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An integrated meteorological method for forecasting the cotton
bollworm ( Helicoverpa armigera Hiubner ) population in Hebei

Province

WANG Xi-Ping,YANG Bin-Yun,XIANG Yun,YU Ling (Hebei Meteorolgical Institute,Shijia
rhuang 050021 ,China)

Abstract : Cotton bollworm ( Helicoverpa armigera Hibner) is the most important loss-causing insect pest
in the cotton area in China. It has 4~ 5 generations per year and has caused serious damage to the staple
crops recently in Hebei Province. The cotton bollworm disaster fluctuates mainly with the varying local cli-
mate. An integrated meteorological method was established to fully express the climatic influence on cotton
bollworm to forecast and analyze the cotton bollworm occurrence in Hebei Province. (1) Eight climatic
phases in a year were generated according to the cotton bollworm life table. Then the corresponding multi-
phased integrated climatic factors were formulated depending on their influences on cotton bollworm. (2)
Euclidean Distance model with weight correction to the integrated climatic factors was established to fore-
cast and analyze the seriousness of the occurrence of each cotton bollworm generation. The factorial
weights were determined by the correlation coefficients of the factors with cotton bollworm population.
And also the multi-regression model with these factors was achieved. (3) The biological auto-regression
model was built to predict the next generation’s population using the current population as an independent
variable. Then by integrating the results from the meteorological model and the results from the biological
model according to their weights which was decided from historical data, the comprehensive method to
forecast the cotton bollworm disaster was achieved. The accuracy of the predication of the bollworm popu-
lation trend by this comprehensive method reached 93% in 1998~1999.
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Table 1 The phase confines used to judge the meteorclogical influences on the cotton bollworm population
R B B W TE s By
Winter period Ballworm active period
B Bt
% Wint. 1 Wint. 2 1 2 3 4 a 6
Phase name
T R AR 4 L B fE] AL REHK B B =% i, BEANER
Bollworm state Winter pupae winter gen. lst gen. 2nd gen.  3rd gen. 4th gen. Pupating
B Bt i} fi)
. 09-01~12-31 04-(01~—05-10 06-11~07-10 08-11~-09-10
QLl-0l~03-3] 05-1]1~06-10 07-11~-08-10 09-11~—09-3]
N2 EMNREEMAKX IR ENETENREFERXREN
Table 2 Meaning of the meteorological factorial in various phases
ATFE&% H T EX Ewot B
Name of factors Factorial meanings In phases
Tasuml AMNEPE ZT in early winter(T) BAM Wint. 1
Tsum? EXERNE ST in late winter(mm) R Wint. 2
Rsum1 Z M MEAK R in early winter(mm) A ¥ Wint. 1
Rsum? N BEMEAK ZR in late winter{ ) MAEM Wint. 2
Twinl EEhPE Active 2T in winter(T) # 2% ¥ Wint. 14+Wint. 2
Twin2 /D F AL A Minus 2(T—Td)(C) WA #] Wint. 1+ Wint. 2
Mdate?2 A% 1 5] Winter starting date BAE¥ Wint. 1
Mdate3 A %% 1 f) Spring starting date BE¥ Wint. 2
XCTii K B A Z R =R for various phases (mm) M M ZME Active 1~6
XCT2i  REAR>>25mm H# Day amount with R>>25mm W RIES W Active 2~6
XCT3i HEHESER/A{# Minimum value of daily Tmin(C) WME B Active 1~2
XCT3i M3 EMBEYY Averaged humidity (%) B ik W Active 3~6
XCTdi SEHEEHBA =(Tmax—Tmin){C) REDEZHP Active 2~6
XCT5i FHNEMEM ZT for phases(C) Med R TESH M Active 3~6
XCT6i HEEXEBEYY Averaged daily Tmin(T) B iEsh# Active 1~6
» ‘XCT' 898 i RAMEBFE.iis phase number in the label of ‘XCT’
A3 REMEMHEMEABSHONEE DA TBAN LR R
Table 3 Multi-regressive meteorological model for bollworm population
Torecasting in castern cotton arca in Hebef Province(from Raoyang)
-4 BFExXiKL HEE EHERE
Forecast name Factors and formula Samples R
— % Moth of 2nd gen. Y=258.5—16. 225X xct31 — 0. 768 X xctl2+1. 623 Xitsuml 18 0. 798
—{L WP Egg of 2nd gen. Y=457. 59— 3. 528 X tsum1 — 0. 258 X Rsum1+ 4. 301 X twind 18 0. 648
=, Moth of 3rd gen. Y= —DO08B. B4+ 203. 98 X xc1b4 — 16, 41 X zci 34 13 0. 693
FO{X.¥9 Egg of 4th gen. Y=—287.54+1. 858 X xct23+ 4. 861 X xctb4 18 0. 681
HELHFES KRS HZEmE Oy, Do, 2 6] 3 B EC ¥ .
Ydl - EP,“ * SQR({EIH; - Iftml)z) (4)
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Yd, = 3, Pu - SQR(cxt', — xetiz)*) (5)
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_Yd,
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Table 4 The values of metecrological Euclidean Distance for predicting
the boltworm population(Ydrs/ Ydry/ Ydrs/ Ydr2)

# & Location =R =f mR

for 2nd gen. for 3ed gen. for 4th gen.
(L) IEF (middle-northern area) Zhengding 3.0/2.0/1. 3/1. 0 3.0/2.5/1.8/1.¢ 1. 8/0. 3/0.6/0. 3
(B %) BEFH (eastern area) Raoyang 1.7/1.4/0.8/0.6 3.0/2.0/1.8/0.5 1.9/1.3/0.7/0.3
(I )l A (southern area) Quzhou 2,0/1.5/0.8/0.6 2.4/1.6/0.9/0.5 1. 4/0.9/0.6/0. 3

* Ydrs/ Ydrf Ydry/ Ydr: 5B 9B B RERE N 5.4.3.2 865 Ydr thin. 1048 8 84 %9 5 el X5k — 15 b5 .
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Table 5 The self-biotic analysis of cotton bollworm population

in Raoyang station (listed are correlation coefficients)

R —HRKek i b — Rk =ik =KRE LT b

2nd moth 2nd ovum 1st moth 3rd moth 3rd ovum 4th cgg
2t B 2nd moth 1.0 0. 607 0. 393 0. 956 0. 695 0. 320
—{9 & 2nd ovum 1.0 0. 702 Q. B45 0. 429 0. 231
—fL & 1st moth 1.0 0, 950 0. 301 0.115
=& 3rd moth 1.0 0. 778 0. 618
=R 3rd ovum 1.0 0. 655
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b= 2 (12)
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Table 6 Testing analysis of the predicling models for the bollworm egg population of 2nd
generation in southen cotton area for 19801996
Vg ek B3 77 ik i g HehEk
Model name Math. distance Regressive Biotic Integrated
RS ERE KBS Max error(grade) 2 2 2 1
2% % 4 X Rate of error occurrence 1/17 2/17 2/17 0/17
BB LS Match rate of trend prediction 96 %% B9 % 89% 100%
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Table 7° Examples for integrated forecasting of the bollworm population

i iIE E w M
Quzhou station Zhengding station Racyang station
kW OWE EXNT HA KW OME BN B4 EN BE ExXT Ze
Obs Bio Dis Inte Obs Bio Dis Inte Obs  Bio Dis Inte

1997 4F
— 4 BR Egg 2092 647 4 4 1089 785 5 4 988 2465 5 5
2nd gen W% Moth 96 74 o 2

1998 4F
=f #BEg 184 ! 3 2 621 111 3 2 1308 676 5 5
3rd gen W& Moth 6178 1040 4
P4t

W Egg 1040 589 4 4 832 399 3 3 948 1535 3 4

4th gen

» BERE KT LI R4E ] ET Is degree, others are egg or moth populations. Obs, Bio, Dis, Inte represent observed,

biotic modeled, meteorological distance modeled, integrated modeled results respectively
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