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The Application of ARIMA Model to the Larva’s
Population Dynamic of Plutella xylostella
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Abstract ;: With the definition of ARIMA model of pest population dynamic given, the ESACF and MINIC
methods were used to tentatively identify the orders of the ARIMA models. The ARIMA(2,1,3) model
on Brassica parachinensis and ARIMA (0,1,5) model on Brassica albograbra of the larva’ s population
dynamic of Plutella xylostella were constructed respectively according to the three steps of identification,
The RMSEs of the two models were

0.213 and 0. 188 respectively and the residuals were white noise. The results showed that tentative order

parameters estimation and test, and diagnostic checking of models.

identification by the ESACF and MINIC methods could find adaptive models quickly in the application of

No. 1

ARIMA model to pest population dynamics.

Key words: ARIMA ; population dynamics; insect pests; application

AP SIS TS AP AR 2 Bt DL [ P 87 Y
JEA PR  INEERR 5 d A 1 A T R T
B, AT BB 2 114 2 38 o I 1) 2 810 0 A O i

BIFSE T SRR Bl 5 A I HEAT TN 23 M. 485 2R 5E By

JEIVH ARIMA AR SCHE (Y AR T8 | Tsay 25 7E 1984
AR T T RAE A 8 M O PR (Extended Sample
Autocorrelation Function, ESACF) B %E [ J7 1, Choi
SEUAE 1992 AF 45 T B YL, Hannan 25
1 1982 2 H T /M3 B #EN : ( MINimum Informa-

%5 H 89 :2007-03-20
TEBRE T AEE(1980—), B

cn

JBHIE IR IT A B AR A AP T (1962—) , B

tion Criterion , MINIC) , Box %&-*' #1 Choi 252! 43 %I 7E
1994 4FF11992 445 Tz kB, BRTZER H
ARIMA ARG 3 AR S A SR ik 2 A0
AT E B (B 5 ff WLARGE . AR SCLL/IN R IR 4))
HFPEESI A RSN S, FE 0 ARIMA B8 A SR
LR 2 ANTFRER, I HAE SAS9. 0 ZHF T, AR
HEARIMA H508Y (4 AL RO 37 Y Ay ] )5 51
PR R AREE S S T ) 0 AR AL S R 24 B
[RrIE S

, 8] 34 , E-mail ; zhongtanwei @ scau. edu.



110 e om ok kK oF o

%529 %

1 FEBS5H*
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b 5 d A 1 IR/INEI Plutella xylostella %)) RIS
FEHASFH N, , 4 L =1nN,.

R E /N 4y R % B Bh A AT REAZ B ZR Y
PR a2 m, AR S 30,60 (3% 70) AT 120 d R
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Tab.1 Seasonal augmented dickey-fuller unit root tests for the larva’s population dynamic of Plutella xylostella

IR vegetable sample B %Y lags p P T P F P
BTN 6 582.579 2 0.999 9 -5.42 <0.000 1 14.72 0.001 0
Brassica parachinensis 12 443.101 1 0.999 9 -3.62 0.0317 6.83 0.036 6
24 26.352 9 0.999 9 -2.60 0.280 6 3.54 0.470 4
¥ 6 -34.558 0 0.002 0 -3.13 0.104 0 4.94 0.191 0
Brassica albograbra 12 -59.8110 0.001 0 -2.85 0.184 0 4.34 0.309 0
24 61.018 0 0.999 0 -2.46 0.349 0 3.14 0.549 0

XSO FITT 22 /N Al e Rk s 25 7 91 247
— B I — 2 250, MY R RS 1, = (1 -
B) L, , X225y Ja WP SR T ADF 66, 32 2 sha i T
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2.2.1 ARIMA A & X5 L/ Fgk 4 AR &
Fag A XA B RRT STHEYT REEA B A
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Tab. 2 Augmented dickey-fuller unit root tests for the larva’s population dynamic of Plutella xylostella after differencing

737 vegetable sample K lags p pP T P
eI 6 -117.466 0 0.000 1 -10.30 <0.000 1
Brassica parachinensis 12 -69.178 8 0.001 3 -6.82 <0.000 1
24 -44.794 7 0.001 3 -4.71 <0.000 1
¥ 6 -142.079 0 0.000 1 -13.07 <0.000 1
Brassica albograbra 12 -95.743 8 0.001 3 -9.43 <0.000 1
24 -55.174 2 0.001 3 -5.86 <0.000 1
£®3 m=1,2,---,8;j=1,2,--- SR BHEABHEXAHHWERE
Tab. 3 ESACF probability values with m =1,2,---,8;;=1,2,---,8
J
" 0 1 2 3 4 5 6 7 8
0 0.043 5 0.238 7 0.747 4 0.917 8 0.403 3 0.9219 0.015 4 0.662 3 0.6349
1 <0.000 1 0.5830 0.5825 0.966 8 0.150 5 0.957 1 0.0119 0.297 3 0.9429
2 <0.000 1 0.219 8 0.010 9 0.9119 0.904 5 0.938 8 0.046 1 0.3725 0.718 3
3 0.000 9 0.637 3 0.844 3 0.650 4 0.7320 0.985 8 0.169 0 0.849 6 0.795 6
4 0.0053 <0.000 1 0.767 3 0.648 9 0.864 9 0.8899 0.162 3 0.652 3 0.947 6
5 <0.000 1 0.000 5 0.045 5 0.968 5 0.218 2 0.789 4 0.1855 0.702 7 0.994 3
6 0.1923  <0.000 1 0.687 2 0.694 8 0.037 2 0.007 7 0.274 6 0.712 4 0.903 6
7 0.0003  <0.000 1 0.013 4 0.299 3 0.0919 0.5415 0.358 5 0.304 0 0.570 3
8 <0.0001 <0.000 1 0.151 1 0.417 7 0.3312 0.358 0 0.969 1 0.174 0 0.694 7
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JFE 3 F AT LA HY = AR DX T s R X6 1 ) m

=2,j =3 X255 BT EEE ARMA (2,3) 58, =
BAG 503 4.
2.2.2 ARIMA BRI £ B R4 R A B &
W R X 2253 I WP AR T A R e /M B E
ENYIRZEEA R K AR (14) , SAS 25 iR /M
BEILES.

M5 ATLUE ) FER 257 SRR AR (14)
Mm=58m=6F.j=0K,BIC {H¥ HLBCLABK
BUN, 230 - 0.965 Fil — 0. 970. HEHEHI 4R 4%, B
m = SEPBIRIFY [ mSE S 50058 R 50, B % 22
IYIE BIF AR ARMA (0,5) , 800k 3 6.

x5

x4 b bR HFMBEEDHE ARIMA RHESHfhT
Tab. 4 Parameter estimation of ARIMA model for the lar-
va’ s population dynamic of Plutella xylostella on

Brassica parachinensis

ZH SR pRifER
parameter estimate standard error ! P
" 0.004 0.033 0.120 0.904 0
0, -1.513 0.229 -6.600 <0.000 1
0, -0.375 0.170 -2.210 0.027 0
0, 0.338 0.162 2.080 0.0370
¢, -1.663 0.070 -23.800 <0.000 1
b, -0.808 0.068 -11.970 <0.000 1

FF= BSR4 R B SN R/ME B AENIE BIC &

Tab. 5 Minimum information criterion for the larva’s population dynamic of Plutella xylostella on Brassica albograbra

J

3

0 1 2 3 5 6 7 8
0 -0.828 -0.822 -0.842 -0.848 -0.826 -0.945 -0.945 -0.915 -0.890
1 -0.800 -0.827 -0.820 -0.814 -0.791 -0.933 -0.929 -0.915 -0.884
2 -0.79%4 -0.805 -0.805 -0.789 -0.761 -0.899 -0.896 -0.883 -0.855
3 -0.800 -0.795 -0.791 -0.756 -0.729 -0.909 -0.896 -0.864 -0.841
4 -0.780 -0.765 -0.759 -0.725 -0.701 -0.874 -0.863 -0.831 -0.814
5 -0.965 -0.937 -0.932 -0.899 -0.874 —-0.841 -0.830 -0.797 -0.781
6 -0.970 -0.953 -0.928 -0.893 —-0.864 -0.831 -0.796 -0.762 -0.756
7 -0.936 -0.918 -0.901 —-0.868 -0.837 —-0.804 -0.769 -0.752 -0.731
8 -0.911 -0.893 -0.875 -0.841 —-0.808 -0.775 -0.741 -0.725 -0.712

F6 TF= /ML HMBEEM ARIMA EERSH &1t
Tab. 6 Parameter estimation of ARIMA model for the lar-
va’ s population dynamic of Plutella xylostella on

Brassica albograbra

28 ST bR
parameter estimate standard error b
" 0.006 0.030 0.200 0.842
¢, -0.185 0.084 -2.200 0.028
¢, -0.197 0.083 -2.360 0.018
¢, -0.199 0.084 -2.380 0.017
¢, -0.220 0.084 -2.610 0.009
o5 -0.175 0.085 -2.060 0.040
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MFE 4 F6 i LIE B & S0 FIIT 22 B/
SR L) HFPREEh S5 () ARTMA ARH 4348 DA Ah
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2 P /NS gl R Sh AT 810 ARIMA #52
5 5% 25 11 1 M P G 56, e R T 6,12 .24 25 A
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PAEIIRTF 0. 05, 152 1 M 75 R o 11 JEL A4, BP0
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Tab.7 Tests for white noise residuals

B B & FI H
X P
vegetable sample lags v
s 6 4.79 1 0.068 6
Rl
12 11.71 7 0.1106
Brassica parachinensis
24 18.08 19 0.517 2
Ir 6 0.16 1 0.6850
Brassica albograbra 12 6.46 7 0.487 2
24 10.58 19 0.9370

RO
R 4 I 6 2320 FIIF 24 2 FPEi 2% L/
SEIRA R RE S S F S ARIMA (2,1, 3) A& LAl
ARIMA(0,1,5) #5558 HARZE LI 8.

F 8 FTLLE th, FI Y AR A 3 AH 2 bR B0k
FEL/ M BAEN BT ARIMA #5550 5 By | 4 B8 i 7] )7
GBI R 3 AN A R ST /N ik 4 s R R 3h 25
) ARTMA AR FE 7 F0I0 S 00 AT 22 L /N2 ik &y e i
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Tab. 8 The simulation of applying ARIMA to the larva’s population dynamic of Plutella xylostella
i A ARIMA % ARIMA model SEMITEE methods B HRIR 2
vegetable sample (L, =InN,) for identifying the orders ~ RMSE
2 3
i (1-B)L, =0.004 +1 +1.513B +0.375B 0.23383 a ESCAF 0.213
1 +1.663B +0. 809B
Brassica parachinensis
I (1-B)L,=0.006 + ! MINIC 0.188

Brassica albograbra

1+0. 1858 +0. 1978 +0. 1998° +0. 2208* +0. 1758° '

TR I BB AR TR 2200 51100 0. 213 F10. 188, H &
A e T TN oA A

3 itie

R SE B 287, ARIMA #5580 () 8 B3R | AR
R B i SRS [ Y0 L RTUE 43, X6 Rz 1) ¥ 5
SERTE 4300 B E5 L AN AR R] A AR AS Y B AH G R 4R
(SACF) Filfiss I AH OC PR A ( SPACK ) 145 1 of i 7 52
*F'JQ**’LJ ZITIEX T 4l AR BIRIFISE MA IR

T2 AR X FHRIR A ARMA B I A 24 [F
%& Tﬁ%ﬁﬁﬁ*ﬁa@%f&%%ﬂ% /INE B T 7 ] s
5 I ES 43 A 2 -8 53, 4R15 ARMA A5 7
(LR, 55 AT A L AT B 2 0 PR3 (R i e
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— R | R T AR S A P TE Lk
et T v A A A2 AR R 1 BRI, X6 22 43 S AT AN

Ry AR S F i) E ARIMA ASEA0 3547 550 00 i
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