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The application of BP model and logit model to prediction of forest

insect pests
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Abstract: The prediction of masson pine moth, Dendrolimus punctatus. in Qianshan County of Anhui
Province was studied and 10?7 trapping locations was chosen to place traps-baited with sex pheromone
throughout the county. The number of adult males trapped of the overwintering generation was counted
and recorded. Some environmental factors such as the height of the pine tree,slope direction.plant type
were recorded at the same time, The independent variables consist of these environmental factors and the
number of adult males trapped stands for the occurrence of D. punctatus in the field. Two models are
developed for the classification and the probability prediction of forest pests using BP artifictal neural
network and LOGIT model with factors related to forest pests. The results of prediction to masson pine
moth show that the qualified rates of fitting and prediction using BP model acquire 100%. The rate of
concordant in LOGIT model is 74 %. The prediction result of BP model agrees with that of 1.LOGIT model.
BP model is berter than LOGIT model in prediction.
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Table 1 MNormalled values of factors and classification .fitting and predicting results of samples

o
Fﬁzr;ﬂl'zf‘ B[;E;%ﬁ ’S'EF?TR%;*-E LOGIT #
code of o e - + < ok & £, Prediction Proctical B/ %
classes TAMGER
sample classes

o 1 11616 0.3608 —1.2400 —0.5363 —0.6348 —1.5474 09,0002 Q. 9997 I3 B ti. 5302
2z —0.9012 1,7573 —1.2400 —0.33A3 —0.6346 - 15474 0.0004 0. 4993 B B 3. 76y

3 —0.9012 0. 3608 3.8731 —0. 3860 0, 9687 —1.0474 1.0000  0.0000 A A 0, 7897

i —1. 4819 -1.0357 0. 8731 -0, 3860 {, 9687 — 0. 7608 0.9%48  0.0002 A A (i, 7084

5 —Q.8012—0. 1978 —0,.5356 —C.5363 —0,96887 —0.7698  0,9988 0, 0001 A A 1. /524

b —1,4819- 1.0357 8731 --0.5363 —0,6346 —0.7698 1.0000 0, 0000 A A 0, hABD

7 —0.9012—¢. 1978 —0.5356 —0.5363 ¢.9687 —0.7698 0.9998  0.0001 A A t, 5624

& —1. 1916 — 1. 6357  —0,635%6 —0,.53063 —0,6345 0, 0078 O, 0018 0. 988] B B LU

1} —0.3206- 1, 1978 - 1.2400 —0.5363 —0. 6346 0.7854 0.0006  0,9993 3 B n, 7382

[t —0.6100—0.7564 —0.5356 —0, 3860 {.9687 Q.0078 0.0003  0.9946 B B [;. 6556

11 1.4214 1. 10§7 D, 1688 — 10,3860 —0.6346  1.9630 ©0.98959 0, 000] A A 0. 3459

12 p.2601  0.9194 0. 1688 0.8162 —0.6346 — 0,769 1.0000 Q. 0000 A A (. 8313

13 1.4214 1.4780 1.5770 — 0. 6B66 —0.6346  0.0078  1.000¢  Q.0000 A A 0. 9383

14 1.42]14 2. 0366 0, 8731 — 0. 5363 —0.6346 —0, 7698 1.00O0 0. DUOO A A C.9102

12 0.2600 — 11,3130 —6.3356 —0. 3880 0. YA8T  0.7854 0.9996 0, 0005 A A 0. 6238

16 — (. 3206 — ¢, 1978 0. 1688 —0.5964 —0.6346  1.5630 0.9996  {.0004 A A i+, 9054
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| ¥ 0.2601  0.3608 —0.53%6 L. 5676 0,9687  C.O07:  1.0000  0.0000 A A 0, 8336
1& 0.2601 0. 3608 0. 1688 1.5676 0.9687 —0.7698  1.9000  G.00G0 A A i 860
14 02601 —0. 1878 1.5775 — 0. 6866 —0.6346 —0.76%8  0.9846 0. 0003 A A G, 7646
20 0, 8407 1. 75H73 . 1688 — 0, 3860 —0.6346 . 7854  1,0000 0. 0000 A A J. 9024
21 L1310 1. 4780 f. 1688 2. 3180 0, 9587  2.3406  1.0000  0.0G0OOD A A ). O867
22 2.002¢  1.4780 0. 1688 — 0. 38R0 —0.6346  1.5630  1.0000 0, 0000 A A 0, %4513
23 -0.6109 —1, 0357 0. 1688 2. 0185 (9687 —0.7A98 0.0003 0, 9995 B B 0, 6533
24 —0.6108 —0. 1978 (. 1688 2. D185 2.0721 (. 7854 1. 0000 0. 0000 A A 0. 8270
25 —=0.9012 — 1. 3150 1.5775 —0. 6866 - (. 6346 —0Q.7698  (.0008  0.9499] B B (7. 54 38
26 — 1. 4819 —1.056843 F.o775 —0.6866 —0.6346 —0.7698  1.0000 0. 0000 A A 5. 6378
27 —0.5012 —1.0357 1.5775 —0.6866 —0.6346  0.0078  0.5594 0. (00O A A 0. 7634
28 —0.0303 —0.1978 1.0775 —0.6866 —0.6346 0.0078 0.9084 0. Q017 A A 0, 8577
24 0. 2601 —0.1978 1.5775 —0. 6866 —0.8346 0. 0078 0.Q027  0.9975 B B 0. 8417
30 —0.9012 —1.0357 —1.2400 —0.5363 —0. 6346 —0.7698  0.0000  1.0000 B I3 . 3700
31 1. 1310 0.3608 —1.2400 —0. 3860 .6346 (. 7804 (0.0013 (. 998H B B 0, 7440
iz 0.8407  0.9184 —1, 2400 —, 2358 —0.6346  2.3406  0.9995  0.000] A A 0. 9371
33 1.4214 06401 0, 1688 —0.2358 —0.6346  1.5630  0,0023  0.9976 B I J. 9219
34 —0.6109  0.3608 —0.5356 1.3676 0. G687 0. 7854 1. 0000 0,0000 A A g, 9170
3% 1.4214 0. 3608 (. 1688 1.5676 —0.6346 0.0078  1.0000  Q.0Q00 A A 0, RG77
36 —0.3206 —1.3150 —1.2400 —0.2358 —0.6346 1,5630  0.9969  0,0027 A A 1, BERO
37 0.8407  0.91%4 —1.2400 —0.5363 —0.6346  0.785¢  0.999% . 0001 A A €. 83 5
38 —0.610% —0.1978 —0.3356 2.3190 2.5721  0.0078  0.0002  0.9998 B B 0. 8464
39 0.2601 0. 3608 0. 8731 — 5363 —(.6346 0, 7804 0.9997 0, 0003 A A [.91c]
40 0. 8407 —0. 167§ 0. 1688  0.53363 —0.6346  1.5630  0,0013 0. 59386 B B . 87¢1
41 —0. 3206 —1.0357 b, 1688  2,3190 0. 9687  2.3406  0,9898  0.0002 A A 0,937 1
42 2.0020  1.1987 1.2775 —0.6866 —0.6346 1.5630 0.0l00 1, 9903 B R N, 9672
43 1, 1310 0.9194 1. 2400 — 0. 6866 —0.6346  0.7834  1.Q000 0. 0000 A A 818
41 0.2601  .9164 —1,2400 —0.5363 3. 6346 —1,5474 0. 0000  1.000G B 3! t. 544
43 0.8407  0.3608 — 1 2400 —0.6866 —0.6346 C.0078  0.9356  Q.0004 A A 0, 5435
46 0.5504  0.3608 —1.2400 —0,5363 —0.6346  0.7854  0.99%1 0. 0009 A A G.T7AY
47 —1.1916 —0.1978 —0,5356 —0.5363 0. 9687 — 0, 7698 Lo aoda 0, 6400 A A ) REZC
48 — 1. 4819 —1.0357 1.5775 — 0. 6866 0. 9687 —1.5474  0.89895 0, 0002 A A 0. 6655
1% —0.9012  Z.0366 0. 1688 — 0. 3860 —0.6346 —1.5474  1.0000 0. 0000 A A . 8953
50 1. 4819 —1, 0357 0. 1688 —0.5363 —0.6346 —1.0474 0. 0001 0. 9998 13 R v, 3525
51 1.4214 3. 1538 0.5356 —0.5363 —0.6346  0.0078  1.0000 O, 0000 A A 08550
2 0. 2601 —4. 1978 1.5775 —0.6866 --0.6346 0,008 1.0000  0.0001 A A (. 8487
a3 —6.9012 —0, 1978 —0.5356 -10,5363 0, 9687 —1.5474  O.0002  0.6897 B B 2362
a4 —0.9012 —0.1978 1. 2400 —0, 5363 2.5721 00078 0.9988  0.0002 A L. . T382
53 = 1. 1916 —0. 7564 1.5775 —0. h8a6 2.5721 —0.7658  0,9996 0. 0005 A A 0, &199
ah —0.680]2 —0.7564 1.5775 — 0. 6866 - 0.6346 —1.5474  0.9999 w0001 A A 0. 631
57 —0.8012 —0.477] 1.3775 - 0.6866 —0.6346 —1.5474 0. 0013 0. 0987 B B i, GE2D
58 = 1. 4819 — 1. 0357 1. 3775 —Q. 5363 — 068346 —0.7608  0.995G  0.000] A A LT85
54 —1.1916 —0.7564 —0.53536 - 0.6866 —0.6346 —0.7698 (., 9952  Q,0004 A A 6. 5273
60 —0.90]2 —0.1978 1,3775 —0. 6866 —0.6346 Q. 0078  1.000Q0  0.0000 A A C. 8861
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Bl —Loluly - L0357 —1.2400 — 005363 —0.6346  0.007%  0.9889 0, 0001 A A 9321t
2 —1.481% —1. 5943  1.577% —0,6866 —0.6346-0.769%  1.0OGO (. 0000 A A 0.68376
f3 —Q.4012 —1.0337 -1.2400 —0,0363  2.5721—0.7698 0,999 . 0004 A A 0. 4564
£ —0.3206 -0, 1878 1.5775 —0.6REBA  0.9687 0.0078&  0.999%  1.0002 A A . 8871
63 0.2601 0, 2608 —0.5358 —0.5383 —0.68346 1,.3630  0.99%4  0,0001 A A (. 930G
66 —0.89012 —1,0357 —0.5356 L3363 —2.6346—0.7698 0.0000 1, 000Q B B . 1544
A7 0,2600 —0.4771  -1.2400 —0Q.2308 —0.6346 0.0078  0.0002  0.9998 B B 0. 5368
68 —0.6109  1.0357 —0,5306 —0.5363  0.9687 0.0078  0.0000  0.5999 B B . 6083
A9 -0.6109 —0.75%64 0.8731 0.0648 0.9687—0.7698 0.0004 0, 9995 B B 0, 7151
[t =0.6109 0.3608 0,873]1 0.81582  0.9687 1.5630  1.0000 0. 0000 A A 0 4714
| —0. 6109 —0.7564  0.8731  2.3190  0.9687 O0.0078  0.9999 {1 000( A A 0. 8345
72 -0,6109 —1.0357 —0.5356  2.0185  0.9687—0.7698  0.0000  1.0000 R B 0, 5673
73 —0L 6106 —0.1978 —1.2400  2.319C 2. 5721 0.7854  0.9997  0.0003 A A . 8R62
74 —0.6108 . 3608 —Q.5386 30704  2.5721 (.7BS54 L0000 0. 0000 A A 0. 9424
is 1.7117  1.7573 0.1688 —0.3860 —0.6346—0.7698 1.0000 0. 0000 A A 0, §422
76 0.8407  0.3608  0,1685 —0.5363 0. 6346 0,784  0.89998 10,0002 A A 0, 8532
77 1.4214  0.3608 - 1.2400 —0.6866 —0.6346 0.7854  0,9998  0.0002 A A (0, 7207
78 0. 8407 —0.7564 —1,2400 0.8162 —0.6346 0.7854  0.0001 4, 3998 I3 B 0, 6052
79 2.0020  0.9194 0. 1688 —0.3363 —0.6346 [.5630  1.0000  Q, 0000 A A G, 9227
&9 G, 8407 0.9194 —1.2400 —0.5363 —0. 6346 0.7854  0.9989 0. 0001 A A C. 8315
81 0.2601  0.3608 —1.2400 —0.3860  0.6346 0.7854  0.9%9) 0. 0008 A A n. 7921
82 (.2601  0.3608 —1.2400 —0.5363 —0,6346—0.7698  0.9591  0.4011 A A fl. 5632
83 2.0020 ~0.1978 1.577> —0.6866 —0, 6346 0.0078 1.4000 0, 0000 A A 0, 7665
&4 0.8407  0,9104 —1.2400 —0.5363 0.6346 0.7854  0.999% 0. 0001 A A 0. 8315
85 1. 4214 2,0366 . B731 —0.3860 —(.6346 0.0078  1.0000  Q,0000 A A 0, 9163
R6 1.4214 1.4780 0, 8731 —0.5363 -{.6346 (. 0078 1.O00G 0. 00480 A A C. 9164
87 0.8407 1,7573 —0.5356 0.8162 —0.6346—0.76%8 1.0060  0.0000 A A G. 8526
88 14214 0.6401 ©.1688 1.4173  0.9687 0.0078 1.0000 0. 0000 A A 0. 8605
8¢ — 0. 3206 —0.7564  Q.1688  2.00185  0.9687—0.7698  0.9899 0. 000] A A 1. 6814
() —0.3206 —0.7664 O.1688  2.0183 0, 5687--0.7698 0.§999 0, 0001 A A 0, 6814
91 0.8407 —0.4771  0.1688 0.0648 —0.6346—1.5474  1.0000 (. 0000 A A 0, 4143
52 - (L3206 —1.8736 —0.5336 —0.3860 —0.6346 00,7854  0.0002 0, 9998 B B (0.5117
93 0. 8407 —ir 4771 0.5356  0,0648 —0.6346 0.0078  0.9958 Q. 0002 A A £, 2905
94 (2601 —0,7564 —0.5306  0.0648 --0.6346—0.7698 0.0001 0. 9459 B B 0. 4457
G 0.26001 —0.7564 - .53356  0.0648 —0.6346 0.0078  0.0002 0, 8957 B B 0.5776
a6 — (9012 -1.0357 —Q.3356 1.5676 —0.6346 0.0078  0.5993 0. 0004 A A 0. RAh61
97 " £.2601  0,3608 —1.2400 —0.533 —0.63406 0.0078  0.8599 0, 0001 A A (. 64K
48" 1. 4214 1.4780 - 1.2400 —0.5363 —0, 6346 0. 7854 1. 3000 0, 0000 A A 0. 8672
g3’ —0.3206 0,1978  0.1688 0. 0648 —0.6346 1.5630 0,Q078 0. 9933 B B 0. 9137
166" 0.6109 —0,7564 0.8731 —0, 3860 0.9687—0.7698  0.00u5 0,999 B B . 70]1%
{2 0. 5407 1.7573  0.1688 —0.2358 —0.6346 1.5630 1.0000  0.0000 A A 3. 9721
102" 0.2601 0,3608 0.1688 1.5676  0.9687 0.78h4  l.00O0 0. 0000 A A 0.9236

x {LHEEMEEAR Reprensents predictic;n sample.
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Table 2 Trained weight and threshold values

[ — 5. 4818 -4.6313 2. 0561 0. 3232 — 9. 1H34 0. 2812
I, 2115 -0, 5088 —0. 2124 0. 7001 — 1. 4083 3. 2449
— 0, 81935 2, 2816 ~—1.1589 4. G243 —9.2103 f. 0495
— 3. 1294 1. 8524 f. 0451 2.0439 b, 0862 f, 0584
— 0. 8478 (. &012 3. 3088 3. 4311 2.0391 2. 7206
— 6. 1105 5. 4358 —0.0700 0. 4186 1. 2527 5. 9815
2-7117  —1.7032 2, 0290 6. 5229 0, 4159 -3, 5200
—1.76814 —8. 6356 —3.7334 0, 1704 3. 8801 2. 9676
2. 3141 1. 5453 6. 9495 1. 2542 — 0. 4842 1. 3144
3. 3163 8. 5338 3.0708  —0.9807 — 2. 1618 1. 2506
W, 9. 6506 f. 6394 5. 7483 1. 7pl6 3. 9570 1. 7059 3.6364  —3.0BZ8 —7.7356 -3 3447
1.3665 —4. 4495 0. 0562 3. 1675 4.0860 —1.7285 —0.0856 2, 2110 —0.1758 2. 1572
1.2260 —2,1863 S 4615 2. 36LH 0.2124 —1.8408 1.7256  —1.3265 5435  — 3. 0689
2. 2283 —2.0046 1. ug17 1. 8736 — 2. 1208 0.4563 — 0. 41448 (. 8880 3. 0318 2. 08365
—{. 7523 3. 4026 9. 9692  —35. 6001 5. 6285 6.8924 —10.3413 —8. 5653 6.0072 —9.5730
— 2. 7950 —2,576% 2.9072 —2.2224 - 2. 1307 — 1. 6781 1.8583 ~1.0273 1. 3528 2. 29086
—2.8650 —2.77h7 —2.482] 12504 — 0, 5601 —0.5125 1. 7447 3. 2823 2. 0316 3. 855K
— 0 0383 —0.4502 —5.4274 —h. 1630 -1, 8091 —2.4342 1.1734  —4.5518 —1.49%8 3. 3334
—1, 8024 0.7780 —3.7678  —2.980% —2.7653 0. 3805 2. 8150 2. 1785 3. 0413 1, 1704
—2. 1227 - 1.2388 —1.7138 C. 8750 —{). 4588 3.3700 2.6872 —0,3998 0. &164 I, 96dd
W. —14. 6900 2. 0124 —0. 8540 4. 8463 17. 9613 4, 0151 1. 7880 —4.0611 2. 1563 1. 3297
14,7178 ~3.1299 2. 988> - 4.2903  —17.9967 —2.772h —4.3808 4. 7292 2. 1612 —1. 1470
b 3. 3745 7. 8568 1. 5439 1. 4433 0. 5h82 3. 4485 7.22¢41 - 2.3056 i. 8810 300612
b, — 8. 2195 1. 673% 2, 7879 1. 2676 1. 8940 B. 3743 —0.7072 0, 9066 n. 9447 7 2h0R

Y —2.8765 —0.2508
x % 2Py be By BN 6y b b USSR B EE.
2.2 LOGIT ¥R MmE
2.2.1 LOGIT #A# — 8
LOGIT MR AR AEBEESE Y- BARER W8 E) B E—fr T HA AT FERF KD BUR) p

S5ATR 5. ZEXRAMBER EMESHATFEETENOROGHEAER. AR togit A #.
Logit(p) = log(p/{1 — p}) (4)
A AR NERREE p B logit TBRERR AL EOEZERE. A
Logit(p) = by + b,x;, + b1y + »+ + b1, (32
R, 5% 1t Hb
p=explb, + bx, + boxr, + v + b ) /[l + explb, + bix; + byxs + o+ + bpry)] (B)

M Logit MRIRRHERME/D _fE MERHABRKMAE. 08 Logit RAUH & 0% AHE
br 2 18 0 0 30 8 B 4R B — B (concordant ) 5 4~ — BOW (discordant )i LE #) . 5 SRR X
(Y, P (Y, . P).Y, %Y,

Y, Y ) (pe— p,) >0, R BAE YT B — 2 Ay,

HX. Y (p— p <0 I A A—FH

HY, Yo —p)=0. I HEITH.
NEGHLSH Logit R ETRBIEFERAEN - REUHEERFRELUMBTRERER.LHE
% F| — 2loglikelihood J™7,
2.2.2 LOGITHATSHREMBUMFARER



12 B ok & I 55 BP RSB AT LOGIT SR E kil by iy R4 2163

RS SRMERAKRELENEXN 6 MEREAT WO 8 o) M ) SEE ) R
(rOHABH B (o). BB EFBRERELEREZRRERR. 2 9ME.REPE. RIBEAIIRHAL
HAR W IEAEREER £ 1, 3 EREIE, F SASS. 12 H#EEE Logistic BT, LOGIT #1810y,

logit(p) = 1.3270 - 0.2089x, + 0.8118x, + 0. 4964x; -+ 0. 14150, + 0. 1115, + 0.8830r,. (7)
(Hed.p AIRBERERNEE).

HRIBY — 3 AT (concordant)F R 74Y X BAIREEE -2LOG 1. 12. 653(=0. 0489<C0. 05), K48 20 2L €2,
IHEH 12 THEHS SRR THMEREARF SREE,
3 MhE5itie

(NRP M AAFAENE M THAMERMERE N, M HEAF A0 R ENE R 2 HE
A IR R E R T

(2)BP M E R - HIEAUEN AETEXTHATRZHXENE DR ELRHS M. 6H
FMEVIFMBSERE FZMARCR AMERMGFURMERERTY. LOMARS TELERR
FREEMAARENMBE . AL L L.

(3)FH BP MIBAERHEITHN AMEEER TR LB E S5 ATk, (A BP MR E L
EwHN rmEEHREARERAEE.RE - X8 Q.

()R CHBATEAEREAERNN LOGIT HMEMMED GBS EFRENRER. EALE
FEEAHEEWNEREA HMRGE 78K T BP REERA .
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