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Calibration of Yield-Formation Parameters in the APSIM-Wheat
Model Based on Chaos Particle Swarm Optimization Algorithm

ZHAO Zhengqgiang, LIU Qiang, MA Rui

(College of Information Science and Technology, Gansu Agricultural University, Lanzhou, Gansu 730070, China)

Abstract: To address the challenges of time consumption, low accuracy, and inefficiency in the locali-
zation calibration of yield formation parameters for spring wheat in the APSIM model under dryland
conditions, a Chaos Particle Swarm Optimization(CPSO) algorithm was employed. Based on meteor-
ological data from Dingxi City., Gansu Province, spanning 1971 to 2023, as well as yield data extrac-
ted from the Dingxi Statistical Yearbook for the periods 1971 —2013 and 2022—2023, along with field-
measured data collected from Mazichuan Village, Anding District, Dingxi City, between 2014 and
2021, key parameters influencing spring wheat yield were calibrated using the CPSO algorithm. The
results showed that after parameter optimization with CPSO, the root mean square error(RMSE) de-
creased from 39. 21 kg « hm ? to 24. 64 kg » hm ™ ?; the normalized RMSE(NRMSE) dropped from 2. 32%
to 1. 65% ; and the modeling efficiency(ME) increased from 0. 965 to 0. 991. Therefore, through pa-
rameter optimization with CPSO, the fitting degree of APSIM model to spring wheat yield was signif-
icantly improved, and the model had better adaptation to Dingxi City, Gansu Province.

Keywords: Dryland spring wheat; APSIM model; Yield formation; Chaos particle swarm optimiza-

tion; Parameter optimization.
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Table 1 Specific soil properties of the study area
INZEA ROK Sy TR S 2 T A ol b " TG KE
+ 2 FH ] 5 K5 K i Lower limit of " %&;%fﬂ[ LAl 7 K mﬂ:%& Soil hydraulic
: . . . . Wilting Saturated Air dry -
Soil Field capacity/ effective water Bulk density/ . . L conductivity/
- . ’ Y coefficient/ moisture/ coefficient/ o
layer/cm  (mm « mm~!)  content of wheat/ (g+cm™?) 2 - 4 (mm =+ h 1)
- (mme+*mm ') (mme+*mm ') (mme+*mm ')
(mm * mm~ 1)

0~5 0.27 0.09 1.29 0.08 0.46 0.01 0.6
5~10 0. 27 0.09 1.23 0.08 0.49 0.01 0.6
10~30 0.27 0.09 1. 32 0.08 0. 45 0.05 0.6
30~50 0.27 0.09 1. 20 0.08 0. 50 0.07 0.6
50~80 0. 26 0.09 1. 14 0.09 0.52 0.07 0.6
80~110 0. 27 0.10 1. 14 0.09 0.52 0.07 0.6
110~140 0.27 0.11 1.13 0.11 0.48 0.07 0.6
140~170 0.27 0.13 1.12 0.13 0.53 0.07 0.6
170~200 0.27 0.15 1.11 0.13 0.53 0.07 0.6

1.2 APSIM ## 8!

APSIM J& i A F I CSIRO F 4 1Y 25 AR
#IF & (https://www. apsim. info/) , % F # £t
PRI, AT SRR 22 B VR P RS AR L BE AR AL IR B
PR 2 X AR A A B K B B L RUHR A A B
JZ B TR e DAL A A B O ) E
A S AR Ak By FE RN 43 A T Y, AP-
SIM H6 A F5 L A 0 B30 L 45 LR 582 H i
(SR RSCRE R TN IN ) & i N E AT DI
SR (A E pH ALK& RS FIR H A HEL
P CRE R H O30 Lt A5 B R A 56 ) L LR
R B T B AR SRR
1.3 HESHRE
1.3.1 ‘LT E

ki Bf 55 ¥k (particle swarm optimization,
PSO) & Hi ) iz b H R ALE R k. K
S AL A0 A L ORE S A W B R AT ok T
Wi ff > . fERABmE D, AR k2
RUEDRE DA — A AR EBEA S W A — A
A BE A BT A 07 ) 2R R % A 1 B R BO(E L kL
T Y IE 47 8 R R P RS Bl WU R 1) B AT R
] Y SRR, R AT DUARYE [ 500 D7 o B
7 FIRE R P At s - 2 (8 19 47 B A5 B AN
XA O aE T ) R R AT Bl A R R 1)
R it S 3

PSO B3k X8 fig % figt e K 4 2 B br fl Ak
5] 70, AELME D R 4 S 8008 22 S BOBUIE 25 R 9 RT3

PN P S NG AR R Y A PN
WA . b T ek PSO Bk SR MR TR LA
F(CPSO) E TR M H s g2 th . i T CPSO 5l
NE 7 %) I P YA A DNV S I 8 A
23k H Ry A L DX I8, A T 5 | A Bl 1) 2 R
AR SR . AT AL 1L 5 . CPSO 543
FIH T IR DG 5505 A2 48 R 25 8] N O 5 i DY A
SIS R N R A 22 1 R T B A 45 I R T R A
BB A7 BIL 2 B AR SCI DX ] P At DX 38k, DA T 34
SRR Y 4 R A A e U, O HLaE el E RO 46
b B 2 2o B LA RO R e S5 B B 0k TR
B, ZE IR AR T S EL A e RN R Y
] s PR AE T S 9 A G fRT 5L 38 B P 2 24
[7) 7 1) 3K A

AWEFE R CPSO #17 APSIM 5 #1 2 R
FE L LA 5 AP 4 J) B 038 N7 B A A2 Ak i A
FI WA A 7 A A Y SR X[ R TR 9 B e
(149 3% AR AL 6T T R B AR 38 S5 U0 RE o A B B
o, B8 RN EERL T Bk R S (B R T AR, LASK I #
SR . ARSCRA RS b o bR
M2 [ AT IR R . r=p (X0 — X))o
X e FU X i 5390 2 FEAS il 119 5 S8R X i) B ) e
1o I A 5 AR FHE s o 2 TR AR Ui 4 &R
B, B A SRR S DL B, AR R G R R Rk
Ul o 32 T DR/ I 2R A T B T R R PR AR
HAEEE 1. 0~0. 3 k. 2T CPSO K
AL AR E 1 PR,



BIE 3 4 B TR MR T REE 5 APSIM-Wheat BBt H/NE = BIE NS ENRE ST+ 553

R FLogisticlB M L0 G AL R BT

Initialize population particles using

Logistic chaotic mapping
)

7w
| No
TR T8
Calculate the fitness value
of particles
o R
DS RREEER, AR AR ORI 58 de 38 B B AR KT
B #00% Ik S8 B F Update the historical best fitness values of Reach the maximum number
Perform chaotic search with a individual and global particles of iterations/Meet ther’prec1s1on
dynamic radius r. replacing only l requirement?
the slowest 20% of converging - - -
particles HEBESRNERBERENEEELE | =
Calculate the chanﬁe in the global best No
fitness value over the last 5 generations B
Yes
2 FER l
B/ 10 B 5 2R
B ool ot Output the result
Yes ess than 10°
fE A RER Bl
Fall intona local g
optlmunl End
E1 RENFHEZIRER
Fig.1 Optimization process of CPSO
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Table 2 Range of parameter values to be calibrated

[EBE 2
Model parameter

fe/MA
Min. value

R A

Max. value

B IR KA BT (W grain_max)
Maximum dry weight of a single plant(W grin max) /g

Rk AR R AR R BRCH o in)

Minimum rate of grain filling under nitrogen limitation( H, min) /(g * d™1)

H T bR 3 BB R R (H o poren)

Potential rate of grain fillingunder nitrogen limitation(H,, powen) /(g * d™ 1)

TR J0) VR A R LT 34 P G 2R (R i i)

Potential rate of grain filling during grain filling period(R grin oir) /(g * d™1)

TFAE S0 HE S TT U 5 F T A0 AR 1 289 B0 38R (R e o)

Potential rate of grain filling from flowering to start of grain fillingperiod (R g i)/ g« d™1)

555 PR RO (R )

Grain number per gramof stem(R gin) /(grains « g 1)

0.036 2 0.051 9

0. 000 015 0.000 023

0. 000 055 0. 000 086

0.001 72 0.003 46
0. 000 77 0.001 29
19 32
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Table 3 Comparison of the parameters after Calibration using CPSO, traditional trial-and-error method, and PSO method
BUE Value
R T
Model parameter R Gk i .
Traditional trial and error method PSO CPsO
W grain_max /& 0.040 0 0.043 2 0.045 5
Hymin/Cged™) 0.000 018 0 0.000 018 4 0.000 019 2
H, poten/Cged™ 1) 0.000 067 0 0.000 069 1 0.000 070 5
R grain oir/ C g o d™ 1) 0.002 49 0.002 451 0.002 38
Rgrai gin/Cged™ ) 0.001 12 0.001 124 0.001 23
R grain/ (grains = g~ 1) 2% 28
450r —a— £ 50iRX4E Traditional trial-and-error method —— PSO -— CPSO
400
g 350F
=
w 300F
o<
= 8 250}
m s 200}
5
% 150
i
2 100}
1 WWWWWW.
ol v v v v v ey e e e e e e

& 2

£ Year
=FMAEERESH G APSIM-Wheat IRE =S R MUESINEEEN A E

Fig.2 Absolute difference of yield measured values and simulated values from APSIM-Wheat

model after calibrating parameters with the three methods
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Table 4 Test results of model simulation after parameter calibration with three methods
SRR ETTE JEF)IAT Mazichuan village i1l 4% Statistical yearbook

calibfr):triinglerfgthod RMSE/(kg + hm~2) NRMSE/% ME RMSE/ (kg » hm~2) NRMSE/% ME
e GEik 5

Traditional trial and 36. 85 2.94 0.983 36.61 2.63 0.989
error method

PSO 30. 27 2.15 0.987 31.23 1. 98 0.991

CPSO 23.27 1.53 0.992 21.97 1. 49 0.994

ESHG . K BB )RR ST 4 %
RMSE 735 R T 17. 86 % 1 14. 70 % . NRMSE
S35 TR 0. 79 F1 0. 65 A~ 43 4, ME 23 51l 42 &
0.41% M1 0. 20% ; M &1 CPSO B R E S
J& R EBR T N G %1 RMSE 431
TFET 36.89%F1 39.99% . NRMSE 43 5l T [
1,41 F 1. 14 A~ E 43 2, ME 2050 42 5 0. 92 % il
0.51%., Al W, CPSO &8 R E SR ILT
PSO fifE G ik 45 . 43 CPSO S8R & )5,
APSIM-Wheat 558 1 A i 55 v BE 5 35 1 9% , g
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3 it
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