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Prediction of the peak occurrence of Dendrolimus punctatus larvae by
using fuzzy comprehensive evaluation method
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Abstract In order to improve the accuracy of prediction of the peak larval occurrence in the first and 2nd genera-
tions of Dendrolimus punctatus and to provide scientific basis for effective control of D. punctatus, six digital
models based on fuzzy comprehensive evaluation were used to predict the occurrence of D. punctatus larvae of the
first and 2nd generations. It was predicted that the grades of D. punctatus peak larvae of the first generation in
1989, 1994, 2002 and 2017 were grade 2, grade 4, grade 2 and grade 1, respectively. It fitted perfectly with the
actual grades, suggesting that the prediction results were accurate. In addition, the grades of D. punctatus peak
larvae of the 2nd generation in 1989, 1994, 2002 and 2017 were grade 4, grade 5, grade 2 and grade 1, respectively.
It fitted perfectly with the actual grades too. The accuracy of the forecast was 100%. The fuzzy comprehensive
evaluation method is a forecasting method permitting simple operation and with high accuracy.
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Table 1 Classification criteria for prediction elements of peak occurrence of Dendrolimus punctatus

larvae of the first and second generations

5y Classification criteria

oy P
i e 14 2% 3% 4% 5% 6%
Generation Parameter . . ) . )
Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Grade 6
— e e A S /S o A
. i RAAREARZER/ - 571 () 0~3.00 3.10~6.00  6.10~9.00  9.10~12.00 12.10~15.00 15.10~18. 00
First Peak no. of larvae of the first generation
generation AR o il
1tgﬂ¥/*ﬁ t fIl) . 0~17.78 17.79~35.56 35.57~53.33 53.34~71.11 71.12~88.89 88.90~106. 67
Egg quantity of the first generation
OB I A B R e R
(PP RS AL - B () 0~5.15  5.16~10.31 10.32~15.47 15.48~20.62 20.63~25.78 25.79~30. 93
Peak no. of eggs of the first generation
e S ST AL ]
A 1tz}]ﬂi£ﬂu;ﬁ$/% ﬂ: (z3) X 0~8. 00 8.10~16.00 16.10~24.00 24.10~32.00 32.10~40.00 40.10~48. 00
No. of larvae of overwintering generation
SRR /S B (o
RARRAER/ - 7 ) 0~2.08  2.09~4.16  4.17~6.24  6.25~8.32  8.33~10.40 10.41~12.48
No. of adults of overwintering generation
X —fR Bl S /S o R
2 f — AR PR A it/ Sk < AR () X 0~3. 00 3. 10~6. 00 6.10~9. 00 9.10~12.00 12.10~15.00 15.10~18. 00
Second Peak no. of larvae of the second generation
generation TR S o ]
AUSHER /A« 1 ) ‘ <25.65  25.66~38.46 38.47~51.28 51.29~64.10 64, 11~76.92 >>76. 92
Egg quantity of the second generation
Y A R S
Ui/ S HE 22 . 0~3.52 3.53~7.92 7.93~10.56 10.57~14.08 14.09~17.60 17.61~21.12
Adult number of the first generation
— fL 5 G /3 e B (2
—HERRMINER/HL - R ) 0~8.50  8.51~13.50 13.51~18.50 18.51~23.50 23.51~28.50 > 28.50
Peak no. of eggs of the second generation
R R U I e /S + B
BB BB R /S 1 x0) 0~1.55  1.56~3.48  3.49~4.65  4.66~6.20  6.21~7.74 7.75~9.30

Peak no. of adult of the first generation
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Table 2 Peak occurrence of the first generation of Dendrolimus punctatus larvae, prediction factors and their classification

— e iR/ o Pl e
GV RGOV S/ St ) ALk S RER G BBk R Aceumulative larvae IR Adults 1o, of I3
Year  Peak larvae of the Grade First-generation Grade  Peak no. of eggs of  Grade L Grade L Grade
first generation egg quantity 1st generation no. of overwlnter1ng overwmt('ermg
generation generation
1989 5.93 7 40. 81 &) 12. 00 &) 42.5 6 11. 05 6
1990 15. 26 6 94,78 6 28. 62 6 37.3 5 7.70 4
1991 1.92 1 16. 95 1 3. 44 1 18.5 3 4,81 3
1992 2935 1 17. 39 1 4. 26 1 112987 2 3.17 2
1993 2.10 1 16. 50 1 3.88 1 7.8 1 2.03 1
1994 11. 77 4 86. 08 5] 19. 63 4 18.6 3 4,84 3
1995 5. 66 2 43.71 &) 12. 06 3 18.2 3 4.73 8
1996 13. 07 5 89. 92 6 26. 65 6 38. 6 5 10. 04 5
1997 2.17 1 15. 83 1 5.07 1 42.1 6 10. 95 6
1999 2.02 1 14.72 1 3.74 1 6.2 1 1. 61 1
2000 2.43 1 16. 06 1 3.97 1 7.6 1 1. 98 1
2001 2.11 1 13. 60 3. 56 1 6.2 1 1. 61 1
2002 3. 11 2 19. 18 2 5.43 2 7.1 1 1. 85 1
2003 6. 53 3 41.48 3 11. 45 3 15.7 2 4.08 2
2004 2.63 1 17.17 1 4. 50 1 7.6 1 1. 98 1
2005 5. 25 2 36. 57 3 10. 39 3 6.4 1 1. 66 1
2006 3. 47 2 26. 76 2 8. 24 2 6.6 1 1.72 1
2007 4.13 2 28.10 2 9.10 2 6.4 1 1. 66 1
2008 4.19 2 26. 98 2 9.77 2 6.6 1 1.72 1
2009 4. 56 2 28. 54 2 10. 59 & 8.4 2 2.18 2
2010 5.52 2 36. 13 3 13. 80 3 16. 2 3 4.21 3
2011 5.15 2 35. 90 3 13. 28 3 16. 6 3 4,32 3
2012 Zo B 1 16. 50 1 6. 01 2 7.2 1 1. 87 1
2013 2. 30 14. 94 1 5.33 2 7.2 1 1. 87 1
2014 2. 16 1 14, 94 1 5.41 2 6.4 1 1. 66 1
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Table 3 Conditional probability contingency table of various factors for the prediction of Dendrolimus punctatus

(peak larval occurrence of the first generation)

— RS s W R At Y Ry

£ ﬁ:}%& Grade of peak larvae of the first generation EP
Parameter Grade
1 2 3 4 5 6
— IR 2 2 1 1 0 0 0 0 0 1
Grade of the first generation 2 0 1 0 0 0 0 1
egg quantity 3 0 5/6 1/6 0 0 0 1
4 0 0 0 0 0 0 0
5 0 0 0 1 0 0 1
6 0 0 0 0 1/2 1/2 1
RN R R i I 0 0 0 0 0 I
Grade of peak occurrence of 2 3/7 4/7 0 0 0 0 1
eggs of the 1st generation 3 0 6/7 1/7 0 0 0 1
4 0 0 0 1 0 0 1
5 0 0 0 0 0 0
6 0 0 0 1/2 1/2 1
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43R 3 Table 3(Continued)
2% o — AR &)y M R A S R A
S ol Grade of peak larvae of the first generation EP
1 2 3 4 5 6
ALl B, 1 1 8/13 5/13 0 0 0 0 1
Grade of the larvae number of 2 1/3 1/3 1/3 0 0 0 1
overwintering generation 3 1/5 3/5 1/5 0 0 0 1
4 0 0 0 0 0 0 0
5 0 0 0 0 1/2 1/2 1
6 1/2 1/2 0 0 0 0 1
AR BN R 2 1 8/13 5/13 0 0 0 0 1
Number of adult of 2 1/3 1/3 1/3 0 0 0 1
overwintering generation 3 1/5 3/5 0 1/5 0 0 1
4 0 0 0 0 0 1 1
5 0 0 0 0 1 0 1
6 1/2 1/2 0 0 0 1

XiF 1989 4F 1994 4F 2002 4FFH1 2017 49 —1t4h
T & A B AT TN . 1989 4FE— QIR (2D Ny
40. 81 ki, Ay 3 s —ARBN e K A it (o) Dy 12. 00
Wi, R 3 G BRAAR L L Bt T () S 42,5 3%/
BN 6 G AR R () 2l 11,05 3k, K 6 2.
BARIZH R Y ~=X~OR~ , H AR & X~h
[0.383 6,0.373 2,0.133 6,0. 109 5 BRI F R~

FF 2. M, = (0. 133 6,0. 383 6,0. 166 7,0,0,0);

7R 3. M, = (0. 066 8,0. 319 9,0. 063 9,0,0,0);

BT 4, M, = (0. 243 1,0. 999 9,0. 309 5,0,0,0)

FERI 5. M; =(0. 121 5,0. 761 1,0. 117 2,0,0,0);

T 6. M, = (0. 213 0,0. 664 3,0. 208 2,0. 076 7,
0.076 7,0.076 7),

BB B SR : MaxM, y; =0. 857 1, MaxM, y, =
0. 383 6, MaxM;y; =0. 319 9, MaxM, y;=0. 999 9,

0 0.8333 0.1667 0 0 0
% 0 0.871 0.1429 0 0 0 R MaxM; y; =0. 761 1, MaxM;y; =0. 664 3,6 -4
0.5 0.5 0 0 0 0 FHRL I FRRRGOMN BN 2 9%, TR 1989 4 5 AL
0.5 0.5 0 0 0 0 Th YR E I R AR 2 9 TR 2 K
BRI TIE A TR R . o 1989 4F 1994 42002 4 F1 2017

AE TR G AN S DL O B T3 4 TR 45 S 0 E A
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Table 4 Predicted grades and actual grades of the peak larval occurrence of Dendrolimus punctatus of the first generation

AL 1. M, = (0. 500 0,0. 857 1,0. 383 6,0. 383 6,
0. 383 6,0. 383 6);

i BEAL 1 ) BEAY 2 g BEAY 3 g BEAY 4 g BEAY S g AL 6 g ZRG TR S -
Year Grade of Grade of Grade of Grade of Grade of Grade of Grade of comprehensive Actual Judgment
T model one  model two model three model four  model five  model six forecast grade e

1989 2 2 2 2 2 2 2 2 N
1994 4 4 4 4 4 4 4 4 N
2002 2 2 2 2 2 2 2 2 N
2017 1 1 1 1 1 1 1 1 N
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