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ABSTRACT

Observations of zonally averaged temperature from the Nimbus 7 Stratospheric and Mesospheric Sounder
(SAMS) in 1979-82 demonstrate that a significant seasonal variation or asymmetry exists in the equatorial
semiannual oscillation (SAQ) in the sense that the *“first” semiannual cycle beginning in the Northern Hemisphere
winter (December~May ) is much stronger than the “second” cycle beginning six months later (June-November).
Calculation of balanced winds from the satellite data indicates a corresponding seasonality in SAO wind regimes:
equatorial easterlies are stronger in December-February than in June-August and are followed by stronger
westerly mean flow accelerations and, as a result, stronger westerlies in March-May than in September-November.
This observation is in agreement with previous studies of the semiannual oscillation.

Strong coupling is observed during the first SAQ cycle between equatorial and North Polar temperature. A
model of this coupling via a mean meridional circulation suggests that planetary Rossby wave momentum
deposition in the northern winter is the underlying cause of the seasonal variation in the easterly phase of the
SAQ. This circulation can produce significant horizontal advection of angular momentum in the tropics even
when the body force is confined to midlatitudes. At higher levels, the reverse component of the circulation or
a reduced diabatic circulation combine with equatorial Kelvin and westerly gravity waves to produce the large
westerly mean flow accelerations in the first SAO cycle.
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1. Introduction

Since its discovery in the early 1960s, the semiannual
oscillation (SAO) of the middle atmosphere has come
under increasing observational scrutiny (Reed 1962,
1966; Quiroz and Miller 1967; Angell and Korshover
1970; Van Loon et al. 1972; Groves 1972; Hopkins
1973, 1975; Fritz 1974; Belmont et al. 1974a,b, 1975;
Barnett 1974; Nastrom and Belmont 1975, 1980;
McGregor and Chapman 1978; Hirota 1978, 1980;
Crane 1979; Hamilton 1982, 1986; Salby et al. 1984;
Koshelkov 1984; Devarajan et al. 1985; Reddy and
Reddi 1986; Hitchman and Leovy 1986, 1988; Hitch-
man et al. 1987; Gao et al. 1987; Delisi and Dunkerton
1988). Development of a rocketsonde-based climatol-
ogy of the oscillation has been followed by numerous
individual studies utilizing radiance data from satellite
remote sensing, These complementary approaches have
produced a fairly consistent pmmre of several SAO fea-
tures:

Descending equatorial westerlies. Absolute westerlies
of significant magnitude (20-40 m s™') descend from
a region of time-mean westerlies in the tropical middie
mesosphere every six months, beginning near the sol-
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stices and achieving maximum depth and overall mag-
nitude soon after the equinoxes.

Relatively uniform easterly onset. Approaching the
solstices, the westerly phase is replaced, more or less
at once, by easterlies in a deep layer. Maximum east-

“erlies in the upper stratosphere lie in the range ~20 to

~60 m s~!, with significant cross-equatorial shear in

- this phase.

Distinct “mesopause” SAO. Above the time-mean
westerlies a second semiannual oscillation is found,
distinct in amplitude and nearly opposite in phase from
the underlying “stratopause” SAO.

Extratropical SAO. Winter polar regions exhibit,
most prominently in the Northern Hemisphere, an out-
of-phase temperature SAQ in relation to the equatorial
time series. Because the secondary maximum in high
latitudes is associated with midwinter warmings, the
connection between the two semiannual harmonics has
been controversial. Nevertheless, the anticorrelation
between high- and low-latitude temperature trends
supports the idea that the equatorial SAO is in some
way affected by extratropical phenomena in the north-
ern winter.

Hemispheric or seasonal asymmetry. Fourier anal-
ysis of zonal wind time series reveals a stronger annual
and semiannual signal just south of the equator. The
phenomenological explanation of this result is that the
“first” semiannual cycle in a given year is usually
stronger than the “second™ cycle beginning six months
later. Notably, both easterly and westerly phases of the






