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1. Introduction

• White noise driven linear oscillator (Graham & White 1989, 

Penland & Sardeshmukh 1995  etc.)

• Coupled nonlinear oscillator forced by weather events, 

e.g. westerly bursts (Philander 1990, Neelin et al 1998  

etc.)

• Exotic chaotic systems (Jin et al. 1994)

1.1 Conceptual models for ENSO
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Major feature of ENSO: Asymmetry between +/- ENSO 
phases: Skewness (Trenberth 1997, Burger & Stephenson
1999)

Aim: understand this behaviour using a simple transfer 
model: 

)( tt XgY =
Nino3 SST

Thermocline depth

Transfer function

Lack of inversion in the vertical profile of large scale 
monthly mean temperature  =>  g is monotonically
increasing.

1.2 Simple Stochastic conceptual model

(response)
(Gaussian random process)
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2. Data

2.1. Observations

• Nino3 index from NCEP: Jan 1950 – Dec 2000
(monthly mean SST over 5N-5S/90W-150W)

• Thermocline depth anomaly: Apr 1983 – Dec 2000
of monthly 20deg C  isotherm depth at 0N/140W
source: moored ocean buoys from TAO project

2.2 Model simulations

• Nino3 indices from 24 coupled models:  subproject 
El-Nino Simulation Intercomparison Project (ENSIP) 
from the Coupled Model Intercomparison Project.
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Observed  Nino-3 index

Observed 20deg C themocline depth
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IQR

median

min (1.5 iqr, extremes)

3. Nonlinearity in the observations
3.1 Box plot of the annual cycle

• inhomogeneities across the months
• most interannual spread: Nov-Dec
• + ve skewness most evident: autumn/winter months
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3.2 Probability distribution

cdf pdf

can be estimated directly or via l-moments as:
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So to estimate g: Plot quantiles of Y vs quantiles of X 

q-q plot

qnorm plot

3.3.  Transfer function estimation

Nonlinear transfer
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quantile-quantile (q-q) plot
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• Significant +ve skewness

• Near normality of the thermocline depth (not shown)

• Nino3 saturates only at deep thermocline (warm SST)

• linear transfer between thermocline depth and Nino3
at shallow themocline (because of active mixing)

• results different from, e.g. Zebiak & Cane (1987) and
Battisti (1988) where SST saturates at both ends.

3.4. Non-linearity in observed Nino-3
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4.1 probablity distributions
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No relationship between 
Nino-3 variability and
Background mean state
(Neelin 1991, Li 1997)

Observed Nino-3
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Conclusion

• significant +ve skewness in observed Nino-3
• observed Nino3 is linearly sensitive to shallow 

thermocline
• observed Nino3 saturates only at deep thermocline

• Most ENSIP models underestimate the observed 
nonlinearity:

- 13 out of 24 are normally distributed (@ 99%
confidence

- only few models (CCSR, CERFACS, DKRZ, 
LAMONT, NRL, UCLA) capture nonlinearity, but
is different from the observed one.

Hannachi et al., 2003, Clim. Dyn., 20, 241-256
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