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Abstract

Some of the basic principles of the theory of dynamical systems
are presented, introducing the reader to the concepts of chaos
theory and strange attractors and their implications in meteorology.
New numerical technigues to analyze weather data according to
the above theory are also presented.

1. Introduction

Simplicity and regularity are associated with predict-
ability. For example, because the orbit of the earth is
simple and regular we can always predict when as-
tronomical winter will come. On the other hand,
complexity and irregularity are almost synonymous
with unpredictability. The atmosphere, being so
complex and irregular, is rather unpredictable.

Those who try to explain the world we live in al-
ways hoped that in the realm of the complexity and
irregularity observed in nature, simplicity would be
found behind everything, and finally unpredictable
events would become predictable. That complexity
and irregularity exist in nature is obvious. We only
need to look around us to realize that practically
everything is random in appearance. Or is it? Clouds,
like many other structures in nature, come in an in-
finite number of shapes. Every cloud is different, yet
everybody will recognize a cloud. Clouds, though
complex and irregular, must on the whaole possess a
uniqueness that distinguishes them from other struc-
tures in nature. The question remains: is their irreg-
ularity completely random or is there some order
behind their irregularity?

Over the last decades physicists, astronomers, bi-
ologists, and scientists from many other disciplines
have developed a new way of looking at complexity
in nature, This way has been termed chaos theory.

Chaos theory, which mathematically defines ran-
domness generated by simple deterministic dynami-
cal systems, allows us to see order in processes that
were thought to be completely random. (Apparently,
the founders of chaos theory had a very good sense
of humor, since chaos is the Greek word for the
complete absence of order.) It is the purpose of this
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paper to introduce the reader to some chaos theory
concepts and some implications of chaos theory in
weather and climate.

2. Simple examples and definitions
from the theory of dynamical
systems

In the preceding paragraph the term ‘‘dynamical sys-
tems'’ was used. What is a dynamical system? In sim-
ple terms a dynamical system is a system whose
evolution from some initial state (which we know)
can be described by a set of rules. These rules may
be conveniently expressed as mathematical equa-
tions. The evolution of such a system is best de-
scribed by the so-called “'state space.” An example
of a simple dynamical system, a pendulum, and its
state space, is given below.

Consider a pendulum that is allowed to swing back
and forth from some initial state, as shown in figure
1a. The initial state can be completely described by
the velocity, v, and the position of the pendulum.
The position of the pendulum at any time can be
given by the angle x. Under such an arrangement,
Newtonian physics provides the equations (rules) that
describe the system’s evolution from the initial state.

Let us assume that the pendulum starts at position
1. At position 1 its initial state will be x = x,, and
velocity v = 0. The pendulum is then let free. As it
moves towards paint Q, its speed increases due to
gravity acceleration. After a while (position 2), the
pendulum will be closer to point 0 and will have a
higher speed. Once the pendulum crosses point 0 its
speed decreases, since now gravity acts in a direction
opposite to its motion. At some point (position 3), the
pendulum’s speed will become zero again. Immedi-
ately the pendulum will begin to swing back. After it
crosses point 0 it will once again attain, at some point,
a zero speed (position 4). Because there is always
some friction, however, the points at which the speed
becomes zero (to the right and left of point 0) are not
fixed but are found closer and closer to point 0. Fi-
nally, the pendulum will come to rest at point 0.

Apparently, the time evolution of the pendulum
can be completely described by two variables, namely
velocity and angle. These two variables define the
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