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Abstract: According to the data of oceanic Nifio index during 1954 to 2010, the relative number of sun—
spot during 1937 to 2009, and the outbreak of rice brown planthopper ( Nilaparvata lugens) in the middle and
lower reaches of the Yangize River from 1957 to 2009, the relationship between ENSO event, the activity of
sunspot and the outbreak of N. lugens in the middle and lower reaches of the Yangtze River was studied by u-
sing phase analysis, correlation analysis and key-time analysis. The results indicated that the outbreaks of N.
lugens were mainly found in the last year of sunspot valley years and the same year of El Nifio years, the possi—
bility of no-outbreak in sunspot valley years and in the fourth year after La Nifia years was greater. In addition,

the outbreak years of N. lugens mainly appeared at the declining stage of sunspot cycle. There was
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significantly positive correlation between the relative number of sunspot 17 years ago and the outbreak of N. lu—
gens in the same year. Sunspot activity had obvious periodicity of about 11 years, and the outbreak of N. lu-
gens had the periodicity of 8 —9 years in some areas.
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WG R SR RREUE S Y . ENSO R R A S5 B AR S m S ™ o HRi
F45 EE LENSO kA 5\ AR ETIAN G — . JLAFEk , 92 E 7 KSR ( National Oceanic and At—
mospheric Administration, NOAA) 3= Fi| F ¥ 1 JE #4548 % ( Oceanic Nifio index, ONI) 3 & X ENSO: 4
ONI= +0.5 CHpz:5 ™ALL EAFFR KR 1 ¥k EL Nifio F544, 24 ONI< —0.5 CH&E 5 MU ERFR R 1 K
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1.1.1 ENSO E#-fe kM 2Z-F655m £ H4F 1954 4F 1 H—2010 4£ 9 A ) ONI & H %kl k [ NOAA =
feEF FRCy CPC RA%G ( http: / /www. cpe. noaa. gov/data/indices/) o 1937—2009 4F K BH 22 7 4H % £ % K}
3 H A BH 52 0 %L 534 H70 ( Solar Influences Data Analysis Center, SIDC) ‘B J7 [ 3l ( http: //sidc.

oma. be/sunspot — data/)
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£ 1 1954—2010 £ % “£ Ry ENSO H4¢
Tab.1 Occurrent ENSO events during 1954—2010

RS A KE/N  JEREERAAE RS & 14 H KE/H e & AR
Type of Beginning and end of Length EI Nino Type of Beginning and end of Length La Nina
event year and month of time year event year and month of time year
JE/RJEH El Nifio 1957 —04—1958 - 06 15 1957 1958 FIJEWk La Niia 1954 - 04—1957 - 01 34 1954,1955,1956
JE/RJEit El Nifio 1963 —07—1964 - 01 7 1963 FIJEHB La Nifia 1961 —09—1962 - 04 8
JE/RJE¥# El Nifio 1965 —06—1966 — 04 11 1965 FLJEHE La Nifia 1964 —04—1965 - 02 11 1964
JE/RJEH El Nifio 1968 — 11—1969 - 05 7 1969 FiJeWk La Nifia 1967 —10—1968 - 04 7
JE/RJEi#; EL Nifio 1969 —09—1970 - 01 5 FiJedk La Niia 1970 - 07—1972 - 01 19 1970,1971
JE/RJEi# El Nifio 1972 —05—1973 - 03 11 1972 FIJeWk La Niia 1973 -05—1974 - 07 15 1973,1974
JE/RJEit El Nifio 1976 —09—1977 - 02 6 FLJEWE La Nifia 1974 —-09—1976 - 05 21 1975,1976
JE/RJE¥# El Nifio 1977 —09—1978 - 01 5 FIJE B La Nifia 1983 —09—1984 -01 5
JE/R it El Nifio 1982 —05—1983 - 06 14 1982,1983 $HIJEHF La Nifia 1984 —10—1985 - 06 9 1985
JE/RJEiti El Nifio 1986 —08—1988 - 02 19 1986,1987 FiJE M La Nifia 1988 —05—1989 - 05 13 1988,1989
JE/RJEiH El Nifio 1991 —05—1992 - 06 14 1991,1992 FIJEWk La Niia 1995 -09—1996 - 03 7
JE/RJEit El Nifio 1993 —03—1993 - 07 5 1993 HIJEHE La Nifia 1998 —07—2000 - 06 24 1998,1999,2000
JE/RJE El Nifio 1994 —04—1995 - 03 12 1994 FIJE B La Nifia 2000 - 10—2001 -02 5
JE/R it El Nifio 1997 —05—1998 - 04 12 1997 FLYE La Nifia 2007 —09—2008 - 05 9 2008
JE/RJEit El Nifio 2002 —05—2003 - 03 11 2002
JE/RJEi# El Nifio 2004 — 07—2005 - 02 8 2004
JE/RJEi# El Nifio 2006 —09—2007 - 01 5
JE/RJEH El Nifio 2009 —06—2010 - 04 11 2009
x2 BWEAARLESFEES ENSO EHHEMMXER
Tab.2 Relationship between outbreak year of N. lugens and the phase of ENSO events
W RERRESEN  JRRIEH R A AL HLJE IR A HE AL W RER ALy JEIRJETE KA AR AR FLJe A A A AR AL
Outbreak year Phase of Phase of Outbreak year Phase of Phase of
of N. lugens El Nifo year La Nifia year of N. lugens El Nifo year La Nina year
1957 E.E-1 L+1,L+2 1985 E+2,E+3,E-1,E-2 L,L-3,L-4
1958 E.E+1 L+2,L+3 1987 E.E+1,E+4,E-4 L-1,L-2,L+2
1966 E+1,E+3,E-3 L+2,L-4 1991 E,E+4,E-1,E-2,E-3 L+2,L+3
1969 E.E+4,E-3 L-1,L-2,L-4 1997 E.E+3,E+4 L-1,L-2,L-3
1974 E+2 L.L+1,L+3,L+4,L-1,L-2 2005 E+1,E+3,E-4 L-3
1975 E+3 LL-1,L+1,L+2,L+4 2006 E+2,E+4,E-3 L-2
1982 E,E-1,E-4 L-3 2007 E+3,E-2 L-1
1983 E.E+1,E-3 L-2
*3 EREEEGMNBCAAREENRHZMN
Tab.3 Effect of El Nifio events on the outbreak year of N. lugens
i H JE/R @V K& A AF M HHTJS 4 4F El Nifio year and 4 years before or after it
Item E-4 E-3 E-2 E-1 E E+1 E+2 E+3 E+4
u {8 u - value -0.293 2 0.261 8 -0.848 2 —-0.436 8 1.520 4 0.101 6 -0.9752 0.640 0 0.101 6
KK Outbreak probability 4/16 5/16 3/16 4/17 8/18 5/17 3/17 6/17 5/17

2.3.2 RiEwfodrd R AR4A DA MN: NL-44FEF L+4 45, F54ER w [EREA KT 1. 645,414/
T — 1. 645, KA A BN Gi 2 b B 2K (P >0. 10) , BRI & i = 4 6 T8 6 7 b R W A IX 48
REVKEZAE MDA B ER . W AR L +4 50 uw B/, o - 1,287 0, [ ILAE L +4 4F
My RERN S KRR AT RE R A SR E A IR IAE] 86.67% .
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Tab.4 Effect of La Nifa events on the outbreak year of N. lugens

i P Je s % A 4 B AR5 4 4F La Nifia year and 4 years before or after it
Item L-4 L-3 L-2 L-1 L L+1 L+2 L+3 L+4
u fi u - value -0.5709 0.022 4 1.209 0 1.209 0 -0.5709 -0.713 8 1.005 8 -0.713 8 -1.2870
KK MR Outbreak probability 3/14 4/14 6/14 6/14 3/14 3/15 6/15 3/15 2/15
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Fig.1 Relationship between sunspot cycle and the outbreak year of N. lugens

1937—2009 4F X BH 2 5~ AH X £¢
1 1957—2009 AFF EH T H T AR XA RECR A 2R AR B BERE el R EUCR A A AR i 1 4, AR R
RAAEGICH 0 9, >R T SAAROC BT , A T 20 4F 22 24 4F 10 R BB A0 805 24 4R 48 KRR &
AAFRR O Z IR AR S o SR A BRI 17 47 AR FH PR AR RS 2474 R EUR R A AR 203 22 [ 1Y
IEARHEIR B T WK HISERELr =0.284 1> 1 o(51) =0.271 | FEAE A I ASCHERBAT A5 B
FACEo BEWTRT 17 47 59K BH BB 5 AHX RO e 5 4R R EUR A A AR G0 Z A —E R K FR o

2.4.3 XEMHSIER IEIRILE S WS aTLFE L KRR IEEAR( S8 EAF) KRS 4
ARH w (E A ERIRIIET 1645 (HLL m — 1 ARR w {HRRR( 1. 573 5) LA m AR u fHfR/IN -1.404 9)
B T auit o Ko RIIFR EH VLA RS DX KR R FH PR A EAR AR | AR RO AR R AT fE
Pef R, KRR AR IBE] 60% ; 11 K FH IR T A (E AR A 2 R A AR 19 T REME R R, AN 2 RO AR R R X 2
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Tab.5 Effect of sunspot activity on the outbreak year of N. lugens

i H IR BH 2B I A S LRI i 4 4F Sunspot peak year and 4 years before or after it
Item M-4 M-3 M-2 M-1 M M+1 M+2 M+3 M+4
uf u - value 0.963 4 -0.146 6 0.963 4 -1.256 6 -0.412 1 0.580 7 -0.412 1 -0.412 1 -0.412 1
REHAR Outbreak probability 2/4 1/4 2/4 0/4 1/5 2/5 1/5 1/5 1/5
i H KB AT AHEAT MR J 4 4F Sunspot valley year and 4 years before or after it
Item m -4 m-3 m -2 m -1 m m+1 m+2 m+3 m+4
u {f u - value -0.412 1 0.580 7 0.580 7 1.573 5 -1.4049 0.580 7 -0.146 6 -1.256 6 -1.256 6
REHARH Outbreak probability 1/5 2/5 2/5 3/5 0/5 2/5 1/4 0/4 0/4
3SR
3.1 NG

ARBIFFELE RR W 15 R AR AR AR 322 IR R BH B 715 s R R BB BL i 17 4EAO R FHER 7
AAXTRCS AR CECR A AR AR G0 Z ) 4 3% IEAH DG OG B o SR e R Je v SRR IR AR FH 2R 1
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T 20 F EHC VL R RS X8 R EURR AR RS2 B A A B Ge i B i 8 2K B2 R B RV R
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FEHE AR AR R A A B AT RV, KR AR IA 5] 4. 44% 5 12 R BH BB T A A A A 2 KR A /Y W] RETE
HROR AR IR ARIAE] 100% ; 7E57JE B4R I RUSE 4 AR A2 R A A B BEVEROR , A2 KR AR Y
HER k5] 86.67% .
3.2 itig
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