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Abstract: The brown planthopper (BPH) , Nilaparvata lugens(stal) ,is an important insect pest of rice corps
both in tropical and temperate areas in the East and South Asia. Rice damage caused by BPH has become an
increasingly serious problem since the 1970s in China. Outbreaks have increased in frequency and the area
regularly infested has extended into Jiangsu Province (between the Yangtse and Huaihe Rivers)and even
north of the Huaihe River. On average.some 13. 3 million hm? of the crop are likely to be affected.with an
annual loss of some half a million tones of grain. Despite the substantial manpower and material resources
are invested to study,the long-term forecasting power is still weak in these days. For the sake of further
studying and providing theoretical proof for prediction,based on time series data,phase space reconstruc-
tion in time delay coordinates and correlation dimension[ D, (m) ], the chaotic phenomenon of BPH in
Yangtse River Valley are first studied in this paper.

Time series data from June to November on BPH occurrence in 1979~1990 observed by Wuxian sta-
tion and those in 1986~1998 by Taihu District Institute of Agricultral Science are used to extend the 1-D
time series of BPH occurrence into a multi-dimensional phase space in Yangtse River Valley.

Takens(1981)proposed “embedding theorem”,and has proved that strange attractor of D, dimensions
could be depicted with higher dimensions d of phase space,usually d=2D,+1.

Supposing one-dimension time series x(zy) sx(t,) s+ a(t;)s++2(2,)+ is extended to a phase type of m

dimensions phase space
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Where t=£kAt(k=1,2,++)is delay time ,a phase point of phase space is made up of every row in (1) formu-
la. Every phase point X (¢;) has m weights X (). X (t;+7) . X (¢, +27) . X (t;+ Gn—1) 7). Every phase
point of m-dimension phase space embodies a certainly instantaneous state,and the point’s trajectory of
phase space is composed of the link-line of phase point, whereas it exhibits system state evolution with
time. And then,the system dynamics can be studied in multiple dimension phase space.
A pair of phase point in m dimensions phase space (usually it is bigger)is

X)) =X, X + o), X + 20) -, X& + (m — Do)

X)) =X, X+ 0. XU + 20,0, XU + n — Do)
Where the distance is

rim) = || X, () — X, |
Given a critical distance r,examining less than »' phase point pair (X,,X,),and less than 7' phase point pair
(X:»XDin proportion to whole phase point pair,thus cumulative distribution function is followed as
N

mw%}zﬂ@(r — X=X 0 @)
Here 0 is Heaviside function,if 2<{0,0(2)=0;i/2>0,0(2)=1. N is all points.

Obviously ,C,(>sm)not only describes the probability of distance between two attractor of phase space

Cy(rym) =

<r,but also depicts X; phase point’assemble degree in . Where it is called incidence function of affractor.
Essentially,if  is too small,all || X;,— X, || >7,0(2)=0,C,(r,m)=0,and vice versa C,(r,m)=1. Too big
and small r,hence,can’t reflect system inherence property. Generally,r value is contented with 0<CC, (r,
m)<1.

To illustrate how to compute the fractal dimension,let us suppose that we wish to measure the length
of a curve. Suppose we have a set of rulers of size {r;}. Determining that C,(r;,m) of rulers will “cover”
the curve to be measured. To each rulers r;,we get a C, (7 m). If the curve is fractal,the following relation-
ship holds

C,(rym) ocr— P2
Or
lg (C,(rym)) In(C,(rym))
lg (r) In(r)

Where D is the corresponding fractal dimensions. In logarithm coordinates system,we may get an approxi-

= 3

D~ |

mate straight line of which the negative slope is the corresponding fractal dimension D,.

Embedding dimension m is not increased until m is up to mc.i. e. D, (m)is not added with m’ increase.

And then they have
D,(m.) = D,(m, + 1) = D,((m,) + 2) L -
Hence here has D,=D,(n.)

D, (m,) is the corresponding fractal dimensions of attractor,m. is saturation embedding dimension.
Specially .if m. does not exist,D,(m.)—>o0,no attractor exists.and then time series diagnosed is a stochastic
system;if D, (n.)is m' line function,it is white noise system;and if D,(m.)is up to saturation,it is chaotic
system.

The research results indicate that the BPH occurrence system is a chaotic system with fractal dimen-
sion D,(m)=0.68,1. 6 and saturation embedding dimension m.=7,8 respectively. It could be inferred that
the BPH occurrence evolution would be described by 4 variables or a dynamic model with no less than 4
steps required by the development of these chaotic attractors in the multi-dimensional phase space.

Key words : Nilaparvata lugens(stal) ;BPH ;phase space ;chaos ;chaotic attractor ;embedding dimension ;in-

cidence dimension
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