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ABSTRACT 830011)

As a special and complicated hydrology process, the Ice-dammed Lake Outburst
Floods is a typical disordered phenomenon of natural system. In this paper, the process
and the formative Chaos Mechanism of Sikeshu Ice-dammed Lake Outburst Floods in
northern slope of Tianshan has been discussed in the aspects of correlation fractal
dimension D,and Kolomogorov entropy K by analyzing the time-series (From 1970 to
1987) of flood peak discharge. The follow results can be got: 1) the time-series
distribution of Sikeshu Ice-dammed Lake outburst floods has some characteristics of
Chaos dynamic system, and the variation of the flood peak discharge is a definite low-
dimension Chaos attractor; 2) the number of effective freedom of the latent dynamic
system of Sikeshu Ice-dammed Lake outburst floods is 9; 3) the value of predicable
average length of Sikeshu Ice-dammed Lake outburst floods is estimated to be 7d
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Tianshan Mountain
I INTRODUCTION

Considering the hypothesis of system, which possesses some characteristics of
symmetry and stability, is bound to lead to great progress, however, such is not the
objective reality at all. In natural world, many systems are out of alignment, and even
are out of regional balance, while are inordinate, chaotic and unreversible, such as dust,
cell reproduction, earthquake, floods, etc(Wang Shunyi, Luo Zude, 1992; Zhou
Yingkang, Zhang Jie,1995). So, there exist two kinds of opinions in studying natural
phenomena, among which one holds that natural regulation is random and inordinate
because it admits complexity and Chaos. For this kind of special regulation, though we
have obtained abundant knowledge, the function of complex and unlinear dynamic
system, which leads to the unregular objective marcropic temporal and spatial behavior,
is still uncertain. Therefore, discernment of inner characteristics of most natural
phenomena has been not realized all along in fact.

After the 1970s, scientists found a new way to study a certain kind of special
inordinate phenomena, i.e. ‘Chaos Theory’(Thompson JM.T & Jones H, 1986; Crilly
A.J., Earnshaw R.A. & Newhouse S., 1991). As the latest development of unbalanced
statistic physics, Chaos theory reveals the inner laws of some special features and states.
The appearance of Chaos theory indicates random behavior of a certain system.
Averting from profound mathematics background in Chaos Theory, Mandelbrot noticed
that development and changes of many complex things in nature have self-similar
structure, and put forward a revolutionary  concept, e  Fractal
Geometry( B.B. Mandelbrot, 1975 ). The appearance of this concept provides a powerful
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means to describe natural unregularity, and the stability of scale in space is also fit for
temporal according to it.

In this paper, we have put Chaos Theory into the study of Sikeshu Ice-dammed Lake
outfloods in northern slope of Tianshan, which is a typical inordinate phenomena of
natural system( Chen Yaning, 1989, Chen Yaning, Wang Zichao, 1990; Chen Yaning,
Yang Siquan, 1999 ).

II  BASIC THEORY AND METHOD

The disorder in Chaos Theory is not a simple unregular in common meaning, but a
kind of disorder in appearance, that has inner regulation. So, we can recognize Chaos
from some quotas, such as Fractal dimension, Lyapunov exponent and Kolomogorov
entropy, that reveals Chaotic features, before describing the queer attractor in space,
which is a basic method to recognize Chaos has been mature. Only by doing so, we can
avoid being disturbed by the disorder appearance of these Chaos phenomena, and
recognize the inner regularity of the complicated natural phenomena in the objective
world.

2.1 Reconstructing Inserted Space

By using the inserted space technique, we can reconstruct a n dimension space (i.e.,
inserted space) in order to replace the state space that reflects the system, moreover, the
dimension m of the inserted space should not less than two times the Tuopu dimension
d of its state space, i.e.,

m=>2d (1)

The principle of this technique is as follow:

Assumed an equal-interval time sequence observed

X, X5, X5 X,

X, is the value obtained at the i-th time. According to profession and experience,
assume a positive integer m artificially at first, and then make an “inserted space” with
dimension m. Take X, X,, X, **X; as the first vector Y, in the m-dimension space, and
move to the right for one step, take X, X;, X,, X, as the second vector Y,. Keep
doing so, a large amount of m-dimension vectors are made, such as Y\, Y,, Y;,"**Y,. For
example, assume m=8, take X, Xy, X;,***Xj as the first vector Y, in 8 dimension space,
then X,, X,, X=X, is the second vector Y, in 8 dimension space, ***, and thus get a
sequence of the 8-dimension space Y, Y, Y3,** Y,

2.2 Correlation Dimension D,

In the sequence of the inserted space Y, Y,, Y,,"-'Y,, assume r; as the absolute
value of difference of any two vectors, i.e.,
= |¥- YJ (2)
Then, r, is given here. The value of which should be between the minimum and the

maximum of r,, otherwise, r, has no statistical meaning. We can get a group of Inr, and

ij?
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InC(r) by adjusting the value of r, appropriately. After processing the group of the
values, the correlation dimension (D,) can be calculated. The definition of correlation
dimension (D,) is:

D, = Lim 1nC(r)/1n(r,) 3)
Where
1 N N l N N
Cry=am L2 H G -[F =YD= 7 XX H (5 1) @
Here

Ly =ry) 20
H(r"_"'f)‘{o;(rnhrﬁwo ®)

Where: N is the total number of the state vector Y; r is the diameter of the spherisity
whose center is vector Y, or Y;; H is the function of Heaviside.

2.3 Lyapunove Exponent

Chaos system has sensitive dependence on the initial condition, that is to say, any
slight change of the initial condition will invariably lead to a state without any similarity
to the previous one. Lyapunove exponent is the average velocity of the track separating
(A Wolf et al, 1985), which is a quantitative quota to describe the features of Chaos
system. The value of Lyapunov exponent can be estimated by using the method
forwarded by Wolf and others.

2.4 Kolomogorov Entropy(K,;)

The other main quota to characterize the features of Chaos system is Kolomogorov
entropy (P Grassberger, [ Prociaccia, 1983), which determinates the average
information capacity produced by track in unite time, it is regarded as the quota to
recognize the features of chaotic system and to measure the chaotic degree of system.
Generally speaking, K,=0 means an ordinate system; K,== means a random system;
0<K,<e= indicates that the system is chaotic, moreover, the larger K, is, the greater the
chaotic degree of system is:

K, =Ly Ca()

6
T Cm-rl(r) ( )
Where: Tis the time detained; C,(r) is the value of C(r) when the dimension of
inserted space is m; C,,,(r) is the value of C(r) when the dimension of inserted space is
m+1.
When using the formula (6), it is very important to choose the value of T and m
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properly because the calculation of Dimension, Exponent and Entropy will be affected
by them directly. Therefore, we must take an appropriate value of T as the standard in
addition to considering the value of m fully in actual researches.

In terms of theory, K,—~K when m—c=. In reality, K, will tend to be a stable value
along with the increasing of m, so the stable value can be regarded as the estimation of
K, And 1/K, which is marked as T,, means the average length of predicable time of
Chaos Dynamic system.

III APPLIED ANALYSIS

Ice-dammed lake is a kind of transient lake in the upper reaches of river, which is
formed by Ice-blocked river. When ice and water assemble to a certain limit, Ice-
dammed lake will lead to an outburst floods because it fail to bear the pressure of water
and ice which lies in the upper reaches of the river. Sikeshu river, which is located in
northern slope of Tianshan, is a typical river where Ice-damme d outburst floods occur,
the process and formation of Sikeshu ice-dammed lake outburst floods are all different
from other floods.

Based on eighteen-year data (from 1970 to 1987) got by actual survey, time-series
distribution curve is drew (Fig.1).
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Fig 1 The time distribution of the Ice—dammed lake
outburst floods in Sikeshu River (1970~1987)

Analyzing Fig.1, we can get that in the time-series of flood peak discharge, the
intervals of ice-dammed lake outburst floods occurred in Sikeshu river varies very
greatly. Among the intervals, the maximum is five years (Jan, 22nd, 1979; Dec, 17%,
1984), while the minimum is less than one month, and the floods can even occurs for
two time in one month (Dec, 5% 1974; Dec, 17th, 1974). In addition, the curve is
characterized by the value of flood peak discharge, which is rising and falling suddenly
within a short period. The maximum of floods peak discharge is 467m’/s (Dec, 17",
1984), which is as 26.4 times as the minimum (Dec, 5%, 1974). Therefore, flood peak
discharge of Sikeshu Ice-dammed lake outburst floods is complicated. All of these
indicate that Sikeshu I[ce-dammed lake outburst floods has some characteristics of
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complicity, randomness and uncertainty. Aimed at the complicity and harmfulness of
the kind of Ice-dammed lake outburst floods of Sikeshu river, studies on the formative
mechanism and occurring regularity have been carried out since the middle of 1980's.
The breakthrough, however, has never been got in revealing the inner regularity of the
floods which appear disordered, therefore, the prediction of Ice-dammed lake outburst
floods is still a predication that can not be predicated. Here, the flood-formative
mechanism and inner regularity of Ice-dammed lake outburst floods have been studied
on the basis of Chaos Theory, with the intention of providing a new way for learn this
kind of phenomenon.

First, it can be seen from Fig.1 that topo dimension (d) of time-series distribution of
flood peak discharge is 1. So, we can reconstruct inserted space by assuming
m=3,4,5, +=+, 10 on the basis of formula (1).

Second, calculate the value of C(r) according to formula (2) after inserted space is
reconstructed. Take r, as the survey rod to measure r;, then get a group of Inr, and InC(r)
by adjusting the value of r, appropriately (Tab.1), and make out diagram of curves about
the relationship between Inr, and InC(r) according to different values of r, and C(r)
(Fig.2). :
Tab.1 Values of Inr, and In,C(r)

Ty Inr, LnCyr) InCyr) InCyr) InCyr) InC,r) InCs(r) InCy(r) InCyo(r) InC,,(r)

22 309 -1504 -1.897 -2.120 -2.30 -2.77 -3.178  -3.484 -3.79 -3.51

50 391 -0.875 -1.049 -1.302 -1.203 -1.386 -1.232 -1.580 -1.68 -1.386
100 460 -0.515 -0.628 -0.653 -0.644 -0693 -0703 -0.810 -0.693 -0.980
200 529 0344 0456 0510 -0.512 -0.575 -0.538 -0.587  -0.405 -0.470
270 559 -0.182 -0.265 -0.301 -0.321 -0.330 -0.344 0405 -0.380  -0.350

400 599 -0.187 -0.162 -0.198 -0.199 -0.207 -0.182 -0.207 -0.182 -0.187

InC(r)
N

3 3.5 4 4.5 lﬂ(?o) 5.5 6

Fig.2 The relationship between In(ry) and InC(r) of
" the floods in Sikeshu River

Analyzing Fig.2, we find that each curve has a straight-line part, which is just the
non-scale range of self-similarity. The existing of non-scale range of self-similarity
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shows that the time-series of the peak discharge of Sikeshu ice-dammed lake outburst
floods has fractal features. On the curves, the slope ratios of non-scale range of self-
similarity just are the correlation dimension D,. In order to decrease error, D, can be got
by using formula (3), and then draw out the diagram of curve of the relationship
between m and D, (Fig.3).
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Fig.3 The relationship between m and D, of the
floods in Sikeshu River

It can be seen in Fig.3 that the correlation dimension D, tends to be a fixed value
along with the increasing of m, and here the saturation correlation dimension D will be
3.57 (D=3.57) when m=9. The value of m when D reaches D, is called the minimum
inserted dimension, which indicates the number of effective freedom of dynamic system,
so 9 represents the number of effective freedom of the latent dynamic system of Sikeshu
ice-dammed lake outburst floods.

Then, according to the data got by actual survey, we choose 3 as the value of t
here on the basis of practical experience. Make use of formula (6), and the value of K,
can be got. And then draw out the curve of relationship between m and K, (Fig.4).
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Fig.4 The relationship between m and k of the floods in
Sikeshu River
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Fig.4 presents the tendency of K, when changing along with m. By analyzing Fig.4,
we can estimate the approximate value of K, i.e. K=0.142 (0<K<ee). It indicates that
the time-sequence of the peak discharge of Sikeshu Ice-dammed lake outburst floods
has features of Chaos dynamic system. T, (1/K)=7 shows that in the Chaos dynamic
system, the predicable average length of the peak discharge of Sikeshu Ice-dammed
lake outburst floods is 7d.
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