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Synopsis

Dynamics of quasi-stationary precursory signal in the upper stratosphere related to a
downward propagating event of stratospheric planetary waves observed in early March
2007 is examined using a non-divergent barotropic model. It is found that obtained
unstable modes for basic states comprised of zonally varying 5-hPa streamfunction field
of an ensemble mean forecast attain local maximum in growth rate with an e-folding
time of about 1.3 days and become stationary prior to the downward propagating event.
Moreover, the fastest growing modes have predominant planetary-scale structure similar
to the precursory signal. Hence, it is suggested that the barotropic instability inherent to
the distorted polar vortex in the upper stratosphere determines whether planetary waves
incoming from the troposphere are eventually absorbed in the stratosphere or emitted
downward into the troposphere.
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Fig. 1 Growth rate of unstable modes computed for the basic flow composed of the T21 truncated 5-hPa

streamfunction of the ensemble mean field on each prediction date of the forecast starting from day —10 (unit: day™").
Red (black) circles correspond to stationary (transient) modes with a zero (non-zero) imaginary component of the

eigenvalue.
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Fig. 2 As in Fig. 1, except for the basic flow composed
of the T21 truncated streamfunction field on day —3 at
each pressure level for the ensemble mean prediction
starting from day —10.
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Fig. 3 (top) Horizontal structure of the basic flow given by the T21 truncated 5-hPa streamfunction field (unit: 107 m?
s1) of the ensemble mean prediction on day —9 (a), day —5 (b), day —4 (c), and day —3 (d) for the forecast staring from
day —10. (middle and bottom) Streamfunction field for the first and second unstable modes computed for the basic
flow. The first (second) number in parentheses at the top of each panel indicates the growth rate (unit: day™') and the

period (unit: day) of the unstable mode, respectively. Stationary modes with a zero imaginary component of the
eigenvalue are designated by the period of the infinity (o).
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