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ABSTRACT

With a 9-level general circulation model, an attempt was made to simulate numerically the breakdown
of the circumpolar vortex in the winter stratosphere for the case of March 1965. The marching computa-
tions were started 2 and 5 days prior to the breakdown. The simulation of the vortex elongation and de-
struction was, to a certain extent, successful, but the split vortex in the prediction erroneously merged
again after 8 days. The sudden warming was not simulated at all. The development of the Aleutian high
associated with the vortex breakdown was not well computed. Studies are made on zonally averaged quanti-
ties pertaining to the tropospheric and stratospheric circulations and their coupling. The increase of eddy
kinetic energy at the time of the amplification of zonal wavenumber 2 is discussed both for the numerical
simulation and for the observed fields. It is reconfirmed that the eddy kinetic energy in the stratosphere is
primarily supplied from below in the form of vertical flux of geopotential. The propagation of wave energy
takes place through a rather narrow zonal belt at high latitude. A possible relation between the stratospheric
vortex destruction and the tropospheric process of meandering westerlies is discussed in terms of vertical
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transmission of wave energy.

1. Introduction

In the winter stratosphere, a circumpolar vortex
around the north pole elongates horizontally as the
season proceeds, and then breaks down into two vor-
tices. It quite often is accompanied by a sudden warm-
ing in the stratosphere. The reported temperature
change over an observing station sometimes amounts
to ~40C within two days.

This is one of the most dramatic and spectacular
events found in large-scale atmospheric motion. Block-
ing activity in the troposphere often takes place simul-
taneously with strong stratospheric warming. After the
final warming at the end of the season, the meridional
temperature gradient in the higher latitudes of the
lower stratosphere is reversed.

In the past 15 years, a great deal of attention has
been focused on this problem. Knowledge on the subject
has become much more abundant and more accurate,
and the mechanism of the process is gradually being
understood. Yet a complete solution has not been
reached, and there is still controversy on some points.

In the experiments described in this paper we tried
to produce the breakdown numerically with a mathe-
matical-physical model that was developed in general
circulation studies. This is perhaps the first attempt
ever made along this line (in 1966) in the sense that an
exact comparison is made between the computation
and what actually happened. It will hopefully provide
us with insight into various inferences hitherto pre-
sented on the causes and effects. [Byron-Scott (1967)
attempted to produce the sudden warming numerically

with a 4-level stratospheric model, and Manabe and
Hunt (1968) reported a sudden-warming-like phenome-
non in their general circulation experiment. ]

Presumably the sudden warming and the vortex
breakdown are two different phases of one phenomenon.
It turns out, however, that our computations were
successful, to a certain extent, in simulating the break-
down, but not in simulating the sudden warming,
probably due to a mathematical drawback of the model.
We are, therefore, forced to confine our subject mainly
to the breakdown, although a distinct separation is
practically impossible.

It often happens that a geophysical hydrodynamical
phenomenon can result from several different causes.
Nevertheless, the phenomenon may seem to be ex-
plained qualitatively with just one cause that is in
reality less important than others. To avoid this con-
fusion, it is necessary to have a quantitative test of the
hypothesis against observation.

2. Application of the 9-level model

The simulation was made with the 9-level general
circulation model developed in the Geophysical Fluid
Dynamics Laboratory, ESSA (Smagorinsky ef al., 1965;
Manabe et al., 1965).

Three of the nine vertical levels which are approxi-
mately at 9, 74, and 189 mb are in the stratosphere,
four levels at 336, S00, 664 and 811 mb are in the tropo-
sphere, and two levels, 926 and 991 mb, are in the
Ekman and surface boundary layers. The height of the
highest level (9 mb) is ~31.6 km.






