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Fig. 1 Time-height cross section of zonal-mean zonal wind (m/s) at 60°N from 1 November to 31 December 1998
(Top). Negative values are shaded. (Bottom) Time-longitude cross section of zonal-mean temperature

(K) at 10hPa.
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Fig. 2 (a) 10-day mean geopotential height field for 21-30 November 1998 (top left), 1-10 December 1998 (top
right), 11-20 December 1998 (bottom left), and 21-30 December 1998 (bottom right). Contour interval
is 200m. (b) As in (a) except for 500hPa. Contour interval is 100m.
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Fig. 3 Error growth against the forecast period of 8 JMA one-month forecasts initialized during November and
December 1998. The error growth is evaluated by RMSE of geopotential height averaged over the region

north of 20°N. (a) 500hPa, (b) 10hPa.
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Fig. 4 Time variation of zonal-mean temperature at 80°N, 10hPa. The observed value is denoted by the thick
solid line while predicted values by JMA one-month forecasts are shown by broken lines. Circles denote
the initial date of each forecast. Open star is the last day of the forecast (Run 2) initialized on 12
November.
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Fig. 5 Time-height cross section of zonal wavenumber 1 amplitude (m) from 1 November to 31 December 1998.
(a) Observation, (b) Run 2 initialized on 12 November 1998, and (c) Run 3 initialized on 19 November
1998. Values larger than 1000m are shaded.
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Fig. 6 Time-height cross section for the vertical component of EP-flux of wavenumber 1 averaged over the region
from 40°N to 70°N (10° kg/s?). Negative values are shaded. (a) observation, (b) Run 2 initialized on 12
November 1998, (c) Run 3 initialized on 19 November 1998.
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Fig. 7 5-day mean 250hPa geopotential height field composed of zonal wavenumber 0-3 components. Left panels
show the observation, and right panels Run 2 initialized on 12 November. (Top) 21-25 November 1998,
(middle) 26-30 November 1998, and (bottom) 1-5 December 1998.
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Fig. 8 Zonal and vertical components of Plumb’s wave activity flux for 5-day mean eddy field composed of zonal
wavenumber 1-3 components at 60°N (arrows). The magnitude of vector is multiplied by 10 above 100
hPa. Contours denote 5-day mean eddy geopotential field (contour interval is 100 m). Negative values
are shaded. Left panels show the observation, and right panels Run 2 initialized on 12 November. The
vector at the right bottom shows the magnitude of (100.0, 0.5) m?®s™2. (Top) 21-25 November 1998,
(middle) 26-30 November 1998, and (bottom) 1-5 December 1998.
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Fig. 9 Zonal and meridional components of Plumb’s wave activity flux for 5-day mean eddy field composed of
zonal wavenumber 1-3 components at 250 hPa (arrows). Contours denote 5-day mean eddy geopotential
field (contour interval is 50 m). Negative values are shaded. Left panels show the observation, and right
panels Run 2 initialized on 12 November. The vector at the right bottom shows the magnitude of (25.0,
25.0) m?s™2. (Top) 21-25 November 1998, (middle) 26-30 November 1998, and (bottom) 1-5 December
1998.
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Fig. 10 Latitude-height cross section of EP-flux for synoptic-scale waves (wavenumber 4-10) averaged for 6-10
December 1998 (kg/s?) (arrows). The arrow at the right bottom shows the magnitude of (5.0x10%,
8.0x10%) kg/s®. Contours denote the divergence of EP-flux. Contour interval is 5 x107° m/s?, and
negative values are shaded. Left panel shows the observation, and right denotes Run 2 initialized on 12

November 1998.
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Fig. 11 Latitude-height cross section for zonal-mean zonal wind averaged for 6-10 December 1998 (m/s). Neg-
ative values are shaded. Left panel shows the observation, and right denotes Run 2 initialized on 12

November 1998.
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Fig. 12 As is Fig.7 except for 5-day mean field during the period of 16-20 December 1998 (top), 21-25 Decem-
ber 1998 (middle), and 26-30 December 1998 (bottom). Right panels denote Run 6 initialized on 10

December 1998.
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Fig. 15 Same as in Fig.9 except for Run 6 (initialized on 10 December 1998) in the right pannels. (Top) 16-20
December 1998, (middle) 21-25 December 1998, and (bottom) 26-30 December 1998.
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Predictability of Stratospheric Sudden Warming
—A Case study for 1998/99 Winter—

Hitoshi MUKOUGAWA, Hirokazu SAKAT*, and Toshihiko HIROOKA**
* Graduate School of Environmental Earth Science, Hokkaido University

** Department of Earth and Planetary Sciences, Kyushu University

Synopsis

The predictability of a wavenumber 1 stratospheric sudden warming event occurring in December
1998 is examined using the operational one-month forecast data set based upon the Numerical Weather
Prediction Model (NWPM) of Japan Meteorological Agency. The stratospheric warming in the polar
region of this event is predictable by NWPM from one month before. The fair reproduction of the
interaction between zonal mean flows and synoptic waves in the upper troposphere for promoting the
generation of planetary waves with wavenumber 1 is found to be essential for the successful prediction of
this event. We also examine the predictability of the tropospheric blocking event occurring just after the
warming peak period in terms of the dynamical linkage between stratosphere and troposphere.

Keywords : stratospheric sudden warming, predictability, blocking, planetary waves



