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Dynamical system model for three cells of the atmosphere
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School of Physics, Peking University, Beijing 100871, China

Abstract Under the steady condition, the dynamical and thermal control equations of
atmospheric motions under the spherical coordinates (A,¢,7) are used to derived the dynamical
systems of 3-dimensional velocity field (v;sv,,v,). Due to the existence of damping force and
thermal conduction, the dynamical systems for the incompressible motions of atmosphere can be
used to describe both qualitatively and quantitatively the three cells of atmosphere resulting from
nonuniform heating between equator and poles. Qualitatively, the meridional velocity v, and zonal
velocity v, take the same signs over the north hemisphere, the wind blows northerly (v, < 0) and
casterly (v, <C0) over the surface of the Earth, or southerly (v, > 0) and westerly (v, >>0).
However, the meridional velocity v, and zonal velocity v, take the opposite signs over the south
hemisphere, the wind blows northerly (v, < 0) and westerly (v, >>0) over the surface of the
Earth, or southerly (v,>>0) and easterly (v;<C0). Quantitative analysis shows that the pressure
field p over the sphere surface can be represented by the spherical harmonic function p;" (sing) cosma.

When [=6.,m=0, the three cells of atmospheric circulation can be reached. On the meridional
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section (@, 7), near ¢ = £ 56°, ¢, = £ 28" and equator over the surface are singular points of

velocity fields. They are all saddle points, which indicates that there are air descending in the

subtropics and air rising in the mid-latitudes.

This is the feature of Ferrel cell. The above

analysis shows that the meridional velocity v, connects to zonal velocity v,, and the meridional

velocity v, also connects to the vertical velocity, and then the 3-dimensional velocity field of three

cells constitutes a whole atmospheric circulation.
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Fig. 1 A schematic of three cells of atmospheric

circulation over meridional section, where open circles

on the meridional cell denote the scattered points used to

plot meridional cell and black squares denote Northern

and Southern poles, respectively
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A schematic of three cells of atmospheric
circulation over ( 7 , ¢ ) section, where black points are

singular points
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