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ENSO Decadal Variability



Long climate model simulations show strong decadal 
modulation of ENSO properties 

Nino3 index from GFDL-CM2.1 model

Wittenberg, 2009



GFDL-CM2.1 also shows decadal variations in the dominant pattern of ENSO events 
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20/year sliding 
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Zonal SST gradient 
increases during 
CP-dominated 
epochs and 
decreases during 
EP-dominated 
periods 

Choi et al. (2011)



Decadal changes in ENSO amplitude are also seen in the observational 
record
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ENSO spectral characteristics also 
changed after 1977 with dominant 
timescale becoming longer

Spectra of Nino3 index

άLǎ 9ƭ bƛƴƻ /ƘŀƴƎƛƴƎΚέ  (Fedorovand Philander , Science , 2000)



Observations also show decadal differences in ENSO spatial pattern

McPhadenet al. 2011
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What causes these decadal variations in ENSO characteristics? 

ÅDo these epochal changes happen by chance?

ÅAre they due to changes in the tropical climate system 
dynamics? 

ÅAre they due to changes in the amplitude/pattern of the 
stochastic forcing? 

Is El Nino reallychanging? 

Capotondiand Sardeshmukh, 2017



Linear Inverse Modeling approach

x = [ x1, x2ΣΧΧΧxn]
x = [SST,Z15]

L= matrix encapsulating predictable system dynamics
S= stochastic forcing amplitude covariance matrix
r = random noise vector from N(0,1)

dx = L x dt + Sr (dt)1/2L x dt Sr (dt)1/2

Predictable
dynamics

Stochastic
dynamics

Determine L
C( )̱ = exp(L )̱ C(0) 
C( )̱, C(0) covariance matrices at lags a̱nd 0  

Determine S
LC(0) + C(0) L= - SST



Are the apparent changes due to sampling variability? 

Period 1: 1958-1977 Period 2: 1978-1997

LIM2 : L2, G2, S2LIM1 : L1, G1, S1

Run LIM1 for 48,000 yrs=
240020-yr segments

Run LIM2 for 48,000 yrs=
240020-yr segments

Compare PDFs of quantities of interest



Are the differences in the Nino3 amplitude and timescale different? 

v1 = 0.59 v2 = 0.91

LIM1 PDF of Nino3 variance LIM2 PDF of Nino3 variance

dx = L x dt + Sr (dt)1/2



What about spectra of Nino3?  

LIM1 LIM2

Spectral power during P2 is outside 
of the 90% limits of the P1 spectrum. 

Except for its low- and high-
frequency tails, the P1 spectrum is 
within the 90% limits of the P2 
spectrum.  

The period with the largest variance seem to also include some of the statistics of the 
period with weaker variance. 
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Where has the SST variance significantly changed? 
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SST variance differences between P1 and P2 are statistically 
significant (90% level) in large parts of the domain 

Dotted areas: P2 variance 
significantly larger than P1 
variance 

Hatched areas: P1 variance 
significantly larger than P2 
variance 
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SST Variance



Thermocline depth variance also shows statistical significant 
differences between P1 and P2

Thermocline Depth  Variance

P1

P2

P2-P1

Dotted areas: P2 variance 
significantly larger than P1 
variance 

Hatched areas: P1 variance 
significantly larger than P2 
variance 


