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A method for reducing error in estimating the effective accumulated
temperature of the Helicoverpa armigera eclosion peak
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Abstract In order to reduce the effect of year temperature variations on effective accumulated temperature forecasting
error, we calculated the effective accumulated temperatures of 12 years separately and the average level in two effective
accumulated temperature ranges (10 —30°C, 10 - 35°C) with a single sine model in Farm 121, Xinjiang. We then
predicted eclosion peaks of Helicoverpa armigera (Hiibner) in different years based on the average level. Finally, we
corrected the number of forecasted error days through the difference between the average temperature of the forecasted year
and that of the 12 year period (date from effective accumulated temperature above 0°C to eclosion peak). The results
indicate that the prediction error was larger when there were larger gaps between single years and 12 year average
temperatures. A linear regression model of all generations was significant level (P < 0. 05). In the two effective
accumulated temperature ranges, the number of corrected forecasted error days was fewer than uncorrected in all
generations. The method was more effective for overwintering generations; historical coincident rates of all generations
were 83.33% , 100% , 100% and 100% , 100% , 93.33% , respectively. This method can improve forecasting
accuracy, especially for generations and regions in which average temperatures vary greatly between years. It also can
provide a theoretical foundation for reducing the forecasting error for many other pests.
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2.1 2HMNRESRIRCBEPUSERRITE
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o ISR AT 7 2 e FF 510 BU15C Ok
Al A R, 30°C B 35°C R F BRI, A SC LA
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Table 1 Effective accumulated temperature of all generation eclosion peaks in two ranges

10 ~30°C i 6 [ 1 B B (H » )

Effective accumulated temperature in

10 ~ 35°C ARG B 2R B0 ()« )

Effective accumulated temperature in

FEAY 10—30%C (degree days) 10—35°C (degree days)
e i A 021 g ERRT 21

Overwintering . ) " ) Overwintering . ] y )

) 1% generation 2" generation ) 1™ generation 2" generation
generation generation
1980 372.84 1 022.98 1 549. 88 366. 43 1 044.93 1 598. 60
1981 409. 08 991. 09 1 612.04 407.78 1 013. 65 1 666. 65
1982 359.91 — 1515.10 362.18 — 1 574. 38
1984 157.71 1 057.58 1 584.32 154.93 1 077.22 1 628.07
1985 406. 32 1 081.87 1 635.04 404. 15 1 101.56 1 674.38
1986 401. 03 1 006. 92 1 600. 59 397.56 1 020. 84 1 647.12
1987 251. 06 1 099.27 1 698.53 248.21 1125.16 1 756.31
1990 580. 81 1 066. 63 1 697.39 584.17 1 091.76 1741.54
1991 508. 19 1 083.91 1 731.92 511.18 1 110. 48 1 760. 98
1996 642. 02 1 184.75 1719.01 652. 03 1 220. 40 1 781. 65
1998 614.22 998.95 1 680.94 613.50 1 026.57 1 742. 65
1999 899. 84 1 220. 25 1 740. 50 906. 00 1 243. 61 1 782.90
Mean 466. 92 1 074. 02 1647.11 467. 34 1 097. 83 1 696.27
T — R, F#IFE . — indicates the lack of data. The same below.
10 ~30°C AU E I, 12 A8 A AR 28 1 AU 26 12 4R B2 A0 5 1 ACRN 3 2 AR 32 BUAT 2R

2 AR B OB - 58 (CHU) 35 O :466. 92
1074. 02 A1 1647. 11 H « ;10 ~35°C B i [,

(CHU) F 318 4> %) H: 467.34. 1 097.83 i
1 696.27H « i (F 1) (1982 4E45 1 1 4k & g
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B B K I >0 2 H 2= 2 AU i ) A WK 2.
10 ~30°C B v [ % 0 CHU 55 2% 42 R4 10 ~30°C B v H B 24 AR 1999 4 Fil il 1 1Y)

SRR 5 K ZE (B 73 790 0y 1432, 92,146, 23 A1 132. 01 2SR KPS B HUL 32 d, 24 41 35 /1 I 22
H o« 2510 ~35C AU 6 H 25 A4 CHU 5 & 42 2 KT 1984 4F, At g 4.23°C ;1991 4 Fit il % 2 i
13 2% B Jr K 22 {5 90 Ji) - 43866 145.78 Al AN LSk HIRE 3 dy 24 Ar O 1510 A AR
121.89 H = . TR 22 KT 10 d A S AN EG 28 148 1981 4

2 AT 2R Y R BT SRR A 2 B D TR R 22 fe K EE S B IR 11 d 55 2 £ 1982 4
KA K 73 50 0 484.31 F1497.10 H » J&, #21k T R = K, LS B H IR 22 d, A
AP A AT 2 BT OB B 2 AR (3R -2.32C.

1) o 2 BRI AR e R & 4% i U 07 20 A 28O 10 ~ 35°C A3k 90 [H 4 & £& 1984 Fi 1999 4 75
5 449 2 P 55088 T T 9 o W30 b S B T4 00 31 d R 31 d, M4 A
2.2 BXRRERN S OPH ~4.66°C A 4.23°C . B 1 AR 1999 45 il il

U 00 15 e 2 kg VSRR 8 4L ACO 153055 2 11982
Ad;&im%i@%ﬁg%i%i@%?ﬁ%ﬁ(ﬁ&& /[_i ﬂ:%mijﬂxﬂaﬁﬁttigﬁa/ﬁ‘ﬂﬁﬁ 8 d’AZ j‘j _1. 13OC o

F2 REZME At(C) 5 single sine FFURZMNIRZE R Ad (D)
Table 2 Temperature difference Atz (°C) and forecast error Ad (d) by single sine method

10 ~30°C BURYEE (H « ) 10 ~35C HURE - (H « BE)
Effective accumulated temperature in Effective accumulated temperature in
10—30°C (degree days) 10—35°C (degree days)
as - o
Year Ww, #0148 2 AR ﬂ@ A “, P1AR 92 AR
Overwintering . ) " ) Overwintering . ] y )
) 1" generation 2" generation ) 1™ generation 2" generation
generation generation
At Ad At Ad At Ad At Ad At Ad At Ad
1980 -0.51 -8 -0.01 -3 -0.04 -7 -0.51 -9 -0.01 -3 -0.04 -7
1981 -0.53 -6 -0.73 -11 -0.32 -2 -0.53 -6 -0.73 -4 -0.32 -2
1982 -2.32 -8 — — -1.13 22 -2.32 -8 — — -1.13 -8
1984 -4.66 -30 -1.25 -1 -1.11 -6 -4.66 -31 -1.25 -2 -1.11 -6
1985 0.18 -6 0.23 1 0.04 -1 0.18 -6 0.23 0 0.04 -2
1986 -0.25 -5 -0.60 -4 -0.20 -4 -0.25 -6 -0.60 -4 -0.20 -4
1987 -1.72 -20 0.04 2 0.15 4 -1.72 -20 0.04 2 0.15 5
1990 1.31 8 0.03 0 0.20 4 1.31 8 0.03 -6 0.20 4
1991 1.51 3 0. 65 1 0.83 3 1.51 3 0. 65 -5 0.83 4
1996 1.76 13 0.56 7 0.39 5 1.76 13 0.56 8 0.39 6
1998 0.99 11 -0.44 -5 0.18 3 0.99 11 -0.44 -5 0.18 3
1999 4.23 32 1.53 9 1.02 6 4.23 31 1.53 8 1.02 5
2.3 MMHREXRBKIE A BARE A A A {8, 30 3 A IF 1] 4 A,
I3 0 G ST 2 ol F A R R & AR IE B Ad AN X TR 25 SR BEAT T RS IE (18 1,2)
FOIED 5 Ar 1) LR I A IE R R, 10 ~ 35°C 2 1 RLIETT 10 ~30°C & A0 55 1 A5 2 Ui
RAEFEFEKT (P <0.05) , BB EFE K KIRZEREON 3211 f122 &, KRIEF H 9.7 19 d,
(P <0.01) (£3). BT P 28 22 R Aoy ) O (12,5 £2.80) - (4.00
2.4 RENEAMRRETNRE R MR =L AOVAI(S. 58 2 1.57) d R LG 3y - (417

£0.79) . (2.45 +0.72) F1(3.67 £0.67) d, /b F



- 878 N B H 243 Chinese Journal of Applied Entomology 49 %

F3 2HAYREBEEEELDIRKIEHE

Table 3 Linear regression models of two kinds of effective accumulated temperature ranges

FRR 30 - .
a ¢ I 1
Effective accumulated ,ﬁé& . I 75,%} R P
Generation Linear regression model
temperature
5 AT
. i@.\ f . Y = -1.33336 + 6.77961 X + 5.63 0.950 <0.01
Overwintering generation
w1 e
10—30°C * ﬂ‘ Y = -0.36361 + 5.61755 X + 7.40 0.773 <0.01
1st generation
w0 e
H24 . Y = -1.41669 + 9.86083 X + 9.49 0. 817 <0.01
2nd generation
ik A AL
. ﬁg\,ﬁ . Y = -1.66669 + 6.80043 X +10. 60 0.950 <0.01
Overwintering generation
1A
10—35C “ . Y = -0.99998 + 4.04329 X + 8.35 0.614 0. 045
17 generation
#2 1
. h Y = -0.16668 + 6.50791 X = 6.42 0.810 <0.01
2" generation
--o- BEIERT Uncorrected  —=— fZIEJF Corrected
40; A 15 T 15 AN
Overwinter generation peak 1 generation peak 2 generation peak
a 10} 10 +
— 30 r =]
BT T E 5 | a P
:HHEQ 1ok /\ . '_.-'D""-‘ St A A 2 n AHD
& n o .
ﬁg 0 . M/'}/MI 0 . n_/'\bu ) 'y 0 .n o A /. 'L\.
B s S B S5 powf
20 Lo fal ey
30} i 0F -10 & %
40 1980 1985 1990 1995 2000 is 1980 1985 1990 1995 2000 25 1980 1985 1990 1995 2000
T E4Y Year e EHF Year Sl A4 Year

El1l 10~30CEHRELRRERNBERMRER LR

Fig.1 Uncorrected and corrected forecast error days in 10—30°C effective accumulated temperature range

..o BEIEET Uncorrected —s— §1EJ5 Corrected

400 EALE IR 10 BUCEIES 10- AR RS
30| Overwinter generation peak g g| [®generationpeak o o gl 2" generation peak
20} : Al A\ or o
& 3210 o4 4r 4r - 9
= r X 2+ 2
K 2 .P~ . £
® S0 J/\W'\E:/}A 2 Op—pe
B B o% ¥ 2f 20 B \\[
& 5, 0 4t 4+ Fi%
W-20r v ° 6L 6L s
=30+ B st 8
a0l 1980 1985 1990 1995 2000 1oL 1980 1985 1990 1995 2000 1oL 1980 1985 1990 1995 2000
AE{} Year F4 Year 4 Year

B2 10~35CEHEYRELERREMNBERMRERHLILE

Fig.2 Uncorrected and correction forecast error days in 10—35°C effective accumulated temperature range

BEIE AT BEIE AT 10 ~35C AR 28 1 ARFNEE 2 AR R34 1% 22 RECh (12.67 £2.77) 4 (3.92 =
BERRZERB K318 F8 I KIEFHITFTd, 0.77) F1(4.67 £0.54) d, K 1EJ5 4> B 2k (4.33 =
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0.72) . (2.83 £0.73) f1(2.33 +0.58) d, ¥y /b T AR I Ja Pl 4% 2= R BN TROERT (H L B & &
ERT CE1,2) o 2 Flo it A v 60 & A 75000 Y s o BEIE AT A AR 22 RELE KT 28 1 AR A
ST AR 2 R B A AE B R SR AR 2 2 ARG HEE T AR S 2 AR ) 0 i 2 2= S (B 3) .

18 A 18 P
B IEHT Uncorrected
a a ¥ 1E f5 Corrected
15+ 15t {
12+ 12+
)
s
ﬁ 5 9 o
#E 2
8
S 6f b b b 6F b b b
b
b b
3t 3r
0 0 .
o OEEAR FIR 2R o HRAAR BIL AL
Overwinter generation 1% generation 2% generation Overwinter generation 1+ generation 2 generation
F{b R Eclosion peak P4k IEHA Eclosion peak

3 10 ~30°C (A) %1 10 ~35°C (B) RKIERAIfE B M IETEE IR E X LI
Fig.3 Comparison of uncorrected and corrected forecast error days in 10—30°C (A)
and 10—35°C (B) effective accumulated temperature ranges
ANF NG FRERIRAE 0.05 /KT |2 57 8 2% (one-way ANOVA) .

Histograms with different letters indicate significant difference at 0. 05 level (one-way ANOVA) .

2.5 RERHMMEREFER 100% 100% 93.33% - Sk 4k Lh 10 ~ 30°C F i ¥
10 ~30°C 1 10 ~ 35°C B ¥ il &2 0F )5 % AR e A A28 0 v U SO0 00 00 R 52 o O A
Pi 275 & & 20 A 83.33% . 100%  100% F1 - HIFF & K5 oL ] (3 4) o

Fz4 V-~ CRETEABLERZERPUARNSEANIESERFSHBER
Table 4 Overwintering generation fit condition between forecast and actual CBW eclosion peak date
under 10—30°C effective accumulated temperature range

F Aoy A (5 1EJ5) S B ey 06 39 it
Year Forecast value (corrected) Actual peak Consistency
1980 149.23 +£5. 63 (143. 60—154. 86) 146. 00 Vv
1981 146.10 £5. 63 (140. 42—151. 68) 145. 00 Vv
1982 132.93 +5. 63 (127.30—138. 56) 142. 00 X
1984 125.10 £5. 63 (119.45—130.71) 128. 00 Vv
1985 155.86 £5. 63 (150.23—161. 49) 150. 00 Vv
1986 149. 98 +5. 63 (144.35—155.61) 148. 00 Vv
1987 142.99 £5. 63 (137.36—148. 62) 136. 00 X
1990 160. 58 =5. 63 (154. 95—166. 21) 161. 00 Vv
1991 160.91 +5. 63 (155.27—166. 53) 155. 00 Vv
1996 168. 63 +5. 63 (163.00—174. 26) 171. 00 Vv
1998 161.40 £5. 63 (155.77—167.03) 167. 00 Vv
1999 176.37 £5. 63 (170. 74—182. 00) 181. 00 Vv
ik R

. . .. 83.33%
Historcial coincident rate
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3.1 HERHREBZMMEIRE

I 56 [ A 4 Jé I AN 37 K %7 DEGREE-DAY
UTILITY (DDU KA 2.3) & ¢F, Wil 2 4 RRUE %
FRUL PR~ 359 48 1 AT T0000» & FH T AE B [a) AR R
U E) Z R B/, f£JLE B 2 kI
T A AR 7 v 22 Rl i) v R ) AR B
(Degree-day Utility) o {H & b6 5588 2 MHIX S
i R pUAS [A] 5 b S8 A AT » 47 B 18] ARV 3 B /D
G 5 58 A0 A 5 3, 2003) o 1 o 38 by gt 78 K i
S BRGNS AR U LA B AR ALY
JEIVZ AR A 5 e TR A H B A il IR AR R R R
A RIS AL 5 132 AR 22 R AR ) I ) A 5%
J5E R A2 AR Ak DT 5 ) 000 4D oA A e

3.2 FREKETHEREBEELEH

R 7 ool o R B R SRR E
BRSO R S B T R el (b 5 20015 B
% 5,2004) , 648 10 ~30°C F1 10 ~35°C 2 Fjrfig
B BN IE . 121 RS B RR Y, B R
= TR o R o T T Sy AV A S N E R
3P A v O O TN % 2 R A A A K A A& AR
MG T . XE—ERE LRIET BidE
o 1) AT A8 A S 5 U 26 T 5 i A K IR A o X
T AR AT RO R A AR B 22 R A
RVYEERTHE VAT 20 mT 2T HraE
b XA AN B A I ) 2 R AR AR AR . [R] BBE
HH ARG 2 AP HIEE 1 7 1 H K%
W2 M AN G M BRE AN R T EERR
NSV diob- A I 1 =R (S T e
P e H IR AR A W) &, LG R . g
THE A R R R R AR RO R R R T
T SRR A 1 — o R AT

AR A R i 1% D B A TR N A 5 R U ST
IS FH 5 AE A2 o 00 5 2 A OE 7 ik 1 i g D
BHHBRFREN A0 FYENE T HR
T FAR A S i 2% 53 R AT K S 2003 5 2= 41,
2003) SR b A A O B RO Y T N o
JE RS AN B R DR AT 25 Bk T AR
O PRI, BB ARE ROBRIR > 0 ) iy U 0T B () B
P& R H P38 SR 0 SR T BB AR O 24 A AR
RURE WP RREE o FEX) 12 4 o (H U HCF Y

HOE R BEARHE B2 HUR & K1 B B A vt T, F I %
o H SRR T 28 e Ar SR IE A B 8] Ik R
FARAR KR AR BRI A ) 52 R o

— 5T Y0 NIRRT B U B R AE S A
(BE 75 AR 2,2001 ; B JK 4225, 2008) , 3% 55 3 & 210
B AR BN G, %38 ORIk AT 75T,
R85 B LA 5T 2% o DU T A 7 S R A ST T e ik
(1 1E 7 ik B % B i o, AN H 5 T e
FERHETAE R i HLAE R A Ok B R A R
FEAR A %) B HUR B % WA J5 » 45 G by vk T BLgE AT
W AEY R B .

33 SRENAKAANTEESRXIEEHRME

R 5 57 58 b DX e R 8 ek /N A B ) R
L7 A B 8 UK AR IR S e, S OE A OB L v
T 2] A, v VA 1) B 22 R U b A AR 1 T
A5 75 RE . %A IE J7 V38 T N 2w 4 s 1)
AT AR AR K M X (1 22 P R B A T
B IE St m] 2k JL 5 96 48 ft AR 4

bE 5 15 R B AR B P g, AR T H B
A G B B AE T A% B A ]
s a) )RR b K 0E B B (o BE R R 2= K %,
2009) , [l I A B4k < % ub 10 56 W AR, 5t il
DU P R B R 5T O AT O ) T R R AR g
WG BB R, I AT it 3 T B e e
(1) 75 245 LE AR B, 4 A ) T DX 3 Ak 55 o e i
A HH A .
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