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Recurrence time entropy Abilities regarding different dynamics

SkTE : : :
25 - ! - - | 1 — complexity of recurring structures
N . cars (LY2P) = 0.90 ) : SdRQA d S SRTE Sn GP-K,  SNet . thFe) dat;/ U & uctu
- 20 Poears (KZ) = 0.94 - corrected uncorrecte I
30 S o Z P(w) ]'np(w)° i M € Noise @ @ G f- h d f- -
B os | MAM N — further entropy definitions use
7S o ; s | o block area, white diagonal lines,
_ " th " " 0] e Chaos . . .
v 70 variability of recurrence times (periods) O 2 cumulative diagonal line lengths
£ 5 g
" 65 B related to KS entropy SNA Entropies behave differently for
' . . . ° | | | | H different dynamics. Uncorrected
" A\ border effects (cut vertical white lines) S A S ROA entropy shows 00 high
periodic values for periodic dynamics due
55 Phase space trajectory . to the border effects.
(left) and recurrence : . :
50 olot with selected fea- 3 M icrostates entro py Y PP PP PRI
50 60 70 30 t d f t : ; . . . .
Time caleations (ight) oot N s . Regime transition in palaeoclimate
- , all entropy variants are : . Y :
examples of microstates p: /] V7] presented here. S,u - Z p(]’t) lOg p(;u) Zpea"s Ek);)p)= 3‘311 ; 5
. ]/l pears .

~
s | s | — variability of short time recurrence patterns Zos 5 L7 Location of BleRberg Cave and
( )) 52 R Iz o | : E 3 © stalagmite BB1, used for palaeo-
Standard RQA entropy I |||| . — fast (when using random subset) = 9 climate and(-Environrnentaltintt.er-
ine histogram & R " : g ; 2T pretations (changes in vegetation
periodic signal. | . 0 . : Ve I i, : . . . . densities).
N S e . mixing of structures (no clear physical mea . o
Length Length . 0 : : : : : .
X : . ep: - 3.5 3.6 3.7 3.8 3.9 4 : Age (ky BP)
S=-—Y p(0)Inp(0). Sron ; ning); sensitive to embedding Control parameter -
6 . : : : : . : 5
g:]_ o (Lyap) = —0.8 corrected uncorrected . i _3800-2800 kyr BP
..... f{-é-é;g (K,) =-0.75 ~< S 2 /\/\r el -
Cp : : . . = | oo | I
— variability of diagonal lines Xl K2 entropy (GP algorithm) ar, ' J/\/\/\» ,_ | T
> §<> 1 l T T 1.5 F = . . - . _ ;%3200- 1 | | ]
— mostly used RP based entropy = \M . 1 R(z) s (120 = 03 ) | LR . G
. . L 2} W Mm §- 1 Nl (Nl _1) ZZ,] Z,] ppears 2 . B , L /\/\ .: . o 3600 [ - i{ ]
A\ border effects (cut diagonal lines), g Sk, = wln ; 0 - : W' A &
. . . o " § %_ E (/)_ 1.5 F 2200 200:g180())”1520 1400 1200 3800 3600A3g4e00 y?;rZé)(F)) 3000 2800
noise, tangential motion oL - . - - 4 N k(N —1) Zl,] Rz,] g% ; ) /\/ﬂ T ¢ o o
| | Cont.rol paramet.era | é_ T E % g %
— correlation entropy, mathematically w/'mm = 5 04p ° ¥
O .

Intermittency entropy straightforward, using correlation sum C, s ss a7 38 39 4 ™! \’VW/\/A /\WA\/\/\WJ\’\\F

Control parameter a
N . A\ high embedding dim. and scaling region required p § oL alternating regular and complex
5=~ ) p()Inp(o). S S ; aliernating regular 2
—1 04 ynamics In local climate

o o | | 05 | Pogars (K;) = 043 ; Network entro )Y 0 ' ' ' ' 5 o) V\/‘ , (indicating the change of maritime
— variability of vertical lines, i.e., laminar A ; o6 | : ; W | and continental influence)

1 02
hases _ 2 ’ 2 ‘ S
p SNet Nlog(N L 1) Z 1Og ] (er] 51/])

: : : 0.016 -
A\ only valid for dynamics with 0z | M W , E 2| : 5 - .
| J ; . . : 0.014 F ' Preliminary results of changing
intermittent/ laminar regime5° meaning . . . . | | : — h@terOgEHEIty of phase Space denSIty 03 L ; 0012 | ' entropies for the palaeoclimate
’ 3.5 3.6 3.7 3.8 3.9 4 Ppears (H¥3P) = ~0.85 | proxy.

o
a

0.34 r

©
N

Entropy S

Lyapunov epxonent A\

Entropy S
o
N
Lyapunov epxonent A\
SNet

. . K = -0.89
Stl” u nClear Control parameter a A geometrlcal, not a dynam |Ca| measure 0.28 Prews 2 ' ' ' : 0'0112000 10000 8000 6000 4000 2000 0
. 3.5 3.6 3.7 3.8 3.9 4 : Age (ky BP)
Control parameter a : m
Contact  Norbert Marwan References  Breitenbach et al.: Holocene interaction of maritime and continental climate in Central Europe: This study has received funding from the European Union’s
Potsdam Institute for Climate Impact Research New speleothem evidence from Central Germany, Global and Planetary Change, 176, 144-161 (2019). I—Fllorlzon. Zoif dReseakrch and Innovation programme under ,
14412 Potsdam | Germany Kramer et al.: Recurrence Plot Based Entropies, in prep. the Marie Skfodowska-Curie grant agreement No 691037, “
: . : project QUEST (QUantitative palaeoEnvironments from
marwan @ pik-potsdam.de Marwan et al.: Recurrence Plots for the Analysis of Complex Systems, Physics Reports, 438(5-6), = e SpeleaThems) and from DFG, project “Recurrence plot A S
237-329 (2007). analysis of regime changes in dynamical Systems”. DFG E;igcﬁfgsgememschaﬁ



