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Unbalanced cyclical fluctuation pattern of intermittent outbreaks of beet

armyworm Spodoptera exigua ( Hiibner) in China
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Abstract: Spodoptera ( Laphygma ) exigua Hiibner is a worldwide insect pest, whose populations often explode
intermittently causing disaster in China. Especially in the last 20 years, S. exigua outbreaks in China have been constantly
expanding in their scope and quantity of occurrence, and the economic damage caused to agriculture has also been
intensifying unceasingly. Although our predecessors, through broad and thorough research, have developed a relatively
profound understanding of the pest development laws, as well as the reasons for the S. exigua outbreaks, the understanding
of the temporal and spatial dimensions of the intermittence of outbreak of S. exigua is still very limited. There are few
explorations on the overall rules governing the population dynamics during multi-years, in the long-term or the nationwide-
range of S. exigua, which results in a weak ability for early warning of S. exigua outbreaks.

In order to further assess any regular patterns of frequently intermittent outbreaks of S. exigua in China, this paper
studied the time series of fluctuations of intermittent outbreaks by using the temporal sequence analysis technique. The
results showed that the outbreak frequency of S. exigua in China was 120 in the 60 years from 1949 to 2008. The annual
frequency had some obvious characteristics of unbalanced cyclical fluctuation, with an increasing trend in the fluctuation.
According to the intensity of annual frequency, the occurrence process of S. exigua outbreaks during these 60 years could
be divided into two phases. The first phase (1949 — 1984 ) was a steady and low incidence phase, and the total annual
frequency and the annual average frequency of which were 4 and 0. 11, respectively. The second phase (1985 —2008) was
wavelike with a high incidence phase, and the total annual frequency and the annual average frequency of which were 116

and 4.83 (43.91 times that of the first phase) , respectively; the annual minimum frequency was 1; the annual maximum
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frequency was 19. Based on the data of the second phase data of 24 years, the autocorrelation coefficient and spectrogram
analysis were estimated. The results showed that two different length cycles (2. 8-years and 11. 2-years) of large-scale
outbreaks of S. exigua were present in China, and that the trend index of the outbreak was positively correlated with a lag of
1 or 4 years, and was negatively correlated with a lag of 5 or 6 years.

The reasons causing the changes in the insect population are complex and diverse. From these we may conclude 3 kinds
of main factors: namely artificial factors, natural factors and insect population factors. The artificial factors include the
periodic modification of the widespread or locally applied agricultural cultivation technologies, both the plant culture system
(for example, crop allocation, variety change, soil amelioration and so on) and the pest control technology. Natural factors
include the periodic exceptional changes of wide-range or local area climate (for example drought, rainstorm and so on).
The insect population factors include the pest population processes themselves in response to the new environment or new
pesticides, and the process of periodicity reducing and recovering the levels of the natural enemy populations and so on.

A non-equilibrium cyclical forecasting model of the outbreak index of S. exigua was established in this paper, taking a
time series of years as the independent variable according to the non-equilibrium cyclical characteristics of the outbreak
index of S. exigua. The results of the inspection by inverse calculation showed that there was no significant difference
between the theoretical value and the actual value, which provided the theoretical means for exploring further the time
evolution features of medium or long-term of S. exigua populations and establishing the medium or long-term population
forecasting models, with the objective to enhance early warning capacity for S. exigua outbreaks, and to guide timely

decisions for the integrated management of S. exigua.

Key Words: Spodoptera exigua; intermittent outbreak ; unbalanced cyclical fluctuation; temporal sequence analysis
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WE, 1915—1948 4, 2 8 B AH O ZR K “ AR AR " (EY 0 0, RS H
2.2 BBt R EREIE

KM R R G T kR B ] B R MR AR B, B S i — i B PN SR SRR AT TE@%%
PECY S ONFE 1 ATLABE R 7 1949—1984 4E1Y 36a (LB 3L HAT 4 4RS00 5% 4538 JLF-h 0, Hifk
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Table 1 Original datasheet of year-frequency of Spodoptera exigua Hiibner outbreak in China

TR B RAF TR B IAF TR B RAF
EGy IR AEfy LIt/ AEfY I Efy B AE0y WK Efy Lit/8
Year Year- Year Year- Year Year- Year Year- Year Year- Year Year-

frequency frequency frequency frequency frequency frequency
1949 0 1959 1 1969 0 1979 0 1989 0 1999 19
1950 0 1960 0 1970 0 1980 1 1990 2 2000 14
1951 0 1961 0 1971 0 1981 0 1991 9 2001 11
1952 0 1962 0 1972 0 1982 0 1992 1 2002 9
1953 0 1963 0 1973 0 1983 0 1993 1 2003 5
1954 0 1964 0 1974 0 1984 0 1994 5 2004 7
1955 0 1965 0 1975 0 1985 1 1995 2 2005 1
1956 1 1966 0 1976 0 1986 2 1996 1 2006 6
1957 0 1967 0 1977 0 1987 0 1997 5 2007 5
1958 1 1968 0 1978 0 1988 2 1998 2 2008 6

BEARRAE” A f, , € OISR AR AR BCTEME R 1(1=[In(f,+1) ]) , REMATHE W 1 54
IR ¢ HAT 35 A E R PDRSC R B T B B AG THE AR LA .

T= 0.6331 +0. 065710, 694 (24=1=1) (1)
(r=0.565"", P=0.004, F=10.31)

(1) TR R (0 IS 4R ] (242 021))

A (1) KM BRI R E(5=0.0657 ") FIFHC R AL (r=0.565"" ) #4E P=0.004<0.01 /K L AFAEE
AT UE DG R, HLIA 0 IR, 1100 B 3 A S 7 e R R o 5 ek B4 22 R MUK, T 1985 4F LK, AR AY
AR I R TR R A R A o B L R TR R (1)
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Fig. 1 Time serial trend chart of year-frequency index

distribution of Spodoptera exigua outbreak in China
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Fig. 2 Residual sequence trend chart of year-frequency index
distribution of Spodoptera exigua outbreak in China
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Ko 1 FEAS A IR B T B B K 5% o W 121 >1. 96, W HE 46 422 32 5080 i BE AL R, Tk 5]
FETEA IR AR Bl QiR 121 < 1,96, W22 509 iy BEAILPE I AR AL o X T 28 0k 25 B 1 0T A b 3 1) 2 e i 9
BE TR 2Z 809 1R
n=24(BANE, WAL 2 185) , P=8 (F54r A, WIK 2 s S50
w,=2(24-2)/3=14.67,5,=[ (16n-29)/90]"*=3.94"*=1.99
z=(P-p,)/8,=(8-14.67)/1.99=-3.35, |z1=1-3.351=3.35>1.96
AT 2 B ZEXHE R T 1. 96, 3 W5 it =8 7% ik 28 s #4850 B K 0 34 1Y 3% 25 45081 ik = Rt bl
PEBORE EAATENR P (SORR A I ) B Sh R

R2 HEMRRE 19852008 F HF R LR KRR IBEEXHIFITERE
Table 2 Calculation of frequency and trend index of Spodoptera exigua outbreak in 1985—2008 of China

PSR R AL g BB T
RS AR B ol RAIREGLE Bgiruffﬂfua P i
Time serial year Year—freqlfgncy Index of ou{break Long stage trend index of outbreak tandardisation value of y,.
(t:) Yo (1)? (32)? NG o ® e
(3s) of y4(y4,) model (7,,)©
1985 1 0.69 0.70 -0.01 - -1.97
1986 2 1.10 0.76 0.33 -0.48 -1.74
1987 0 0.00 0.83 -0.83 -0.39 -1.17
1988 2 1.10 0.90 0.20 -0.91 -0.42
1989 0 0.00 0.96 -0.96 -0.55 0.22
1990 2 1.10 1.03 0.07 -0.14 0.48
1991 9 2.30 1.09 1.21 0.06 0.30
1992 1 0.69 1.16 -0.47 -0.19 -0.21
1993 1 0.69 1.22 -0.53 -0.47 -0.76
1994 5 1.79 1.29 0.50 -0.39 -1.09
1995 2 1.10 1.36 -0.26 -0.47 -1.05
1996 1 0.69 1.42 -0.73 -0.55 -0.66
1997 5 1.79 1.49 0.30 -0.63 -0.08
1998 2 1.10 1.55 -0.45 0.22 0.50
1999 19 3.00 1.62 1.38 0.51 0.90
2000 14 2.71 1.68 1.02 1.00 1.01
2001 11 2.48 1.75 0.73 0.63 0.83
2002 9 2.30 1.82 0.49 0.18 0.43
2003 5 1.79 1.88 -0.09 -0.06 -0.09
2004 7 2.08 1.95 0.13 -0.79 -0.61
2005 1 0.69 2.01 -1.32 -0.81 -1.03
2006 6 1.95 2.08 -0.13 -1.00 -1.28
2007 5 1.79 2.14 -0.35 -0.58 -1.36
2008 6 1.95 2.21 -0.26 - -1.27
T 4.833 1.453 1.454 -0.001 -0.264 -0.422
brifEZeE 4.779 0.823 0.464 0.678 0.521 0.870
95% {5 X [A] - - 0.694 - 0.501

@ BRI/ AE . BARIUA AR 1 H 1985—2008 AEIVHUHE; @ BEFE vy =LN(y;+1) 5 @ KII#H.Y, ,=0.6331 +0.06571,; @ H&I
BORE vy = va—rn s © PRI vy, =9, 800022 3 PRSP HIE AT (-1, 0, 1) LA BT EOHT T ; © BIRBIMIE .5, = Sin(2xmxx,/11.2
+ Sina(x;) + Sin b(x; ), HoH w, = (1, 15) 3 1,.1986; a(x;)= (0.2278 x,-0.0090 x?~1.3747) ; b(x;) = (0.1776 x,~0.0068 27 ~1.1374) ; w=3.14

ARy SORT AR - T Pl SR R RURE 28 O i (U A T AR S35 A A I —28 7 (R /) AR5
R R EMEARAL , A% v e AT % o (WA (g B2 ) RIS 2 ) 300 F) ek ) < B2 (e P8 9 132 ) HAT B I i AR 2
SRR, BTLL WPR 2 O < AR B AR AR
2.3.2  FIWTISTRIEE 5 R e RO Y AR SC R B

IZAE 2, Fed s Bue B0 R B B BEAILIE (B ASRERA 2 B8 i e sh e . BT LR Tan i A A
KRB B FEBAR BRI 1o — PR AR DGRBS AR — I RO 5 HOR [R5 380 1
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FHOC R B, & T LA R i AL B AS (R ES B ) ) SQIRRR BT, 8 %8, T HIR 3R R B ST Bk 22 8000 1,0 5
1—12 B AFHC R r (k=1,2, -+ ,16) , FHHT 2OR R FAHC REPREZE (5,) -
s,=[(1-r,)/(n-k=-2)] 12

W5 KR r A4 HEIE S KT 1. 965, , LHIWTHIE W RE @ T B g M6

P3G T4 3a PR ST ( LBRBEVLE T 52 ) 5% 228081 1, (3 2) #5- J5 3 9 F A O R B
PrifE2E, 3R 3 AIHT, 1985—2008 AF: [H] G A K 28 2 M e Bk 228000 1,5 555 1.4 5a Fil 6a [ AHIC R AL
HRiE Ik PR IR A OC R B IE AT R B, R S M A — A Y B A B SR O S 1a AN
HiIE da WM R IEADE (r, =0.726 7 ,r, =0.378 ") , X 5 Sa Ml 6a WIS N R FAAHSE (r,= -0.478" ,rs=
-0.449 ") 5 TAHOC REE B R/ NI B A R & AT BB A AR X 252 e A A 2 . 1T DL, B AH OC R i itk — 20 3R
T AR e K RUBE 2 % AR AR B A AE o A AR I A Y A VAR B 10 Bl R AIE
2.3.3  FTARE I A A PR R0 2 B8 I I B i 3 A A

A G R B0 o 45 A B AR UE ] 1 I SE A0 M 2 & AR AR AR I A AR PR AR B A AE LU TR T B i e
BURIAEIE 2 (ER T WA R JE 300 A b 288 R

TR B AR SE AR SR B 5 BV AN A RS AR A B g B, A A ST A e
GT B AR N LA 53 | 308 5 15 4% 32 R BSOR A 1 45 431 AR G B B AR HH T 90 PR A A 1) R0 Ay
i, MR 3 0 %) JRL SR S REAE . FR T 29 A i PSSl 38 S ke 1 B () 7 4] ) B0 00 s R A1 1 28R L
FEAT B F IR A A FE A5 AN [ B0 J A ) R AT 25 B LT UL, skt B s a7y ksl ke TR ¥ ( Aol 3 126 e
i H R AR L B G i 5 ) o Rk, ZE AR I 8] 3 51 A4 8 399 9 3 o imn , e BoA e i B e
BRI H

AR SCR FH ARG T S o P A Ay 3 3 1) 1 3600 7 ( Tukey-Hanning ) % i A4 195 M8 LR A A8
R . BRI E AR i R AR A B R 22 K 1,( 3 2) FATIG 0B AR B SR A 3,

BT AR AL T AT B L 23 2 & 3 i R B3R (/) N0 21 0.5 AbAYIEZE BEME) . BT 3
AT 3o B 2 40 ) B A PR BH S AL A, 43 0 T3 f=0. 089 Fll f=0. 355 Ab , X 7 i 8 J3E e (L
Ay 5.17 #14.01,

R3 KREWHXRHELEBIEHREHT I, BEXREREREES
Table 3 Autocorrelation coefficient and standard deviation of residual sequence of index of outbreak trend of Spodoptera exigua outbreak in

ChinaK

T Sk 1.96s, T Sy 1.96s,

K o e e K e s R
e H*ﬂa&%?ﬂz brifi2E 1. 96xHRifEE AR A *ﬁa@%?ﬁt brif22 1. 96 xbRifE 22
Autocorrelation Standard Standard Autocorrelation Standard Standard
Lag years .. - .. Lag years .. .. ..
coeficient deviation deviation coeficient deviation deviation
1 0.726 " 0.199 0.390 7 0.196 0.169 0.331
2 0.340 0.195 0.382 8 0.036 0.163 0.319
3 -0.105 0.190 0.372 9 0.176 0.157 0.308
4 0.378 " 0.185 0.363 10 0.087 0.151 0.296
5 -0.478 " 0.179 0.351 11 -0.029 0.144 0.282
6 -0.449 " 0.174 0.341 12 -0. 164 0.138 0.270

% 1 r,>1.96s, , M [ A G R BCAE P=0.05 K 1 5.2

3 TR PR S PTAEA - TR ISR AR AT 2 A B 348 B0k 22 7 9 A 3k 25 1Y 242 [H] (1985—2008 ) , 42
H PN IEER R 09 42 T ), S — NG ER T I AR (55 h 5. 17, 2 AR YAESR g £=0. 089 , HICH:ARI K5 I Ay H: A
WK EE T, =1/0.089 = 11. 2a; 55 AR A MIMIEIE 20 4. 01, R AERVAERAA £=0. 355, BOL B R 1
WK B T,=1/0.355 =2.82a, X 5K 3 i /R iy 2 & H e 4ok 22 I S 808 2 W) &, B 24a [)F 2 4
S I (KR A IR R R AEAE 43 1 1991 4EF11999 4E) , 55 A 6 AS— MBI, [ 1A 2 /S 2e (e 8 25
) — M i W A, WA 8 A — R A PRI 3 o0 BT 4 R — 20 A BRIR EERT T, 3K [ A S A0 i R RUBE [1]
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BT 2 (R AR YA 2R U sh R R . (L 1985—2008
4 24a ) B 11, 2a o458 1 REER AR A AR 1 4
3a 24 A 1 KRR AL
2.4 FEISCABCAETIR S TR AR TR ) ) i e L
PAR 43 B J2 25 T 4 2% R I 46 0 R B0 28 9K X 4
In(y+1) 5 = B0 30 2% & (-1,0,1) a il
Ab B BT BB B R AT (R 2)
2.4.1  VIBFRIF Ay A A2t (4 4 4 i) S0 1k 7 A A | |
H A 0 0.1 0.2 03 0.4 0.5
H1 2.3 T, BCRRORAE B R IS Bk 791 1 P Freauency 1
TEFRE AR SR I S HAFAE R R K, B3 REHSARREBREER KBS ERERSIEL
SyWIA T, =11.2a,T,=2.82a, K
o RO R SR 1( ) At 2 A Fig.3 Spectral density chart of the residual sequence of outbreak
R BRI 1, () RS 1, (1) | trend index of Spodoptera exigua in China (1985—2008)
H.l ()= 1,(t)+ L(e) , BIAR AW sh sy, 1, (1) =
()= 1,(t),

KIS A S (1) 45 B0 1, (1) = }=0.6331+0.0657t,1 () WA IEAE In(f+1)

A L) v, BSRS890 (3% 2 iy B090) B o 8090 ER 1L, (¢)= 1 (¢,) - 1,(t;) = In(fi+
1)—-(0.6331+0.0657¢,) T8 1Mi45 .

F AR RE S A8 L () RO F450=0, 77 25 =1 PRI RF S, X3 2 H 1 () (R 2 iy
v ) BOVHEAT =G PO B S K (~1,0, 1) AniEfL AL BE | A5 SRt R F 51 v, () (P38 =-0. 264, J5 2% =
0.271)

o A A S0 T A Y . AR 1 5% BRBCE B, y = Asin (wx,+a ) +b S — I R 568, 4035 T o 2B
R WA o=2a/T RA FRE.

2% g Spectral density P(f)

y =Asin(27x,/T+ a) +b (2)

FEZ(2) H A R JE TG PR I D, BRSSP A7 B e RS 1) L, AR AR (B ] 58 SO SRR MR AT 2 % 45 B
I 8, P B X8RP 53T T IH— e b2, Bt R R8T, A=1,

T R AR B H A% SC BT 1% 43 B 5 SR mT 00, 38 T 0 1 0 AT 5 & 6 348 B8k 22 )7 9 it 25 1Y 24a [H]
(1985—2008 ) , /& FH P IME R J A A 1B, 5 — ME AR IR BE T, =1/0. 0899 =11. 2a; 5 —MEFRJH
WK T,=1/0.355=2.82a, iDL, 7620 (2) H, T AT 11.20 5 2. 82,

a K y=Asin(2mx./T + a) BRECBIEEFAAL, B y = Asin (27 X,/ T) BREE 7E BT AR A A 22 Pl « il i) 22 5 1)
FVR BRI B (a) W T — R IE 5% PR, AT 1 PR A SRS

b A IE L RECH I, By =Asin(27X /T + a) +b BREUE R y=Asin(27X,/T + a) ¥ y fili 0] L sk F
S b AT E A R

FE(2) H A a FT b SR B, WIIE 5% pRASCA — S5 A 1 JT 30 R 5, B0 0 S0 %) 4 e R AT — Bsf [ AT
TREEAE  MIAEA i, O RIS I 3R & B0 J 103 1 2 A A X i R i BT 30 1 0 ot R B T it el
] A e sh sl 8, ke SR AR R v R B SRR AN U (8452 8l AR SCEEST T AR @ 1 b BifiFS [R]ASfb 19 122 8
R

a(x.)=sin (0.2278 x,-0. 0090 x>—1.3747(0.619) (3)
b(x,)=sin (0.1776 x,-0. 0068 x>~1.1374(0.478) (4)
B A=1 KR(3) X (4) AT (2) , BIFREH B0 % 48 B A E 34 A e SR S ) ( sl A by ) 5580

http ; //www. ecologica. cn



2986 A E = 31 &

y =Asin(27x,/T+sin(a (x,)) ) +sin(b(x,)) £0.521
=sin(27x,/ T+sin (0. 2278 x,-0.0090 x>—1.3747) ) +

sin(0. 1776 x,—0.0068 x>~1.1374) 0. 521 (5)

K (5) M, y RIS IR AR 2 R R AR B R A, AR R HIME (x, = 1) o W ¢, R 6 4F B (4

1986) , ¢, A THIARBE (10 2011) AT x, = ¢, —t,, RIASHE RS EE SRS AR 4R B 1986 4F, Jif LAE L 1, = 1986, HI

A ox,= (1,-1986) K ILARAK(S) , PTA53R [ B S0 58 A& 8 B AT B Ay e 1) 371 2 o 1 A 22 Al e S 400
DU (AT ) PRER (SR ) .

y, =sin(27(1,—1986) /T+sin(0. 2278 (1,—1986) —0. 0090 ( 1,-1986)*~1.3747) ) +

sin(0. 1776 (¢,-1986) 0. 0068 ( £,—1986)*—1.1374) +0. 521 (6)

K (), v, A ¢ AFFE (4N 1987 ,2012 55 ) RSB MRAT: 5 ¥ SA8 H AR X S0 AE, ¢, R 565 4 B B[] 52

HIMEL (41 1987,2012 55, H. ¢,=1986) . LT FERL(6) , 1A FRAE IS 18] 5 51 vh 9 R B, ASAURAT R | T
HEA AR A AT

2.4.2  DUMAFEREERTRTH A [ AR 0= E A A ) S0 0 ASE R fr e 5 R g
141985 %2008 A BEEHACAZ(6) TR H Y

1.0 -
HEHAEHCE 5 A o O A (] 1985 % 2008 4F 240 S - |
SRS HIF LR S R S AL 0 (% S8 |
W, 902 2, ZEHISE AT R S5 I Le e (1 4), 55 2
SR U A e (L2 B R Fl 55
AME Y B AR, B 1990—1991 F1 1999—2001 4, Hmi S2 700 /) s
WIS LT 52 4, Esp ) amema o :
R AR DL A S 2 2o

1985 19871989 1991 1993 19951997 1999 2001 2003 2005 2007

Y 5] [a)AH OC R BUVE I iE SR IO bR vl . AnAH 26 R B R A4} Oceurring year f
TR+, HAE P<0.05 ZKHE EAHIC S, AR MUAS gy oss—a00s 4 imm m o seom e Rk s sh s ot S
THESEPREZ AR BE 255, 24 1985 2 2008 e Siastanis i g E

U 20 = HHR (2 0y, B, ) SRR ER Fig.4 Comparison diagram between the actual and theories
curve line of trend index of Spodoptera exigua outbreak between
5, HAHC R r=0.782"", P<0.001, 7T WAHGH 2 085 2008 in China
&R T B 2 S, 2P R I (6) AT L
A b EE A IR TR E SR M 1985—2008 A1 [H] 41 22 A #a R R F i JE A M A R i sl 2
FIATIN A SO 2011—2034 AERAEFEMEARA(6) BB T R E 45 24a [R]FH S0 AE 22 4 3
BRI AR FOIAEL , -2z i ik sh i e B (B 5) L 18 5 th8aE R toR , FRIE TSR K 7E 2011—2014 4F 8], 54
b &3, AR 2015—2020 4F [P AARAS 1, 2 2020—2028 AR [APKEE A5 K B 1] A9 185 &2 300, Bt Jes Stk A
A, anute A5, R 1 FERE Rk ) Bk 22 & A I R e A S S MR R U SR fE . A AT, Hagik B
PIRF,
3 e ES&R
3.1 X TIREFSER MR 2 & AR 1R S G 20 3l 4 2
KT E BRI S, A RIR D2 F A AT, sk B4R BEA ) 0 A E B Demdraolimus
punctatus W5 K3 FE B T 0 T 298 S M A 45 A 00 45 05 B4 RNV S48 5 A N B IR Lowostege
sticticalis L. J&—FPJi TR R AL AN EY) 235 B, BB B T S © 48 3 ORI A ik, (R 2 B
EIREN 5N R AT 4 Sitodiplosis mosellana T A 0 35 TG BRI 4 SR A AN S AR SCHE B A X T %30
JITHRAR )« 2 2T 2K L 1911—2002 AFAEBE VY G b DX A9 9 3 B b AR AR ], 2200 BTk oy, 22 20 W R A i 3 5
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b b AFE S I W A AR S A MR A R I S . C T
B SRR B e S i B B [ N ANE V22 S
25 R = e o) e B2 L 82 RS R 7 e e
PGS L RAT B AE g KA E 3 (AR EE S EE BT |
HERGSR  Hb BT Bl IV Bl R IR v Je B4 45 K S
B H I FEIIPE AR S A 6T R 6 T R BH TS sh Xt
F R A B SE T 5E SCER T 22 1 Beletskii 18 358 X y = Asin2my/T + sin(a(x))tsin(b(x) £ 0.521
1854—1984 4T [H] i 45 I X 48k P 1 70 2 o g o % A= oo 2055 2o|1j 2019 2001 2o|23A20|25 2027 2009 2051 2033
R B 20 1L SIS 4 0, k% et
B g R A T AR 5 BH B B T B i 2 — Bs5 MAEHEERBERTN 2011—2034 £EREMER
PRI AIBROC AR ™7 o ATRRAGJ , A SR O FITR ff 5§ ifi:iﬁfpiff if‘-trend-index curve of Spodoptera
BRI KSAIIBAT 1a JIBI(11. 22) A 32 5K exigua outbreak during 2011—2034 years in China by applying
FEIG 3 11a R RS0 ¢, R IRA PR, % 53 0 HE . unbalanced period model

B 1 il AR AR Bl i [ 2 2 2 A (B FRATT T
SRIEGE R 3 K ELEH A BUCHE T AR FARIEE A A8 48 8 KB RO R R S A%
S5 ) R 1 A T RS Ry e XA A Rk 5 ) AN B R R Y SRR A BT (AR A Ry A Y | T
MCRAE) 5 H AR PR A R BB R ST A A ] 40T R Bl B8 3 b DA T P S (R R AE) 5
5 DR T 4 3 R BB AT B A U 4038 7 P e R g R SR I 1 JE S PR R AR SR i R 4, R
T 3R PR X S AR R 2 R AU A P A PG P B 0 R S i R A i — 2D Y
3.2 QT IRE TSR A AFMIR ” E Y A VEAIE P18 S A %) 1

AT BT B R SR Y ARSI ME A, R TR R N Z RS R G E R R AR R DT R
i (X A TLF- 2 A P RN ) T 0 12 I e 7 s RO RUBE v R 4 2 IR A 109 [R] 78, DT Sy 32 442 40
IR T2 284 21004 3 R s SR S, T R IR v R e A RO 1 B ) 8 S R o AT B AL TR I
T o AR SCHE HH R T H 2 T o B 0 By s A 1 < A X A B Bl A S H S TR IR AR SR Ay B N R I
(i) S 5% 3 R S 25 v RT BE AR B I PP A0 PR AR B AL 5 W RN SR I . A SO S R SR I R
Az A TR B G AR IE SRR DG IR | FEAE /R T 36 S S RO A AR L T 30a e 1) B 8] 7 47 i AR
FEE , Rtk — DR R A S SIS A e by A I B N ASE 8 | 3 5 A AT S 7 ik TR & A 1 v B 9 g
FERIFA D3 o0 S5 R S 8 S TR M A 255 B TR SR L T EE B R KA

—_

1 95%m] {5 X [l P s\
5 2 95%F {7 X [ HIME T34
* 3 95%W[ {5 DX [ WA T B

FISER Ik 58 R G S EUH R E
Trend index of outbreak y
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