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McGregor et al. (Clim. Past, 2013)

Proxy evidence suggests that ENSO has waxed & waned,
with significant amplification in recent decades.

Multiproxy meta-reconstruction (from corals, tree rings, lake sediments & ice cores) of
30-year running variance of 10-yr lowpass July-June annual-mean NINO3.4 SSTs.

Reconstructing past variations in ENSO
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ENSO theory revisited

Existing conceptual models of ENSO have issues:

- Linear frameworks miss key asymmetries in obs (Choi et al. 2013)

- “BJ index” accumulates errors (Graham et al., CD 2014)

- “Unified Oscillator” at odds with obs & CGCMs (Graham et al., JC subm.)

Back to basics:

At ENSO time scales, a delayed oscillator with

captures 94% of the variance of obs NINO3 dT/dt.  (Graham et al., JC subm)

Good reference point...  but what about ENSO nonlinearity?
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Summary

1. ENSO diversity
     a. Continuum of flavors; strong El Niños are different
     b. Nonlinear regional impacts: stakeholder­dependent
          ­ various paleo proxies record different aspects of ENSO
     c. Intrinsic modulation: may be unpredictable
          ­ may dominate the ENSO we experience in the next few decades
          ­ Have we observed long enough?  How long must we run models?

3. ENSO models & dynamics
     a. CGCMs are improving: teleconnections, dynamics, predictions
          ­ atmospheric & oceanic formulations both matter
          ­ correcting the climatology improves ENSO's seasonal timing
     b. Renewed attention to conceptual frameworks & metrics
          ­ e.g. nonlinear delayed oscillator   captures key ENSO asymmetries→

2. ENSO changes
     a. Stronger ENSO in past 30yr than previous 400yr
     b. Changing patterns of variability, especially for rainfall
     c. Unprecedented climates: Change in mean state vs. variance
          ­ West Pacific SST; central Pacific rainfall
     d. Future vulnerability depends on region & stakeholder
     e. Competing feedbacks + optima + model biases   → uncertainty in projections
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Key ENSO feedbacks

SST

noise

u, w,
mixing

wind stress

heat
fluxes

h

(evaporation,
cloud shading)
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