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Fig. 1 (a) Latitudinal profiles of the nondimension~
al zonal wind u”(solid line) and the poten-
tial vorticity ¢* (dashed line) of the forcing for
p = 0.18. The maximum of u* is 54 ms™!
in dimension. (b) Contour map of the to-
pography h(\, p2) in the Northern Hemisphere
with Lambert’s azimuthal equal-area projec-
tion. The center of the map is the North Pole,
the outer circle is the equator, and meridians
and parallels are drawn every 30°. Solid con-
tours are positive or zero and dashed ones are
negative. Contour interval is 0.02 and shading
indicates the region greater than 0.04 or less
than —0.04. The same projection is used in
the following spherical maps.
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Fig. 2 Temporal variations of the global mean en-
strophy(solid line) and the global mean en-
ergy(dashed line) of the disturbance for the
period of Day 8,001~8,100.

Fig. 3 Lyapunov exponents Ai(x) and accumulated
Lyapunov exponents y, _ Ax(e) for 1 < i <
10. The Lyapunov dimension Dky is about
7.8. The unit of the ordinate is day ™.
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Fig. 4 Spatial distributions of the empirical orthogonal functions(EOFs) e; from the first to the sixth(i =1~6)
components(a-f). The number at the upper right of each figure represents the percentage variance asso-
ciated with that EOF, A:/ $_;_, Ax. Contour interval is 1 and shading indicates the region greater than

2 or less than —2. Zero-contours are omitted.
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Fig. 5 Temporal variations of the principal compo-
nents p;(t) from the first to the sixth(i =1~6)
for the period of Day 8,001~8,100.

Fig. 6 Probability density functions(PDFs) of the
solution x(¢) for the period of Day 5,001~
15,000(a,b) and the trajectories of x(t) for the
period of Day 8,001~8,500(c,d) projected on
the p;-p2 plane(a,c) and the pa-ps plane(b,d).
Arrows in (c,d) show the direction of the tra-
jectory.
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Fig. 7 Temporal variations of the Lorenz index
a(t, + 7,t;) for six values of the time interval
T, from 2 days(a) to 30 days(f). The abscissa
is the initial time ¢,.
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Fig. 8 Dependence of the Lorenz index af(t: + 7,t1)
on the time interval 7. A hundred values of
a, which are obtained by changing the ini-
tial time ¢; every one day for the period of
Day 8,001~8,100, are plotted for each 7. A
solid line represents the geometric average of
« and dashed lines represent +1x standard
deviation. A dot-dashed line indicates the s-
lope corresponding to the first Lyapunov ex-
ponent, e*1”. A dot-dot-dashed line indi-
cates the slope of a in the limit 7 — 0:
a = exp[rn~! x trace(J)].
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Fig. 9 Asin Fig.7 but for the subspace Lorenz index
as(ty + 7,t1). Dashed lines indicate the vari-
ations of the Lorenz index a(t) — 6 days+7+
6 days, t; — 6 days).
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Fig. 10 Asin Fig.8 but for the subspace Lorenz index
ag(ty + 7,t1). A long dashed line indicates
the geometric average of a, which is identical
to the solid line in Fig.8.
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coefficient is calculated for « of Day 8,001 <
t1 < Day 8,100. The abscissa is the time in-
terval 7 of a. The number of each line rep-
resents the dimension k.
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Fig. 12 Distribution of the subspace Lorenz index
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x(t) of Day 5,001~15,000; 10,000 points of
x(t1) are indicated by gray dots correspond-
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value of as; large(a,b) and small(c,d).
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Fig. 13 Fifteen trajectories of x(t) from ¢;(0) to
t1 + 6 days(e) when the values of the sub-
space Lorenz index os(t: + 6 days,t1) are
the largest(a,b) or the smallest(c,d) project-
ed on the pi-p: plane(a,c) and the ps-ps
plane(b,d).
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Fig. 14 Temporal variation of the potential vorticity g(a-d) for the period from ¢ to 1 + 6 days when the
subspace Lorenz index as(t1+6 days, 1) is the largest(t, = Day 13,427, as = 3.49), and linear evolution
of the vorticity perturbation gf(e-h) which grows most rapidly for that period. The perturbations are
normalized and their magnitude is indicated at the lower right corner in each figure of (e-h). Contour

interval of (a-d) is 0.1 and shading indicates the region greater than 0.4. Contour interval of (e-h) is 3

and zero-contours are omitted.
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Fig. 156 Asin Fig.14 but for the period when the subspace Lorenz index as(t1 + 6 days, 1) is the smallest(t; =

Day 14, 689, as = 0.69).
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Fig. 16 Temporal variations of the perturbation wind u'(left column), the gradient of the potential vorticity
|Vq| x (8g/8¢)/|8q/0¢|(center column), and gtu' - Vq(right column) for the period from ¢; to t1 + 6
days when the subspace Lorenz index as(t; + 6 days,t1) is the largest(¢; = Day 13,427) in the area of
A =0~180° and ¢ =20~90°N. Contour interval of the center column is 2(zero-contours are omitted)

and shading indicates the region greater than 2(lines) or less than —2(dots). Contour interval of the
right column is 2 and zero-contours are omitted.
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Fig. 17 Asin Fig.16 but for the period when the subspace Lorenz index as(t1 + 6 days,¢,) is the smallest(t; =
Day 14,689) in the area of A =180~360° and ¢ =20~90°N.
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Fig. 18 Temporal variation of the potential vorticity g(top row), the vorticity perturbation gt (second
row), the the perturbation wind u'(third row), the gradient of the potential vorticity |Vg| x
(8q/0¢)/|8q/8¢|(fourth row), and g'u' - Vg(bottom row) in the case of the second largest as(t; =
Day 8,318, as = 3.38). Contour interval and shading are the same as those in Fig.14 and Fig.16.
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Low-Frequency Variations and Predictability Fluctuations
in a Simplified Atmospheric Circulation Model

Shozo YAMANE and Shigeo YODEN
Department of Geophysics, Kyoto University

Synopsis

Fundamental dynamics on predictability fluctuations are studied by investigating finite-time evolu-
tion of small perturbations superposed on a solution of a simplified atmospheric circulation model, which
shows irregular fluctuations with a dominant period of 10~20 days. We concentrate our attention on
the perturbations in the subspace which is considered to be approximately tangent to the attractor. The
average amplification rate of perturbations in the subspace has a property to increase from the beginning
according to the locally unstable structure of the attractor of the model, which is contrary to that in the
full space. The existence of the negative meridional gradient of the potential vorticity is important to
the rapid growth of the perturbation in this model solution.

Keywords: low-frequency variations, predictability, attractor, Lyapunov analysis, barotropic instability
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