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Open questions in ENSO research

• Is ENSO an oscillation?
No – looks like a series of events,
Memory (predictability) is lost after La Nina,
Noise reinitiates the cycle.

• Is ENSO irregular due to chaos or noise?
No evidence of chaos in nature,
Linear models excited by noise successful for seasonal 
prediction.
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Is ENSO irregularity produced by chaos 
– or by noise?

Jin et al. 1994
coupling strength



Longer instrumental record helps revisit ideas

An asymmetric oscillation underpining ENSO?



Model improvements help explore questions

Lagged autocorrelation function of Nino-3.4 SST index:
Improvements across generations of NCAR models
• Persistent La Nina – as observed,
• ENSO less oscillatory/predictable – closer to obs.

CVDP - Philips et al. (2014)



Our approach

•Analysis of orbits in observed and simulated Nino-3.4 
SST index,

− Close return maps,
− Time-delay embedding*
*  We use full Nino-3.4 SST to look at the annual cycle together with ENSO – i.e. we don’t remove the seasonal cycle,

** We use submonthly data to reconstruct smoother orbits. 

•Mathematical model of ENSO,
•Analysis of CMIP6 models using metric of complexity.



ENSO observations show unstable orbits
with periods that are a multiple of the anual cycle 



Reconstructed orbits 
with time-delayed embedding 

consistent with observed asymmetry

Smaller “loops” are the annual cycle

3 year orbit 4 year orbit 5 year orbit2 year orbit



Conceptual model: • Asymmetric oscillation,
• Periodic forcing



Conceptual model: • Asymmetric oscillation,
• Periodic forcing

-

weak periodic forcing → regular period 4 oscillation



Conceptual model: • Asymmetric oscillation,
• Periodic forcing

-

strong periodic forcing → chaotic orbits
-



Two types of CMIP6 models
Only one type simulates chaotic orbits as observed

-

Orbits with periods 
multiple of the anual cycle

- ACCESS-CM2

-

CESM2



Subset of CMIP6 models with chaotic ENSO
According to complexity metric

Complexity

Information
In black, complexity (C) as a function 
of the information (H) for a system 
with five accessible states (N = 5). 



CVDP - Philips et al. (2014)

ACCESS-CM2 CESM2



Conclusions

•Evidence of chaos in ENSO observations,
•ENSO chaos arises from “saddle node bifurcation” excited by 
anual cycle,

•Chaos alters the duration of La Nina (and to lesser extent El Nino),
•Some 2-year La Nina are highly predictable despite underlying 
chaos,

•Chaos also delays (or shortens) return to neutral and reinitiation of 
“cycle”,

•Realistic ENSO chaos in subset of CMIP6 models,
•Unrealistic models might have weak anual cycle (TBT).



Open questions in ENSO research

• Is ENSO an oscillation?
Yes, evolution of events becomes decorrelated due to chaos.

• Is ENSO irregular due to chaos or noise?
Due to chaos,
Of course noise can play a role – but, is it essential?
Noise could be state dependent - hence internal to the system.
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