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MSTIDs Driven by Secondary Gravity Waves Associated with the Heavy Rainfall
in August 2021 over Kyushu, Japan
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From August 11, 2021, humid air flowed into Kyushu, the western part of Japan’s main islands, intensifying a stationary
front and leading to record-breaking precipitation (JMA, 2021; https://www.data.jma.go.jp/tcc/data/news/press_20210924.pdf).

Around 17 UT on August 12, 2021, a satellite observation (AIRS) captured concentric stratospheric gravity waves (GWs)
over the heavy rainfall. 6 hours later, Japan and Korea’s GNSS networks detected semi-concentric medium-scale traveling
ionospheric disturbances (MSTIDs) propagating from Kyushu ("131° E, "33° N) toward the northward to southeastward.
According to the reanalysis (JAWARA), the mesosphere was the reflection layer for the GWs driving the MSTIDs.

Our simple backward raytracing analysis suggests that these GWs driving the MSTIDs possibly passed through the
mesosphere in "17 — 20 UT. During this period, our forward raytracing analysis suggests the stratospheric GW's observed by
AIRS broke in the mesosphere over Kyushu, producing an eastward local body force.

To investigate the source of the stratospheric GWs, we conducted a convection — resolving high-resolution meteorological
simulation below “48 km altitude using the Weather Research and Forecasting (WRF) model. The simulation successfully
reproduced GWs in the stratosphere similar to those observed by AIRS, which were emitted by deep convection within the
heavy rainfall.

Therefore, we conclude that the MSTIDs were driven by the secondary GWs generated in the mesosphere. Their primary
GWs were induced by the deep convection. AIRS likely captured those primary GWs.

On the other hand, the simulation did not show stratospheric GWs with a spectral signature matching the MSTIDs,
suggesting that the convectively — generated primary GWs may not propagate or penetrate into the ionosphere in this event.

We will show those results and discuss the physical relationship between the heavy rainfall and MSTIDs.
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