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Estimation of Maize Yield Based on Random Forest Regression
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Abstract; Dynamic monitoring of crop growth and accurate estimation of crop yield can provide effective
support for agricultural operators’ field management and national food policy formulation. In order to
improve the estimation accuracy of maize yield, a study was carried out in central plain of Hebei
Province, including Baoding City, Shijiazhuang City, Cangzhou City, Hengshui City and Langfang City,
from 2010 to 2018. The experiment was characterized by remotely sensed vegetation temperature
condition index ( VTCI) and Savitzky — Golay filtered leaf area index (LAI), which were closely related
to maize growth and yield. Because the effects of water stress on maize yield at different growth stages
were different, the weights of VICI and LAI in the main growth stages ( seedling — jointing, jointing —
booting, booting — milking, milking — mature ) of maize were determined by using the random forest
regression method. The results showed that the weights based on the random forest regression were
consistent with the actual growth of maize. Based on the determined weights, the weighted VTCI and LAI
at the main growth stages of maize in each county (district) were calculated, and the univariate and
bivariate estimation models of weighted VTCI and LAI with maize yield in 2010—2016 ( except 2012)
were constructed. The results showed that the accuracy of the bivariate estimation model (R* =0.303)
was higher than that of the univariate estimation models, and the bivariate model reached a very
significant level (P <0.001) , indicating that maize yield was related to VTCI and LAI. In summary, the
bivariate estimation model based on the random forest regression had the highest accuracy. The bivariate
estimation model based on the random forest regression was used to estimate the maize yield in each
county (district) of the study area in 2012. The results showed that the average relative error between

estimated yield and actual yield of 53 counties ( districts) was 9.85% , and that of 31 counties
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(districts) were below 10% , 15 counties

(districts) were more than 15% and the root mean square error was 824. 77 kg/hm’.

7 counties ( districts ) were between 10% and 15% ,
In order to further
verify the accuracy of the bivariate estimation model, a linear regression analysis model between actual
yield and estimated yield of maize in 2012 was established. It could be seen that there was a significant
positive correlation between estimated yield and actual yield (P <0.001) and R® reached 0. 540, further
indicating that the accuracy of the bivariate estimation model based on random forest regression was high.
The bivariate estimation model based on the random forest regression was used to estimate the yield of
maize in the region from 2010 to 2018. The results showed that the spatial distribution of maize yield was
the highest in the western region of the plain, the next was in the north and south regions, and the lowest
was in the eastern region. The distribution in time was characterized by a tendency to decrease first in the
fluctuations and then increase. This was consistent with the actual spatial and temporal distribution

characteristics of maize yield. The research result can provide reference for maize growth monitoring and

2019 4

yield estimation.
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Tab.1 Weight results of each growth stage of maize

VTCI LAI
o

e B R R LA LA REB mW—R R —hE R AU R
1 1.17 1. 62 2.21 1.42 0.54 0.39 0.93 1.35
2 1.20 1.59 2.22 1.34 0.55 0.35 0.83 1.31
3 1.13 1.57 1.97 1.34 0. 49 0.35 0.83 1.25
4 1.17 1. 60 2.23 1.36 0.57 0.43 0. 86 1.36
5 1.23 1. 63 2.14 1.51 0.57 0.35 0.85 1. 40
6 1.19 1.61 2.25 1.38 0.54 0. 40 0.84 1.27
7 1.20 1.64 2.10 1.48 0.55 0.34 0.82 1.27
8 1. 11 1.71 2.06 1.48 0.51 0.37 0.82 1.33
9 1. 19 1.65 2.11 1.48 0. 64 0. 40 0. 90 1.37
10 1.26 1.59 2.27 1.34 0.61 0. 40 0.83 1.31

Py E 1. 19 1. 62 2.16 1.41 0.56 0.38 0.85 1.32

E 0.19 0.25 0.34 0.22 0.18 0.12 0.27 0.43

2.2 BEFEENRERE

B BEAIL AR AR 8109 T7 3% 358453 B 9 2010—2016
AF (BR 2012 4F) A VTCT FI LAT 5 K = 26 F
LS RO AT A [l U3 0 A, Sl S AN [ 742 )
FEIMBERY (3 2) o 25D, 3 T BEAL AR A 120 )9 1

TNAL VTCT I K B 7= 1l G 1 e A% (R =0..001)
A B AR 505 AL LAT 5 K 5™ i 4
S Z (R =0.296) 5 AL VICI Fl LAL 5 K ¥
PR M S B i (RT =0.303) , 455700 3k 1 8 3 K F
(P<0.001),5%8] VTCI fil LAI 5 F ko p= 8 32
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Tab.2 Linear regression analysis between weighted
VTCI and LAI and maize yields

A il e R P
VTCI Y= -300VTCI +6 653 0.001 0.700
LAI Y =8431LAI +2 621 0.296 <0.001
LAI . VTCI Y=8571LAI -1 114VTCI +3 257 0.303 <0.001

2.3 202 £ EB(X) EXRAFHNHBEEN

F T Bt AL AR AR [ )5 RS S Aily 7 AR 7R % 2012 4F
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WEL10% LT, 7T AE (X)) 10% ~15% ,15 4
B (X)) 8 15% DU E,53 A B (X)) B2 40 X 5% 22
H79.85% , ¥ )5 MR 22 Ky 824,77 kg/hm’, 4~ 5| B
CIX) Gmifg 24 B 1y B A A X 358 22 e, IR ] i
JETE G R LB R I e, AR A, R
A S R 2%, A% K ORI 82 it 8 2 AR B ARG Ak 7K T A
R, NG TR A 2 DR VE Y, Rl 4 /N 22 LR KX
AR o AR Y M SR B T R B i 1) AH DG
5 it 6T K B T B R R ORI A T AR
AR, K B o e Al DT (5 A 00 2 7= 5 52 B B
FERAHRT R 228K o AR () 40 iE & £ B IX
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FERARAS , IR AT RE XL B (X)) R EERE F
FERMR T AR L4 T H X 40 X, H (8] 45 2 BT,
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Tab.3 Estimated yields of maize in each county (district) in 2012

SR A/ Aiti i) £ 77/ bR/ Al I 25/
H(X) AR R 2/ % B (IX) AR IR 2/ %

(kg-hm’z) (kg-hm’z) (kg-hm’z) (kg-hm’z)
B 6163 6352 3.07 T e 6625 7 066 6. 66
LG T 7949 7160 -9.93 ik B 5823 6514 11.87
T B 6415 6 663 3.86 wH 5019 5348 6.55
AENE 8 456 7107 -15.96 H T 5182 4837 -6.65
A A 7803 7021 -10.02 VBN 6625 6 830 3.10
R 5887 6599 12. 10 ™ 6398 6498 1.57
7 PH 6931 6427 -7.27 Fop= 5461 5398 -1.16
#AKIX 7344 7218 -1.71 EINITRA 4189 4959 18.38
BB IX 7 463 7 489 0.35 TG L B 3288 4508 37. 10
&0 6536 6 868 5.08 RAH 7513 6529 -13.10
EHR L 8 742 7701 -11.91 LY 8103 6 809 -15.97
E M 8 142 7656 -5.97 rE 6075 7 449 22.62
22 [ 77 7980 8234 3.18 T P B 6272 6555 4.51
i 1y L 8185 8022 -1.99 VR T 6870 7388 7.55
R 8265 6788 -17.87 iR =0 6270 7 485 19.37
EEH 8565 6792 -20.70 REf 6199 7593 22.48
HI X 8 655 7207 -16.73 HN T 6049 7270 20. 18
Tot 8175 7 493 -8.34 B3 il L 6085 7252 19.17
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Fig.4 Estimate results of maize yields based on random forest regression
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