ENSO'’s Decadal Dance viewed through a Local Lyapunov Lens
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1. PROBLEM STATEMENT WHAT Do THE LLEs oF THE MONTHLY NINO3 INDEX MEAN? 7. ’1997-98 EVENTS’ IN CM2.1:
| The LLEs describe the capacity of tiny perturbations of the monthly WHAT DICTATES THEIR PREDICTABILITY?
Decadal variability of ENSO is present in historical and paleo records, and has been simulated by a hierarchy of NINO3 Index (e.g. WWBs) to grow at faster or slower rates due to the _— — o T .
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dynamical and statistical models. Predictability of ENSO varies with forecast lead-times, amplitude of
interannual ENSO variability, and with decade. The limits of predictability depend on the mechanisms
responsible for ENSO irregularity (chaos, noise), and equilibration at finite amplitude (stability of
atmosphere-ocean interactions) (Sarachik & Cane, 2010).

In an early report, Abarbanel et al. (1991) note that “the real issue of predictability is whether the 4. DECADAL VARIABILITY IN PREDICTABILITY
atmosphere-ocean system constitutes a chaotic dynamical system at all time-scales”, and point out that
"extremely long (1000 years or more) runs of coupled atmosphere-ocean models are required to study the issue
of whether the [climate] system exhibits chaotic behavior at all time scales of interest (...)”. Fortunately, such
investigations are gradually becoming possible in long runs of coupled GCMs, such as the GFDL CM2.1

system’s internal nonlinearities, signifying decreased or enhanced

predictability. o]
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» Periods with sinusoidal moderate events () are deemed the most predictable. oy

» Silent periods () or irregular mega-ENSO periods () are the least predictable.

» Irregularity in predictability, with decadal persistence, marks epochs with pre-1960
and post-1960 characteristics (M1 and M6, respectively).

pre-industrial run (Wittenberg et al. 2006; Wittenberg 2009). R _ L — e e B = :
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Prediction Error:

E(t) = E(0)exp(Aqt), (1)
A1: largest global exponent

1 o
1.0- . ] 2 )
ObservatlonS( ) 45 10 -5 0 5 10 15 45 10 -5 0_5 10 15 15 10 -5 0_ 5 10 15 15 10 -5 0 5 10 15 45 10 -5 0 5 10 15
0.8 > El Niﬁo redictabilit iS months after November months after October months after October months after January months after January
predic ’ y , » The events are classified differently by the LLEs.
206 enhanced during "active : ST
2 . The ratio of the error-doubling times:
0.4 periods (' ) compared to
pr . : TNINO3 4
0.2 inactive’ ones (). ratio =
T£300
0.0 . . . .

is a measure of the propagation of information between the upper-ocean heat

Local Lyapunov Exponents A,(x,L) measure the growth or decay over L time steps of a

iesrturbation made around a point x of the attractor: 3210123 4 o |l 4 the GG
L 500, A(xL Y ) h 4 o It seems that there is a ‘de-coupling” between the predictability of the upper-ocean
. . % L global ( ) 6' ODEL VS. OB SERVATIONS. heat content and that of the SST for the events that are deemed the less predictable.
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individual events, decreased predictability seems associated with a ‘de-coupling
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*DATA AND METHODS SUMMARY:
Monthly NINO3 Index from the GFDL CM2.1-1860 simulation. NINO3 observations: NOAA Extended Reconstructed SST (ERSST.v3) record. Phase-space
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