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Nonlinear modelling and prediction of pest’s occurrence
guantity by chaotic theory
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Abstract: In order to improve the prediction accuracy of pest’s occurrence quantity, this paper proposed a nonlinear
prediction model for pest’s occurrence quantity based on chaotic theory. Time series for pest’s occurrence quantity were
reconstructed by phase space reconstruction, and then input into the least squares support vector machine to learn and
establish prediction model for the pest’s occurrence quantity, the test experiment is carried out using Dendrolimus
punctatus occurrence area data in Simao, Puer and Xianju county, Zhejiang. The results show that the prediction values of
Dendrolimus punctatus occurrence area were very close to the actual production, the mean absolute percent error of
predicted results for Dendrolimus punctatus occurrence area in in Simao, Puer and Xianju county, Zhejiang were 0.90%
and 2.44% respectively, the prediction results were better than that of BP neural network and linear prediction model.
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Table 1 Occurrence area of Dendrolimus punctatus in Simao, M p 0
Puer in 1985-2006 hm? Heavisid
5 5 : eaviside
O ORATR || E0 RAEER || FE0 RETR
1985 0.27 1993 0.41 2001 0.30 3) logC(r)n—logr
1986 0.20 1994 1.00 2002 0.17
1987 0.34 1995 0.90 2003 0.29 2) 2)
1988 0.71 1996 0.19 2004 0.37
1989 0.87 1997 0.29 2005 0.73 2
1990 0.27 1998 0.35 2006 1.00 1 1 m=2
1991 0.17 1999 0.70
1992 0.29 2000 1.19
m=5
32 1983—1989 I ILEEMERLZEER 2
Table 2 Occurrence area of Dendrolimus punctatus in Xianju m=2 m=5
county, Zhejiang in 1983-1989 hm? o
fif 111 KA I 1) KA Sk WENEEK  —O— WATHIE L
1983-04 43333 1986-09 3 135.6 2T
1983-07 1912.7 1987-04 3205.3 €90t
1983-09 6383.3 1987-07 28283 oss |
1984-04 4826.0 1987-09 47725 il osel
1984-07 45103 1988-04 4018.0 g
1984-09 6051.7 1988-07 5341.1 0847
1985-04 42103 1988-09 45721 082 f
1985-07 4972.7 1989-04 4309.7 o0t L ‘
1985-09 3941.0 1989-07 4316.0 I oy 0 0
1986-04 3106.0 1989-09 5309.3 1 RESNGERT 8L BL 5
198607 3097.6 Fig.1 Correlation dimension under different embedding dimensions
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Table3 Training set after normalize and reconstruction (Simao, Puer)
X1 X2 y
0.098 0.029 0.167 LSSVM
0.029 0.167 0.529
y=1000 o0=1.65
0.167 0.529 0.686
0.529 0.686 0.098 5
0.686 0.098 0.000 5
0.098 0.000 0.118 0.9%
0.000 0.118 0.235 2.4%
0.118 0.235 0.814
0235 0.814 0.716 %5 PSR-LSSVM MI#AE R &ZE EMFTNLER
0.814 0.716 0.020 Table 5 Prediction results of Dendrolimus punctatus occurrence
0.716 0.020 0.118 areas based on PSR-LSSVM
0.020 0118 0177 T A 557 ] SEINME T AR ZE/%
0.118 0.176 0.520 TH T EFIX 2004 0.370 0.38 2.7
0.176 0.520 1.000 2005 0.730 073 00
0.520 1.000 0.128 2006 1.000 1.00 0.0
1.000 0127 0.000 WHLEMEE 1989-04  4177.800 4 134.40 1.0
0.127 0.000 0118 1989-07 2932300 2 980.60 1.6

Fz4 PA—UEEHMINISEGTNIZELER)
Table 4 Training set after normalize and reconstruction (Xianju

county, Zhejiang)

X1 X X3 X4 y
0.541 0.000 1.000 0.652 0.581
0.000 1.000 0.652 0.581 0.926
1.000 0.652 0.581 0.926 0.514
0.652 0.581 0.926 0.514 0.685
0.581 0.926 0.514 0.685 0.454
0.926 0.514 0.685 0.454 0.267
0.514 0.685 0.454 0.267 0.265
0.685 0.454 0.267 0.265 0.274
0.454 0.267 0.265 0.274 0.289
0.267 0.265 0.274 0.289 0.205
0.265 0.274 0.289 0.205 0.640
0.274 0.289 0.205 0.640 0.471
0.289 0.205 0.640 0.471 0.767
0.205 0.640 0.471 0.767 0.595
0.640 0.471 0.767 0.595 0.536
0.471 0.767 0.595 0.536 0.538

0.767 0.595 0.536 0.538 0.760

1989-09 2041300 2 135.80 4.6

LSSVM

LSSVM
LSSVM
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Table 6 Comparison for prediction error of different models

RMSE MAPE/%

BB TN wira BEm WA

BFX AEE BEX Es

ARIMA 0.073 117.23 8.33 3.97

PSR-BPNN 0.041 109.07 3.48 3.22

PSR-LSSVM 0.006 66.20 0.90 2.44
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