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Prediction on Chinese Soybean Yield Based on ARIMA Model
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Abstract; In this paper, the potentials of Chinese soybean yield per unit are estimated by light use efficiency (LUE) and ag-
ricultural ecological zoning (AEZ) model, based on which the soybean yield before 2020 were predicted by ARIMA model.
The results showed that maximum potential of Chinese soybean yield in long future estimated by AEZ model was
3400 kg-ha™", while the yield in 2017, 2018, 2019 and 2020, predicted by ARTMA model, was 1 899, 1 926, 1 954 and
1982 kg-ha™", respectively, with 55.85% , 56.65% , 57.47% and 58.29% of its maximum potential, correspondingly.
The results signified that higher improvement opportunities for Chinese soybean production come from both sustaining the pro-

ductivity of high yield fields and ameliorating middle and low ones, which would provide reference significance to guiding na-

tional practice.
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Fig. 1 Farming system zones in China
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Fig. 2 The variation of Chinese soybean yield from 1961 to 2014
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Table 1 ADF unit root test of Chinese soybean yield

t it t-statistic R P

Augmented Dickey-Fuller test statistic —-2.639227 0. 2567
Ao B If LA 1% level -4.161144
Test critical values 5% level -3.506374
10% level -3. 183002

1.3.2 A THREK S>3 30E 00 TN AR R My
R T RS B B R R A | T 3R [ K S
PR A ST DU R

(1) ARMA (1,2) BAY: ARMA (1,2) #EA01Y
MIHE5 R a1 3 s, ARMA (1,2) #2581 AIC {H
(akaike info criterion) Sy — 1. 949 336,
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x2 REAERFWEEREFTIEERN ADF BAREE
Table 2 ADF unit root test of Chinese soybean ‘Inyield’

t 411 t-statistic R P
Augmented Dickey-Fuller test statistic - 11. 66061 0. 0000
KL I P A 1% level -3.574446
Test critical values 5% level -2.923780
10% level -2.599925
%3 ARMA (1,2) #AIEFLER
Table 3 The regression result of ARMA (1,2) model
A5 4 Variable FBY Coefficient PR Std. Error t GEil R t-statistic R P
C 0.014219 0.004115 3. 454969 0.0012
AR(1) 0. 803245 0. 122571 6.553318 0. 0000
MA(1) - 1. 446707 0. 198600 -7.284511 0. 0000
MA(2) 0. 468204 0. 196630 2.381143 0.0217
R-squared 0. 352457 Mean dependent var 0.019728
Adjusted R-squared 0. 308306 S. D. dependent var 0. 105491
S. E. of regression 0. 087735 Akaike info criterion -1.949336
Sum squared resid 0. 338687 Schwarz criterion —-1.793403
Log likelihood 50. 78407 Hannan-Quinn criter. - 1. 890409
F-statistic 7.983049 Durbin-Watson stat 2. 172404
Prob ( F-statistic ) 0. 000234
Inverted AR Roots 0.80
Inverted MA Roots 0.96 0.49
(2)ARMA (1,1) %0, ARMA (1,1)f8IE15 1. 886 858,
R 4 Pros, ARMA (1, 1) BRI AIC fE08 —
&4 ARMA (1,1)REIEFER
Table 4 The regression result of ARMA (1,1) model
g4 Variable ZHY Coefficient PR Std. Error t GEil i t-statistic BRP
C 0. 018949 0. 006890 2.750339 0. 0085
AR(1) -0.236244 0. 248032 -0.952477 0. 3459
MA(1) -0.363382 0. 238204 - 1. 525508 0. 1341
R-squared 0. 281381 Mean dependent var 0.019728
Adjusted R-squared 0.249443 S. D. dependent var 0. 105491
S. E. of regression 0.091392 Akaike info criterion - 1. 886858
Sum squared resid 0. 375962 Schwarz criterion - 1.769908
Log likelihood 48.28458 Hannan-Quinn criter. - 1. 842662
F-statistic 8.810074 Durbin-Watson stat 2.022440
Prob ( F-statistic ) 0. 000590
Inverted AR Roots -0.24

Inverted MA Roots 0.36
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(3) AR (1) BB AR BB MIHZERNER S Fo , AR(1) BEALfY AIC {52 - 1. 877 550,
RS AR (1) REEPFER
Table 5 The regression result of AR (1) model

A5 Variable ZH Coefficient FrifEiR Std. Error t Gt t-statistic B P
o 0. 019797 0. 008964 2. 208606 0. 0322
AR(1) -0.493119 0. 128048 -3.851045 0. 0004
R-squared 0. 243801 Mean dependent var 0.019728
Adjusted R-squared 0. 227362 S.D. dependent var 0. 105491
S. E. of regression 0. 092727 Akaike info criterion -1. 877550
Sum squared resid 0.395518 Schwarz criterion -1.799584
Log likelihood 47.06121 Hannan-Quinn criter. —1. 848087
F-statistic 14. 83054 Durbin-Watson stat 2.228138
Prob ( F-statistic) 0. 000362
Inverted AR Roots -0.49

(4) MA (2) R MA (2)BARIRIAZERANFE 6 FiR, MA(2) BRI AIC {H>h — 1. 945 784,
F6 MA (2) #HEIEALER
Table 6 The regression result of MA (2) model

A5t Variable Z B Coefficient Frifiist Std. Error t GiitH t-statistic W= P
o 0. 020909 0. 009635 2. 169996 0. 0352
MA(1) -0.718618 0. 134117 -5.358148 0. 0000
MA(2) 0. 479698 0. 136405 3.516718 0.0010
R-squared 0.313522 Mean dependent var 0. 021223
Adjusted R-squared 0. 283675 S. D. dependent var 0. 104910
S. E. of regression 0. 088791 Akaike info criterion -1.945784
Sum squared resid 0. 362660 Schwarz criterion —1. 829958
Log likelihood 50. 67171 Hannan-Quinn criter. -1.901840
F-statistic 10. 50436 Durbin-Watson stat 1. 848900
Prob ( F-statistic ) 0. 000175
Inverted MA Roots 0.36 -0. 59i 0.36 +0. 59i

(S)MA (1)FRMA (1) BRI ERINEZ T B, MA(L) BRI AIC {Eh - 1. 907 621,
®7 MA (1) REEPFER

Table 7 The regression result of MA (1) model

A5 4 Variable ZBK Coefficient FRifii Std. Error t Gk -statistic e P
C 0. 019320 0. 006433 3.003324 0. 0043
MA(1) -0. 519606 0. 120847 -4.299709 0. 0001
R-squared 0.257106 Mean dependent var 0.021223
Adjusted R-squared 0. 241300 S. D. dependent var 0. 104910
S. E. of regression 0. 091380 Akaike info criterion -1.907621
Sum squared resid 0. 392464 Schwarz criterion - 1. 830404
Log likelihood 48.73672 Hannan-Quinn criter. - 1. 878325
F-statistic 16. 26611 Durbin-Watson stat 2.123182
Prob ( F-statistic ) 0. 000201
Inverted MA Roots 0.52
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Table 8 ADF unit root test of ARIMA model’ s residual

t 4i it t-statistic % P

Augmented Dickey-Fuller test statistic -7.368329 0. 0000
K g i SHA 1% level -3.577723
Test critical values 5% level -2.925169
10% level -2. 600658
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Table 9 Breusch-Godfrey serial correlation LM

test of ARIMA model’ s residual

F 4314 F-statistic  1.305217 Prob. F(2,43) 0.2819

R F7J5 R-squared

N 10 fir7R 2011 - 2014 45 3% [5 K 57 57 41
B G HE 475 9. 64% (UG EEFEL) , B
BT Rem iRk WA HESRIMEZ ER
5.11% ~12.85% , Ge it & X b nl L4z, al 6T
ARIMA #R1 (5 %% ) $ 2015 - 2020 4 5 K &
LLVLE

F10 2011 -2014 FHREXREHEFHUSGESHITE
Table 10 The fitted yields and actual ones of Chinese
soybean from 2011 to 2014 (kg-hm ™)

2.605695  Prob. Chi-Square(2) 0.2718

Ay Year  4iit{E Statistical A (A Fitted 2%{f Difference/%
2011 1836 1930 5.11
2012 1814 1958 7.91
2013 1760 1986 12. 85
2014 1787 2014 12. 68

AR AR : UN-FAO 3t
Data from UN-FAO website.

2 ARIMA &R R

izl ARTMA A 8Y (3 %% ) T 9 2015 - 2020

FIRERE =R 11 s, 2 ARIMA 7Y
(P4 M 4 2015 2016 2017 2018 ,2019 1 2020
AREFRE K T 43 00 2 AEZ BEARUTHER R A9 R RS
733 400 kg - hm > () 54.30% . 55.07% . 55.86% .
56.66% 57.48% F1 58.31% , %45 &5k 5 2
P K T KT AR B9 A R A5 ) o

Fz 11 iZH ARIMA EERFNMEEKXRZ S~

Table 11 Chinese soybean yield predicted
by ARIMA model (kg-hm ™)
A4Sy Year 2015 2016 2017 2018 2019 2020
RSN
e 2043 2072 2102 2132 2163 2194

Yield prediction

AT TSI A

Yield adjust prediction

1846 1872 1899 1926 1954 1982
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