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Abstract [Objectives] To scientifically determine the optimum period for controlling Dendrolimus punctatus, and thereby
improve the effectiveness of current control methods. [Methods] Stationary time series, BP neural network and Markov
Chain analysis were used to develop models predicting the timing of peak larval abundance from 1983 to 2016 in Qianshan
County Anhui Province. The predictions of these models were verified in 2015 and 2016. [Results] The peak of the first
larval generation was predicted to occur on June 5 and that of the second generation on September 6. The predicted dates were
exactly the same as the actual dates in 2015 and 2016. The stationary time sequence method predicted the timing of peak of
larval abundance with 96.77% accuracy from 1983 to 2014 if the error criterion was > 2 days. If the error criterionisless <1,
the accuracy was 74.19%. The accuracy of the prediction of the second generation larval peak was the same as that for the first

generation. For the BP neural network, if the error criterion was one day, the accuracy of the predicted outcome was 100%
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from 1983 to 2014. [Conclusion] The stationary time sequence method was applicable to stable time series for predicting
peak larval abundance whereas the Markov Chain was directly influenced by the accuracy of the prediction results. The BP
Neural Network method can be used to determine nonlinear relationships between independent variables and predicted larval
abundance, which is an ideal prediction method.

Key words the larvae peak period of Dendrolimus punctatus, periodical and regression method, stationary time series

method and BP neural network, Markov chains and contingency table analysis method
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Tablel Thelarvae peak period of Dendrolimus punctatus (Qianshan county)

1 . 2 . 1 .2
Year Thefirst generation of  The second generation of Year The first generation of The second generation
larvae (month.day) larvae (month.day) larvae (month.day) of larvae (month.day)
1983 6.12 9.11 2000 6.6 9.6
1984 6.12 9.11 2001 6.6 9.6
1985 6.12 9.11 2002 6.6 9.6
1986 6.12 9.11 2003 6.6 9.6
1987 6.12 9.11 2004 6.6 9.6
1988 6.12 9.11 2005 6.6 9.6
1989 6.10 9.10 2006 6.5 9.6
1990 6.10 9.10 2007 6.5 9.6
1991 6.10 9.10 2008 6.5 9.6
1992 6.9 9.10 2009 6.5 9.6
1993 6.9 9.8 2010 6.5 9.6
1994 6.8 9.7 2011 6.5 9.6
1995 6.8 9.7 2012 6.5 9.6
1996 6.8 9.7 2013 6.5 9.6
1997 6.8 9.7 2014 6.5 9.6
1998 6.8 9.7 2015 6.5 9.6
1999 6.8 9.7 2016 6.5 9.6

6 4 -4 5 -3 6 2 7 -1 8 0 9 1 10 2 11 3 12 4
June 4™ for -4, 5" for -3, 6™ for -2, 7" for -1, 8" for 0, 9" for 1, 10" for 2, 11" for 3, 12" for 4.

2.1 FEEFERFETETN ) B S iE R ER 2 1998 2015
211 1RHEZIEHFANER  1983-2014 2016

1 4 5 6 7 Ry=6.774 2
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Table2 Thevalueof X; (grading value) and predictive value of X’ for thefirst generation larvae peak period

Year 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993
X 4 4 4 4 4 4 2 2 2 1 1
X{ 4 4 4 4 4 4 3.72 2.59 2.05 1.86 1.29
Y ear 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Xt 0 0 0 0 0 0 -2 -2 -2 -2 -2
X 1.02 0.37 0 0 0 0 0 -1.13 -1.67 -1.86 -1.86
Y ear 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
X -2 -2 -3 -3 -3 -3 -3 -3 -3 -3
X -1.86 -1.86 -1.86 - 242 - 2.67 -2.79 -2.79 -2.79 - 279 - 279
Ri=6 R,=5.7931 R;=5.5357 3 4 5 6
X=0.092 9%; 5+0.272 7X; »+0.564 7X; 1 7 Ro=4.354 8 R;=4.166 7 R,=3.896 6
2012 2013 2014 1 R;=3.607 1 3
Xi 2015 X=0.934 4X; 3+0.401 7X; » 0.3323X%; 1
-27909~-3 1 6 5 2012 2013 2014 2
2013 2014 2015 1 X 2015 X
X 2016 - 2.007 6~ -2 9 6 9
- 27909~ -3 2016 1 6 6 2013 2014 2015 2
5 1983-2014 X Xo016= - 2.005 1~ -2
2d 9 6
96.77% 1d 74.19% 2d 1983-2014
212 2 Ry HESuEHERFN B 1983-2014 96.77% 1d
2 3 1998 74.19%

®3 2RYHEFER X E

(HRAE) FATNE (XD

Table3 Thevalueof X; (grading value) and predictive value of X’ for the second generation larvae peak period

Year 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993

X, 3 3 3 3 3 3 2 2 2 2 0

X; 3 3 3 301 301 301 301 334 294 201 201
Year 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004

X, -1 -1 -1 -1 -1 -1 -2 -2 -2 -2 -2

X; 267 -220 -007 -100 -100 -100 -100 -067 -107 -201 -201
Year 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

X, -2 -2 -2 -2 -2 -2 -2 -2 -2 -2

X! -201 -201 -201 -201 -201 -201 -201 -201 -201 -201

9 5 36 27 18 09 110 2 11 3

September 5 for -3, 6" for -2, 7" for -1, 8" for 0, 9" for 1, 10" for 2, 11" for 3.
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Table4 The prediction results by using BP neural network of the Dendrolimus punctatus larvae peak period

Year 1983 1984 1985 196 1987 1988 1989 1900
a /
Date 6/12 6/12 6/12 6/12 6/12 6/12 6/10 6/10
(month/day)
Value 73 73 73 73 73 73 71 71
Actual value
. Value 72.75 72.85 72.89 72.61 72.33 72.52 71.13 71.83
Predictive value
Error -0.25 - 0.15 -0.11 -0.39 - 0.67 -0.48 0.13 0.83
b /
Date 9/11 9/11 9/11 9/11 9/11 9/11 9/10/ 9/10
(month/day)
Value 164 164 164 164 164 164 163 163
Actual value
o Value 163.54 163.78 163.77 163.71 163.69 163.71 163.1 163.03
Predictive value
Error - 0.46 -0.22 -0.23 -0.29 - 031 -0.29 0.1 0.03
Year 1991 1992 1993 1994 1995 1996 1997 1999
a /
Date 6/10 6/9 6/9 6/8 6/8 6/8 6/8 6/8
(month/day)
Value 71 70 70 69 69 69 69 69
Actual value
. Value 70.97 69.97 70.29 69.04 68.94 69.18 69.08 68.75
Predictive value
Error 0.03 0.03 -0.29 -0.04 0.06 -0.18 - 0.08 0.25
b /
Date 9/10 9/10 9/8 9/7 9/7 9/7 9/7 9/7
(month/day)
Value 163 163 161 160 160 160 160 160
Actual value
o Value 162.72 163 160.85 159.91 160.68 160.08 159.65 159.56
Predictive value
Error 0.28 0 0.15 0.09 - 0.68 - 0.08 0.35 0.44
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453k 4 (Table 4 continued)

2000 2001 2002 2003 2004 2005 2006 2007
a /
Date 6/6 6/6 6/6 6/6 6/6 6/6 6/6 6/5
(month/day)
Value 67 67 67 67 67 67 67 66
actual value
. Value 66.77 66.88 67.26 66.39 66.62 66.84 66.56 66.25
Predictive value
Error 0.23 0.12 -0.26 0.61 0.38 0.16 0.44 -0.25
b /
Date 9/6 9/6 9/6 9/6 9/6 9/6 9/6 9/6
(month/day)
Value 159 159 159 159 159 159 159 159
actual value
e Value 159.09 159.10 159.06 159.09 159.03 159.10 159.07 159.03
Predictive value
Error - 0.09 - 0.10 - 0.06 - 0.09 -0.03 -010 -0.07 -0.03
Year 2008 2009 2010 2011 2012 2013 2014
a / 6/5 6/5 6/5 6/5 6/5 6/5 6/5
Date (month/day)
Value 66 66 66 66 66 66 66
actual value
Predictive Value 66.36 66.28 66.13 66.21 66.43 66.4 66.49
value
Error - 0.36 -0.28 -0.13 -0.21 -0.43 -040 -049
b
/ 9/6 9/6 9/6 9/6 9/6 9/6 9/6
Date (month/day)
Value 159 159 159 159 159 159 159
actual value
Predictive Value 159.01 159.09 159.08 159.00 159.02 159.02 159.02
value
Error -0.01 - 0.09 - 0.08 0 -0.02 - 0.02 -0.02
ab 4 1 5 31

a, b: Occurrence date numeric  April 1% for 1, May 1% for 31, so on.
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Table5 Thegrading value of the Dendrolimus punctatus larvae peak period

Y ear 1983 1984 1985 1986 1987 1988 1989 1990 1991
a 4 4 4 4 4 1 1 3 3
b 4 4 4 4 4 4 3 3 3
Year 1992 1993 1994 1995 1996 1997 1998 1999 2000
a 3 3 1 3 3 1 1 1 1
b 3 2 2 2 2 2 2 1 1
Y ear 2001 2002 2003 2004 2005 2006 2007 2008 2009
a 1 1 1 1 1 1 1 1 1
b 2 2 2 2 1 1 1 1 1
Y ear 2010 2011 2012 2013 2014 2015 2016
a 1 1 1 1 1 11 11
b 1 1 1 1 1 11 11
a 1 6667 6 5 -6 6 1 6869 6 7 -6 8 2 70-71 6 9
-6 10 3 72-73 6 11 -6 12 4 b 2 159 9 6 1 160-161

9 7 -9 8 2 162-163 9 9 -9 10 3 164 9 11 4 2015 2016
4 1 1 5 1 31 6 1 62

a The peak stage grading standard of the first generation of larvae: 66-67(June 5th - June 6th) level 1; 68-69(June 5th- June

8th) level 2; 70-71(June 9th- June 10th) level 3; 72-73(June 11th- June 12" level 4.

b: The peak stage grading standard of the second generation of larvae: 159(September 6™ level 1; 160-161(September 7th-
September 8th) level 2; 162-163(September Sth- September 10th) level 3; 164(September 11" level 4. The figures in
brackets for 2015 and 2016 are the predicted values. Numeralization of the occurrence period: April 1st for 1, May 1st for 31,

June 1st for 62, and so on.

2015 1 2 3 6
“1’9 1 2
6 3 “111
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Table6 The prediction of the Dendrolimus punctatus larvae peak period in 2015

i generation of caterpillars The sicond generation of caterpillars
Year Initial state ngsfsef transfer probability transfer probability
2 3 4 1 2 3 4
2014 1 1 1 0 0 0 1.00 0.00 0.00 0.00
2013 1 2 1 0 0 0 1.00 0.00 0.00 0.00
2012 1 3 1 0 0 0 1.00 0.00 0.00 0.00
Total 3.00 0.00 0.00 0.00 3.00 0.00 0.00 0.00
2015 1 2
1 2016
2015
6
2016 1 2
1 2015
2016 1 2 1
1
3 NEHtE
BP
1983-2014 8P
2015 2016
2015 2016
1 2 6 5 9 6
1 2
2d 1983-2014
96.77% 1d
74.19%
2 2015 2016 1
2 6 5 9 6 BP
3 BP 2015 2016 1
6 5 9 6
1d 1983-2014 1 2 S X2 #k (References)
100% 2015 Chen HH, Wang JY, Xu ZH, 2011. Application of response-surface
2016 3 methodology to Chaos detection and forecast of occurrence

3 quantity of Dendrolimus punctatu. Journal of Northeast Forestry
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