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Observations of turbulent mixing in Tropical Tropopause Layer (TTL)
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The Tropical Tropopause Layer (TTL) is a transitional region between the troposphere and the stratosphere peculiar
to the tropical zone. In recent years, the importance of elucidating the physical and chemical processes in TTL has
attracted attention, and the international TTL observation project "STRATEOLE-2" will be carried out in 2021 and
2024. The behavior of atmospheric waves in TTL is considered to affect the mass exchange between the stratosphere
and the troposphere. It is said that materials are transported from the stratosphere to the troposphere along with the
breaking of equatorial Kelvin wave, which is known to be predominant in the TTL, which suggest a relationship with
turbulence due to breaking of the wave [e.g., Fujiwara et al., 2003]. However, no studies have shown this relationship
directly from observations, and it can be said that the details of how Kelvin waves influence mass exchange have not yet
been clarified. Therefore, in this study, we analyzed turbulence and mass transport near the TTL region using the data
of the STRATEOLE-2 pre-observation conducted from the end of 2019 and the observation campaign conducted in
synchronization with it.

The observation campaign was conducted from November 21 to December 6, 2019, and ozone/GPS sonde observations
were conducted at the Equatorial Atmosphere Observatory in West Sumatra, Indonesia. The observation data from the
Equatorial Atmospheric Radar (EAR) at the same station was also analyzed. In addition, from November 12, 2019 to
February 28, 2020, part of the STRATEOLE-2 pre-observation data obtained using super pressure long duration
balloons was used. Furthermore, analysis using ERA5 re-analysis data was performed.

The analysis results will be described below. From the sonde profile during the observation campaign, a structure
thought to be equatorial Kelvin wave was found in the zonal wind field and the temperature field. It was observed that
the vertical wind shear increased as the wave amplitude increased, and the shear region also moved downward as the
wave phase moved downward with time. The region of increased turbulence intensity obtained from EAR observation
during the same period coincides with this shear region, and it is considered that turbulence is generated due to shear
instability. At this time, the vertical distribution of ozone changed from a structure with a sharp peak to a structure that
spreads vertically, and it is considered that the turbulence caused vertical mixing of ozone. The figure shows the
turbulence intensity (contour) calculated from the EAR data from January 23 to February 1, 2020, and the altitude
trajectory of a super pressure balloon (blue line) that flew near the EAR during the same period. It is thought that the
balloon was entrained in the turbulent layer and transported downward, suggesting that trace substances such as ozone
in the atmosphere are also vertically diffused by turbulence. On the other hand, it was suggested from those
observations that the turbulent layer is generated when equatorial Kelvin wave transitions rapidly from easterly phase
to westerly phase. A similar consideration has been made in the study of equatorial Kelvin waves using re-analysis data
[Nishi et al., 2007]. We analysed ERA5 data by the same method and found that the period in which rapid transitions
from easterly to westerly detected using ERA5 data was consistent with the period in which the turbulence intensity
observed in the EAR increased, at least at the longitude where the EAR was located. Moreover, it was confirmed that
the distribution of the rapid transition zone of the zonal wind is related to the structure of equatorial Kelvin wave at all
longitudes.

In this study, it was clarified from the direct observation that the turbulent flow caused by equatorial Kelvin wave
transports materials. In the future, we would like to quantitatively evaluate the impact of this transportation.
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