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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™!

(Dickson et al., 1988, Prog. Oceanogr., 20,1031 57)

Heal transfer during winter Preacipitation
from ocean to aimosphere in in

Arctic (north of Greenland ) northern Canada

¥ ;

Northward advection of warm| , Runotf
North Atllantic water into mfo.
the Arctic (via Fram Strait) @ western Arctic Ocean
Convective overlurning Surface salinity
in ' in
Greenlond Seo western Arctic
, (
Arctic air
ftemperature
L4

Static stability of
waler column in
Greenland Seo

Seo-jce extent
in
western Arctic

Seo-ice extent
in ,
Greenland Seo

Mysak et al. (1990), Climate Dyn.,5,111-133.



Model Equations

C(t) = SG(t-’C7) A TG(i‘) A I-G(t -‘I.'g).

Reduction to a smgle BDE

SG(t) = Sg(t- 61)1\ SG(t- 92)/\ e A SG(t - 65),

where 017 =T1 +T2 +T4+Ty6; 03 =T1 +T2 +T3 +7T5;
04 =0¢ +Tg; and 05 =03 + T35.
Integer_ delays (whole years) = periodic solutions.

The five 6; represent travel time around each one of
the 5 Ioops in Fig. 1.

Numerically, fundamental period

0=0;+0;, i, €{1,2,...5}.
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Figure 2 A simple solution with two jumps in each period for (a)*P, (b) Sy, (<) Iy, (d)
Sa, (¢) I and (f) C using Tr = 22 and ¢ = 20. The lags employed are given in (10). The

period of the solution is 18 years;




pot &=y Lpe beLiog of 1pc 2010w f2 UOM T] AeSL2
RIB* 2" 1p6 20j10U {01 \° n2juB 3= =3 J*= |3 (3210 LIR ¢)

11w (Aegw)
0 20 100 120 : 500 520

1pe beriog oy (pe 20)n¢100 12 |\ AeslL2

L8 ¢ Lpc 2ojniio (oL \© n2UR $2=0’ =3 \t=|3 suq =0 .

13ws (Aesw?)
] 20 100 120 500 520

e ST U ot T

63cp 18 AeSL beriog

20]n(10L S JUCLEIG]" | PSS Ofp6L ATLISPIc2 SJ20 p9Ae 21x Inwbe ju
beriog oy fpe 201nu10U 12 241 18 Aeute’ pnr (p¢ cowbijexi) oy (pe
LB 3" Lpc 2ojnrion (0L \® ARUR \*=37 Juq $=3] W (3) Lpe

1we (hemwa)
0 20 100 120 500 S0
a
gy igigigipipigiaigil

:GSLZ

swbjoreq gLe Biacu W (J0)* Lps betiog of pe zopnion J2 -]g‘

bip 2T eV"l g% e\® Juq | C 2wk 1k =33 5uq & =30 Lpe j9%e
RIB' 38~ v 2nwbje 20)m1100 migp 140 Imwbe 10 escp betjoq (o1 ¥

1we (hemw2)
[0 0 °0 100 120 500 520
1iwe (Mege)
(o) 0 20 ] 100 120 500 520
¢ CUCTOITIUTTTOUTT
Lnwe (eg2)
@ [ 20 100 20 300 520
o I
1we (heswz)
(¢) ] 20 100 - 500 $20
I l]IlH_IHI IRIm! il IRIR
Jwe Qeg2)
[(} 0 20 100 120 S00 S20
B O I
1iwe (hegue)

{s) 0 20 100° 120 500 520

S

SUOWSJA 2(9(6 12 LeIfie(ic’ ¥ JOUR [luc-26LIc2 O (ILSCU-
[CLIING MPIGIPGL [pI2 pIg2 O \C© fomgLlge (Pe UCBU[IAC
QLecu[Iug 265 1C6 JUOWI]A Py LeceU([A Wejeq” 1O q6-
MPIC 29162 (PIf 9 C =] 2(S[6 CIUDOJ OccnL 1} § boalfiac
mILge ((C=1N\(1®=0) <] mpicp ouBwsee yrow (Q)
LOL [P6 cyec coLLeebouqruB (0 L1B* @' Jp6Le 12 § pige {O-
potice tpsr’ g2 exbecreq” ((Y=IN\(1®=1))< ] exceby
{19] couqifioue:
ebouqiuB (o LIB" ¢ expipiz § berioq qebengeuce ou ui-
Bo s1001q [pe (eegpyck joob): QUIA 1pe 26t of [9Be cotLe-

" T COWIWIOU [0 6YCP Of (PG 2 (MPICH BIAG [P6 [1LER [SKEU [0

fLy berioq jeuB(PeuIUB cliect Of AJLAIUB 9 J9B mpicp 12
26[ O} j9B2 me (9K6 £3=7 IU OLYGL [O GELIOU2{LY(C [PC 6X-
fpoec neeq 10 E1B2 5° ¢ 9UQG @ Le2beclaGlA’ U [Pe LUY]
1pe urer tpLec 262 of j9B2 10 J9p6 | cotiszbouq (o
[1Bp 1c6 Aegle IU fp6 QLESU]IL] 268" ,
nweufe guq (\®=1) 12 (pe gacLgBe umuwper bel berjog oy
98¢ unwpel of Inwbe bet berioq pgz2eq ou (pe 200 sxbel-
Ips 200 1suqow exbeunene: JpeLsioie () 12 [PC YACL-
2I6U[2 PIAG qIeq 9MmIA) SUQ '\ [0 GEUOIS YU SAGLIBE OAGL
' me 126 (\) [0 qeUOl6 9 21 OAcL 9 berjog (gpeL [L9u-
986, 20]nf10U2 meLe cowbnreq” LoL 9 dagulih of IufeLee]
| LIUGOW IUIIY] COUQIIIOu2 meLe beL{OLIIEq SUq [P6 JAGL-
€9Cp Of Loni qijisLenf 2612 of J982’ 200 exbeLiwecuse n2uk
COL{SIU JU(CLC2[IUR 20]n{IOU e9(ML62 OU [pc j9Bz° LOL
M6 DOm 1UAGe(IBS6 2rg(Ieficy]]A [pPe qebeuqence of
beLiog® smitp ™ jeuqIuB 1© pA @ Aegle:
fIue” [qom \" =1 Suq \C=1] [OL g AcYL2 IU 6YCP ] AcHL
DIWIIC? UG 0CESY SGAGCIION [LOW 2™ (0 \© (YKG fpc 25w
14 2% = 00+ (7= Q AcHL2’ UG PEUCS [PE LON{E? AT 1CC QA-
JUB =@ ({mIcc (pc COUILO] AF[NE) Mmec Lug
116 of [Pe PI8P \© Le[9fIAC [0 [PSL O PIBP ™ BA CpoOe-
wecpsulele 12 Lezbouzipje oL {pé JeuB{peuIuB oy {pe
fInjez (gKeu (oL Jom 2™ [0 brognce PIBP \C Al [Pe {mO
EIUS[IA’ LI @ qewouz(Ls(ez [PIf (Pe qIpieLence 1o
(8" + §%) Aesre:
beLiog oy (pe 2ojntion cpsuBez prows [y (§°+QY) (0 |1
119] couquion (®=0 I I8 ¢ SUq =3 IU LIB" Q) 1pe
wi1s] beuog Y= 13’ sUq cpyvBIUB {pe bpyze oy tpe wiI-
=3 (oL mpicp @' =)' §°=8" @¥=¢" §'=13 9Uq Q*=)’
psiwonic o} {pe ofpel)’ EWbOAUR vem 982 2= Juq
betioq 12 N9 couqision qebeuqens (oue beroq 12 vor ¢
LiBmiee ¢ suq 916 exgwbjce of zojnfIoNZ MPGLE [P,
MU 9 Jom 1C6 2(9[6"
pA LONBpIh edngj gRLysIoN: O § PIBY ICC 21916 SHCLUIIUE
encl’ 92 1 IR 3(6)* [pe 20]n(joU (oL \© J2 CPILICIELINGq
20 (P9[ [peLe 9L 21x Imwbe U egcp |g AegL beLiog” Hom-

29iU6 [OL pofp " Juq \©

nujike LIB° 3’ tpe [Lgcqion o ¢ berjog ot MEICFEJ 16 12 pIBY 12 (pe
LB 3 =33 9uUq &=30' Lpe beLioq 12 3] Acsle’ jofice (psr’
Li8 @8’ p* [P 20)mr1012 oL 8 \™ Juq p 1@ oL ©¥=¢ 9Nq’ 92 IV

1nwe (Aegr2)
(3] 0 20 100 120 500 S20
1iwe {Aeaiz)

() o 20 © 100 120 S00 320
»

DILPA 9Uq A29K:. BOOJ6SU (¢]9A ¢dNY(ION FJuq YLCHIC CugIe?



monom T (55553)
13 1 18 069
1 2 0 149 099
1 6 1 21 075
2 3 1 2 098

0.68 7.32
0.5 4.78
1 9.78
0.66 8.15

employing the basic BDE model (1)-(6). The first line corresponds to the control set of

values for 72, 75, 77 (see equation (10)).
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1 3 1 18 0.8

1 2 0 17 0.89

1 6 1 21 0.61

2 3 1 20 081

(=2) <5
0.625 2
0.5 2
1 2.03
0.67 2
shates

Table 2 Average solution properties derived from 500 random initial eeﬂd'rhen-eepermem-s
TS

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

A Pathway to Prediction?

M. Ghil
Atmospheric Sciences & IGPP, UCLA

Motivation

1. ENSO is regular: lockéd to the seasonal cvycle;
QB mode, low-frequency (_Q_(;;?) mode.

2. ENSO is irregular: warm events occur
every 2—7 years (1—3 years, etc.?).

3. We thought we understood, but we can’t predict!

4. 'What to do? Let’s see l.,

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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Jog/ar Bue ares Ha’ a/é)ém: ENSo

Southern oscillation: correlation of sea level pressure with that

at Djakarta (Indonesia). Berlage (1957).
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Figure | Time scrics of the Southern Oscillation Index, which measures the atmospheric
sea-level pressure gradient across the tropical Pacific basin (dashed curve), and sea surface
temperature (SST) anomalies at Puerto Chicama, Peru (solid curve). Both series are nor-
malized by theit standarg deviation: shading indicates major ENSO warm phases (high SST,
low Southern Oscillation Index). After Rasmusson (1984).
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Figure 1a: Model Scheme.

Atmosphere Wind anomahes 1yr

Delays

T - wave adjustments mild c&aliug
B - local feedbacks peak xftmiing




Simple periodic behavior (B=0.17)
i) P=2 (1=0.31)
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Figure 2a: Simple periodic behavior
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Complex periodic behavior: integer P
i) P=3.0 (P=9, n=3, 1=0.69)
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iii) P=3.0 (P=51, n=17, 1=1.1)
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Figure 2b: Complex periodic behavior - integer average cycle length
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Complex periodic behavior: noninteger P
)P =21 (P=5, n=2, 1=047)
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Figure 2c: Complex'periodic behavior - noninteger.average cycle length
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Aperiodic behavior: no periodicity captured

i) P =2.212907579... (1=0.474891)
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PHYSICAL REVIEW B VOLUME 27, NUMBER 9 1 MAY 1983
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 ©, Denmark
(Received 20 December 1982)

* The one-dimensional Ising mode! with long-range antiferromagnetic interaction in an applied

field is known 10 exhibit a complete devil’s staircase in its 7 =0 phase diagram. In this Com-

ment we discuss its self-similar prqErlies and determine the fractal dimension.
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