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Establishment of Wheat Model Algorithms Integration Platform and
Algorithm Comparison

CHEN Xianguan' FENG Liping' BAI Huiging' WANG Chunlei’ WANG Jing' YU Weidong’
(1. College of Resources and Environment, China Agricultural University, Beijing 100193, China
2. Henan Provincial Key Laboratory of Agrometeorological Safeguard and Applied Technique,
China Meteorological Administration, Zhengzhou 450003, China)

Abstract; In order to facilitate the comparison of wheat model algorithms and multi-algorithm integrated
simulation, a wheat model algorithm integration platform ( WMAIP) was established by referring to the
main module algorithms of domestic and foreign mainstream crop models ( CERES — Wheat, APSIM —
Wheat, WheatSM, WOFOST, SWAT, etc. ). The method for simulation phenology integrated two
algorithms with “wheat clock” model method and thermal time method based on WheatSM and APSIM —
Wheat phenology module, respectively. The method for simulation biomass integrated three algorithms
with carbon assimilation (CA ), canopy photosynthesis ( CP) and radiation use efficiency (RUE) based
on WOFOST, APSIM — Wheat and WheatSM biomass modules, respectively. The method for simulation
yield formation integrated three algorithms with harvest index ( HI), grain filling ( GF) and biomass
remobilization (BR) based on SWAT, APSIM — Wheat and WheatSM grain yield modules, respectively.
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Six representative simulation models were constructed based on the model platform. The parameters of
model were calibrated and verified by using field observation data of sowing date experiment from 2017 to
2019 in Wugqiao, Hebei Province and literature data of sowing date coupling irrigation experiment from
2011 to 2014. Finally, different algorithms for specific modules were compared. The results showed that
simulated values of different algorithms in each module could be used to represent measured values with a
reasonable error range. Therefore, the NRMSE values of phenology, above ground biomass, yield and
soil water storage were ranged from 0.56% to 4.00% , from 16.13% to 18.72% , from 12.48% to
18.95% and from 10.78% to 11. 63% , respectively. The effect simulated by multi-model platform was
better than that of the single model. In the phenology module, the simulation of duration from sowing to
jointing by thermal time method was better, while the simulation of durations from sowing to anthesis and
from sowing to maturity were poorer than that by “wheat clock” model method. In the biomass module,
the three algorithms were the best models to predict the biomass of wheat, but the simulated biomass of
CP method was higher under high radiation conditions. In the yield formation module, the variation trend
of yield simulated by the three algorithms was consistent, but the simulation results by BR method was
rather better than that by others. In general, the WMAIP platform integrated multiple algorithms for
The

application potential of this platform was great in comparison and improvement of wheat model algorithms,

specific modules to simulate soil water storage and biological indicators of winter wheat well.

2022 4

integrated simulation and assessment of climate change impacts.

Key words: wheat; crop model; algorithm integration; phenology; biomass; yield
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M5 i JeRE M AR HF AL HE I
M6 i) JeRE M AR 3K 46 4L

2.2.2 fEYISHEE

F| ] Python fu sopt ( https: // github. com/
Lyrichu/sopt) 1 [ faj B8 5t /£ & 3% ( Simple genetic
algorithm ,SGA) HEAT 2 % A 2 %€ , Horh , Fh & H
ZH population_size L 30, HEAL AT B S %L generations
10, HARZHCR I BONE . BT 2011—2012 4F |
2012—2013 A F1 2017—2018 4F 3 4~ 4 B it 3 56 %l
AT 2, 38 F 2013—2014 4 F1 2018—2019 4¢
PSR BE A0 Bt HEA TR T SR IE . e R A IR
LI B B I kT IR AT S R s R R R

a1 WL 1) o o A i R i AT SRR
SE 5 B S AR A X6 O A 7 Ol 7 T RS B i AT
ZHRRE(£3),

AR SR FH S TR AL 0 RS2 B U0 00 1 £ 389 5 i 1%
72 (Root mean squared error, RMSE) /F & H 5 &
BT RMSE /I A5 40L{E UL I F 2 ) ff 22 i
ZIN AU 55 WL (R — S0P e -, A TR AGE DL 448 2R e ofe
BT 5
2.3 HEBESREMHRTN

K JH 6 A BERUB A48 5 1 B ACR AL &
AL 45 B . % I I )3 & %% ( Regression coefficient
by) PR E BB (Coefficient of determination, R*) .
Ji M 22 (RMSE) FlJH — 16 4 J7 #il % 22 ( Normalized
root mean squared error, NRMSE ) 3¢ BEAf 45 7l f14) 455 41
1B S0 {8 1) W) 5 R

3 HRESN

3.1 REFEESHRESKIE

FIH WMATP ~F- & 21 119 6 A5 005 A0 R g ¢
U b AUL A R K R B A N A6 PR, 2 m
TR 4 2 3K 5 09 52 00/ R0 RS H0U0E 1Y 22 1 870N
6 ALY 11 18 S 45 5 R IE 45 5 v 38 O A iR 22
(RMSE) %3 51 #F 45.6 ~49.0 mm F155.1 ~59. 4 mm
ZI8] 4 — {6 35 J7 1% 22 (NRMSE) 43 5 7E 7. 68% ~
8.26% #110.78% ~11.63% Z[0](F 4), 6 MEAIERRE
f A - b ABE DL P T FR 0 B A AL, JE S 45 AR
JFZ5 $ b RMSE 433178 0. 58 ~0. 72 mm’/mm’ F10. 79 ~
1.34 mm’/mm’ 2z [a], NRMSE 43 5 7E 19.43% ~
22.28% i 26.50% ~37.75% 2 8l (3 4, & 2),
6 /A H BE 6% 5 I M A ADL Ml b A ) Y B AR
fb, o M1 ~ M4 [ 2 45 2 NRMSE 43 51 2k
11.22% 12.34% ,12.28% . 11.28% , % il 25 5 p
NRMSE 43514 18. 18% 18.72% .16.13% 17. 48%
(R4, K 2), 7= at iy 52008 AL LR 1 22 90 ¢
/N6 AR G E S 25 LR B6 I 45 R o RMSE
4 W fE 946.1 ~ 1 219.8 kg/hm® FI 923.5 ~
1 402. 3 kg/hm’ 22 [d], NRMSE 43 %I 7€ 12.27% ~
15.82% H112.48% ~18.95% Z [a] (& 4), Kif
RAA BT 8w B AR R R DA
JE | BERAE G JH S 45 R RN B0 IE 25 S b NRMSE #f
INT A B
3.2 REHEELR

N R BRI S A5 R BoR B LY
1B WL {8 2 [a) B B A by i) — Btk . Horp N2
B A R B P — AV S R b A8 3 0 - 1
LR A1 520 R 1Y) RMSE 43 51 24 3.5.1.4 1.9 d,
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Tab.3 Genetic parameters for winter wheat variety Jimai_22

T e DRV S8 R EX i A
ky R — W BB SRR R -2.5~ -1 =-2.21
k) AN EE TN A= -3.5~-2 -2.98
by eI B S AR H R -3.5~ -2 -2.71
ks WA — A B, AR & R AL -3.5~-2  -2.95
ky T — U B SR R H RAL 3.5~ -2 -3.41
N2 AT P T — 3 0 B B, B R AR 0.1~2 1.01
Pai FACW B R R AL 0.1~2 1.17
REW P S JE B Y B IR R AL 0.1~2 0. 34
P3 WA —IFAE R B, IR E R 0.1~2 1.54
Pa FFAE— LB B TR R B 0.1~2 1.54
[ S Y B, 6 R R A 0.1~2 0.64
T, W — T Y B, B A, C - d 100 ~ 500 216
T, WAT— AL G B, il 4, °C - d 300 ~700 474
L) T, FEAE— BB B, 0@ $Rt,C -d 500 ~ 900 683
R, S JR 1 BURR R B 0~5 4.91
Ry AL RN HUR R B 0-5 1.56
UGB P, I 37 1l 22790 86 AR g/ M) 13 ~17 16.9
P JE A AT B R RSO AR, g/ (m® - h) 2.8~4.2 3.82
VisY7/h e SR F) AR RUE SERER FHRR g/ M) 1.12 ~1.36 1.36
- o A i ek CO, [l 4k 3 % kg/ (hm® +h) 28 ~42 41.7
L LB REAUIACE, (kg/Chmh))/(3/ (' +5)) 0.35-0.5 0.5
— R, 70 25 0 I 1 R AR 10 ~ 40 37
Sem e ROFPRL T i g 0.02~0.06  0.037
. . T, Tl B AT 25 W AT 0 1) FE R 0 55 38 3 R ke/ kg 0.1~0.5 0.5
FRER ENREY 7., BB e 45 7= 40 R 32 0% /g 0.5-1.0 0.8
HI, . R Rk B 0.1~0.6 0.47
Hed i i, S/ S M 0.1-0.6 0.5
x4 AEABEWESSHRIELER
Tab.4 Calibration and validation results for different simulation model
2 m + 2+ Bk i I i LA Hiy - A Ay
AR FiR RMSE/ NRMSE/ RMSE/ NRMSE/ RMSE/ NRMSE/ RMSE/ NRMSE/
mm % (mm?+mm ~?) % (kg-hm %) % (kg-hm %) %
M1 45.6 7.68 0.58 19.43 1275.9 11.22 1120.7 14.53
M2 46. 6 7.85 0.61 19. 81 1402.9 12. 34 1097.7 14.24
M3 45.6 7.68 0. 60 19. 82 1395.7 12.28 1219.8 15. 82
e L M4 49.0 8.26 0.72 22.28 1281.5 11.28 1104.8 14.33
M5 49.0 8.26 0.72 22.28 1281.5 11.28 1107.6 14.37
M6 49.0 8.26 0.72 22.28 1281.5 11.28 946. 1 12.27
M 4 4 47.0 7.92 0. 61 19.52 1214.9 10. 69 677.6 8.79
M1 55.1 10.78 0. 89 28.56 1927.5 18.18 923.5 12. 48
M2 56.2 10.99 1.10 34.71 1984.8 18.72 1265.6 17.10
M3 54.8 10.71 0.79 26. 50 1710.2 16.13 1306.7 17. 66
B IF 45 5 M4 59. 4 11.63 1.34 37.75 1853.1 17.48 1269.7 17. 16
M5 59.4 11.63 1.34 37.75 1853. 1 17. 48 1291.7 17. 45
M6 59.4 11.63 1.34 37.75 1853.1 17. 48 1402.3 18.95
[ BE s 57.3 11.20 1.09 32.80 1669.9 15.75 890. 5 12.03

NRMSE 43 51 4 2. 06% .0.69% .0.81% ([&] 3a) ; LB A1 S2 I i RMSE 4231k 2.6.2.6.1.7 d,
32 488 b 1 100 455 b — T 6 300 R 496 o — i 22 S 1 A NRMSE 43514 1.50% 1.32% .0.75% (& 3¢) .
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Fig.2 Comparisons of observed and simulated leaf area index and above-ground biomass
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wheat clock” model (CM) and thermal time ( TT) approach for calibration and validation
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Fig.4 Comparison between observed and simulated above-ground biomass of winter wheat with

different algorithm for calibration and validation
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