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Feedback loops for "Great Salinity Anomaly"
GSA: Low-salinity water mass;
travelled cyclonically around subpolar North Atlantic,
1968-82, at 3 cms"1

(Dickson et al., 1988, Prog. Oceanogr., 20,103-1 Si)
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Model Equations

Reduction to a single BDE

Where Ql,2ssXl+%2+x4+x7,6' ®3ssXl+x2+x3+x5''

64 * 06 + tg ; and 65 « 83 + tg.

Integer delays (whole years) =*> periodic solutions.

The five 6f- represent travel time^round each one of
the 5 loops in Fig. 1,

Numerically, fundamental period



(a)
I i i i i | i i i i p~

0 50 100 150
I Time (years)

200 250

'w

(b)

inr
I i . i r i i i r T i i i T i i i i i i • I j r

0 50 100 - 150 200 250

Time (years)

•w

(c)
I r i i i | i r~~T i | i i i i | i i i i | i i i i f

0 50 100 150 200 250
Time (years)

ZLTLD
(d)

[ I I T 1 | I '1 I I | I I I I |

0 50 100 150
Time (years)

200 250

(e) 0 •50
i i I - r

100
I

150
I

200

i i

250

Time (years)

(0 0

[L
i r t f r T

50 100 150

Time (years)

200 250

Figure 2 A simple solution with two jumps in each period for (a jT , (b) Sw, (c) Iw, (d)

SG, (e) IQ and (f) C using TF = 22 and <j> = 20. The lags employed are given in (10). The

period of the solution is 18 years.
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Table 1 Average solution properties derived from 500 random initial condition oxporimonto

employing the basic BDE model (l)-(6). The first line corresponds to the control set of

values for r2, TS, T-I (see equation (10)).

J /

1 18 0.8 0.625 2

0 17 0.89 0.5 2

1 21 0.61 1 2.03

1 20 0.81 0.67 2

Table 2 Average solution properties derived from 500 random initial aamiiti

employing the extended BDE model (12) and (13).
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El Nino on the Devilss Staircase:

A Pathway to Prediction?

M.Ghil

Atmospheric Sciences & IGPP, UCLA

Motivation

1. ENSO is regular: locked to the seasonal cycle;
QB mode, low-frequency (QQ?) mode.

2. ENSO is irregular: warm events occur
every 2—7 years (1—8 years, etc.?).

3. We thought we understood, but we can't Jjredictj

4. What to do? Let's see J.,

Joint work with N. Jiang, F.-f. Jin, C. L. Keppenne, J. D. Neelin, A. W.
Robertson, & A. Saunders + C.-C. Ma & C. R. Mechoso (for coupled
GCM & input from M. Ji, P. Schopf& M. Suarez.

http://www.atmos.ucla.edu/tcd
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Southern oscillation: correlation of sea level pressure with that
at Djakarta (Indonesia). Berlag^(1957).
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Time series of atmospheric pressure and SST indices
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Figure 1 Time scries of the Southern Oscillation Index, which measures the atmospheric
sea-lcvcl pressure gradient across the tropical Pacific basin {clashed curie), and sea surface
temperature (SST) anomalies at Puerto Chicama, Peru (solid curve). Both scries are nor-
malized by thcirsiandard deviation: shading indicates major ENSO warm phases (high SST.
low Southern Oscillation Index). After Rasmusson (1984).
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Figure la: Model Scheme.
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Simple periodic behavior (P= 0.17)
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Figure 2a: Simple periodic behavior
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Complex periodic behavior: integer P

OP =3.0 (P=9, n=3, X=0.69)
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Figure 2b: Complex periodic behavior - integer average cycle length
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Complex periodic behavior: noninteger P
i)P=2j- (P=5, n=2, T=0.47)
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Figure 2c: Complex periodic behavior - noninteger average cycle length
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Aperiodic behavior: no periodicity captured
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Figure 2d: Aperiodic behavior
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The Devil's staircase
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'The swing,' a painting by Nicholas Lancret, 1690-1743. The swing and attendant illustrate
phase locking in systems containing two competing frequencies. Figure 1
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Self-similarity and fractal dimension of the devil's staircase
in the one-dimensional Ising model

R. Bruinsma
IBM T. J. Watson Research Center, Yorktown Heights, New York 10598

P. Bak
H. C. Orsted Institute, DK-2100 Copenhagen 0, Denmark

(Received 20 December 1982)

The one-dimensional Ising model with long-range antiferromagnetic interaction in an applied
field is known to exhibit a complete devil's staircase in its T — 0 phase diagram. In this Com-
ment we discuss its self-similar properties.and determine the fractal dimension.
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Ratio of ENSO frequency to annual cycle
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