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ABSTRACT

The quasi-biennial oscillation (QBO) in total column ozone has been examined at several tropical stations.
The ozone QBO at Mauna Loa (19.5°N) was found to have a remarkabl¢ annual synchronization. Both positive
and negative extremes in the deseasonalized ozone time series almost always occur between December and
March. The annual cycle-QBO phase locking is much more pronounced in this ozone record than it is for the
familiar QBO in the prevailing tropical stratospheric winds. This result is taken as evidence that the dynamical
QBO acts to modulate a strong seasonal ozone transport from midlatitudes to the tropics. If this transport is
connected with quasi-stationary planetary waves, then this interpretation offers an obvious explanation for the
interhemispheric asymmetry in the ozone QBO that has been noted in many earlier studies.

1. Introduction

The familiar quasi-biennial oscillation (QBO) of
tropical stratospheric temperatures and zonal winds is
* known to be accompanied by a corresponding oscil-
lation in total column ozone (Ramanathan 1963; An-
gell and Korshover 1973; Oltmans and London 1982;
Hasebe 1983). The ozone QBO in the tropics and sub-
tropics has a clear phase relation with the wind QBO:
normally total ozone is a maximum (minimum ) about
the time of maximum prevailing westerlies (easterlies)
at the 50 mb level. The ozone QBO is roughly in phase
at all latitudes from about 15°S to 25°N. Poleward of
25°N there is still some quasi-biennial variability in
total ozone, but its connection with the tropical QBO
may not be quite as clear (e.g., section 3 of Angell and
Korshover 1973). It appears that on average the middle
and high latitude ozone QBO is 180° out of phase with
the tropical variation (Oltmans and London 1982).

The basic explanation for the ozone QBO was ad-
vanced by Reed (1964a). He noted that the time of
maximum westerly shear at a particular level corre-
sponds to the warmest phase of the temperature QBO
on the equator. This should therefore be the time of
maximum diabatic cooling near the equator. This dia-
batic cooling will induce sinking of air parcels through
isentropic surfaces (which at low latitudes are nearly
horizontal). This descent of the air in the middle
stratosphere produces an increase in total column
ozone (since at high levels the ozone is replaced by
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chemical production on rather short timescales). Thus,
the maximum total ozone might be expected when the
atmospheric column had been displaced farthest
downward into the middle stratosphere. This should
occur after the descent of the westerly shear zone (i.e.
at the time of maximum westerlies in the middle
stratosphere). The limited satellite and Umkehr ob-
servations available confirm that the ozone QBO is
most pronounced in the lower stratosphere (say, below
20 mb; Oltmans and London 1982).

Ling and London (1986) represented these ideas in
a fairly sophisticated numerical model of the vertical

-distribution of equatorial ozone. This model incor-

porated a realistic photochemistry as well as vertical
advection by the diabatic circulation (calculated using
a prescribed temperature QBO). Ling and London
found that they could account for the observed features
of the ozone QBO near the equator when they em-
ployed reasonable parameters to treat the radiative
transfer and photochemical processes in their model.

While the basic mechanism responsible for the ozone
QBO near the equator appears to be well understood,
there remain some puzzling features of the ozone ob-
servations. The ozone QBO appears to have a signifi-
cant interhemispheric asymmetry, being stronger on
the northern side of the equator than on the southern
side. Oltmans and London (1982) found this asym-
metry in both global analyses based on monthly mean
surface Dobson measurements and total ozone data
derived from the results of the backscattered ultraviolet
(BUV) experiment on the Nimbus-4 satellite (see Fig.
6 of Oltmans and London 1982).

The interhemispheric asymmetry of the ozone QBO
is in striking contrast to the remarkable symmetry of
the zonal wind QBO (e.g. Reed 1964b). The wind QBO






