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The quasi-biennial oscillation (QBO) is a quasi-periodic oscillation in the tropical stratosphere 
with a mean period of about 28 to 29 months. The QBO appears mainly in equatorial zonal wind 
alternately between easterlies and westerlies. It is the most compelling dynamic phenomenon in 
the atmosphere that comes closest to periodic behavior, but is not associated with a direct 
periodic forcing. The QBO was discovered in the 1950s. Yet, the main factor which is the 
approximate biennial periodicity has not been explained satisfactorily. The precise source of the 
periodicity of the QBO is heavily debated. Based on the evidence provided by previous work 
(e.g., Labitzke and Van Loon, 1988) that supports that the 11-year solar cycle is correlated with 
QBO and the evidence that biennial oscillation (BO) also exists in other observations, Salby et 
al. (1997) concluded with two possibilities: “(1) the BO follows autonomously from the Earth-
atmosphere system, e.g., through interaction with the annual cycle; (2) the BO is actually 
produced by the solar sunspot cycle” (through interaction with QBO). Most likely due to the lack 
of confidence on how biennial oscillation can exist in addition to the natural annual oscillation, 
later efforts (e.g., Labitzke 2005; Salby and Callaghan, 2006) mainly focused on the second 
possibility that BO is caused by the solar cycle modulation of QBO. However, with the insight 
and reasoning hypothesis that the biennial oscillation (BO) is a natural mode of the atmosphere, 
this study provides the evidence that the QBO is most likely the result of the solar cycle 
modulation of BO. This will be achieved by utilizing 36 years of MERRA (Modern Era-
Retrospective Analysis for Research and Applications) monthly mean data, as well as signal 
processing and statistical methods, such as spectral analysis. 
 


