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Teleconnection between sea surface temperature in North Pacific and outbreaks of
the cotton bollworm, Helicoverpa armigera (Hiibner) in Northern and Eastern Chi-

na: an approach for long-term forecast
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Abstract: The teleconnection between population density Cegg counts? of cotton hollworm CCBW ), Helicoverpa armigera
{Hiuihner), and the anomaly of monthly mean sea surface temperature (SST? in the North Pacific was analyzed to find the
significant (P < 0.05 correlative key factors with large and sustainable spatio-temporal extension to build long-temm fore-
cast models for Helicoverpa outhreaks. Based on the CBW data over 26 years (1974 — 1999 in Yuncheng: Shangdong
Provinces over 22 years (1978 = 19992 in Dezhou- Shandong Province: and over 20 years (1980 - 1999) in Fengxian.
Jiangsu Province. optimum forecast models were established for long-term prediction of the 31d generation eggs in
Yuncheng and Dezhous and the 2nd generation eggs in Fengxian. The results indicated: (12 There was significant ¢ P
<0.05 or highly significant ¢ P < 0.017 teleconnection between the fluctuation of CBW populations and SST in the
North Pacific. The location and range of the significant correlated areas varied with time, but there were a few such sig-

nificantly correlated areas, relatively stable in space and sustainable in time. (2) There was a vast region in the North
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Pacific of significantly correlated { P < 0.001 in center} with the CBW eggs counts of the 3rd generation in Yuncheng,
the 2nd generation in Fengxian and the SST in January 2 years ago. which ranged from 35°N to 55°N, 135°E to 135°W
and sustained for 4 months. But the area for the 3rd generation eggs in Dezhou was located at the low latitude Northem
Pacific (1° - 17°N, 165°E — 120°W > during July to September 2 years ago. (32 The evaluation of models with the
drive variable of the average of the mean SST departures on each grid within the significant correlative areas from January
to Noverber of the year before last showed that the predictive accordant rates for the egg counts of the 3rd generation
CBW in Yuncheng and Dezhou> and the 2nd generation in Fengxian were correct in 5 of the 6 verified years (1994 —
1999) for Yuncheng, correct in all 5 years (1995 — 1999) for Dezhou and in 3 of 5 years (1995 — 19992 for Fengxian re-
spectively. The results suggested the possibility to make forecast of CBW outbreaks about 20 - 27 months earlier with

these models.

Key words: Helicoverpa armigera; sea surface temperature; correlation analysis: long-term outhbreak forecast.
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The correlation between the 3rd generation eggs of Helicoverpa armigera in Yuncheng and monthly mean SST in North Pacific
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The corvelation between North Pacific SST and the eggs of Helicorerpa armigera is shown by different colors on the grid.
Blue: negative comelation; Red:; positive correlation. Light blue and red: P <0.05; Dark blue and red: P <0.01. The same below.
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Fig. 2 The correlation between the 2rd generation eggs of Helicoverpa armigera in Fengxian and monthly mean SST in North Pacific
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Table 1  Verification of the forecasting model for the 3rd generation eggs of Helicoverpa armigera in Yuncheng, China

KR IR Criveri EEE P
. o a F b . N
AXBEFRNWEF . T . Madels . i - Predictive veracity
. Modeling Historical
Predictive fagtors Y=apx; +asxy +asxy + ag %y i IR £
data Ya Yb Yo accordant %
Years Emor years
B2E1-3 APEEE 1974 - 1993 ¥ = —0.73534JANy; +3.1235FEBys - 4.3246MARs 07371 -1.3274 -0.08&7 85 1994 - 1999 1999
Jan. to Mar. 2 years ago
Mid and high latitude: 1974 - 1996 ¥ =0.2980JANy; + 1.5395FEBy; —3.5693MAR; 0.6899 —1.4478 —0.33235 87 1997 ~ 1999 1999
Bi2%5 1~-3 A{ESE  1974-1993 ¥ = 0.5528]ANy — 1.003FEBy, —0.8425MAR;;  0.1197  -0.2923 —0.0451 80 1994 ~ 1999 1999
Jan. to Mar. 2 years ago
Low latitude 1974 - 1996 Y = 1.0063]AN;; —0.8684FEB» — 1.8791MAR» 0.1815 -0.5368 -0.1620 et 1997 - 1999 1999
B2 2 AEEMES 1974~ 193 ¥ - _0.2979 FEBy —1.1155 FEBx 0.1681 -0.2329 0.007 ) 1994-1999 1999
Feb. 2 years agos xy: s
High and low latitude 1974 - 1996 ¥ = -0.6312 FEBy; - 1.2667 FEBx» 02720 -0.2965 0.0006 TR 1997 - 1999 1999
B2 4 ARERKE 1974, 199 Y= —0.7071 APRy — 1.2430 APRy» 0.4417 02680 0.1578 e 1994-1999 1999
April 2 years ago
w1t 4P~ S0PN: 141° ~ 150°E;
%31 31°~ 3PN, 150°~ 17PE 1974 ~ 1996 Y= -0.7291 APRy; —1.8422 APR» 0.5603 -0.4031 0.099% 83 1997 ~ 1999 1999
B 25 5,6 A EMAXE
May to Jun. 2 years ag 1974 - 1993 Y= —0.BMTMAY,; - 0.3847JUNy —1.1042 JUN» 05701 -0.5110 0.1376 85 1994 - 1999 1994, 1999
x1t HF ~ 30PN, 1397~ 150°E:
¢ 45° - 30PN, 140° ~ 160°E+
"2 1974 - 1996 Y= —0.4161MAY,; —0.7183JUNx — 1.0850 JUNx  0.5377 -0.4528 0.0640 TR 1997 - 1999 1999
x5t 25% - 31°N. 127° ~ 139°FE
25 10,11 BERMRE 57 1003 ¥ = —0.0482 OCTy; — 0.6152 NV 0.1867 —0.2138 0.0265 W 1994-1999 K Mone
Oct to Nov 2 years ago
xpt 39~ 47N 143° ~ 133°Ws
vys 3 - 49N, 150° 133 1974 - 1996 ¥ = —0.4102 OCTy; - 0.5708 NOVx 02419 -0.4166 —0.07% T 1971999  FE Nome

i Notes: 1. THHER PR HITEAER 6. AGENE— T HTErETES, B HTERALEE «, T 01 MAR, Il o, AETFE 3
RirAAxEZRETEEAGAFHERBEFXEFHE, £FEM. The capitals in the ahove models are months: the st digit behind them

represents years ahead and the 2nd one indicates the subseript ¢ in x; . For example. MARy; means that the x5 is an average of the mean S3T deparhres

on each grid in the significant correlative area during March 2 years ago. P 3<[F] The same for the following tables.

2. Ye-Ya B0 ¥h ARIHITFHE. 2 Ya» VBT, V> Ve MU AERE (2854, Y« Ve A RE (L ERL): 3 Ya< Y ES, V> Yo
TR, ¥ < Yo BIERHE . Yor ¥a and Vb are criteria. If Ya > ¥bs there will be no outbreak when ¥ > Yo but there will be an outbreak
when ¥ < ¥o. Otherwises if ¥a< ¥bthers will be an outbreak when ¥ > Y¢ and no outbreak when ¥ < Yo. T3 The same for the following ta-

bles.
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Table 2 Verification of the forecasting model for the 2nd generation eggs of Helicoverpa armigera in Fengxian, China

A

. HIRE Criten i #
X EETNET ﬁ%‘?ﬁ T E : R A
Predictive factore oding Y=arx +apxy + as x5 + a4 %, istorie Fh FHIRE
data Ya Yh Yo accordant %%
Years Emor years
2 F L AFES 4 (85 2. 1980~ 194 Y= - 1.4831 JANy; —1.5423 JANy, 0.3452 —0.8815 —0.0255 &7 1995 - 1999 1998, 1999
Jan. 2 years ago
Mid-high & low latimde 1980 ~ 1996 Y= - 1.8686 JANy — 1.5080 JAN. 0.8606 —0.8640 —0.0462 88 1997 ~ 1999 1998, 1999
B2 2 BPEE x5 0. 1080 - 100 ¥= -2.1159 FEBy; —1.8949 FEBy —0.0025 —1.0012 0.1455 93 1995~ 1999 1998: 1999
Feb. 2 years ago
Mid high & low latitde 1980 ~ 1996 ¥= -3.0051 FEBy; — 1.9242 FEBy 1.2800 -1.1838 0.1206 9 1997 - 1999 1998, 1999
B2 1-3 AFESE  1980-1991  V=2.8677JANy - 5.0637FEBy; — 1.0472MARy;  1.4873 —0.2753 0.7823 87 1995~ 1999 1998, 1999
Jan. to Mar 2 years ago
Mid and high latitude 1980~ 1996 Y= 2.5689]JANy; — 6. 2050FEBy +0.7624MARs  1.6293 —0.3941 0.6771 88 1997 ~ 1999 1998, 1999

A
ﬁm;ﬁ Szﬁ s 1980 ~ 1994 ¥= L2051 MAY, +0.7657 MAY. 03409 —0.3442 0.0669 bi) 19951995 FE N
ay 2 years ago ~ B ~ . -0. . - one
1t 35 - 4T°N, 139° - 150°E: 04632 MYz —0.8115 MAY

w3t 9° - 41°N, 163° = 177°E;

. Y= - 1.5920MAYy; + 1. 1750MAY,
w3t T~ 4PN, 139 - 150PWs 1980 - 1996 0.510¢ MAT 211 S12 MAY = —0.3815 —0.6204 —0.090 82 1997 -1999  7E None
w4t 9~ 1PN, 95° - 113w -9 zn-L 2

B2&F 5.6 W ALHEXKE

Moy to Jun. 2 years ago 1050~ 1994 ¥ = —0.7806MAY,; —0.7983JUNy, +0.3050 [UNxz 03724 -0.2292 0.1318 80 1995 ~ 1999 1995
w1 35~ 47N 139 ~ 150°E:

+ 23 - 35N, 120° ~ 150°Es
2 1980 - 1996 Y= —0.7714MAYy; - 0.6331JUNy + 0.0520 JUNps  0.4098 —0.1189 0.1610 75 1997 ~ 1999 & None

w31 43° - 49°N, 135 ~ 15%°E

F3 EMNRRE=RNE RTINS
Table 3 Verification of the forecasting model for the 3rd generation eggs of Helicoverpa armigera in Dezhou, China

A

FIRIE Criteria a0 S .
X EETNET ﬁ%ff% TR, Models R
Predictive factore oding Y=arx +apxy + as x5 + a4 %, istorie Fh FHIRE
data ¥a ¥b Yo agcordant 9o
Years Error vears
B2 1-3 AFEEE 1978~ 1094 Y= -2.1405ANy; +2.0078FEB;; - 1.3725MARyy  0.4108 —0.8653 0.0355 82 1995 - 1999 E None
Jan. to Mar.2 years ago
Mid and high latitude 1978 ~ 1996 ¥ = —2.4258]ANy; +2.0008FEBps - 1.7T609MARz  0.5915 —1.3325 —0.1174 84 1997 - 1999 7 None
RI24 4 AEMERE

i Y = —0.5957APRy; — 0.6749APRy + 0.8425APRx
Al 2 years ago 1978 ~ 1994 0.5338 —0.4270 0.2512 76 19951999 7E None

—0.9122 APR;
xps 397~ 47°N, 135° ~ 155°Es ¥ 24

xye 35 - 30N, 155° -~ 165 Es
. ¥ = —0.0893APRy +9.0186APRy; +0.075 ARy
w33 31°~ 49°N, 126° - 14%° Es 1978 . 1996 ! = B h 7080 —0.6404 0.2686 84 19971999 3 None

x4t 3%~ 15N, 95° ~ 180°W - 0.9122 APRy,
F2 5 s A ERRE 1978 ~ 1994 V= 10152 MAYy + 0. 2599MAY2 0.202 —1.2170 —0.2145 65 1995 - 1999 FEN
May 2 years ago - ~ 1.9848 MAYys : - - - one
17 39 - A7°N, 139° - 149°W;
wor AN DF MR ¥'= — LOMOMATy 0. 1990MAT:, 0.6404 07980 0.2686 7 1997 - 1993 FEN
w31 3~ 1PN, 99 ~ 175°W - —2.5928 MAYo, - : : - ne
M2 AEAERE e 160 Y= —0.5509 JUNy; —0.8741 JUMNs 03380 —0.3314 —0.1411 75 19951999 3 Nome
June 2 years ago
it 41° - 499N, 137° ~ 149°F;
iys 20 35N, 127 1E, 978~ 1996 ¥= - 0.7173 JUNy; —1.0056 UMy 0.4215 —0.4561 0.9800 ™ 1997 1999 3 None
EMFEE
B2 5 7 AEFER 1978 - 1994 ¥= —1.6985 JULy, —1.5469 ULy 12730 —1.0262 0.5968 82 19951999 F None
July 2 years ago
wgt 35 ~ S1°N, 175°F ~ 35w
1978 - 1996 Y= —1.8361 JUg —2.0465 Nz 13839 —1.3073 0.39% 8 1997 -1999  7E None

xyt 19~ 13°N; 165°E ~ 120%w

W2 T 0= ARG 1078- 199 Y= 0.5703ULy - 1.2241ATGy - 6.1806 SEPn  —0.6258 —2.3564 —1.3995 88 19951990 T None
July to Sep. 2 years ago
Low latimde 1978 - 1996 ¥ =0.6768]ULy; — 1.3742AUG:, — 6.6845 SEPys -0.6760 -3.7651 - 1.814 89 1997 - 1999 & None
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Fig. 4 Air temperature anomaly in Eastern China in February of 1999
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Fig. 6 Precipitation in Eastern China in May of 1999
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FIFTEE BRI X (45° ~ 55°N, 160°E ~ 160°W> 1
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