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Synopsis

The predictability of two stratospheric sudden warming (SSW) events occurring in 2009

and 2010 is examined by conducting ensemble forecast using an AGCM. It is found that
the predictable period of the vortex splitting SSW in 2009 is about 7 days, much shorter
than that of the vortex-displacement SSW in 2010, which is assessed at about 14 days.
Stability analysis of the stratospheric circulation using a nondivergent barotropic vorticity

equation also reveals that the upper stratospheric circulation is highly unstable to

infinitesimal perturbations just before the mature phase of the 2009 SSW event while such

unstable modes with extremely large growth rates are absent during the 2010 SSW event.

Hence, it is suggested that a predictability barrier inherent in the upper stratospheric

circulation, which is characterized by the existence of dynamically unstable modes with
large growth rates limits a predictable period of the 2009 SSW event.
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Fig. 1 Time evolution of zonal wind (upper two solid
lines, unit; m s™') and its acceleration (lower two broken
lines, unit; m s*' day!) averaged poleward of 60°N at 10
hPa. Red (blue) lines show the evolution during the 2009
(2010) winter. The vertical line indicates the date
corresponding to 23 January (referred to as day 0) when
the deceleration of the polar night jet during both SSW
events became maximum.
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Fig. 2 Horizontal distribution of geopotential height (contour; unit: m) and temperature (color shade, unit: K) at 10 hPa

during the 2009 SSW event (a) and the 2010 SSW event (b).
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Fig. 3 Prediction of 10 hPa temperature (unit; K) averaged poleward of 80°N during the 2009 SSW event. The red line
indicates the analysis, the black line the prediction of each ensemble member, and the blue line the corresponding
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Fig. 4 As in Fig.3, except for the 2010 SSW event.
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Fig. 5 Growth rate (unit; day™") of the most unstable modes computed for the basic flow composed of the T21 truncated
5-hPa streamfunction of the ensemble mean field on each verification date (the ordinate) of the forecast starting from
January 1 to January 30. The radius of the open colored circle is proportional to the growth rate, and each color
corresponds to the respective range of the growth rate as shown in the panel. The cross indicates that the most unstable
mode is a stationary mode with zero frequency. (a) 2009, (b) 2010. The vertical red lines correspond to 23 January, and

the slant blue lines correspond to day-4 forecast.
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Fig. 6 Growth rate (unit; day™') of the most unstable
modes computed for the basic flow composed of the T21
truncated streamfunction field on each pressure level (the
abscissa, unit; hPa) for day-4 ensemble mean prediction
of the 2009 SSW event. The ordinate indicates the
verification date of forecasts starting from January 1 to
January 26. Regions where the growth rate is larger than
1.0 (0.6) day!' have darker (lighter) shading. The vertical
red line corresponds to 23 January while the horizontal
blue line indicates ShPa.
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Fig. 7 As inFig.6, except for the 2010 SSW evet.
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Fig. 8 (a) Horizontal structure of the basic flow given by the T21 truncated 5-hPa streamfunction field (107 m? s!) of
day-4 ensemble mean prediction. (b) and (c) show streamfunction field of the first and second unstable modes computed
for the basic flow shown in panel (a). The first and second numbers in parentheses above each panel indicate the growth
rate (day™!) and the period (days) of the unstable mode, respectively. A Stationary mode with zero imaginary component
of the eigenvalue is designated by the period of the infinity. Upper (lower) panels are for 20 January (21 January) 2009.
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