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Analysis of variance superimposed on periodic extrapolation of
the occurrence of Dendrolimus punctatus larvae
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Abstract [Objectives] To improve the accuracy of forecasting the occurrence of Dendrolimus punctatus Walker and
provide a scientific basis for the prevention and control of this pest. [Methods] The occurrence, and peak occurrence, of first
generation larvae in Qianshan County Anhui Province during the 25 years from 1991 to 2016 were studied using analysis of
variance, superimposed on periodic extrapolation to verify the predictions. [Results] Comparison of the predicted occurrence
of first generation larvae with the actual values indicates that the historical coincidence rate was 96% and the difference
between forecasted and actual values in 2008 was only 1 unit. Compared to the actual values, the predicted peak of first
generation occurrence was exactly the same in 22 years of the 25 years; a historical coincidence rate of 88%. In 1996, 2005
and 2016, the difference between predicted and actual values were just 1 unit. [Conclusion] Variance analysis superimposed

on periodic extrapolation methods is an ideal way to predict the occurrence of D. punctatus.
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x1 BEFY. =T RNE-—RHSERE-—FHRFY. =4 FE 2 BHSTERE 2 BHRFT.
t=11 BHE 3 BN ERE 3 BHAKRFTY
Table 1 The original sequence, the first periodic component and the first periodic residual sequence of t=7,
the second periodic component and the second periodic residual sequence of t=4,
the third periodic component and the third periodic residual sequence of t=11

2 2 3 3

Year Occurr(?nce Original First periodic First periodic Se(.:on.d pseercigzllidc T}.lird. pgrlil(i)rc?ic
quantity sequence component cosponent periodic remainder periodic remainder

(series) sequence  component sequence component sequence

1991 1.92 1 2.00 1.00 0.772 9 0.227 1 0.158 5 0.068 6
1992 2.35 2 2.50 0.50 0.486 7 0.986 7 1.269 6 0.2829
1993 2.10 2 2.50 0.50 0.346 7 0.1533 0.1915 0.344 8
1994 11.77 6 3.75 2.25 0.765 0 1.4850 1.4159 0.069 1
1995 5.66 5 5.33 0.33 0.772 9 0.4429 0.589 0 0.146 1
1996 13.07 6 4.33 1.67 0.486 7 1.183 3 1.728 1 0.544 8
1997 2.17 2 3.00 1.00 0.346 7 0.653 3 0.4450 0.208 3
1999 2.02 2 2.00 0.00 0.765 0 0.765 0 0.374 2 0.390 8
2000 2.43 2 2.50 0.50 0.772 9 0.272 9 0.089 0 0.1839
2001 2.11 2 2.50 0.50 0.486 7 0.986 7 0.606 9 0.379 8
2002 3.11 3 3.75 0.75 0.346 7 0.403 3 0.4450 0.0417
2003 6.53 6 5.33 0.67 0.765 0 0.095 0 0.158 5 0.063 5
2004 2.63 2 4.33 2.33 0.772 9 1.557 1 1.269 6 0.287 5
2005 5.25 5 3.00 2.00 0.486 7 1.5133 0.1915 1.3218
2006 3.47 3 2.00 1.00 0.346 7 1.346 7 1.4159 0.069 2
2007 4.13 4 2.50 1.50 0.765 0 0.7350 0.589 0 0.146 0
2008 4.19 4 2.50 1.50 0.772 9 22729 1.728 1 0.544 8
2009 4.56 4 3.75 0.25 0.486 7 0.236 7 0.4450 0.208 3
2010 5.52 5 5.33 0.33 0.346 7 0.016 7 0.374 2 0.390 9
2011 5.15 5 4.33 0.67 0.765 0 0.095 0 0.089 0 0.184 0
2012 2.35 2 3.00 1.00 0.772 9 0.227 1 0.606 9 0.379 8
2013 2.30 2 2.00 0.00 0.486 7 0.486 7 0.4450 0.0417
2014 2.16 2 2.50 0.50 0.346 7 0.1533 0.158 5 0.003 0
2015 2.12 2 2.50 0.50 0.765 0 1.2650 1.269 6 0.004 6
2016 2.25 2 3.75 1.75 0.772 9 0.977 1 0.1915 1.168 6

1 -2/ 2 2.1-3 / 3 3.1-4 / 4 4.1-5 / 5 5.1-6 / 6 >6.1
/

Classification standards: Level 1: 1-2 head/plant; Level 2: 2.1-3 head/plant; Level 3: 3.1-4 head/plant; Level 4: 4.1-
5 head/plant; Level 5: 5.1-6 head/plant; Level 6: >6.1 head/plant.
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x2 BIABKFY. =SEHNE4BARSERSE 4 ABKFY. =3FE S ARSERE S ABKFS
Table 2 The third periodic residual sequence, the fourth periodic component and the fourth periodic residual
sequence of t=5, the fifth periodic component and the fifth periodic residual sequence of t=3

3 4 Fourth 4 > 5 ..
YVear Third periodic periodic component Fourth periodic Fifth periodic Flfth periodic
residual sequence residual sequence component residual sequence
1991 0.068 6 0.009 2 0.059 4 0.1815 0.122'1
1992 0.2829 0.128 2 0.154 7 0.242 0 0.087 3
1993 0.344 8 0.162 4 0.1824 0.037 8 0.144 6
1994 0.069 1 0.394 1 03250 0.1815 0.143 5
1995 0.146 1 0.3895 0.243 4 0.2420 0.001 4
1996 0.544 8 0.009 2 0.5356 0.037 8 0.497 8
1997 0.208 3 0.128 2 0.336 5 0.1815 0.1550
1999 0.390 8 0.162 4 0.228 4 0.2420 0.470 4
2000 0.1839 0.394 1 0.2102 0.037 8 0.172 4
2001 0.379 8 0.3895 0.009 7 0.1815 0.1912
2002 0.0417 0.009 2 0.0509 0.2420 0.1911
2003 0.063 5 0.128 2 0.064 7 0.037 8 0.026 9
2004 0.287 5 0.162 4 0.1251 0.1815 0.056 4
2005 1.3218 0.394 1 0.9277 0.242 0 0.685 7
2006 0.069 2 0.3895 0.3203 0.037 8 0.358 1
2007 0.146 0 0.009 2 0.1552 0.1815 0.336 7
2008 0.544 8 0.128 2 0.416 6 0.2420 0.174 6
2009 0.208 3 0.162 4 03707 0.037 8 0.408 5
2010 0.3909 0.394 1 0.003 2 0.1815 0.178 3
2011 0.184 0 0.3895 0.205 5 0.242 0 0.036 5
2012 03798 0.009 2 0.3890 0.037 8 0.426 8
2013 0.0417 0.128 2 0.169 9 0.1815 0.0116
2014 0.003 0 0.162 4 0.165 4 0.2420 0.076 6
2015 0.004 6 0.394 1 0.3895 0.037 8 03517
2016 1.168 6 0.389 5 0.779 1 0.1815 0.597 6
F>Foos 2,22 =3.44 t=3 5 F=0.013 1 F<Fyos 9,15 =259 t=12
4 2 t=3 F=1.1087 F<Fyos 11,13 =2.635 F
5 Fo.os

t=6 F=0.336 1 F<Foos 5,19 =2.74
t=8 F=0.429 4 F<Foos 7,17 =2.61 t=9
F=0.1127 F<Fops 8,16 =259 t=10 1 25
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Fig.1 Comparison diagram of superposition prediction values and actual values of
the first generation larva peak occurrence
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F<Foos 10,14 =2.60 F Fo.os 2 25 24
=7 5 96%
2008 1

®3 —RYHBHHROWERFT, =6 HHE—FARSERE-—FAHRKRFI. =12 HNE 2 QRS E
K52 BMKRFY. =8 RS 3 AN ERE 3 AMRFT
Table 3 The original sequence, the first periodic component and the first periodic residual sequence of t=6,
the second periodic component and the second periodic residual sequence of t=12, the third periodic component
and the third periodic residual sequence of t=8 of the first generation larva accumulative population

2 2 3 3

v i Qo e e S eede T
; residual residual periodic residual

(series) component sequence component sequence component sequence

1991 7.6 1 1.40 0.40 0.40 0.00 0.2750 0.2750
1992 7.8 1 2.00 1.00 0.00 1.00 0.3333 1.3333
1993 7.4 1 1.25 0.25 0.25 0.50 0.200 0 0.700 0
1994 38.6 5 2.25 2.75 1.25 1.50 1.166 7 0.3333
1995 19.6 3 4.00 1.00 1.50 0.50 0.000 0 0.500 0
1996 10.1 2 4.00 2.00 2.00 0.00 0.3333 0.3333
1997 7.1 1 1.40 0.40 1.00 1.40 0.466 7 0.9333
1999 6.6 1 2.00 1.00 0.00 1.00 1.166 7 0.166 7
2000 7.2 1 1.25 0.25 0.25 0.50 0.2750 0.2250
2001 6.1 1 2.25 1.25 1.25 0.00 0.3333 0.3333
2002 8.6 2 4.00 2.00 2.50 0.50 0.200 0 0.300 0
2003 18.6 3 4.00 1.00 2.00 1.00 1.166 7 0.166 7
2004 7.7 1 1.40 0.40 0.40 0.00 0.000 0 0.000 0
2005 16.4 3 2.00 1.00 0.00 1.00 0.3333 0.666 7
2006 12 2 1.25 0.75 0.25 0.50 0.466 7 0.966 7
2007 12.6 2 2.25 0.25 1.25 1.50 1.166 7 0.3333
2008 12.1 2 4.00 2.00 1.50 0.60 0.2750 0.3250
2009 12.8 2 4.00 2.00 2.00 0.00 0.3333 0.3333
2010 16.2 3 1.40 1.60 1.00 0.60 0.200 0 0.400 0
2011 16.1 3 2.00 1.00 0.00 1.00 1.166 7 0.166 7
2012 7.4 1 1.25 0.25 0.25 0.50 0.000 0 0.500 0
2013 6.7 1 2.25 1.25 1.25 0.00 0.3333 0.3333
2014 6.7 1 4.00 3.00 2.50 0.50 0.466 7 0.0333
2015 6.3 1 4.00 3.00 2.00 1.00 1.166 7 0.166 7

2016 6.6 1 1.40 0.40 0.40 0.00 0.2750 0.2750
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Table 4 The third periodic residual sequence, the fourth periodic component and the fourth periodic residual
sequence of t=5, the fifth periodic component and the fifth periodic residual sequence of t=7

96%

2008

3 4 4 5 5
Year Third periodic Fourth periodic Fqurth periodic Fifth periodic Eifth periodic
residual sequence component residual sequence component residual sequence
1991 0.2750 0.118 3 0.393 3 0.4359 0.042 6
1992 1.3333 0.618 3 0.7150 0.3192 0.3958
1993 0.700 0 0.180 0 0.5200 0.2275 0.2925
1994 0.3333 0.268 3 0.0650 0.089 2 0.024 2
1995 0.500 0 0.248 3 0.2517 0.278 3 0.026 6
1996 0.3333 0.1183 02150 0.150 0 0.065 0
1997 0.9333 0.6183 0.3150 0.099 4 0.2156
1999 0.166 7 0.180 0 0.346 7 0.4359 0.089 2
2000 0.2250 0.268 3 0.4933 03192 0.174 1
2001 0.3333 0.248 3 0.5816 0.2275 0.354 1
2002 0.300 0 0.118 3 0.418 3 0.089 2 0.329 1
2003 0.166 7 0.6183 0.4516 0.278 3 0.173 3
2004 0.000 0 0.1800 0.180 0 0.150 0 0.3300
2005 0.666 7 0.268 3 0.398 4 0.099 4 0.497 8
2006 0.966 7 0.248 3 0.718 4 0.4359 0.2825
2007 0.3333 0.1183 02150 03192 0.104 2
2008 03250 0.6183 0.2933 0.227 5 0.520 8
2009 0.3333 0.180 0 0.1533 0.089 2 0.2425
2010 0.400 0 0.268 3 0.1317 0.2783 0.146 6
2011 0.166 7 0.248 3 0.4150 0.150 0 0.2650
2012 0.500 0 0.1183 0.3817 0.099 4 0.2823
2013 0.3333 0.6183 0.2850 0.4359 0.1509
2014 0.0333 0.180 0 0.146 7 0.3192 0.4659
2015 0.166 7 0.268 3 0.101 6 0.2275 0.1259
2016 0.2750 0.248 3 0.026 7 0.0892 0.062 5
3 MBS "o
88% 1996
2005 2016 1
1991-2016
2017
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Fig.2 Comparison diagram of superposition prediction values and actual
values of the first generation larva occurrence
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