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Synopsis

An analysis method to detect emanation regions and the associated emanation period
of planetary wave (PW) packets inducing the sudden stratospheric warming (SSW) is
developed. The method traces a 3D wave ray of a PW packet based on its group velocity
computed from the 3D wave activity flux for stationary PWs defined by Plumb. By
applying the method to a SSW event occurred in December 2001, we detect two key
circulation anomalies near the tropopause, from which PW packets propagate efficiently
into the stratosphere and subsequently cause the SSW: one is a blocking in the North
Atlantic, the other is a cyclonic anomaly residing in East Asia and the North Pacific. The
important role of the latter anomaly for the occurrence of the SSW is firstly recognized

in our study.
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(a) ¢, (10hPa) : DJF

(b) c, (100nPa) : DJF

Fig. 1 Group velocity of planetary wave (PW) packets for the climatological DJF field. The shade and

contour denote vertical component of the group velocity [km/day] (contour interval: 1km/day). The red

(blue) shade corresponds to the upward (downward) propagation. The arrows denote horizontal component
of the group velocity [m/s]. The horizontal group velocity with the magnitude less than 2m/s is not shown.
Regions where the propagation of PW packets is prohibited are shaded by black color. (a) 10hPa, (b)

100hPa.
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Fig. 2 Latitude-height cross section of zonally averaged
group velocity of PW packets for the climatological
DJF field [m/s]. The shade and contour denote the zonal
component of the group velocity (contour interval:
3m/s). The arrows denote the meridional and vertical
components of the group velocity. The arrows whose
length is shorter than one fifth of the unit length of the
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propagation of PW packets is prohibited are hatched.
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Fig. 3 Longitude-height cross section of the zonally
asymmetric component of the geopotential height
averaged over 50N-70N for the climatological DJF
field (contour interval: 200m). The positive (negative)
values are shaded by red (blue) colors.
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Fig. 4 Distribution of the group velocity for the stationary Rossby wave computed from Egs. (9) and (10) as a
function of Q, the meridional gradient of quasi-geostrophic potential vorticity for the zonal mean field

(x-axis) and U the zonal wind speed (y-axis). Regions where the propagation is prohibited are hatched. (a)
horizontal component (contour interval: 5m/s), (b) vertical component (contour interval: 1km/day).
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Fig. 5 Meridional of U for the
climatological DJF field (contour interval: 5m/s). The
positive (negative) values are shaded by red (blue)

colors.
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Fig. 7 Rays trajectory projected on the longitude-height cross section during the first 6 days starting from 50N for
the climatological DJF field. Each segment of the trajectory during every 24 hrs is colored by a different color
tone: the segment for 0-24 hr is red colored, the segment for 24-48 hr is green colored, and so on. (a) forward
trajectory starting from 200hPa, (b) backward trajectory starting from 10hPa.
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Fig. 8 The efficient emanation region around the

tropopause where the planetary wave packet
propagates up to the middle stratosphere from the
tropopause computed for the climatological DJF field.
The color shade indicates the percentage of ray paths
passing through 20hPa level during the first 6 days in
those emanating from every 10hPa pressure level over
300-100hPa at each horizontal grid point. The contours
show the zonally asymmetric component of 200hPa
height field (contour interval: 50m).
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Fig. 9 The accessible region around the middle
stratosphere where the trajectory of the stratospheric
planetary wave packet is traced back to the
troposphere computed for the climatological DJF field.
The color shade indicates the percentage of ray paths
traced back through 200hPa level during the first 6
days in those starting from every 0.5hPa pressure level
over 20-5hPa at each horizontal grid point. The
contours show the asymmetric component of 10hPa
height field (contour interval: 100m).
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Fig. 11 (a) Same as in Fig. 7a, except for the forward trajectory starting from 60N on 18 Dec. 2001. (b) Same as in
Fig. 7b, except for the backward trajectory starting from 60N on 24 Dec. 2001.
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Fig. 12 Same as in Fig. 8, except for the efficient emanation region around the tropopause computed during the
SSW period in Dec. 2001. The date at the top of each panel shows the starting date of each forward trajectory.
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Fig. 13 Same as in Fig. 9, except for accessible region around the middle stratosphere computed during the SSW
period in 2001/2002 winter. The date at the top of each panel shows the starting date of each backward trajectory.
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