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A signal s( t) written as [Huang et al., 1998] TRANSFORM DIMEl;I)SIONS * let s(z) be a signal whose trajectory
(HHT) ( q) belongs to a D-dimensional space S”

Z@k cos [px(t)] + (1)

* define a natural measure du({s(?)}) and

* a(t)1s the 1nstantaneous amplitude MULTISCALE GENERALIZED FRACTAL DIMEN SI()N S the partition function Fq(ﬂ, B (D))
* @ (1) 1s the mstantaneous phase * a signal manifests a multiscale behavior —3(1 5) + 2 Ssc(t « let B (I) be the hypercube of size /
* ¢ (t) = a/t) cos[@ (1)] 1s named empirical with (s) being the steady-state value cen tels"e d at the point s of S”
' ' ' ' ' e 1dentity ) s, (t) (t) as the fluctuations on 7, <7 ,
mode. S de.r ved .Vla A 1te%*at.1ve ¢ Z g ;2 ol Hentschel and Procaccia (1983) defined
adaptive algorithm, 1.e., the sifting proces « introduce a natural measure du_and a partition function T (u, B_ (1) q
* ¢ () oscillates on a typical timescale b logly(p, Bo(€)) 1 log 32 p;
k( ) 1 gp (i) we define D@- = 1 fen 198 rq(Ju'T: E,T(E)) Pa = q— 1 %LI}% log ¢ - qg—1 %1—1::% log ¢
T = — '- —_—
k=5-\ 7 7 Pk qg— 1 ¢—0 log ¢
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» The phase-space portrait (black dots) » The phase-space portrait (black dots) D — D whenk— k'=7 D, ,— D whenk— k'=5
1s reproduced by 7 modes (red dots) 1s reproduced by 6 modes (red dots) k=D =~2 = noise content e D — multifractal nature VTt
* The geometrical and topological * The geometrical and topological i : vt . .
properties stored into a subset of properties are stored into a subset of * k€ [2,7] »1<300 kyr — multifractal * k26 — more pred1ctaple behavior
“Informative” empirical modes “Informative” empirical modes e k28 — 12300 kyr = monofractal e Internal (more chaotic, k€ [2,5]) vs.
» Monofractal nature at all timescales » Multifractal nature at all timescales e Results consistent with Shao & external (more regular, k€ [6,9])
[Hentschel & Procaccia, 1983] [Hentschel & Procaccia, 1983] Ditlevsen, Nat. Comm., 2016 dynamics [Alberti et al., 2017]
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