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[1] Using the updated Singapore wind from 1953 to 2007 for the lower stratosphere
70–10 hPa, courtesy of Barbara Naujokat of Free University of Berlin, we examine the
variation of the period of the Quasi-Biennial Oscillation (QBO) as a function of height
and its modulation in time by the 11-year solar cycle. The analysis is supplemented by
the ERA-40 reanalysis up to 1 hPa. Previously, it was reported that the descent of the
easterly shear zone tends to stall near 30 hPa during solar minimum, leading to a
lengthened QBO westerly duration near 44–50 hPa and the reported anticorrelation of the
westerly duration and the solar cycle. Using an objective method, continuous wavelet
transform (CWT), for the determination of local QBO period, we find that the whole QBO
period is almost invariant with respect to height, so that the stalling mechanism affects
only the partition of the whole period between easterly and westerly durations. Using this
longest data set available for equatorial stratospheric wind, which spans five and half
solar cycles (six solar minima), we find that in three solar minima, the QBO period is
lengthened, while in the remaining almost three solar cycles, the QBO period is
lengthened instead at solar maxima. We suggest that the decadal variation of the QBO
period originates in the upper stratosphere, where the solar-ozone radiative influence
is strong. The solar modulation of the QBO period is found to be nonstationary; the
averaged effect cannot be determined unless the data record is much longer. In shorter
records, the correlation can change sign, as we have found in segments of the longest
record available, with or without lag.
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1. Introduction

[2] The Quasi-Biennial Oscillation (QBO) is a dominant
oscillation of the equatorial stratospheric zonal wind, whose
period is irregular but averages to about 28 months. The
classical mechanism of QBO [Holton and Lindzen, 1972;
Lindzen and Holton, 1968] attributes the period of the QBO
to internal interactions between the waves and the mean
flow in the equatorial stratosphere. Later modifications to
the theory take into account the QBO’s secondary circula-
tion [Plumb and Bell, 1982] and the upwelling branch at the
equator of the Brewer-Dobson circulation in affecting the
descent rate and hence the period [Baldwin et al., 2001;
Kinnersley and Pawson, 1996].
[3] Whether the QBO’s period is affected by external

forcing, such as the 11-year variation in the solar radiation
(especially its variation in the UV component), is an
intriguing open question. Quiroz [1981], using 12-month
running mean of the Balboa data (9.0N, 79.6W), was the
first to point out that there is a decadal variation in the
QBO’s period. Salby and Callaghan [2000] found, using

radiosonde data near the equator at 45 hPa from 1956 to 1996
(from Free University of Berlin), that the duration of the
westerly phase varies on a decadal cycle from 12 months to
23 months, being longer during solar minimum and shorter
during solar maximum. The easterly phase at that level, on
the other hand, seems to be always about 12 months long in
duration. The authors suggested that easterlies near 30 hPa
tend to stall during solar min instead of descending and
replacing the westerlies below, thus prolonging the westerly
phase near 45 hPa.
[4] The descent of the easterlies tends to stall more easily

than that of the westerlies because the QBO’s self-induced
secondary circulation is upward for easterly momentum
acceleration [Plumb and Bell, 1982]. Slowing down the
descent of both the easterly and westerly phases near the
equator is the upward branch of the Brewer-Dobson circu-
lation, which however is stronger during the easterly phase
of the QBO. The Brewer-Dobson circulation is remotely
forced by planetary wave breaking and dissipation in the
polar stratosphere [Holton et al., 1995; Randel et al., 2002;
Hood and Soukharev, 2003]. This is consistent with the
finding of Dunkerton [1990] that this stalling almost always
occurs during Northern Hemisphere winter, when the plan-
etary wave dissipation is the strongest. It has been long
suggested [Labitzke, 1982] that more Stratospheric Sudden
Warmings (SSWs) occur in late winter in Northern Hemi-
sphere during solar max than during solar min. This result
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