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Fig. 1 Time variation of equivalent latitude for PV = 3.0 and 2.5 in 6 cases of the combination of external parameters;

the maximum speed of forced zonal flow, U, = 160, 180, and 200 [m/s] and the ratio of the topographic amplitude to

the fluid depth, r = 0.35 and 0.36. Background color is blue for non-breaking polar vortex regime (NB), green for

breakdown-and-recovery cycle regime (C), and yellow for broken vortex regime without recovery (B).
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Table 1 Regime diagram showing dependence on the
maximum speed of forced zonal flow, U, and the ratio
of the topographic amplitude to the fluid depth, r.
NB: non-breaking polar vortex regime, C: breakdown-
and-recovery cycle regime, B: broken vortex regime
without recovery.
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0.30 NB NB NB NB NB
0.31 NB NB NB NB NB
0.32 NB NB NB NB NB
0.33 NB NB NB NB NB
0.34 B NB NB NB c
0.35 B Cc NB Cc Cc
0.36 B B © © B
0.37 B B B B B
0.38 B B B B B
0.39 B B B B B
0.40 B B B B B
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Fig. 2 Time-EL (equivalent latitude) dependence of
each term on Eq.(1) averaged along each PV
contour for the case of Uy = 200m/s and r = 0.35.
(@) PV, (b) og/ot, (c) advection term, (d) forcing
term, (e) dissipation term. Contour interval is 0.2
for (b) and (c), 0.05 for (d), and 0.02 for (). Areas
with positively (negatively) larger value than these
are filled with red (blue) color. Zero contours are
omitted.
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1)SV—Energy (2)SV—Enstrophy (3)wind (4)PV
T=136.0

Fig. 3 Time evolution for 5 days of a small perturbation corresponding to the most rapidly growing 1st singular
vector based on energy norm (1st column) or enstrophy norm (2nd). Evolutions of the fields of isotachs (3rd)
and PV (4th) are also shown. The initial date t, = 136 day and the evaluation period is 5 days.
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Fig. 4 Time evolutions of the 1st singular value for
the evaluation period of 5 days (top) and the
equivalent latitude for g; = 2.5 (bottom). The 9-day
running averages in each panel are drawn by blue
and green lines, respectively.
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Fig. 6 Time evolutions of the spread of 20 ensembles
(red), the 1st singular value for the evaluation period
of 5 days (blue), and the equivalent latitude for q; =
2.5 (green), for 5 days (top), 15 days (middle), and
30 days (bottom) after the initial state. The 9-day
running average is applied for all the time series.
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A Numerical Experiment on Breakdown-and-Recovery Cycle of the Polar Vortex
and Associated Predictability Variation

Yasuhiro NAKAMOTO, Kosuke ITO, and Shigeo YODEN
Graduate School of Science, Kyoto University

Synopsis

In order to obtain dynamical knowledge of predictability variation around a period of stratospheric
sudden warming event, a numerical experiment on the polar vortex is made with a two-dimensional model
of nondivergent flow on a rotating sphere with an external forcing of the zonal mean zonal flow and
bottom topography of zonal wavenumber 1. Quasi-periodic solutions which show breakdown-and-
recovery cycle of the polar vortex are obtained for some ranges of these external forcing parameters.

A singular value analysis is made for such quasi-periodic solutions and it is found that perturbation
growth in linear phase becomes large during the periods of breakdown and recovery, but not the mature
phases. It is also shown by ensemble time-integrations that the predictability in nonlinear growth phase
also varies in association with the variation of the polar vortex.

Keywords: stratospheric sudden warming, breakdown-and-recovery cycle of the polar vortex,
predictability variation, singular value analysis
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