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The Emergence of EI-Nino as an Autonomous Component in the Climate Network
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o , The interaction of the autonomous cluster C with its environment 1s . _
o seer? inikig, Ia, there 1.8 a group.of. nodes; C’ i h?lye 10v.ver yalues highly asymmetrical with respect to the equator. This might have We have found 4 new d¥n3m1031 pattern that reflects the coupling
at any time, and are spemﬁcal.ly distinct durlpg El—Nlnq (wide .yellow several explanations, mostly regarding the asymmetrical distribution between the El—Nlﬁo basin (ENB), and the rest of the world. ENB
f}tlrlp(ejs). We ﬁn.ctlhtl.ltat measur(llr}g the.dl}(/lnamlcs otf thet 1n;e:act10ns .(f)f of the lands. However, this asymmetry is reversed in high altitudes as l;ecomes s;gr.uﬁ(?antll.y linore 1eluitonorllfoﬁs during El—lNikﬁo, loiingka l(eiu‘geti
e C region with its surroundings yields a sensitive tool to quantify T raction of its in—links, while still having out-links. This kind o
Tikes (s st ins v sorcesmins koot favies GfF (Bt Noseittoms gy fv the ;esponses of I and O to El-Nifio events. Figs. 1b,c show [ (y3 and shown in Fig. 5. topplogy 1S reminiscent. of pacemakers in network models [A6]. The
T e A ——r O the in- and out— weighted degree of C (which includes 14 2 ; major impact of event.s inside ENB on .World.chmate on one hand, and
. . . . . nodes) respectlvely. BTSN - : S SUSPRRTIOS SPPRNTOOR SNRTSORION NISVOIIOE SOPTIOS SRR the weakened correlations during EI-Nifio episodes on the other hand ,
interactions. It 1s possible that 1 and r have correlated behavior | #—= 1000mb, out | 5 5 5 5 5 .. Coe . .
(sometimes with alag timg:) due to common forcing mechanisms (such 18| = y,j éggi,ziﬂ i o — o e ] E 1; ;h:;gloi ;()I;trailtztlélﬁ;: (fjlc;; atie ;ril_grllie;tllio?l?lsmtel;asitiﬁn ofi .
as solar 1nsolat10n), material flow (salt, dllSt, water, a1r) between 1 and (a) (b) R ek 850mb, in [ s s s s e o i g pd B \le | 1g ugg c orig
r, direct pressure of 1 and r on each other, and heat flow between them. 1980 | 3260 o i‘l : Wﬁh 50 g0 [FENFTEETEES 5O 1.6 ....... +—= 700mb, out ............... ............... .............. ............... ............ or its significant dynamical role in the global climate.
These correlations are commonly studied with the aid of eigen- .1? ',i o 1" il PE oo I 45 L S ﬁ ;ﬁmg* S & U S HU S s
techniques such as principal component analysis, yielding a few o % 1985 - imé"gf Wa 0 e h“}rm iy i 40 E‘ b, in The autonomous property of ENB exists even in high altitudes, but the
fluctutation profiles that are typical. 2750 ', o s < 8 detqiled structurle,. a(rllddthe i(rilteractions of this component with its
1990 -+ 1 L, 1980 :-,'..-g-:; wlu g 0 O environment is altitude dependent.
However these correlations are quite a robust field on their own right, § = - LG - E‘-q
and the profiles of this field, which we call "the climate network" have > 1995 2250 ; ;ﬁ[-'ﬂ'f'. O 1995 | 0 One of the most pronounced detailed altitude behavior is the north
been the topic of recent studies [A1-4,B1-5]. We have demonstrated iy h-‘;;éﬂuj” '*»f koot south asymmetry. Near sea surface, ENB 1s forced more by the
[B1-3,A2] that during El-Nino times large portions of this field have a 2000 P el J%JW it Tﬂ [ 2k 1* il [ northern hemisphere than by the southern, and forces the southern
reduced value, corresponding to a less correlated atmosphere. We are p005 1750 05 I | f{ i Fra J,; Lﬂﬁ 10 ro0s H é? 10 hemisphere more than it.forces the northern. In higher altitudes this
now able to pinpoint a peculiar and rich pattern in this effect - the *H w%ﬂ’w ‘H [ i || ° asymmetry is reversed. Since the annual cycle in the two hemispheres
unique autonomous component in the eastern pacific [B4]. We have o0 200 600 1°° o aoeng ~ ° ' DU sl 1s opposite, this north—south asymmetry might be related to the known
elaborated a four altitude/two fields (temperature and geopotential percent (not yet fully understood) partial phase locking of the ENSO cycle
heights)/10000 snapshots (corresponding to 10 days reolution over 30 Node Index with the annual cycle (see e.g. [A7,A8]).
years) survey of the climate network, which presents the behavior of FIG. 3: (1000mb) Percentiles of the ratio of north to south (south to
tﬁis auton(imous clompop;nt}.l.This includes the c.listribu.tion of plgces Fig. 1 Weighted degrees as a function of time (y axis) and the node inn(:;rct)rr‘r)niri]n_t <;N((:>i3tht<s>i rfoi:;\:vne)-ighrtrz.in'll'hicso ;r;ofvrv:mqtl:lznrtli(t)ar&vc(esli uttl;‘a)t ;:Eléz
g;{; sEronﬁgl f}? o at-e Wit t tls co(rlnpon.er{[t, thi-dIStrlllt)}tltlgn Zf 1S ‘gmet index (x axis). (a) Total weighted degree D - (b) The microscopic most ofgthe valt?es gre well abovey1. The two lines, representi;lg the
yS WIHA e CHVITONMEN?, A afl TErestng aiittiee dependen contributions to the weighted incoming degree of C, IC (c) The asymmetries of the two fields, show a remarkable similarity, which
profile of its interactions with the northern and southern hemispheres. microscopic contributions to the weighted outgoing degrees, O . reflects a mirror relation between the asymmetry parameters of the two
W§ hgve also compiled th.e leading profiles of this 1nformatlog (main One should bare in mind that each point is compiled from records fields. For higher altitudes we see an opposite behavior.
principle compongnt), which are sh(.)wn. to be related tf) th§ different of 565 days : 365 days + 200 days of shifts. The representative point
ivtalgdes.of;ge El-Nino Southern Oscillations (see an animation of the in all figures for each 565 period is the beginning date of the period.
ields in [AS]). 200 — , | | : . 30
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days for each pair of 81t.es land r sign of 9??« stands for the | 1200
on .the fgrld,. their  cross dynamical orderlng ofland r [
Cévarlance(g;l(tl;t(litl»d (Fe (s when 9 > 0 the link 1s 12:2 Figure 4. Time dependent distribl{tion of .the time delays between C and
e S regarded as Outgomg from node 1 oco the rest of the world, as a function of time, for the 500mb layer. The
. and incoming to node r. L 900 measures of time delays is very noisy, but one might see that delays Please contact avigoz(@gmail.com
The correlation strength of the 850 related to El Nifio times are shorter, and the significant delays are Our results were summarized in four papers:
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