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            Abstract
The zonal wind in the tropical stratosphere switches between prevailing easterlies and westerlies with a period of about 28â€‰months1. In the lowermost stratosphere, the vertical structure of this quasibiennial oscillation (QBO) is linked to the mean upwelling2,3,4, which itself is a key factor in determining stratospheric composition. Evidence for changes in the QBO have until now been equivocal, raising questions as to the extent of stratospheric circulation changes in a global warming context. Here we report an analysis of near-equatorial radiosonde observations for 1953â€“2012, and reveal a long-term trend of weakening amplitude in the zonal wind QBO in the tropical lower stratosphere. The trend is particularly notable at the 70-hectopascal pressure level (an altitude of about 19â€‰kilometres), where the QBO amplitudes dropped by roughly one-third over the period. This trend is also apparent in the global warming simulations of the four models in the Coupled Model Intercomparison Project Phase 5 (CMIP5) that realistically simulate the QBO. The weakening is most reasonably explained as resulting from a trend of increased mean tropical upwelling in the lower stratosphere. Almost all comprehensive climate models have projected an intensifying tropical upwelling in global warming scenarios5,6,7, but attempts to estimate changes in the upwelling by using observational data have yielded ambiguous, inconclusive or contradictory results8,9,10. Our discovery of a weakening trend in the lower-stratosphere QBO amplitude provides strong support for the existence of a long-term trend of enhanced upwelling near the tropical tropopause.
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                    Figure 1: Timeâ€“height section of the three-cycle mean amplitude of the observed QBO, and the height dependence of the amplitude trend over time.[image: ]


Figure 2: Timeâ€“height section of the three-cycle mean amplitude of the simulated QBO, and height dependence of amplitude trend over time.[image: ]


Figure 3: Time variation in the three-cycle mean amplitude of the observed and modelled QBO and in modelled annual mean upward velocity at 70â€‰hPa over 15Â°â€‰Sâ€“15Â°â€‰N.[image: ]
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The flow in the tropical atmosphere above a height of 17 km is dominated by the quasibiennial oscillation (QBO), a transition between prevailing easterly and westerly winds with a nearly two-year period. The QBO is thought to be linked to the mean tropical upwelling, which models suggest should intensify in response to global warming. Observational support for changes in either the QBO or mean upwelling has so far been scarce. Now, Yoshio Kawatani and Kevin Hamilton analyse a suite of radiosonde wind data for the period 1953â€“2012 and find that the amplitude of the QBO has weakened over the past six decades, probably as a result of increased tropical upwelling in the lower stratosphere. Long-term changes in this upwelling are likely to influence projected climate-related changes in stratospheric chemistry.
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