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Application of the Numerical Method in Two Dimensional
Moving Weather System

Chuan-Hsin Yu  An-Cherng Yih
I-Fa Wang Pei-Chen Chang

ABSTRACT

To solve an equation by using different numerical methods, it will cause quite different results
due to the different mechanism. Some of them satisfy the conservation of energy. However, the
relationship is poor between the initial condition and numerical solution. On the other hand, some 0f
them conserve the energy poorly, they may have good relationship between initial condition and

numerical solution. Therefore, the goal of this research to find an adequate numerical scheme applying
to solve the 2-D moving system.

JdT + aT a = b

Using the 2-D advection equation Ot ox ay as an example, we are gomg to apply
three different numerical schemes: (1) Leap-Frog scheme (2) Euler-Backward scheme and (3) Lax-
Wendroff scheme to solve the equation under the conditions of: (1) the X-Y domain plane is equally
divided into four quartrants; (2) a scaler field of T considered as a warm temperature ridge is located at
the third quartrant and is moving around the original point circularly; and (3) the boundary condition
is set 1o T(X=() 4nd 1» ¥=0 and 1 V) = 0 everywhere.

By comparing these three numerical schemes, we find:
(1) The energy is conserved in the Leap-Frog scheme. However, it causes a series of wake behind
the moving system. In this case, the amplitude is going up and down periodically and significantly
and the result may easily mislead us when the weather phenomenon changes dramatically in a short
time period.
(2)  The numerical method of the Euler-Backward scheme is a two time level scheme. Therc is no
computational mode to cause our misjudgment to the weather phenomenon. However, this scheme
will consume the energy of the moving system very quickly.
(3)  The advantage of the Lax-Wendroff scheme is try to minimize the dlﬂadvanmgu of both the
Leap-Frog scheme and the Euler-Backward scheme. Although the amplitude of the moving system is
growing up quickly at the beginning stage, it will back to the stable condition immediately. On the
other hand, the Lax-Wendroff scheme can't conserve the energy during the procedure of time
integration. However, its energy loss is much less than the Euler-Backward scheme.
Therefore, to solve a moving weather system by using the Lax-Wendroff scheme is better than the
Leap-Frog scheme and the Euler-Backward scheme.
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