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A study on the three dimensional view of the atmospheric general circulation
based on a new theory
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A theoretical study was conducted on approximated formulae of 3-D wave
activity flux and Lagrangian mean flow. The formulation applicable to both non-stationary and
stationary waves was successfully made. The theoretical formulae were used to clarify the influence
of the 3-D mean flow on the tropospheric clouds associated with the stratospheric sudden warming and

final warming. We showed the spectral characteristics of stratospheric and mesospheric gravity
waves (GWs) by MST radar observations in the Antarctic and the modulation of GWs by ENSO and MJO
using satellite observation data. The momentum budget was investigated using high resolution general

circulation models, showing that the in-situ generation of GWs and Rossby waves (RWs) through
momentum deposit by gravity waves originating from the troposphere is significant in the middle
atmosphere. This means that close interaction between GWs, RWs and the mean flow is crucial for the
3D middle atmosphere circulation.
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