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TEMPORAL VARIATIONS OF PREDICTABILITY IN A SIMPLIFIED
ATMOSPHERIC CIRCULATION MODEL

By Shozo YAMANE and Shigeo YODEN

Synopsis

Relations between temporal variations in the atmospheric predictability and quasi-
stationary (QS) states, such as weather regimes, is investigated both with low-dimen-
sional dynamical systems and with a simplified atmospheric circulation model intro-
duced by Legras and Ghil (1985). As a measure of the predictability, we use the Lorenz
index a, introduced by Lorenz (1965), which gives an ensemble average of the perturba-
tion growth rate for a prescribed time interval. As to QS states, we apply the concept
established by Mukougawa (1988).

In the one-dimensional dynamical system there is the obvious relation that a in-
creases monotonically during the QS state. However, in the multi-dimensional dynamic-
al system there is no obvious relation between a and the QS state. Considering the
trajectory only on the attractor, each QS state has its own relationship. In some chaotic
solutions of the Legras and Ghil model there is the same relation as in the one-dimen-
sional dynamical system.
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Fig. 1 (a) Distribution of the Lorenz index a for 7 = 0.5 in a two-dimensional nonlinear dynamical
system. Arrows show the flowfield of (7). In each quadrant a solution x (t) is drawn with a
dashed curve from an initial value (+ 0.01, % 0.1)7 denoted by Oto t = 2.4 denoted by X.
(b) Relation between the Lorenz index @ (r = 0.5) and the distance of the solution from the
stationary solution (0, 0)7. Numbers and markers are same as those indicated in (a).
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Fig. 3 Dependence of asymptotic solutions on p. Symbols
represent, respectively, S . stable stationary solu-
rion, P  periodic solution, QP : quasi-periodic solu-
tion, M I maltiple stable solutions, and C : chaotic
solution. Points marked with (a) ~ (d) indicate the
values of p for which asymptotic solutions are in-
vestigeted in detail ; (a) o = 0.191, (b) 0.2, ()
0.25, (d) 0.3.
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Fig. 4 Temporal variation and power spectral density of ¢s° (¢). (a) ~ (d) are same as those indicated

in Fig.3.
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Fig. 5 Statstics of time-variations of the Lorenz index a along the solution of 9950-day period. The
abscissa denotes the time interval 7. The geometric mean is indicated by a solid curve. The
shaded area is the range of mean % 1 standard deviation. Symbols O and X show the max-
imum and the minimum, respectively. The error growth of the largest Lyapunov exponent is in-
dicated by a broken line. (a) ~(d) are same as those indicated in Fig.3.
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Fig. 6 Distribution of the Lorenz index a on the asymptotic solutions. The markers and their size rep-
resent the value of a. The solutions are projected onto the ¢3°-¢s° plane in 25 dimensional
phase space. The symbol + denotes the minimum point; (a) S6, (b) ~ (d) M4. Time interval 7 of
the Lorenz index is 3 days. The arrow in (a) shows the direction of the trajectory. {a) ~ (d)
are same as those indicated in Fig.3.
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Fig. 7 Relation between the Lorenz index a and the distance from the minimum point ; (a) S6, (b) ~
(d) M4. Solid curves indicate the approaching trajectories and broken curves indicate the de-
parting trajectories. Similar to those in Fig.1(b), symbols O and X show start and end point,
respectively. Time interval r of the Lorenz index is 3 days. (a) ~ (d) are same as those indi-
cated in Fig.3.
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