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4.3.1. Current research topic
(1) Upper atmosphere response to stratospheric sudden warming.
Stratosphere sudden warming (SSW) is a meteorological event where the stratospheric
temperature experiences a rapid and significant rise of more than a few tens Kelvin in the
winter polar region. Changes of the zonal mean state of the thermosphere during the 2009
stratospheric sudden warming (SSW) have been investigated using the Ground-to-topside
model of Atmosphere and lonosphere for Aeronomy (GAIA) model. Both the zonal mean
thermal and dynamical structure of the thermosphere exhibit pronounced changes during the
SSW in terms of zonal mean temperature and winds. First, the zonal mean temperature above
100 km altitude drops at all latitudes except for in a narrow band around 60°N. Such
temperature perturbations are found to be dominantly caused by changes in direct
heating/cooling processes related to solar radiation and thermal heat conduction at high
latitudes, but by dynamical processes in tropical regions. Second, the zonal mean zonal wind
experiences a strong westward perturbation in the tropical thermosphere, along with distinct
change in the meridional circulation. This change consists of two parts. One is a global scale
north-to-south flow accompanied with upwelling/ downwelling in the northern/southern
polar region, the other is a fountain-like flow in tropical lower thermosphere. The large
enhancement of semidiurnal tides is suggested to be the primary cause for the fountain-like
flow.
(2) Weddal Sea Anomaly: formation machnism

The Weddell Sea Anomaly (WSA) is a recurrent feature of the austral summer midlatitude
ionosphere where electron densities are observed to maximize during the local nighttime. In
this study, tidal decomposition is applied to FORMOSAT-3 (Formosa Satellite)/Constellation
Observing System for Meteorology, lonosphere, and Climate (COSMIC) total electron
content (TEC) and electron density observations between 2007 and 2012 to quantify the
components dominating local time and spatial variation in the WSA region. Our results
present some of the first three-dimensional spaceborne analyses of the WSA from a tidal
perspective over multiple years. We find that the features of the WSA can be reconstructed as
the result of superposition between the dominant diurnal standing (DO), eastward wave
number 1 (DE1), westward wave number 2 (DW2), and stationary planetary wave 1 (SPW1)
components in TECs, producing the characteristic midnight WSA peak. The DO, DE1, DW2,
and SPW1 components are found to be an interannually recurring feature of the southern
midlatitude to high-latitude ionosphere during the summer, manifesting as enhancements in
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electron density around 300 km altitude of the summer middle to high magnetic latitudes. The
phases of the aforementioned nonmigrating diurnal signatures in electron density in this
region are near evanescent, suggesting in situ generation, rather than upward propagation
from below. However, the SPW1 signature shows some signs of an eastward tilt with altitude,
suggesting possible downward propagation. The relation of these components to possible
generation via in situ photoionization or plasma transport along magnetic field lines is also
discussed using results from the Ground-to-topside model of Atmosphere and lonosphere for
Aeronomy(GAIA) general circulation model (GCM), connecting the tidal interpretation of
the WSA to previously examined generation mechanisms.
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