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Using advance ENSO indices to forecast outbreaks of Helicoverpa

armigera
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Abstract: Statistical evidences is presented to show a teleconnection between population density (egg
counts) of cotton bollworm (CBW), Helicoverpa armigera Hiitbner, and ENSO indices during the previous
2.5 years (from January of two years before to the current July). The ENSO indices used were the

Southern Oscillation Index (SOI) and the Sea Surface Temperature (SST) anomalies in the five El Nino
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regions: Nino-1&.2 region (N12, 0~ 10°S, 90~ 80°W), Nino-3 region (N3, 5°N~5°S,150°~ 90°W ),
Nino-4 region (N4, 5°N~5°S, 160°E ~150°W), Nino-Central region (NC, 0°~10°S, 90°~180°W) and
Nino-Western region (NW, 0°~ 15°N, 130°~150°E). These ENSO indices were correlated with CBW
survey data over 26 years (1974~1999) in Yuncheng, 22 years (1978 ~1999) in Dezhou, Shandong
Province and 20 years (1980~1999) in Fengxian, Jiangsu province.

We found significant (p<C0. 05) or highly significant (p<C0. 01) correlations between changes in CBW
populations and ENSO indices. The abundance of CBW eggs was positively correlated with the SST
anomaly in the N4 region and negatively correlated with the SST anomaly in NW region and with the SOI.
Third generation eggs in Yuncheng and second generation eggs in Fengxian were significantly (p<C0.05)
correlated with ENSO indices during some months for all regions except N12. The only significant (p<<
0. 05) correlation of egg numbers with SOI was for October of previous year, and the earliest significant
(p<<0.05) correlation with SST in the NW region was December of two years ago. The earliest month
that showed significant (p<C0. 05) correlation between the third generation eggs of CBW in Dezhou and
the SST anomaly in the NW region was November of two years ago, and was April of two years ago with
SOI. The earliest significant (p<Z0.05) correlation for the third generation eggs in Yuncheng and Dezhou
was with the SST of April of two years ago in N4, and was with the SST of August of two years ago for
the second generation eggs in Fengxian. There was no significant (»>>0.05) correlation between the 3rd
generation eggs in Dezhou and N12, N3 and NC regions.

The above significant SST anomalies were used as key factors to build predictive models for the
forecasting of outbreaks of CBW by discriminant analysis. An outbreak was indicated if egg density
exceeded the levels used by NATESC for population density of FH. armigera in China: 3rd generation eggs
were >85 in Yuncheng and Dezhou, or 2nd generation eggs were >500 in Fengxian. Outbreaks were
designated as level 1, while lower non-outbreak densities were level 0 for the purpose of this analysis.
Several predictive models for long-term forecasting of the amount of CBW eggs were established using data
up to 1994. These were tested for predictive accuracy against 1995 ~ 1999 CBW data. The results
suggested that the SST anomaly in Nino-4 region as the most important factor for forecasting CBW eggs in
Fengxian, Yuncheng and Dezhou, but other ENSO indices including SOI showed poor predictive ability.
The models are able to make forecasts 15~25 months ahead and had a 70% agreement with historical data
(pre 1995) and had a predictive accuracy with 1995~1999 data of 78% (25 of 32 forecasts correct). The
possible mechanism for the influence of ENSO on outbreak of H. armigera in China is discussed.

Key words :Cotton bollworm; ENSO indices; correlation analysis; long-range forecast
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Table 1 The spatio-temporal distribution of the teleconnection between eggs of cotton bollworm and ENSO indices

ENSO

Months with significant correlation (p<C0.05)

ENSO indices

3rd generation eggs, Yuncheng 2nd generation eggs. Fengxian

3rd generation eggs, Dezhou

N12 .Not significant ,Not significant .Not significant
N3 MAY MAY .Not significant
APR;, MAY,, JUL,"* ",
N4 APR:» AUG., MAR, - AUG,. JUI AU(‘i o SI;PJ D}zzc
APR,, MAY,. JUL,. AUG, o B e
MAR;, APR,, MAY,, JUL,
NC APR;. MAY,, MAY MAY ,Not significant
NW —DEC,, —JAN,, —DEC,, —JAN;, —MAR;., —NOV,* ", —DEC,* *,
—JAN, —FEB —JAN**, —FEB, —MAR —JAN;**, —FEB,
SO1 —OCT, —OCT, —APR,, —SEP,, —APR,
* APR s ., APR2 4 ENSO s
3 1= y o (p<<0.01)APR etc. in the table are Months, the digit behind them

means years ahead. For example, APR; means the monthly average of the ENSO indices during April of 2 years ahead.
N12 etc. are the average SSTA in the five El Nino regions: Nino-1&.2 region (0~10°S,90~80°W), Nino-3 region (5°N
~ 5°S,150°~90°W ), Nino-4 region (5°N~5°S, 160°E~150°W), Nino-Central region (0°~10°S, 90°~ 180°W) and

Nino-Western region (0°~15°N, 130°~150°E). “—” means the negative correlation and “ * » ” for p<C0. 01

TN

0
s Tehiti  —
B[:I“S . y . I- ] LTy - .
a0E WITE e L200E 150 [50°W  B0TW 907w GOt 0T
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Fig.1 The location of ENSO indices on the Pacific

ENSO
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Table 2 Verification of the forecasting model of the 3rd generation eggs of Helicoverpa in Yuncheng. China
ENSO Criteria L
Pred del Models " | Predictive accuracy
icti Modeli istorica
ENgp [redictive odeling . _ 121 ags -+ ass lstor:C'l
L factors data Ya Yb Ye test (%) Years  Error years
indices
1974~1993 Y="1.1999 APR;+ 0.1524  —0.1453 0.0333 70 1994~1999 1998, 1999
APR,, ’ 0. 3898AUG, ' ’ ' ’ ’ T
AUG. 1974~1996 ¥="1.2650 APR;+ 0.1988 —0.2639 —0.0225 70 1997~1999 1998, 1999
0. 1285AUG: ' ' T '
N Y=—1.2843APR,+
1974~1993 0.5369AUG,— 0.1643 —0.1517 0. 0379 75 1994~1999 1999
APR;., 0. 2289APR;
AUG;,
1974~1996 0. 3479AUG,— 0.2124  —0.2902 —0.0279 65 1997~1999 1999
0. 3610APR;
Y=—0.7434APR; + 1994,1995
~ 0. 025 —0.00 0.0 5 ~
APR,, 1974~1993 0. 641 IMAY, 59 78 125 55 1994~1999 1998.,1999
NC
MAYS 1974~1996 Y= =0 5597APR, + 0.0042  —0.0351 —0.0146 65 1997~1999  1997~1999
0.2560MAY, ' B ' ? ‘ ‘
.19
1974~1993 Y=0.8984DEC, 0.0591  —0.0303 0.0234 50 1994~1999 19951997
DEC, 1998
1974~1996 Y=1.1771DEC, 0.0775  —0.0556 0.0138 52 1997~1999  1997~1999
NW Y=2.0680DEC,— 1994, 1995
~ - 0.0 —0.0 0. 005 0 ~
DEC, 1974~1993 1. 1890JAN, 648 832 56 6 1994~1999 1097~1999
I 1974~1996 Y=1.2438DEC, — 0.0779  —0.0554 0.0142 52 1997~1999 1997,1998
’ o 0. 0657JAN; ' ' o ' v o A
. 1974~1993 Y=—0.15070CT, 0. 0628 0. 0075 0. 0407 65 1994~1999 19941995
SOI OCT, 1998,1999
1974~1996 Y= —0.03340CT, 0.0139 0.0112 0.0126 57 1997~1999 1998, 1999
x (D s , ol APRD 4 ENSO
. ;s ENSO 1 The capitals in above models are Months, the digit behind them means years ahead.

For example, APR2 means the monthly average of the ENSO indices during April of 2 years ahead. The meaning of each

ENSO index is the same as table 1

@Yc.Ya Yb s, Ya>Ybh
JY>Ye Y<Ye¢

Yc,Ya and Yb are criteria. If Ya>>Yb, there will be no outbreak when Y>>Y¢ but be outbreak when Y<'Y¢; Else if Ya<C

Yb, outbreak when Y>>Y¢ and no outbreak when Y<Y¢

JY>Ye (a ). Y<Yc¢ (b );  Ya<<Ybh

ENSO ENSO( - )

ENSO
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[15]o
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Table 3 Verification of the forecasting model of the 2nd generation eggs of Helicoverpa in Fengxian, China

ENSO ® (yirar:
2 Criteria L
D Models Predictive accuracy
.. Predictive  Modeling Historical
ENSO Y=a1x1Farxstazxs .
R factors data Ya Yb Ye test (%) Years  Error years
indices
AUG 1980~1994 Y= —0.8788AUG; 0.0400  —0.2417 —0.0727 73 1995~1999 1999
’ : 1980~1996 Y=—1.2092AUG, 0. 0551 —0. 4488 —0.1968 78 1997~1999 1999
Y=—0.7296AUG,— -
N4 1980~1994 F 0. 0099 —0.4097 —0.1579 73 1995~1999 1998
AUG,, 0. 7246 JUL,
JUL, Y=—1.0911AUG,—
1980~1996 0.0213 —0.6991 —0. 3389 72 1997~1999 1998
0.8826JUL,
Y=—6.0048DEC, +
c e . . 1995,1998,
. 1980~1994 3. 7514JAN; + 1.3329 —1.3221 0..2709 93 1995~1999 1999
DEC,, 5. 1326 MAR; o
NW JAN,, .
MAR, Y=—7.0168DEC,+
1980~1996 6. 8154JAN; + 1.1799 —0. 8928 0. 1435 89 1997~1999 1999
2. 0117MAR,
SOI OCT 1980~1994 Y=0.97730CT, —0.0217 1.3193 —0.5408 73 1995~1999  1996~1998
o 1980~1996 Y=0.90230CT; —0.0201 —1.1053 —0.5308 71 1997~1999 1997,1998
* O @ 2 The meaning of each ENSO index is the same as table 1 and the explanation of variables and criteria

in above models are the same as table 2

3.1.2 ENSO

ENSO

ENSO

[18]

(22°~35°N, 122°~150°E) .,
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[20]
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[19]
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. ENSO
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[18]
[20]

4

Table 4 Verification of the forecasting model of the 3rd generation eggs of Helicoverpa in Dezhou, China

ENSO

) 2 Criteria .
© Models Predictive accuracy
.on Predictive  Modeling Historical
ENSO Y = ajx1tasratasas )
Lo factors data Ya Yh Ye test (%) Years  Error years
indices
Y=—0.0944APR,
1978~1994 0. 0674 —0.6082 —0.1313 71 1995~1999 1998
APR, —1.5788MAY
MAY, Y=—0.3450APR,
1978~1996 0.0793 —0.6417 —0.1864 79 1997~1999 1998
—1.4156MAY,
N4 Y=-—2.1770JUL,
1978~1994 40. 3413AUG, 0. 0642 —0.6336 —0.1410 71 1995~1999 1998
JUL. +0. 0750SEP;
AUG,,
SEP, Y=-—3.0996JUL,
1978~1996 +0.9363AUG 0. 0465 —1.0277 —0.3493 68 1997~1999 1998
—0. 0894SEP,
Y=4.3844JAN, +
1978~1994 . 0.7128 —1. 2566 0.1336 71 1995~1999 1997, 1998
JAN,, 0. 3859FEB,
NW
FEB, Y=5.2438JAN; +
1978~1996 . 0. 6476 —0. 9465 0. 0603 68 1997~1999 1997, 1998
1. 0748FEB,
SOI APR 1978~1994 Y=0.4798APR, —0.1160 —0. 4606 —0.2173 65 1995~1999 1998
: 1978~1996 Y=0.6252APR, —0.1511 —0.7949 —0. 3883 79 1997~1999 1998
* O © 2 The meaning of each ENSO index is the same as table 1 and the explanation of variables and criteria

in above models are the same as table 2

; ENSO s s o 20
90 4 ENSO ,1991~1995
Sa s 3 ENSO s
;1997 ENSO 20 ¢ 5, 1991~1995
ENSO (1991.1993.1994.1997), >
, . 1991 s
s 31993 31994
1991 s , . 1997 s >
, , s o ENSO
. 1991 ;
.1993 s ;
; . s . 1994 )
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Fig. 2 The teleconnection between the 3rd generation eggs of Helicoverpa armigera

in Yuncheng and the ENSO indices from JAN,(two years ago)to JUL (this year)
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