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Spectral signatures of ENSO
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ENSO Thermocline depth : h(t;)
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ENSO delay oscillator dynamic structure
It is helpful for Tipping Element cascade to chaos studies
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Gives a 1d universal map of sub-harmonic resonance (Tziperman et al 1994; Bruun et al 2017) and intermittency

Equatorial wave guide physics



Period doubling to chaos gives an exact sub-harmonic resonance signature
(which is Universal)
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Seasonal entrainment is enhanced in the intermittent tipping cascade

and it includes combination tones (an emergent phenomena).
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Lower frequency components : sub-tropical
dynamics and tropical to sub-tropical coupling
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7. Sketch of the mechanism of the PDO. SST anomalies can arise through reemergence of ENSO induced variability. Atmospheric noise excited Rossby waves
which interact with the Kuroshio current, possible leading to path shifts leading also to SST anomalies, details in New
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SOl update

Adding the most recent 5 years
(2018 — 2023):

Canonical EL Nino 1 year mis-
match (supports stochastic
activation theory).

SOl

Persistent La Nina phase
(supports modulated Heartbeat
theory with a non-linear
threshold 2015 to 2035).

Any questions

JGR Oceans, Volume: 122, Issue: 8, Pages: 6746-6772, First
published: 26 July 2017, DOI: (10.1002/2017JC012892)

Heartbeat of the Southern Oscillation explains
ENSO climatic resonances
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ENSO dynamic structure plots from Bruun et al, 2017
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Figure S2. SSTA data and SSTA models: SSTA Signal analysis with DFSA. SSTA data (black

line) estimated model: blue line including red-noise AR(1), red line -- the underlying

combined frequency states, light blue line, the 75 year frequency state, green line the 180 year
frequency state. Horizontal black dashed lines show SSTA mean of -0.26 and 0OoC.




ENSO dynamic structure plots from Bruun et al, 2017
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Figure 5. Frequency states of the ENSO process. Using BJTSA this shows the identification of dominant frequencies from data, the estimated frequency state models and the frequency
state model skill assessment verses data. Southern Oscillation analysis: (a) spectrum, msoy= {2.5, 3.8, 5, 12, 65} years; (b) 50| (black lines), estimated model (blue line including red-noise,
AR(1), red line — the underlying combined frequency states), and (c) skill assessment true positive (red circles) and true negative (black +) verses increasing |50I| threshold. Morth Pacific
Index Anomaly analysis: (d) spectrum, wyms ={5.8, 14, 61} years; (€] estimated model: blue line including red-noise, AR(1}, red line - the underlying combined frequency states, green line,
the additional effect of including a trend, (f) skill assessment true positive (red circles) and true negative (black +) verses increasing |NPIA| threshold. Sea Surface Temperature Anomaly
analysis: (g) spectrum, wssry =1{2.5, 3.8, 5, 13, 27, 75, 180} years; (h) estimated model: blue line including red-noise, AR(1), red line — the underlying combined frequency states, light blue
line, the 75 year frequency state, green line the 180 year frequency state. Solid thick purple lines show the thresholds indicated by skill analysis within which the frequency state models
hold. (i) Skill assessment true positive (red circles) and true negative (black +) verses increasing |S5TA| threshold.



ENSO dynamic structure plots from Bruun et al, 2017 Figuresi.

The supporting information shows the SSTA raw data and the variability structure of the
residual. Following remarks by Li et al. [2013] the inter-decadal ENSO variance structure are
examined. The variability of this indicates that either stochastic or underlying structural
components of the system could cause the system to adapt its variance. We examine the
absolute value of residual variance structure given by:

abs residual = | vserg — fosral (18)
By applying DFSA to the residual series created from equation (16), we include 120 and 180

year cycles as shown in Figure $1. The raw SSTA data and the fitted model f¢4 of Eq. (16) are
shown in Figure 52 together with the raw 55TA datal
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Figure S1. SSTA long term variance variability: SSTA |residual| analysis, a) black line: SSTA
model |residuall, red line: |residual| model: long term cycles of 180 and 120 years modulate the
variability. b) SSTA model (red line) with thresholds as shown in Figure 5.
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