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Interhemispheric coupling through the equatorial stratosphere
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Stratospheric Sudden Warmings (SSWSs) often occur in the winter northern hemisphere (NH). This is accounted for breakin
of the stationary Rossby waves in the stratosphere to form meridional circulation and the adiabatic heating in the polar regiol
(Matsuno, 1970). On the other hand, it is shown that warming appears in the mesosphere and lower thermosphere (MLT) ¢
the southern hemisphere (SH) after an Arctic SSW based on the model simulation (Karlsson et al., 2009). A scenario has bee
proposed to explain the interhemispheric coupling, by considering the modulation of the meridional circulation driven by gravity
wave forcing in the MLT region (Koernich and Becker, 2010; KB10).

However, another scenario can be considered. While the warm anomaly is formed in the high latitudes of NH stratosphere
the cold anomaly is formed across the equator to the low latitude of the SH stratosphere (Semeniuk and Shephard, 2001). Quz
2-day waves which probably give the second-largest wave forcing after gravity wave forcing (Sato et al., 2018) develop in suct
a situation during SSW (e.g., McCormack et al., 2009). The processes also result in warming in the SH upper mesospher
(France et al., 2018). This is a different interhemispheric coupling scenario from the KB10. In this study, we focus on events tha
arise cold anomaly in the equatorial stratosphere, reexamine the interhemispheric coupling from the viewpoint of wave forcing
including both gravity waves and Rossby waves, and elucidate the warm anomaly formation in the SH MLT region.

We use the simulation data from a whole atmosphere model (i.e., Ground-to-topside model of Atmosphere and lonosphere fc
Aeronomy (GAIA)). The analyzed period is 19 seasons from December to March of 1996-2015. The cold anomaly events in the
equatorial stratosphere are extracted, and the central day (Day = 0) is defined as the date when the temperature anomalies fr
climatology at (ON,4.5hPa) and (20S,4.5hPa) are coldest and lower than 2sigma. The results are shown by composite analy:
for the anomaly from the climatology.

The large Rossby wave forcing in the NH stratosphere strengthens the meridional circulation and builds cold anomaly in the
SH stratosphere extending to "40S. On the other hand, the warming in the SH first appears in the lower thermosphere aft
the occurrence of the cold anomaly in the equatorial stratosphere. Second, the warming is observed in the upper mesosphe
These warm anomalies are formed by resolved gravity waves in the lower thermosphere, and by Rossby waves especially t
guasi 2-day waves in the upper mesosphere, respectively. Furthermore, it is also shown that quasi 2-day waves and resolv
gravity waves causing the warm anomalies in the MLT region are generated from mesospheric barotropic/baroclinic instability
and shear instability. These instabilities are caused by primary gravity wave forcing in the SH mesosphere, and these chang
of gravity wave forcing are responsible to the formation of the easterly wind anomaly associated with the cold anomaly in the
equatorial stratosphere. This simulated interhemispheric coupling occurs due to a different mechanism from the KB10 scenaric
Longitudinal structures of the interhemispheric coupling which have not examined by previous studies will be also shown.
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