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A NUMERICAL SIMULATION OF STRATOSPHERIC SUDDEN WARMING
AND REFRACTIVE INDEX SQUARE
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ABSTRACT

A three-dimensional, semi-spectral, numerical model based on the primitive equations in the spherical, log-pressure
coordinate system is used to simulate the sudden stratospheric warming episode in the middle atmosphere. The role
of large-amplitude vertically-propagating planetary scale waves (wavenumber 2) association with the evolution of the
zonal mean flow is studied. It is found that the appearance of a zero wind line is important in determining the propaga-
tion and the transfer processes of the planetary scale waves. No significant wave activities are observed above the zero
wind line. Large amount of momentum and heat are transported poleward by large-amplitude planetary waves associated
with the descending of the zero wind line. This effect reverses the direction of the horizontal temperature gradient
and the mean zonal wind.

In accompany with the simulation, a diagnosis of propagation property of the planetary waves in the upper
atmospherc is also studied. It is found that the refractive index square Qm, suggested first by Matsuno (1970) and
is determined primarily by the curvature of the mean zonal wind, is helpful in analyzing the propagation characteristics

of the planetary waves in the middle atmosphere.

Keywords: large-amplitude vertically-propagating planetary waves, wave-mean flow interaction. sudden warming. primitive

equation global model, numerical simulation, refractive index square.



