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The Stability of Large—Scale Horizontal Air Mo-
tion in the Non—linear Basic Zephyr Flow under the
Effect of Rossby Parameter

Yang Fang-Lin (%)

With the rapid developing of non—linear differential equations
theory, scientists began to study the phenomena of bifurcation, ca-
tastrophe and chaos in the atmosphere. As to large—scale horizontal
motion in the atmosphere, the previous result was demonstrated by
using parcel method to dicuss the inertial stabilily of air motion in
the linear basic Zephyr flow while the geostrophic parameter f be-
ing taken as a constant. In 1986, Chongyin Li studyed the
phenomena of bifurcation and catastrophe of Large—scale horizon-
tal air motion in cubic—form non-linear basic Zephyr flow by using
qualitative analysis theory of non—linear differential equations while
the geostrophic parameter being taken as a constant. Wan et al.
(1990), oonsidéring the effect of Rossby parameter B8, also discussed
these phenomena in linear basic Zephyr flow. In this paper, both the
non—linear distribution of basic Zephyr flow and the variation of
geostrophic vorticity along the latitude (f=f,+84,) are all included
in the mathematical model so as to analogue the background field of
large—scale horizontal air motion more really in the rotation
reference frame of the earth.

Basing on the aforementioned hypothesis some significant re-
sults are drawn out and the conclusions of Li(1986)'s and Wan et al.
(1990)’s are extended widely. For example, in homogeneous basic
Zephyr flow, supposing the geostrophic deviation at the primary po-
sition is zero, there is only one equilibrium state (stable center)with
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f—plane approximation, the air motion is inertial stable. As the effect
of Rossby parameter f is considered, the motion system has three
equilibrium (two stable centers and one unstable saddle).
Furthermore, while the influence of geostrophic deviation is re-
garded, the air movement will generate Hopf bifurcation with the
variation of geostrophic deviation. On the Summary the more com-
plex the basic Zephyr flow is, the more equilibrium states exist in the

movement system., The air motion bifurcates not noly with

geostrophic deviation but also with the vorticity and its variation
along the latitude and the Rossby parameter. Especially in cubic
form non—linear basic Zephyr flow with f—plane approximation,
the air motion will generate a kind of degenerate swallow—tail catas-
trophe.

The variety and complexity of weather phenomena is due to the
numerous factors which continuously affect the atmospheric
movement and due to the complicated non—lincar properties of at-
mospheric equations. Since Lorenz researched the phenomena of
bifurcation, catastrophe and chaos of Rayleigh—Benard convection,
using a non—linear model of cubic form truncated spectrum, the
theory of non—linear differential equations has been gradually and
widely used to explain and analyse many complex phenomena of air
motion. Though the mathematical model used in this paper is still
not perfect enough, anyhow, the complexity of Large—scale horizon-
tal air motion has basically been revealed. In a certain degree, the
tradition! idea of categorizing air motion’s stability based on inertial
stability criterion has been altered.
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AN TMPROVED SPLITTING METHOD

Wang Bin and }i Zhongzhen
(LASG, Institute of Atmospheric Physics, Academia Sinica)

Abstract

In this paper. an improved splitting method, which is based on
the explicit complete square—conservative difference schemes of the
barotropic shallow water equations, is built, according to the
separability of the adjustment stage (the fast process) and the devel-
- opmcnt stage (the slow process) in atmospheric motion. There are
threc advantages in this method. One is its higher precision in math-
ematics Generally. the precision of traditional splitting methods are
only 1—order and the errors in computations are rather great, due to
which good computational effects can hardly be obtained. This de-
fect, however, 1s overcome in the improved splitting method. It has
2—order precision and can get better computational results. Another
advantage of the new method is that it can keep the physical feature
of mutual dependence of the two processes although these two pro-
cesses are splittingly calculated in this method. In traditional meth-
ods, however, the two processes are absolutely splitted to integrate,
which seems inconsistent with the physical character of atmospheric
motion and leads to distortions of solutions. The last advantage is
that good time effect can be acquared in the improved method. The
method can get 2—order precision results with 1—order precision
middle computational processes. Therefore, it can save much CPU
ume for integrations.

In order to test the real value of the improved splitting method,
the monthly mean currents of the South China Sea are numerically
simulated by using this method based on the barotropic shallow
water equations and good computational results and satisfactory
time—effect are all gained. 1t shows that the new method is worth
generalizing and applying in numerical simulations of problems on
Atmospheric Dynamics and Oceanic Dynamics.




A BAROTROPIC COASTAL OCEAN MODEL AND
ITS OPEN BOUNDARY CONDITIONS

GUO DoxgyiaN  and ZENG QINGCUN
(LASG, Institute of Atmospheric Physics,Academia Sinica, Beijing 100080,PRC)

ABSTRACT

The barotropic coastal ocean model of the Institute of Atmospheric
Physics (IAP),Academia Sinica is outlined first. The model is developed from

.the shallow water equations in which new variables are introduced via vari-

able transformation. The introduction of new variables leads the energy
equation to a compact form and the grid to a more flexible arrangement. The
difference scheme designed preserves the properties of mass and energy va-
riations of original coastal flows involving open—sea boundaries. As a result
the scheme turns out to be rather stable and accurate.

For computing economy, a splitting method is applied by dividing the
governing equations into three stages: adjustment, evolvement and forcing—
dissipation. The adjustment stage includes the elevation gradient and
Coriolis terms, which describe gravity—inertia oscillations. The evolvement
stage consists of the advegtion terms; and the forcing— dissipation stage
consists of the wind stress and bottom friction terms. The three stages are in-
tegrated with different time—steps.

Open boundary conditions suitable for the different stages are derived
from the locally linerized versions of the split governing equations. For the
adjustment stage, the governing equations are converted to an equivalent
set of characteristic equations, which represent waves propagating into or
out of the computational domain. The outgoing waves are described by
characteristic equations, while the incoming waves are specified by a
nonreflecting boundary condition. For the evolvement stage, general
analytic solutions are found. At outflow points the boundary values at the
upper time—level are obtained from data at the present time—level within and
on the boundary via the analytic solutions, while the boundary values at in-
fiow points remain constant in time. For the forcing—dissipation stage no
boundary conditions are necessary,

Numerical verification of the scheme and the open boundary condmons
is described; the results are satisfactory.




