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Fig. 1 Time variation of 10-hPa T at 80N from 20 Nov 
2001 through 20 Jan 2002 for the analysis (thick solid 
lines), and for MRI/JMA GCM hindcast (thin solid lines) 
starting from 5 and 6 Dec 2001 (a), and 12 and 13 Dec 
2001 (b). The dotted lines in (a) denote run S and run F. 
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Fig. 2 3-day mean 10-hPa height field (m) during 27-29 Dec 2001 for the analysis (a), run S (b), and run F (c).  Contour 
interval is 200 m. 

Fig. 3 3-day mean 500-hPa height field (m) during 12-14 Dec 2001 for the analysis (a), run S (b), and run F(c). Contour in-
terval is 100 m. 

Fig. 4 Latitude-height cross sections of U (m/s) averaged over 12-14 Dec for the analysis (a), run S (b), and run F (c). The 
vectors show 3-day mean WN1 E-P flux (kg/s2) above 700 hPa. E-P flux is scaled by the reciprocal square root of the pres-
sure. The magnitude of the reference vectors at 1000 hPa is shown in the lower right corner. 
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Fig. 5 (a) Regressed anomaly of the predicted 3-day mean 500-hPa height (m) during 12-14 Dec upon the predicted 10-hPa T 
at 80N on Dec 28 using all ensemble forecasts starting from 5 and 6 Dec by MRI-JMA GCM. The light (heavy) shades indi-
cate regions where the statistical significance of the anomaly exceeds 95 (99) %. Contour interval is 20 m. (b) Ensemble av-
erage of the predicted 3-day mean 500-hPa height (m).  

Fig. 6 As in Fig. 5, but for the predicted 3-day mean U (m/s) and WN 1 E-P flux (kg/s2) during 12-14 Dec. The vectors in (a) 
show the regressed WN 1 E-P flux anomalies of which vertical or meridional component is significant at 90% level above 
700 hPa. Their magnitude is multiplied by 10. E-P flux is scaled by the reciprocal square root of the pressure. The magnitude 
of the reference vectors at 1000 hPa is shown in the lower right corner.  
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Fig. 7 As in Fig. 6a, but for the regressed U and E-P flux 
vectors upon PC1 of the predicted 3-day mean U during 
12-14 Dec of the ensemble forecasts starting from 5 and 6 
Dec.  
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Fig. 8 As in Fig.1, but for the MRI/JMA GCM hindcast 
experiments starting from 13 Dec 2001 with initial condi-
tions composed of the ensemble mean field (Fig. 6b) and 
the regression field (Fig. 6a) multiplied by a coefficient 
which is denoted on the lines. The analysis is shown by the 
broken line, predictions with positive coefficients by thin 
solid (dotted) lines.  
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Fig. 9 Relationship between 10-hPa T (K) at 80N on Dec 
28 and the coefficient of 3-day mean U anomaly during 
12-14 Dec.  Open circles are for ensemble experiments 
starting from 5 and 6 Dec, crosses are for hindcast experi-
ments from 13 Dec starting from the ensemble mean field 
(Fig. 6b) added with the regression field (Fig. 6a) multi-
plied by the coefficient (value of the abscissa). 
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Numerical Experiments on the Predictability of the Stratosphere-Troposphere Coupling 
during Sudden Warming Events 

Hitoshi MUKOUGAWA, Toshihiko HIROOKA* and Yuhji KURODA**

* Department of Earth and Planetary Sciences, Kyushu University 
** Meteorological Research Institute 

Synopsis 
In order to examine dynamical predictability of the stratosphere-troposphere coupling during stratospheric 

sudden (SSW) warming events, we conduct a series of hindcast experiments using an atmospheric general circu-
lation model (MRI/JMA-GCM) for a SSW occurring in December 2001. As a result, high sensitivity to the ini-
tial condition of the prediction for the SSW and the tropospheric precursory event are confirmed as in Mukou-
gawa et al. (2005). It is also found that the response of the stratospheric circulation to the magnitude of the pre-
cursory anomaly is nonlinear.  

Keywords: predictability, stratospheric sudden warming, blocking, ensemble forecast
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