients. The results showed that both algorithms can
identify the DSSAT rice cultivar coefficients well, but the GLUE coefficient estimator had a higher
frequency of estimating invalid coefficients. Compared with the GLUE coefficient estimator, the
coefficients identified by the PSO were all efficient, and the accuracy of its optimized parameters for
DSSAT simulated rice yield was higher, and the normalized root mean square error (NRMSE) was in the
range of 5.98% ~ 8.78% , which was significantly lower than that of the GLUE coefficient estimator,
which was ranged from 6. 89% to 18.06% , and the simulated rice yield was close to the measured yield.
Key words: rice cultivar coefficient; DSSAT; PSO; GLUE coefficient estimator
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Tab.1 Rice cultivar coefficient of DSSAT
EX fE

AR T B 6 16 TR 30 A8 A AS B s r 7 AR (PL) / 150 ~ 800
(C-d)
A Eh A4 10 3 7= AR T A6 7 B BT AR (P2R) / s - 300
(C-d)
L 0 S 28 A B A T AR (P5) / (°C -d) 150 ~ 850
AR SR B 1 35 K B BB E(P20) /h 11 ~13
TR/ NEE R E(GL) 50 ~75
AR R AR TR BRI (G2) /g 0.015 ~0. 030
FRAE A A S5 AF TR AHES T 1Po4 i Rl K A5 1) 43 BE 3R 4L 0.7-1.3
(G3)
TC fr3e 2 44 F g - FA 8] B (PHINT) /(°C - d) 55 ~90
S /NS (9 5 I (THOT) /°C 25 ~34
S 3R &)y 353 Ak BRI B {5 ( TCLDP) /C 12 ~18
SRS (Y IR 19 {4 (TCLDF) /C 10 ~20
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Tab.2 Simulation results of DSSAT using coefficients identified by GLUE and PSO

IKFE . B GLUE PSO
i i WK1 W2 W3 WiR4 WIS W1 WiK2  WiK3  WiR4  WikS
RMSE/(kg-hm™2)  1045.36 — — 1718.59 — 490.04  493.90  499.82  492.93  510.71
LQ03 NRMSE/% 18. 06 — — 29.69 — 8.47 8.53 8. 64 8.52 8.82
R? 0.83 — — 0.92 — 0. 89 0.91 0.91 0. 90 0.85
RMSE/(kg-hm %)  385.70 — — 1278.39  554.01 422,52 334.72  386.81  372.24  347.53
LQ08 NRMSE/% 6.89 — — 22.83 9.89 7.54 5.98 6.91 6.65 6.21
R? 0.95 — — 0.92 0.91 0.94 0. 94 0. 94 0.93 0.92
RMSE/ (kg-hm ~?) — 556.90  682.81 — — 418.60  472.72  397.82  393.27  400.78
LQ09 NRMSE/% — 9.30 11.40 — — 6.99 7.90 6. 64 6.57 6. 69
R — 0.85 0. 86 — — 0.95 0. 94 0.92 0.93 0.93
RMSE/(kg-hm %)  539.98 — 2 006. 01 — 636.62  629.95  489.53  630.21  532.44  630.54
LJ06 NRMSE/% 9.69 — 35.98 — 11.42 11.30 8.78 11.30 9.55 11.31
R? 0. 88 — 0.77 — 0. 87 0. 85 0. 87 0. 85 0. 87 0. 81
=" R UM I T AR B e S BT AL, R 0 3 45 At S 0K Bl 1) DSSAT UK FE =4 0,
%3 GLUE 1 PSO HAIMKEmMSHFMRE
Tab.3 Optimal values of rice cultivar coefficients identified by GLUE and PSO
KA . P1/ P2R/ P5/ P20/ G2/ PHINT/ ~ THOT/  TCLDP/  TCLDF/
S Pk (C-d) (C-d) (C-d) h ol g (C-d) C < <
GLUE 303. 6 48.1 459.5 11.3 655 0.0290 0.70 83.0 27.4 15.0 15.0
L3 g0 214.6 43.5 425.8 11.4  73.6 0.0251 0.81 88.2 31.1 13.6 18.7
GLUE 307.9 42.6 346.4 12.8  50.5 0.0270 1.15 83.0 26.8 15.0 15.0
FO8 b 422.2 14.1 339.6 11.7 52,5 0.0286 1.06 88.3 33.0 16. 1 12.2
GLUE 156.2 44.9 234.5 12.2  68.5 0.0190 1.16 83.0 30.0 15.0 15.0
L9 g0 299.4 50.3 338.1 1222 61.3  0.0241 1.20 64.8 33.0 17.3 11.6
GLUE 259.7 32.7 372.7 1.0 58.2  0.0230 1.20 83.0 28.3 15.0 15.0
M6 g0 253.3 45.4 170. 0 12.7  58.3  0.0224 0.94 81.8 28.0 14.2 11.5

M3 I 2 nTLUE H B 3 2 GLUE {31
[ S8 AR 7E GLUE iz 173t # th 3 ANl 1+ PHINT
TCLDP [ TCLDF iz {745 545 H i 2 X 3 A~ S50
WIGH{E , i PSO W 7 45 %8 1 2 % X | AR 4k ir 5 2
. B T GLUE AAfi} % PHINT, TCLDP, TCLDF
3AZHN, WA RO 0 [ R OK RS S 8
AH A BAH T 1Y HOE, i LQO9 1y P20, LJ06 1y Gl

S BN A [ 535 R 0 9 [ — i oK e 2 8
HAH B2, 1A, 5 GLUE £ 1145 5 A1 e, PSO
DU I A5 4 ] — 2 BOLE AN [a] it 7o ) 54 382 2l AH X %2
/N, WE 2 1) PL.P20 . G1 G2 . G3, iX 3 B 7E i) — ik
Kt a5, PSO IRAL R Z B &[] , 1 GLUE 45 3 19
SHCE N K W B b, AR 2 B AT LUE B
GLUE 1217 3 000 ¥, fHAE 5 Yol il 7 v, 4% i il
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Fig.3 Simulation yields of DSSAT using optimal coefficients identified by GLUE and PSO
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