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Abstract [Objectives]

a foundation for choosing suitable predictive models. [Methods]
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To improve the accuracy of forecasting the peak occurrence of Dendrolimus punctatus, and provide

Models based on five different methods; stationary time

series, regression forecasting, BP neural networks, Markov chains, and contingency table analysis, were used to predict peaks

of abundance of first and second generation Dendrolimus punctatus larvae over a 33 year period from 1983 to 2016 in
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Qianshan County Anhui Province. [Result] The single regression model used peak egg abundance as an independent variable,
whereas the multiple regression and stepwise regression model used the actual 0.21 to 0.31 number of larvae per strain. The
predicted and actual results of the single regression model differed by 1.06 to 1.58 larvae per strain. The actual results for 2015
and 2016 were identical to the predictions of the stationary time model for those years. If the standard error of the model based
on the BP neural network was 1 larvae per strain, the accuracy of the forecast first generation from 1983 to 2014 was 90.32
and that of the second generation was 100%. Forecasts based on Markov chains in 2015 and 2016 were highly consistent with
the actual results. Forecasts based on contingency table analysis in 2015 and 2016 were all completely consistent with the
actual results. The accuracy of forecasted peaks of larval abundance from 1983 to 2014 was 90.32% for the first generation,
and 83.87% for the second generation. However, when the peak abundance of second generation larvae was less than 3.5
larvae per strain, then the forecast accuracy was 74.19%. [Conclusion] Choice of independent variable was the key to the
accuracy of regression forecasts. Models based on stationary time series were suitable as temporal patterns of larval abundance
conformed to stationary time series. Classification standards directly affect the accuracy of predictions based on contingency
table analysis and Markov chains. BP neural networks can be used to investigate nonlinear relationships among independent
variables and were a relatively ideal forecasting method.

Key words the peak occurrence quantity of Dendrolimus punctatus larvae, the prediction model of stationary time series, the
prediction model of regression, the prediction model of BP neural network, the prediction model of Markov chains, the

prediction model of contingency table analysis
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Table 1 The value of X; for the occurrence quanity of larvae (grading value)
Year 4 b Year : b Year 4 b Year a b Year : b
1983 2 4 1984 2 2 1985 4 2 1986 4 4 1987 4 4
1988 2 1 1989 2 4 1990 4 2 1991 1 1 1992 1 1
1993 1 3 1994 4 4 1995 2 2 1996 4 4 1997 1 1
1998 2 2 1999 1 1 2000 1 2 2001 1 2 2002 1 2

2003 3 2 2004 1 2 2005 2 1 2006 1 1 2007 21
20086 2 1 2009 2 1 2010 2 3 2011 2 2 2012 11
203 1 1 2014 1 1 2015 1) (1) 2016 L) 1)

a 1 /b 2 / 4 /1

4~6.49 / 2 6.5~9 / 3 9 / 4 2015 2016

Letter “a” represents the peak occurrence quantity of the first generation larvae (head/plant). Letter “b” represents the peak
occurrence quantity of the second generation larvae (head/plant). The same below. The level standard of occurrence quantity
is as follows. The level one was less than 4 heads per plant. The level two was 4-6.49 heads per plant. The level three was
6.5-9 heads per plant and the level four was more than 9 heads per plant. The numbers in brackets of 2015 and 2016 were the
predictive values.
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B ¥ =2.0554+0.0880x,, ¥ = 0.5616
221 1 RANESERES S BHEEFMER [ yl
1983—2014 2015
2016 1 by
1 ¥ X3 X4 X5
. y, =0.5167 +0.8616x; — 0.0303x, +0.005 Lx;

¥ =2.9024+5.4697x;,r = 0.5476"
(df = 29, }"0.01 = 04567);
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Table 2 The prediction and realization results of the peak occurrence quantity of the first
generation Dendrolimus punctatus larvae

Forecast factor

Year X X5 X3 Xy Xs Xs Multiple  Stepwise Remark
regression regression
. 3.6681 3.6149 2.4288 3.3533 3.1890 15.8538 2.3332 2.3624
Predictive value 2015
2015 Error 1.5450 1.4918 0.3057 1.2302 1.0659 13.7307 0.2101 0.2393
2.1231
/
Sort according to 7 6 3 5 4 8 1 2
the accuracy
. 3.7229 3.7406 2.5702 3.5868 3.2541 18.5026 2.4887 2.5451
Predictive value 2016
2016 Error 1.4723  1.4900 03196 1.3362 1.0035 16.2520 0.2381 0.2945
2.2506
/
Sort according to 6 7 3 5 4 8 1 2

the accuracy

3 2 .
V2 X9 23 FAATL BP MZMLEETNDRREHRL
¥, =—0.3855+0.7179x, r = 0.9764" HEIEHRLS B
4 1 Xig 230 1 R4ASISH%L S B BP HEMEE
¥, =1.8208+0.2171x)y, ¥ = 0.7416™ FmiE R 1983—2014
5y, 2 2015 2016
X &5
¥, =9.8288-0.2457x;,, r =-0.4413"
6 ) A *2
2 Y ! o1
X X.
Xg X X 4 >
4 X¢ 6
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r 0.9853
; 1
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1 7/ 1/
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Table 3 The prediction and realization results of the peak occurrence quantity of the second
generation Dendrolimus punctatus larvae
Forecast factor
Year X7 Ay Xy Xio X Multiple Stepwise Remark
regression  regression
2015
L. 3.9102 3.4079 1.7969 3.1885 4.0619 1.7410 1.7885
Predictive value 2015
Error 2.0010 1.4987 -0.1123 1.2793 2.1527 -0.1682 - 0.1207
1.9092
/
Sort according to the 6 5 2 4 7 3 1
accuracy
2016
. 3.8809 3.5054  2.1845 3.2537 3.7354  2.0859 2.1998
Predictive value 2016
Error 1.5249 1.1494 - 0.1715 0.8977 1.3794 -0.2701 - 0.1562
2.3560
/
Sort according to the 7 5 2 4 6 3 1
accuracy
95 1 0.64 0.18 0.09 0.09
Xq 1 0.42 0.33 0 025
Pp) =
5 2 %o @70 1 0
X1 1 0.17 050 O 0.33
X1 5 5.5.1 0.30 040 0.10 0.20
BP » :0.50 0.33 0 0.17
@71 0 0 o0
2
0.50 0.33 0 0.17
1/
100% 2015 2016 2
1 / 0.64 0.14 0.14 0.07
100% D = 0.44 0.33 0 022
D710 050 0 050
24 FIASRMRXEFERNSENRERYSH 033 050 0 0.17
HIEL LR
BeAZER 046 031 015 0.08
1983—2014 B 0.67 0.11 0 022
Py 2 po 3 P& =lhs0 050 0 o
Po) 1 0.33 0.33 0 0.33
042 0.42 0.08 0.08
058 025 0.08 0.08 p(3):0.67 0.11 0.11 0.11
025 050 0 025 0.0 0 0 0.0
Py = 1 0 0 0 0.50 0.17 0 033
0.33 0.33 0 033 2015 1 2 3
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Table 4 The prediction results by using BP neural network of the peak occurrence
quantity of Dendrolimus punctatus larvae
a b a b
Year Predictive Actual Predictive Year  Actual Predictive Actual Predictive
Actual Error Error Error Error
value value value value value value  value
value
1983 6.29 6.77 -048 10.23 10.87 -0.63 | 2001 2.11 2.26 -0.15 3.62 2.99 0.62
1984 6.09 6.18 -0.09 513 5.08 0.06 | 2002 3.11 2.64 0.48 4.99 4.06 0.93
1985 11.94 12.71 -0.77  5.67 5.81 -0.13 | 2003 6.53 5.35 1.17 5.87 5.65 0.21
1986 13.92 13.64 0.28 12.20 12.98 -0.78 | 2004  2.63 2.41 022 5.67 581 -0.14
1987 14.30 14.38 -0.08 13.38 12.83 0.55 | 2005 5.25 4.54 0.71 3.11 388 -0.77
1988 5.66 5.43 0.22 3.63 4.51 - 0.88 | 2006 3.47 3.54 -0.07 3.14 3.44 -0.30
1989 593 594 -0.01 931 9.51 -0.20 | 2007 4.13 3.66 047 293 328 -0.35
1990 15.26 13.87 1.39 418 4.18 -0.01 | 2008 4.19 4.17 0.02 347 3.46 0.02
1991 192 2.44 -0.52 3.18 3.79 -0.61 | 2009 4.56 4.62 -0.07 3.34 3.66 -0.32
1992 235 2.44 -0.09 2.64 3.02 -0.38 | 2010 5.52 7.08 -1.56 8.04 8.24 -0.20
1993  2.10 2.34 -024 6.73 6.62 0.11 | 2011 5.15 5.66 -0.51 453 4.30 0.22
1994 11.77 11.31 0.47 12.32 12.70 -0.38 | 2012 2.35 2.62 -0.28 231 274 -0.44
1995 566 5.19 0.48 5.57 5.47 0.10 | 2013 2.30 2.48 -0.18 1.92 242  -0.51
1996 13.07 13.54 -0.46 15.89 15.21 0.67 | 2014  2.16 2.49 -0.33 1.85 2,64 -0.79
1997 2.17 2.48 -0.31 3.08 3.05 0.03 | 2015 2.12 2.74 -0.62 191 2.58 -0.67
1999 2.02 2.39 -037  3.07 2.70 0.38 | 2016 2.25 2.81 -0.56 224 261 -0.37
2000 243 2.29 0.15 3.59 2.74 0.85
Y1 Y1
5 X
5 6 N
1 1 2 72015 X X3
1.52 2015 X4 X 2015
12 1 P =0.6275 5, =02475 =0 3, =0.125
2016 3, 2015 1 1
2015 D
1 2016 ¥y =0.6275
2016 . . . .
R | $,=02475  §3=0 J,=0.125 J
2016 1 1
2015 2016 1 2
1 1 1983—2014 31
6
25 FIRASIRKRDMERITIRMEHRLGHET (399, 1
R RHSET SRR a5

251 1R4BSIEH LS =500

1

252 2RK4ESERLEETUN 2
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Table 5 The prediction of the peak occurrence quantity of Dendrolimus punctatus larvae in 2015

a Transition probability

b Transition probability

Year Initial state Trsagls)ger 1 9 3 4 1 9 3 4
2014 1 1 0.58 0.25 0.08 0.08 0.64 0.14 0.14 0.07
2013 1 2 0.64 0.18 0.09 0.09 0.46 0.31 0.15 0.08
2012 1 3 0.30 0.40 0.10 0.20 0.42 0.42 0.08 0.08

Total 1.52 0.83 0.27 0.37 1.52 0.87 0.38 0.23

x6 MREZRSBERTNE
Table 6 The forecast factors of grading and prediction value
Year X X3 Xy Xo Y Predictive X7 Xy Xy Y, Predictive
value value

1983 2 2 4 3 2 2 2 3 4 4 4
1984 4 2 3 2 2 2 3 2 2 2 2
1985 4 4 4 4 4 4 4 4 2 2 2
1986 3 4 4 3 4 4 4 4 4 4 4
1987 3 4 3 3 4 4 4 4 4 4 4
1988 3 2 3 1 2 2 2 2 1 1 1
1989 4 2 4 4 2 2 2 2 3 3 3
1990 4 4 3 3 4 4 4 4 2 2 2
1991 2 1 3 3 1 1 1 1 1 1 1
1992 2 1 2 2 1 1 1 1 1 1 1
1993 1 1 3 2 1 1 1 1 2 2 1
1994 2 4 3 2 4 4 3 3 4 4 4
1995 2 2 2 1 2 2 2 2 2 2 2
1996 3 4 2 2 4 4 3 3 4 4 4
1997 4 1 2 2 1 1 1 1 1 1 1
1999 1 1 1 3 1 1 1 1 1 1 1
2000 1 1 1 1 1 1 1 1 1 1 1
2001 1 1 1 2 1 1 1 1 1 1 1
2002 1 1 1 2 1 1 1 1 2 2 1
2003 3 2 2 3 3 2 2 2 2 2 2
2004 1 1 1 2 1 1 1 1 3 3 1
2005 2 2 2 2 2 2 2 2 1 1 1
2006 1 2 2 2 1 2 2 2 1 1 1
2007 2 2 2 1 2 2 2 2 1 1 1
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43 6 (Table 6 continued)

Year Xi X3 Xy Xo Y Predictive X7 As Xy Y, Predictive
value value
2008 2 2 1 3 2 1 2 2 1 1 3
2009 2 2 2 2 2 2 2 2 1 1 2
2010 2 3 2 2 2 2 2 2 4 4 4
2011 2 2 1 1 2 2 2 2 2 2 1
2012 1 1 1 1 1 1 1 1 1 1 1
2013 1 1 1 1 1 1 1 1 1 1 1
2014 1 1 1 1 1 1 1 1 1 1 1
2015 1 1 1 4 1 1 1 1 1 1 1
2016 1 1 1 4 1 1 1 1 1 1 1
®7 BETX Y BWEHHERIIEKR
Table 7 The contingency table for each factor to Y; of conditional probability
Y, Y
1 2 3 4 1 2 3 4
X 1 0.71 0.29 0.00 0.00 X3 1 1.00 0.00 0.00 0.00
2 0.25 0.50 0.13 0.13 2 0.08 0.83 0.08 0.00
3 0.00 0.25 0.00 0.75 3 0.00 1.00 0.00 0.00
4 0.20 0.40 0.00 0.40 4 0.00 0.00 0.00 1.00
Xy 1 0.80 0.20 0.00 0.00 Xe 1 0.50 0.50 0.00 0.00
2 0.30 0.50 0.10 0.10 2 0.54 0.31 0.00 0.15
3 0.29 0.29 0.00 0.43 3 0.25 0.25 0.13 0.38
4 0.00 0.50 0.00 0.50 4 0.00 0.50 0.00 0.50
w8 BETH Y, NRHFHRIEKR
Table 8 The contingency table for each factor to Y, of conditional probability
Y, Y,
1 2 3 4 1 2 3 4
X7 1 0.75 0.17 0.08 0.00 Xy 1 0.75 0.17 0.08 0.00
2 0.50 0.25 0.08 0.17 2 0.50 0.33 0.08 0.17
3 0.00 0.33 0.00 0.67 3 0.00 0.00 0.00 1.00
4 0.00 0.50 0.00 0.50 4 0.00 0.50 0.00 0.50
Xy 1 1.00 0.00 0.00 0.00
2 0.00 1.00 0.00 0.00
3 0.00 0.00 1.00 0.00
4 0.00 0.00 0.00 1.00
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