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Abstract Teleconnection between the early immigration of brown planthopper BPH  Nilaparvata lugens Stdl and ENSO
indices from January 2 years previously until June of the current year was investigated. ENSO indices included the Southern
Oscillation Index SOI and Sea Surface Temperature SST anomalies of four Nino regions Ninol +2 region N1 +2 0°
—10°S 90°—80°W  Nino3 region N3 5°N—5°S 150°—90°W  Nino4 region N4 5°N—5°S 160°E —150°W
and Nino3.4 region N3.4 0°—10° S 170°—120° W . Brown planthopper data used in this study were light trap
catches during 1977 —2003 from 16 BPH monitoring stations in 6 different BPH occurrence areas.

Pearson correlation coefficients between monthly mean ENSO indices and the early immigration of BPH at different
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8 Nilaparvata lugens Stal ENSO 3145

monitoring stations were calculated. The main correlation results were as follows ENSO indices which were significantly
correlated with the early immigration of BPH were primarily SST anomalies in N3 N4 and N3.4 regions accounting for
71.8% of the total. Significant ENSO indices from two years and one year before the immigration events had a proportion of
about 84% while those in the current year only accounted for 16.7% . There was significant negative correlation between
the early immigration of BPH and SST anomalies for each Nino region from two years before until the previous spring
whereas there was significant positive correlation between these two factors during the period from the previous winter to the
current spring. The significant correlation between the early immigration of BPH and SST anomalies for each Nino region in
the last summer and autumn did not show any obvious tendencies. The relationship between the SOI and the early
immigration of BPH was opposite to that between the immigration and SST anomalies for each Nino region.

The above significant ENSO indices were used as key factors to build forecasting models for the early immigration of
BPH by step-wise multiple linear regression analysis. BPH light trap data from the last three years were set aside for
predictive validation. To evaluate the forecasting models the early immigration of BPH was divided into 3 levels including
small immigration 1st level y <y —¢,  medium immigration 2nd level y ~¢o <y<y+o, and large immigration 3rd
level y >y +o, . If the predictive immigration level was the same as the actual occurrence it was classed as a correct
prediction. On the contrary if the predicted value was different from the actual data it was classed as an error. The
historical accordance the percentage of correct predictions in the modeled years and predictive accuracy correct
predictions in three predictive years of each model was calculated. The models with more than 50% of historical
accordance and two correct predictions in the last three years were screened out for integrated forecasts. Finally 12
forecasting models were obtained which can make prediction 3 —27 months ahead and had a predictive accuracy of 88.9%

32 of 36 forecasts correct .

Key Words brown planthopper ENSO indices the early immigration medium- and long-term forecast
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Table 1 The spatio-temporal distribution of BPH light trap data and the early immigration periods of BPH
°E °N
. . . Years of Periods of the
Occurrence areas Stations Longitude Latitude . L i
historical data early immigration
. . 106. 84 236 1977 ~2003 3 ~5/ Mar to the 3rd ten
South of Southern China  Longzhou Guangxi 2001 2002 days of May
‘ ‘ 112, 44 23.05 1979 ~2002 3 ~5/ Mar to the 3rd ten
Zhaoqing Guangdong 1996 2001 days of May
3~6/ Mar. to the lst ten
116. 23.2 1978 ~2
Shantou Guangdong 6.33 3.23 978 ~2000 days of Jun.
1 ~2 ~ Mar. he 2
- ‘ 111.00 25.90 977 ~2003 3~6/ ar. to the 2nd or
Nanling Area Quanzhou Guangxi 1993 1994 2001 3rd ten days of Jun.
) 13.17 o4 47 1978 ~2003 3~6/ Mar. to the 3rd ten
Qujiang Guangdong 2001 2002 days of Jun.
1 ~2 ~ Mar. h >
. ) 119,39 2573 977 ~2003 3~6/ ar. to the 3rd ten
Fuqing Fujian 2001 days of Jun.
. ' . 109.20 26.89 1977 ~2000 4 ~7/' Apr. to the 2nd ten
North to Nanling Area Tianzhu Guizhou 1986 days of Jul.
4~ Apr. he 1s
L 114.97 27.12 1977 ~2000 7 pr. to-the Istor
Jian Jiangxi 2nd ten days of Jul.
} 121.38 28,65 1977 ~2000 4~7/. Apr. to the 1st ten
Huangyan Zhejiang days of Jul.
1977 ~2 ~ May he
. o . 112.90 29,83 9 000 5~17/ ay to the 3rd ten
Yangtze River Valley Jianli  Hubei 1981 1985 days of Jul.
5~7/ May to the 3rd ten
116. 30.08 1978 ~2000
Dongzhi  Anhui 9 days of Jul.
~7 M he S
, 118.87 31.32 1976 ~2003 3~7/  May to the 3rd ten
Gaochun Jiangsu days of Jul
, 121.05 32.08 1977 ~2002 3~/ May to the 3rd ten
Tongzhou Jiangsu days of Jul.
~ M he st te
Yangtze- Huaihe , 119.45 32.78 1981 ~2003 5~8/ May to the Ist ten
. Gaoyou Jiangsu days of Aug.
River Valley
~ Me he 1
. 119.02 33.62 1977 ~2001 5~8/  May to the Ist ten
Huaiyin Jiangsu days of Aug.
o . 119.11 14,83 1977 ~2000 5~ 8/. May to the 2nd ten
Huaibei Area Ganyu Jiangsu 1999 days of Aug.
* The years in the brackets mean the missing years of historical data.
InY 1
6 ENSO P <0.05 ENSO
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Fig. 2 Three parts of the forecasting model conclusion

2 ENSO
Table 2 Teleconnection between ENSO indices and the early immigration of BPH at different stations
ENSO P<0.05
Months with significant correlation P <0.05
Station N1 +2 N3 N4 N3.4 SOl
N1 +2 Region N3 Region N4 Region N3.4 Region SOI
—JAN, -FEB,
MAY, JUL, -JUN, -]JUL,
g . AUGI APR, JUL, ) .
Longzhou Guangxi AUG, - OCT,
- AUG, SEP,
JUN, SEP, APR, MAY, MAY, APR, -MAR, -APR,
. MAY, JUN,
Zhaoqing Guangdong OCT, DEC, APR, MAY, - OCT,
- APR, -MAY, MAR,
Shantou  Guangdong
Quanzhou Guangxi
. - DEC, —-FEB, - JAN, —-MAY, -FEB, -APR,
Qujiang Guangdong
- MAY, —-JUL,
. . - JAN, AUG, -DEC, -JAN, -APR, AUG, — OCT,
Fuqing Fujian :
-MAR, —-MAY,
-JUN, -]JUL,
) . - MAY, — - MAR, - MAY, — - DEC, AUG, APR,
Tianzhu  Guizhou AUG, FEB MAR
. . . FEB -NOV1l -FEB
Jian Jiangxi
~APR, -JUL, MAY, AUG,
- APR, — - MAR, -
u Thei - JUN, —-JAN, - APR, — - MAR, -0CT, -NOV, FE_B VAR SEP, NOV,
uangyan Zhejiang
® e JAN — MAR JAN, APR,
- . JAN,
Jianli Hubei
Dongzhi  Anhui
JUN, JUL,
-MAY, -]JUL, JUN, -AUG, -NOV,
Gaochun  Ji OCT1 —FEB SEPL—MAR —AUG AUG, —MAR
raochun langsu - 1
. SEP, — MAR !
-MAY, -OCT - APR, — - AUG MAY, —NOV
] ? 2 2 2 OCT, — MAR SEP, — MAR > ‘
Tongzhou Jiangsu - MAR, NOVI —FEB -DEC, —-MAR
_ ~ MAR, AUG, MAY,
Gaoyou Jiangsu
-MAY, -JUL - AUG MAY, —
o - MAY, — - DEC, : ? ! SEP, — FEB » —NOV,
Huaiyin Jiangsu - AUG, SEP, — APR —-MAR -APR
-NOV, -FEB,
Ganyu Jiangsu JUN,
N « _m
- JAN, 1 The capitals in the tables are months and the subscripts behind
them mean years ahead The vacant means this year “ —” means the significant negative correlation and blank means no correlation month. For example

— JAN, means the negative correlation in the January of 2 years ahead. The others are analogue
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ENSO
ENSO
ENSO 6 ~12
3 ENSO 5 ENSO
NI +2 13.7% SOl 15.4%
N3 N4 N3.4 70%
42 % 16.7%
3 ENSO
Table 3 Spatio-temporal distribution of the ENSO indices significantly correlated with the early immigration of BPH
Temporal distribution Spatial distribution
NI +2 N3 N4 N3.4 01
Station Two years One year . NI +2 N3 N4 N3.4 :
’ This year . . . ) SOI
ahead ahead Region Region Region Region
2 11 1
Longzhou Guangxi 6 3 3
7 11 3 2 7 3 3
Zhaoqing Guangdong
3 2 1
Shantou  Guangdong
Quanzhou Guangxi
] 1 9 1 3 5 1 2
Qujiang Guangdong
Fuqing Fujian 8 6 ! 8 2 3
Tianzhu ~ Guizhou : 2 ! 2
. . . 33 9 5 8 12 7 14 6
Ji'an Jiangxi
20 4 2 11 5 8 2
Huangyan Zhejiang
1 1
Jianli Hubei
Dongzhi  Anhui
2 21 11 6 7 9 10 2
Gaochun Jiangsu
7 12 10 3 8 6 7 5
Tongzhou Jiangsu
2 1 1 1 1
Gaoyou Jiangsu
11 10 8 7 3 9 6 4
Huaiyin Jiangsu
1 2 3
Ganyu Jiangsu
o 97 98 39 32 50 59 57 36
Total
ENSO The number in the table represents the numbers of correlated ENSO indices

http

//www. ecologica. cn



3150 27
2.2 ENSO
44
17 13 7 3 2
1 3a
132 118 89.4%
4
4 ENSO
Table 4 The medium-and long-term individual forecasting models based on ENSO indices of Ji’an Jiangxi Province
o
ENSO Historical/0 Predictive accuracy
ENSO R F P S
. Models accordance
Indices
% Predictive years Error years
N4 InY = 7.2266 - 0.7470 x NOV, 0.424 4.384 0.049 1.291 81.8 1998 ~2000 1998
InY = 6.8747 + 1.1503 x FEB 0.525 7.59 0.012 1.214 77.3 1998 ~2000 1999
InY = 6.7953 + 1.4771 x MAR 0. 606 11.63 0.003 1.134 68.2 1998 ~2000 1999
N3.4 InY = 7.2354 - 1.0428 x MAY, 0.524 7.559 0.012 1.215 86.4 1998 ~2000 1998
InY = 7.1877 - 1.0108 x JUN, 0.526 7.661 0.012 1.212 81.8 1998 ~2000 1998
InY = 7.1323 - 1.1771 xJUL, 0.566 9.402 0.006 1.176 81.8 1998 ~2000 1999
InY = 7.0782 - 1.0386 x AUG, 0.547 8.544 0.008 1.193 81.8 1998 ~2000 NO
InY = 7.2362 - 0.9583 x SEP, 0.511 7.071 0.015 1.225 77.3 1998 ~2000 NO
InY = 7.1504 - 0.7457 x OCT, 0.515 7.236 0.014 1.222 81.8 1998 ~2000 NO
InY = 7.1949 - 0.6710 x NOV, 0.514 7.193 0.014 1.223 81.8 1998 ~2000 NO
InY = 7.1824 - 0.5136 x DEC, 0.429 4.520 0.046 1.288 81.8 1998 ~2000 1998
InY = 7.1904 - 0.5607 x JAN, 0.465 5.526 0.029 1.262 77.3 1998 ~2000 NO
InY = 7.1799 - 0.7171 x FEB, 0.484 6.101 0.023 1.248 77.3 1998 ~2000 NO
InY = 7.2361 - 0.8544 x MAR, 0.468 5.603 0.028 1.260 77.3 1998 ~2000 1998
SOI InY = 7.2303 + 0.3761 x AUG, 0.461 5.391 0.031 1.265 81.8 1998 ~2000 1998
InY = 7.1739 + 0.2970 x JAN, 0.493 6.424 0.002 1.240 72.7 1998 ~2000 NO
InY = 7.3246 + 0.4262 x APR, 0.452 5.126 0.035 1.272 86.4 1998 ~2000 1998
NOV, 11 ENSO
R P S The capitals in the models are months and the subscripts behind them mean years ahead The vacant

means this year

the correlation coefficient

2.3

0.1219 x AUG, _y; , + 0.0333 x AUG, o, -
0.0788 x NOV, _; , -

For example NOV,means the monthly average of the corresponding ENSO index in November 2 years ahead The others are analogue R

P the significance level S residual standard deviation
0.5
W, 3
7 12
5 7 ENSO
2 ENSO

InY = 7.1830 - 0.0940 x MAY, ;4 —

0.1109 x SEP, ;4 —

0. 0894 x JUN, ;4 —
0.0875 x OCT, _y5 4 —

0.1041 x JUL, s, -
0. 0660 x NOV,_y, -
0.0454 x DEC, _, ,

InY = 7.2153 - 0.1242 xJAN, _\, , + 0.0648 x JAN, ¢, — 0. 1589 x FEB, _, , — 0.1419
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x MAR, _\; 4 + 0.0735 x APR, _¢,
InY = 6.8357 + 0.5866 x FEB, ., + 0.7238 x MAR,_,,
0 “
ENSO
ENSO
Table S Predictive accuracy of the integrated ENSO indices forecasting models for the early immigration of BPH
Predictive accuracy
Occurrence Area Station
2 years ahead 1 year ahead This year
South of Southern China Longzhou Guangxi 3 3
Zhaoqing Guangdong 3 3
Nanling area Fuqing Fujian 3 3
North to Nanling area Tianzhu 2
Ji'an Jiangxi 2 2 2
Huangyan Zhejiang 3
Yangtze-Huaihe River Valley Gaoyou Jiangsu 3
The numbers in the table
represent the correct prediction of the last three years The vacant means no integrated forecasting models
16 14 ENSO 7
4 5 3
7
3
ENSO EI Nino  Southern Oscillation
ENSO
ENSO ENSO
3.1 ENSO
s ENSO ENSO
ENSO ENSO
4  ENSO NI +2 N3 N4 N3.4
6 ENSO 20 70
6 ENSO 4 ENSO 9a 6a 1987 1991
1995 1997 1998 2002 3a 6a
Sa la
2/3
5/6 ENSO 67% ~83%
ENSO ENSO

http //www. ecologica. cn



3152

27

ENSO

21 22

3.2 ENSO
11
N3 N4 N3.4
ENSO

3.3

16 7

ENSO

3.4 ENSO

ENSO

ENSO
ENSO
ENSO
ENSO
ENSO N3
Ninol +2
ENSO
ENSO
Nino
Nino
ENSO
10
1 23
ENSO
5 113 ”
ENSO
ENSO

http //www. ecologica. cn

ENSO
ENSO
ENSO
N4 N3.4
5
ENSO
Nino
Nino
ENSO

23



8 Nilaparvata lugens — Stal ENSO 3153
ENSO
ENSO #72% ENSO ENSO
27 ~30 ENSO
ENSO
References

1 Rui Q B. Rice planthopper and meteorology. Beijing China Meteorological Press 1987. 110 —115.

2 Jiang GH Tan H Q Shen W Z. The relation between long-distance Northward migration of the brown planthopper Nilaparvata lugens Stdl and
synoptic weather conditions. Acta Entomologica Sinica 1981 24 3 251 —261.

3 Tan HQ Mao RZ ChengJY et al. Relation between landing of brown planthoppers Nilaparvata lugens Stil in long distance migration and
vertical air stream and rainfall. Journal of Nanjing Agricultural College 1984 2 18 —25.

4 Gong DY Wang S W. Effect of ENSO on the precipitation of the global terrene and China in the last 100 years. Chinese Science Bulletin 1999
44 3 315 —320.

5 Xu W C Wang W Chen K. Some new aspects in understanding of ENSO cycle and climate variations. Sichuan Meteorology 2004 3 24 —31.

6 XuWC MaJ]S Wang W. A review of studies on the influence of ENSO events on the climate in China. Scientia Meteorologica Sinica 2005 25

1 212 —220.

7 Drake VA Farrow R A. The influence of atmospheric structure and motions on insect migration. Annual Review of Entomology 1988 33 183 —
210.

8 Morishita M. A possible relationship between outbreaks of planthoppers Nilaparvata lugens Stal and Sogatella furcifera Horvath in Japan and the El
Nino phenomenon. Applied Entomology and Zoology 1992 27 2 297 —299.

9 Zhu M Hu G W Tang ] et al. Effect of globe climate abnormality ENSO phenomena occurrence on outbreak of rice brown planthopper in
China. Scientia Agricultura Sinica 1997 30 5 1 —5.

10 Zheng S Q Liang J Y. Analysis on the impact of El Nino on outbreak of rice planthopper in Guangdong Province. Plant Protection Technology and
Extension 1998 18 6 3 —4.

11 Qin SL Zhai BP Zhang X X et al. Using advance ENSO indices to forecast outbreaks of Helicoverpa armigera. Acta Ecologica Sinica 2003
23 9 1695 —1711.

12 BiXL XuY X Hong W et al. Relationship between the occurrence of Dendrolimus punctatus in Fujian and the ENSO events. Journal of Fujian
College of Forestry 2003 23 1 44 —47.

13 Zhang Z B Li D M. A possible relationship between outbreaks of the oriental migratory locust Locusta migratoria manilensis Meyen in China and
the El Nino episodes. Ecological Research 1999 14 267 —270.

14 LiJ JiangYP Yang QZ et al. Climatic diagnosis of brown planthopper occurrence degree in single late rice. Chinese Journal of Ecology 2005
24 3 339 —342.

15 WuGR YuXP Tao L Y. Long-term forecast on the outbreak of brown planthopper Nilaparvata lugens Stdl and white-backed planthopper

Sogatella furcifera Horvath . Scientia Agricultura Sinica 1997 30 4 25 —29.

16 Zhu C Q. The forecast of rice planthopper occurrence in Jianghuai rice region and the countermeasure of chemical control. Journal of Anhui
Agricultural Sciences 2000 28 2 175 —176.

17 MaF Zhang X L. Cheng X L. Selection of predictors for long-term occurrence forecast of Nilaparvata lugens BPH and model construction.
Journal of Nanjing Agricultural University 2001 24 2 53 —56.

18 WuCY LiJ Yao K M. Predication of the damage level of planthopper in Shanghai. Journal of Nanjing Institute of Meteorology 2002 25 3
365 —371.

19 Li]J Jiang Y P Yang Q Z et al. Objective prediction models for damage caused by brown planthoppers to late planted rice. Entomological
Knowledge 2004 40 1 24 —29.

20  Cheng X N Wu J C Ma F. Brown planthopper occurrence and control. Beijing China Agricultural Press 2003. 89 —91.

21 Tang Y M Liu S H. Influence of two kinds of El-Nino events on climate of China. Journal of Chengdu Institute of Meteorology 1994 9 2 58

—63.

http //www. ecologica. cn



3154 27

22

23

24

25

26

27

28

29

30

N=le Y e N ]

Chen G Y. Influences of winter-strengthen pattern and winter-weaken pattern of El Nifio and La Nifia on drought/flood in summer over China.
Quarterly Journal of Applied Meteorology 2000 11 2 154 —164.

Qin S L Zhai B P Zhang X X et al. Teleconnection between sea surface temperature in North Pacific and outbreaks of the cotton bollworm

Helicoverpa armigera Hiibner in Northern and Eastern China an approach for long-term forecast. Acta Entomologica Sinica 2003 46 4 479
—488.

Zhao Z G Jiang BR Chen G Z et al. Impact of ENSO event on the climate in China. Shandong Meteorology 2000 20 1 4 —12.

Li Y F Ding Y H. Sea surface temperature land surface temperature and the summer rainfall anomalies over Eastern China. Climatic and
Environmental Research 2002 7 1 87 —101.

Kong CY Tu Q P. Influence of EI Nino events on summer precipitation in East China under different climatic backgrounds. Journal of Nanjing
Institute of Meteorology 2003 26 1 84 —88.

Zhu Q G Xu J J. Observation study on the effect of ENSO and its interdecadal variations on the climate anomaly in Eastern China. Journal of
Nanjing Institute of Meteorology 1998 21 4 615 —623.

JinZH Tao S Y. A study on the relationships between ENSO cycle and rainfalls during summer and winter in Eastern China. Chinese Journal of
Atmospheric Sciences 1999 23 6 663 —672.

Liu Y Q Ding Y H. Reappraisal of the influence of ENSO events on seasonal precipitation and temperature in China. Scientia Atmospherica
Sinica 1995 19 2 200 —208.

Gong DY Wang S W. Impact of ENSO on the seasonal rainfall in China. Journal of Natural Disasters 1998 7 4 44 —52.

1987. 110 ~115.
1981 24 3 251 ~261.
1984 2 18 ~25.

ENSO . 1999 44 3 315 ~320.
. ENSO . 2004 3 24 ~31.
ENSO . 2005 25 1 212 ~220.
ENSO . 1997 30 5 1~5.
1998 18 6 3 ~4.
ENSO . 2003 23 9 1695 ~1711.
ENSO . 2003 23 1 44 ~47.

2005 24 3 339 ~342.
1997 30 4 25~29.
2000 28 2 175 ~176.
2001 24 2 53 ~56.
2002 25 3 365 ~371.
2004 40 1 24 ~29.

2003. 89 ~91.
EI-Nifio . 1994 9 2 58 ~63.
. El Nifio  La Nifia . 2000 11 2 154 ~164.
2003 46 4 479 ~488.
. ENSO . 2000 20 1 4 ~12.
2002 7 1 87 ~101.
2003 26 1 84 ~88.
. ENSO . 1998 21 4 615 ~623.
. ENSO . 1999 23 6 663 ~672.
. ENSO . 1995 19 2 200 ~208.
. ENSO . 1998 7 4 44 ~52.

http //www. ecologica. cn



