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A case study on identification of blocking mechanism
for upward propagating gravity wave in polar MLT region
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Gravity waves (GWs) transfer their momentum flux and energy from the lower atmosphere to the upper atmosphere. GW's
generally saturate in the mesopause region and release their momentum and energy into the atmosphere. It is essentially
important to understand upward propagation process of GWs for improving to advance our understanding of the energy
balance in the mesosphere and lower thermosphere (MLT) region.

In recent years, evidence of GWs in the thermosphere has been investigated. The observational and theoretical studies have
identified that these GWs are generated by aurora activity and/or dissipation of GWs or are originated in the lower atmosphere
(i.e., penetrating into the thermosphere).

For the last one and half decades, a number of studies of GWs have been conducted by utilizing high-sensitive all-sky
cameras (ASCs). Although ASCs can provide us with horizontal structures (parameters) of GWs, they are not adequate for
research of upward propagating GWs in the MLT region, since ASCs do not have a capability of height resolution. Since
uppermost (reliable) observational altitude of meteor radar is below 100 km, they are not adequate either for this kind of
research.

A sodium LIDAR installed at Tromsg, Norway (69.6° N, 19.2° E) has measured atmospheric temperature and sodium density
in the height region from about 80 km to 110 km with high time (10 min) and altitude (1 km) resolutions. The sodium LIDAR
has an advantage to elucidate upward propagation of GWs. This talk is primarily concerned with an event appeared from 1630
to 2430 UT on October 29, 2010. The sodium LIDAR captured a clearly discernible GW signature with downward phase
propagation. Derived vertical wavelength, amplitude, and apparent oscillation period are about 16 km, about 15 K, and about 4
hours, respectively. Of particular interest is a temporal development of the uppermost altitude where the GW reached. While
the upward propagating GW appeared to be broken down around 95 km height between 1630 and 2100 UT, after 2100 UT the
GW propagated to higher altitudes. We evaluated two possible mechanisms, wind filtering and wave breaking.

The wave breaking causes atmospheric instabilities through momentum releasing. The Brunt-Viiséla frequency is one of
index of atmospheric stabilities and derived with LIDAR data. In addition, the wave breaking causes turbulences that enhance
the echo power of MF radar. The phase velocity of the GW and background wind velocity along propagation direction have to
be derived to evaluate wind filtering effect. The phase velocity is derived with hodograph method using meteor radar data.

The Brunt-Viisila frequency has no clearly variation around 2100 UT, but the echo power of MF radar drops around 2100
UT. The echo power had be enhanced before 2100 UT. The phase velocity is larger than the background wind from 1630 to
0030 UT.

In this presentation, We show results of these analysis and conclusion that the wave breaking is predominant mechanism.
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