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Synopsis

In order to reveal the prediction skill as well as the key condition of the downward
propagation of stratospheric planetary wave packets observed in early March of 2007,
we conduct a series of ensemble reforecast experiments using the Ensemble Prediction
System of the Meteorological Research Institute (MRI-EPS). It is found that the
downward propagation in high latitudes of the lower stratosphere is predictable from
about 8 days in advance. A regression analysis using all ensemble members indicates
that the related circulation anomaly before the downward propagation resides within the
stratosphere, but not in the troposphere. It is also suggested that the downward
propagation is associated with barotropic instability of zonally asymmetric basic flow of

the stratosphere.
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Fig. 1 Time evolution of the vertical component of E-P flux averaged poleward of 65°N (unit; 10° kg s2). The red line
indicates the analysis, the black line the prediction of each ensemble member, and the blue line the corresponding
ensemble mean. The date corresponding to March 5, 2007 (referred to as day 0) is denoted by the vertical line in each
panel, and the initial date of each forecast is shown in the left-bottom corner.
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Fig. 2 Meridional distribution of zonal-mean zonal wind (contour, unit; m s™) and E-P flux (arrow, unit; kg s2) on day
0 (March 5, 2007). (a) The analysis (ERA-Interim). (b) The ensemble mean prediction starting from day -10 (February
23, 2007). Contour interval is 5 m s, Positive (negative) values are indicated by reddish (bluish) colors. E-P flux
vectors above 100 hPa are shown, and their magnitude is scaled by the inverse of the pressure. Arrows at the right
bottom indicate the scale of vertical and meridional components of E-P flux.
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Fig. 3 (Top) Regressed anomaly of the predicted zonal-mean zonal wind (contour, unit; m s*) and E-P flux (arrow,
unit; kg s°2) on day -5 (left), day -4 (middle), and day -3 (right) upon the predicted EPz100 on day 0 using all members
of the ensemble forecast starting from day -10. Note that the polarity of the regressed field is reversed. Regressed E-P
flux vectors above 300 hPa are shown if either the meridional or vertical component of the regressed E-P flux
anomaly is statistically significant at 95 % level. The magnitude of E-P flux vector is scaled by the inverse of the
pressure. (Bottom) As in the top panels, except for the ensemble average of the predicted fields. E-P flux vectors
above 100 hPa are shown. The magnitude of the reference vectors at 100 hPa are shown in the lower right corner.
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Fig. 4 As in Fig. 3, except for the regressed anomaly and the ensemble mean on day -2 (left), day -1 (middle), and day
0 (right).
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Fig. 5 As in Fig. 3, except for the longitude-height cross section of the ensemble mean (left column) and the regressed
anomaly (right column) of eddy geopotential height field (contour interval; 100 m) and vertical and zonal components
of the 3-D Plumb flux (arrows; unit m? s?) averaged over 60°N to 70°N latitudes. The 3-D Plumb flux is scaled by the
inverse of the pressure. The contour of each panel in the right column indicates the composited height field of the
ensemble mean and the regressed anomaly while the color shade shows the regressed anomaly with a statistical
significance at 95 %. The color-tone for the anomalous height field is changed every 100 m. The arrows indicate the
anomalous 3-D Plumb flux above 300 hPa associated with the composited height field. Regions with the lightest color
are for the magnitude of the anomaly less than 100 m. Positive (negative) values are indicated by reddish (bluish)
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