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Abstract; Over the past 30 years, climate change has caused obvious impacts on the catastrophic immigration of the brown
plant hopper ( BPH) , Nilaparvaia lugens (Stal). To further understand the impact of abnormal climate change on BPH
immigration, this study collected data on the BPH using light traps at 35 plant protection stations in China from 1980 to

2016, and collected reanalyzed meteorological data from the National Center of Environmental Prediction ( NCEP) from
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1979 to 2016 to identify correlations between the occurrence grades of BPH and the meteorological factors affecting them;
the key predicting factors were screened. The support vector machine (SVM) model, back propagation ( BP) neural
network , and regression analysis were used to establish medium long—term prediction models of the annual occurrence
grades of BPH at the representative stations in south China, and their advantages and disadvantages were compared. The
results were as follows: (1) Most of the abnormal climate occurrence areas in the Indochina Peninsula were distributed in
the north. The occurrence frequency of abnormal climate in the north was higher than the frequency of the south, with the
characteristics of the frequencies progressively descending from north to south in an annular pattern. (2) If the ground
temperature of the Indochina Peninsula was higher than the average temperature and the relative humidity was greater than
the average relative humidity during the 37 years, it brought about partially heavy or heavy occurrences of BPH immigration
in south China. However, if the ground temperature of the Indochina Peninsula was lower than the average temperature and
the relative humidity was less than the average relative humidity during the 37 years, it brought about partially light or light
occurrences of BPH immigration in south China. (3) By comparing the correct rates of back substitution and prediction
accuracy of all three models, we found that all three models had certain capabilities of predicting the occurrence grades of
BPH in south China. The predicting capability of the SVM model was the best, the BP neural network was the second best,
and the multiple linear regression model was the worst, indicating that the SVM model was more suitable for predicting the

occurrence of BPH in rice production.

Key Words: Nilaparvata lugens (Stal) ; immigration; climate factor; Indochina Peninsula; prediction model
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Fig.1 Distribution of BPH's monitoring stations in the main rice-growing region of the south China and the distribution of meteorological

observational stations in the Indochina Peninsula
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1 1980—2016 EFHREEGHREREHEETR
Table 1 Abnormal temperature field and abnormal humidity field of Indochina Peninsula during the period from 1980 to 2016

i WIEA RRITES RIRE TR I IR RRITES RIRE TRE
Year Cold( Warm Dry( Moist Cold/ Warm Dry/ Moist Year Cold./ Warm Dry./ Moist Cold/ Warm Dry/ Moisl

winter winter spring spring winter winter spring spring
1980 NCW NDW NWS NDS 1999 NWW NMW NWS MS
1981 NCW NW NCS MS 2000 NCW NDW NWS NDS
1982 CW NDW NCS NMS 2001 wwW NDW NWS MS
1983 CW NMW NWS NDS 2002 NWW NDW NWS NDS
1984 CW NMW WS NDS 2003 NWW NMW NWS NDS
1985 NWW NMW CS MS 2004 NWW NDW WS NDS
1986 CW NMW NCS NDS 2005 wwW DW NWS DS
1987 NCW NMW WS NS 2006 NWW NMW NWS NMS
1988 NCW NMW NWS MS 2007 NWW NDW NCS NMS
1989 NCW NDW NCS NDS 2008 NCW NDW WS NMS
1990 NCW NMW NCS NMS 2009 NWW bW NWS NMS
1991 WwW NDW NCS NMS 2010 WwW NDW WS DS
1992 CW NMW NWS NDS 2011 NWW NMW CS MS
1993 CW NMW NCS NMS 2012 NWW NMW WS NMS
1994 NWW NMW CS MS 2013 WwW NMW WS NDS
1995 NCW NMW NWS DS 2014 CW DW NWS NDS
1996 CW NW NCS NDS 2015 CW NW NWS DS
1997 NCW NDW NCS NDS 2016 NWW MW WS DS
1998 WwW NMW WS DS

TR AR —AE 12 A 2244 2 A BEdE , F 500 254E 3—5 A BB ; CW .78 4¢, cold winter ; WW : lE4%, warm winter ; NCW ; 1E %
24, normal partial cold winter ; NWW ; IE# il 4¢ , normal partial warm winter ; DW; T4& dry winter ; MW ; Ji24¢ moist winter ; NDW ; 1E % fli
4% normal partial dry winter ; NMW ; IE # i #24% , normal partial moist winter ; CS: ¥ %, cold spring ; WS:BE %, warm spring ; NCS: 1E# & &,
normal partial cold spring ; NWS; 1IE % {% % , normal partial warm spring ; MS ;¥4 , moist spring ; DS T %, dry spring ; NMS . IE % {m % # , normal

partial moist spring ; NDS . IE# fi T-% , normal partial dry spring
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Fig.2 Spatial number distribution of abnormal winter and abnormal spring of temperature field in Indochina Peninsula during the period
from 1979 to 2016
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Fig.3 Spatial distribution of abnormal winter number and abnormal spring number of relative humidity field in Indochina Peninsula
during the period from 1979 to 2016
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ZHEF ML (Support Vector Machine, fijFK SVM) &0 T BB 38 A 73 SR BT AR, A58 1) Pt
WEBR R AE 38 AL FR/INFEAS i eSO AR IEZS B0 7 SVML 14 AR i B 4 I s 250 o) 725 46t e
B = AE A RRAE S ] SRR ET RSO SR mT 43 B85, v AR e s AT o025 . #6545, (R AR B0 s A 0
BRI 2

x2 PEFEAKBIFRAKEEE CEAEINENBH S TEEAFMER
Table 2 Multiple regressive predicting models of BPH's annual logarithm immigration amount at the representative stations in the main rice—
growing regions of the south China

by Y . HF

Stations Models Factors

X, P B4 ** Binh Thuancuww ™
Y=8.635-0803%X, ~0.04xX, 1. ! N

Je 248%X, 10.349 0.79** 0.000 X, AF= WK 4 * NakhonPhanomeww *
Xy AR FURE TRAS ™ Ayeyarwadydmw **

£l Y=2.479+0.535%X, 10.344  0.65** 0.004 X, AKIE PR BESL ™" Ayeyarwadycww **

71l Y=1.672+0.961xX, 15970  0.76*" 0.000 X, : SRR IEL " KachinStatecww

gz Y=4.546+0.35%X, 4.837 0.61* 0.038 X, 5K TIRHE " KachinStatedms *

WA Y=1.041+1.1xX, 14.951 0.71** 0.001 X, 35 TBA ** ChiangRaidmw **

X, AR TR * KachinStatedmw *

Ko ¥=4.539-0.323%X, ~0.609xX, 5284 0687 0.003 N _
] ’ X, ARG FUR IR B Ayeyarwadycws *

# % FonilId P<0.01 M EMERL, « FoRilid P<0.05 1Y PR 5

TEARWIGEH R A class-rbf, PIRZIEE R RBF, 1] 1980—2005 4E AR AE I ZRREA X B0 4743
2, P AR5 B R A T T 432, T FT 2006—2016 4 6 AU 260t S A KRR PN IT KA X}
VSIS IR VTR B € ot WA AW L 8
1.2.5 RESH
BECT- ¥V 71 2% (Mean squared error , MSE ) FITUMN AR R (R) SEFR BRI —Fh UL 3525 1) K/
KPR AER R
wsp =y TR

t
T=1 n

(D)

13 13

R(%)=[1-I

1] x 100% (2)

13

A, A, eI BL e BSEPRAE; F, o — B ¢ BOTIN(EL; n o DS S50 300 P9 A9 B B 200 (sl B B IR0
MSE &7 I (ELAR X S0 {EL A 5 HORE JEE | MSE /s, s 7 O RS E PERE LY . R D 00N HEA B (%) L R
(EBRR, TN ASE TR 8 R R

2 EREH

2.1 HER KRS XA AR A TE

MF 3l LIE H,1980—1983 1985 1987 1988 1991 1995 ,2005—2010 4 M LA | & A= 4F , Hifxdy
A s R LR R AR,

g G2 3 K 4 TLIE Y, 1980—2016 4R EF T AEIX 20 ANl CEUGS W FEAEAE ) 3 A3l 6 H Z I,
1996 4 2Z i, Uf WL H B0 ER | b e W i 4 DL H A 1996 475 H 16 H iz AFFR S Kl kA= o
KA ,1996 AR 2014 AR 46 WG I H SR ET AR bR L 8G WL T BLTE 2010 4R 3 2 HAT2013 421
3 H 2 H, XWAFIREWE CEl A& AR B 4300 o E R A R B & AL B R AR 9 H B 11 H 22 0],
1992 4 2Z i, 2 WL H 0 I Hrp e B g 2 UM HH A 1992 4F 9 H 26 H iz 4R R EWE CEUR A FH itk
A2, 1992 AEF] 2014 A28 LI 52 90 HE MR i 2 o rh A I A 2 DL H BRAE 2010 4F 11 A 30 HIZAEIRERS |
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F3 1980—2016 FHEBFEX 20 MR B Y EFLRESFRREARETEY
Table 3 BPH's occurrence grades of 20 stations in main rice-growing region of China and the average occurrence grades of the whole region

during the period from 1980 to 2016

X 4F K 1 45

) 1 4% 24 3% 49 5% Anniiﬁfﬁ:fm e
Year Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 in the whole region(Y,)
1980 2 3 0 4 11 3.95(4)
1981 2 3 1 1 13 4.0(4)
1982 1 3 0 1 15 4.35(5)
1983 4 2 1 0 13 3.8(4)
1984 9 4 4 0 3 2.2(3)
1985 1 3 1 3 12 4.1(5)
1986 10 3 0 1 6 2.5(3)
1987 5 0 0 2 13 3.9(4)
1988 4 3 0 2 11 3.65(4)
1989 9 2 2 0 7 2.7(3)
1990 7 3 3 1 6 2.8(3)
1991 3 2 1 2 12 3.9(4)
1992 14 3 1 0 2 1.65(2)
1993 8 2 2 0 8 2.9(3)
1994 8 2 1 2 7 2.9(3)
1995 3 3 4 2 8 3.45(4)
1996 11 4 2 0 3 2.0(2)
1997 7 6 1 0 6 2.6(3)
1998 11 4 2 0 3 2.0(2)
1999 14 3 1 1 1 1.6(2)
2000 16 2 1 0 1 2.4(3)
2001 7 4 5 0 4 2.5(3)
2002 9 2 3 0 6 2.6(3)
2003 8 4 3 1 4 2.45(3)
2004 7 2 4 0 7 2.9(3)
2005 2 0 0 0 18 4.6(5)
2006 0 0 1 0 19 4.9(5)
2007 1 1 3 1 14 4.3(5)
2008 1 1 1 2 15 4.45(5)
2009 7 2 2 1 8 3.05(4)
2010 6 2 2 2 8 3.2(4)
2011 11 3 0 1 5 2.3(3)
2012 10 2 2 0 6 2.5(3)
2013 8 3 3 2 4 2.55(3)
2014 13 2 0 1 4 2.05(3)
2015 13 3 2 1 1 1.7(2)
2016 15 3 0 0 1 1.3(2)

23O NEFENIERUE A SR, 2 0.0< Y, < 1.0 B BGERUE S 1525 1.0< ¥, <2.0 B BUERUEY 254 2.0< ¥V, <3.0 B BUE RUE N 35
M 3.0< ¥, <4.0 i, BGERUEH 4524 4.0< V,<5.0 At BGEEME N S

20 22 90 AFAURZE 21 HEZ2H0IY 16 CEUG WY |2 WLIIER AT, et , FRIEE KRR R SR 2 N R A
ARV AR . 20 4D 80 ARAU 21 W =4 46 K EU AR DU S Al & LI HEIR , R R EUR RS N
HRAE MM E R A

5 S KRS 3257 X 1980—2016 4F i 6 & Bl K AR 2 G R s (8] A 18T, e A S AR — 2, —
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Fig.4 Beginning dates and ending dates of BPH's immigration in the southern china from 1980 to 2016

K =G IR H G, MIES FTAL L —i i CEUR AR — R s £, 5 81 25 Wk e ARk —
WKL Z 4 W Z ROV =R AR EZ o 4 WG T AR AR R 3 1 X DU 9k A= IR i 22
T®Z N 10 W00 RS SN VLT VU RS A R M X R AR £, 2 R 23 IR, 37a HLRAESE
GRIN VAR S 18 R L X IE SURZ SR LA L H AT WL, 48 CEETR EUKFE 77 X i), k4
FREEHARICR

2.2 SZHFRIEHL(SVM) (BP 28 IZ5 12 [0 5347 3 Bl A 76 i) a1 L%

X R EU AR I AE R R EUE S g 2 B A R IR SR A TR DG A A, R L E T P<0.05 W3
PR R T, 40 3 SVM BP A T4 28 X 2% 1 22 T2 1 [l A A5 Y 3 Fob ke Xo 3R 1 e /KRG 7= IXAR
Feul )5 CEUAE R A S TSR i
2.2.1 3 A5k s AR HER R A

4 Sy W 3 S AR A ) s IR 91 O, AR AT, 1980—2005 4 3 TS A f~F- 35 [y s 45 %
HBLE 80% L) b |3 FhASEHY 0 TR ROR B A b, (H I, =3 Z 18] BB B g e M AR G MR R A7 AR I R i 22 5%,
A AU (SVM) B T (E 5 SEPR A B AROC R BUR K, HAFH S 0.713, B & T BP i 28 R 28 A 1Y)
0.645 FZICE M FHBA I 0.662, Ui SVM BLR TN H 5 SEBRE A A AL B AT 423, SVM AL 734
PIiR2 M 0.500 K T2 0 mUEAAY 0.547 , AR T BP & R AY 0.540, 8k SVM 57 A FSE R
FHAMPAEIAL, gt w] UL 3 AR A b SVM BB HAT SEBRAE) (B

R4 1980—2005 F 6 MRS CEFENEXTEA 3 FHFUER IS LR ITM

Table 4 Fitting effect evaluation of BPH's annual immigration amount based on the three models at 6 representative stations during the period

from 1980 to 2005

Zon kA BP AT HIZ M4 SCHE I AL
B Regression analysis Back propagation neural network Support vector machine
Stations R/ % MSE r R/ % MSE r R/ % MSE r
Je 85 0.43 0.77 ** 81 0.57 0.69 ** 85 0.41 0.80 "
)l 90 0.18 0.65** 90 0.27 0.65** 74 0.94 0.73**
Fil 81 0.86 0.65** 83 0.68 0.75"* 80 0.90 0.66**
GRS 84 0.61 0.61* 87 0.41 0.63* 87 0.41 0.61*
el 74 0.94 0.63** 74 1.00 0.60"* 93 0.09 0.80 **
K 85 0.26 0.66** 83 0.31 0.55" 86 0.25 0.68**
SEIIME Average 83.2 0.547 0.662 83.0 0.540 0.645 84.2 0.500 0.713

2.2.2 3 PRImAT R ) TR AE A A
PL 1980—2005 44 REGTE A M UINRAEA | L8 SRR AL (SVM) R BP i 22 0 2% F13 A5 [ 5 A Y
T 2006—2016 -4 KEGE AR AORCR: . B CEUA TN (8 e 58 hli s AU R A 25 90, S5 K ESE PR & 4E
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Fig.5 Spatial distribution of the frequencies of BPH's different occurrence grades in the main rice—growing region of Southern China
during the period from 1980 to 2016
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Table 5 Comparison for the forecast testing results of the three predicting models

U5 9 H 2 5 T
T Grade difference between the REA S #ﬁA*ﬂ EZ’&;?& E.\J{Eﬁﬁi$/ %
Models forecast value and actual value N CCHI‘ile 0 con.smlenyt’
5 UL and “basic consistent
0 1 s

2 A o] AR
ELTIARCR 29 15 6 16 66 67
Regression analysis
BP A LA M4

ALH I_J # 39 6 14 7 66 68
Back propagation neural network

= =N
AR L 36 16 3 1 66 79

Support vector machine

FH 2R 5 AT, 3 FvR 78 () 7 24 T 0 oA 23R ( R T0I 4F ) — Bl AR —30) 7 65%—80% 2 [A] , 3 i 7L 1 T
ARy, Horp SVM AAY () F0 HE A 28 79% , B i 5 T BP #2411 68% Az AL [l IE A ALY 67% , 7
Fb A5 TN A4 2% 15 ST S5 G AE A0 D Bt R B, K IR A 1] A T4 s B R 16, 5 T BP 4 N 4%
FEORIAY 7 YR SVM BCRIAY 11 Y, BEBASAS B R 177 5, SVM R AR BP #2280 T4 [l A0 . i 4 A
&5 AT, 3 BRI () LS 25 SN . SVM BRI T BP 2 2K SRt p T35 45 Rl AR A

3 Fit5itig

ASCFIH 1980—2016 4 H [E R Jy /K R 3 7= X REVKT A 58S L 1979—2016 4 H g 2= 5 R 5 808 , I
) FR2s ] EAE 7R 748 GV EE AR, 204 17 g 2 5 i IR S i S A B 2SR R SVML BP A T
228 0 245 TN 22 TCA A 101 H 5 32 0 6l g g 7K A 37 XA SRl o5 4 R BUAR A AR AT 1 PN, 76 e il | b 1
3 FvR IR B4 I ol [ SR oA 2R AR 20U 4538 .

(1) W R B A S8 X B AT AL —al7 , 8 S R A A g oF B S b p AR A
FEMAL ) R SRR, X AT RES RS SRR R A O, R B B 3 AN B RRE, e, b
R S AR m R %, 2 L S ) REOY B AEE mr, B AHREIHES ) 34 B b in 0,
WK, HEHb B A 2R S B T IO W R R B RS 2R = PR 2 A A AR R I X, R
S I SR TET 2 M N R 152 W S £ R R = SR S QR T b e A s s [ =R I S A R e [ e O 1 i
PR . PR, e R 2 S i G s s, B2 LR AR ], 3R 4%, — BRI ZS SR A S HEH , F80%
i DX S A BB 0 T R R 2 S R e S AT SR I DX, 2 SRR — A Y R S RN G
BHL, {545 2R e SRV b DX 5 i S B X 0 . B IFSE 3R I W AR 5, R AR AL SR B 8 AR AR K
FERE T E T A 0 M T i B 2R B DA B T A A i B 26 R S AU IX 2 g 1, Vi g L 1)1
AHIE], M3 2y | R0 (CRR R AR R UTIE ) HUE HU B30 IR, g 2 5 63 S o A0 & A 5R I e 5 T 4R R
WX

(2) 254 a] 0, 1980 4EF] 1989 4F, g i i 12 4 th BIME 3R 90% , ¥ 4t Bl 50% , W% Bt
I A g 2 B SR AR AR IR V2 . I T 2 AR 32 60% , (T2 th BR324 30% , Hiw ol IE 45 1
IR 30% , Hoa W IEF 7, WHZ B 1 vh R 20 S ARG R B, TR, 3R 48 CaEUE AR R 4 G e U
RIRER R 0% , HoARFAR B i A kA R R A AR EE & A AR B & T AR R AR AR, IR E TR AR
B, 20 20 80 AN, ZR g [ K HE) T T T BT T AE A4 R R 22 AR SR AR B R DL Rl ) s A
AP EEARZ R T AR RS 155 T AR R W E i, el 148 REUR A A 8 461 AR (14 R ELFD
BRI, R R B RV R R RS, & 2 B SRAE 20—21°C IR A B KRV K & & W iGE
TR AR REE LR AE A R I TANR IR R B SRR, 5800 R EUR P R SR - HA
X T 5 (it A AR AL T A0 L N B AR, ZE AR TR 2 RN B A A AL R E R S8 T i B [l py rh
] R 7 R DX QLGS DL e DL R (B R AR FRBE R, 1990 4F 3 2005 4F, i B[] o H R 2 B
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Tt 4 I BURE A 449% , (e 4 IR R 56% , 2 At BIE S 38% , (i & tH AR R 62% , W% Bt
W R S SRR A 2 A i A AV A BABER [F] A 50% , (i H BRAE Rk 38% , T
TR IMERN 62% , Wiz B i 1] P w2 AEVHE B A A AR A 1, i B TB) N, FR 48 R EUR AR FR Iy 4 91
R UL T RERAUA 19% , K & A AV 25 & AR IR B AR T 5 S b DU R AR, TR, Rk 4
BRAEAR B 254 KL AR R AR SR A T A A A 2 1 PR B0 i R ElE P E B N KR A, SRR R
FEA S ME— [ 5 i PR, 30 3 e ) e, A Rt 20 L AR S A Y O 1 R PR B 25 A Bl TR B R TE
A S A gt st T KB R IR, AT R B4 R A R AR R R, A
I A T CEW K & A, Ak S di Tt AR T4 BT &, R, s B 17 [ 5 FANHS A
FALFEVE A T8 CEVE T E A & AR B e, 2006 4F5) 2014 4F, dr g 2 B A 4 B R 229% , T B &
AR 78% , Mm% 5 L BAME Ry 33% , M R 75 H1 BRARE R Ry 67 % , Ui B isf 1] mp g 2 B S AGE B, ARG
JE R RIE A BUHER N 44% i T4 M BIMER A 56% , iR & BB A 67% w1 & B HE N 33%;
T2 5 it VR X 36 B R P SR T O, X B ) P, 48 R U TE FR [ e A R BN S I H 56% , AR 4
AR KA AN = T AR R A, TR & RAFEIR A PRI RTEE T, 1A S CmURp 3 1 1 o 1
FH 3% B8 CEGT A LG WL AT, 2 WIHER |, 7 3 B AR NI AR AR B K, s R AT DLk B
FERA MR N ZEE T, gt S g (R4 B E) MR (RA BE),Z51ER €
BVZE P R O RS X O 8 DA b R TR IRS (R ) T (TA TR) 5 5 380k El7E
TR B A, X 5EH DA A IR W45 e —80 , suAh, B g 2 5 IR IR A
fBEA AR AR A2 IR SR AE AL T HEE 1, KR 5 2 B B0 0 A 45 R 1 5 5 iy 30 1R <
(A S 23 R SR s mi o e 2 55 38 2 KU T AR 30T, v e 2F 58 53 2 KU AR 2 DA B EE Y 1 2 (IR P R 2R XLl
ARAC T e RIR [ 5 1T R X A A o ) b8 i R TR R R G T U g 2 XA A I R 5
i 2 MR I B R RS BV AT, ki R 248 R EGE A P E AR WA R A TR IX R4
ZITE(EN L

(3) im0t e 3 AL i oy s [al AR A FUN E A 5, 2 B SVM AL (1 T 80 SR i i, BP 48 2%k =22
LR NE AR R e 2% L 220 [ A D b R R SR AR T SVM AL { T BP A T A2 R4 | {E & T
DUAERR R I A, N REMBLEE ARG A MR R X8 G AR A L Pk O 2R | T L v A 50 DU g
WA R SR SR 22 [ B 5 2R 0 R MR 30, T BP 28 o £ 455 750 2 00 1) 36 52 A9
TR E A BE AL X6 X 285 S5 46 B SRS A B K B2 i Y SR T4 R, T SV ASE R A 45 g JXUIS: e /DMK A 9
Bili L B i T A58 AR AL RSB B 0 TS T Al A 7 SE B o A R A R R T SR A 3
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