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Abstract The studies of El Nifio — Southern Oscillation (ENSO) predictability by using nonlinear optimization

method are reviewed in this paper. For the key problems of ENSO predictability, including optimal precursors,

spring predictability barrier, how to quantify ENSO predictability, and ENSO asymmetry, the authors use the theo-

retical model and then intermediate model to investigate the dynamics of ENSO predictability. By these investiga-

tions, some nonlinear characteristics of ENSO behavior are revealed to a certain extent. The main results are sum-

marized as follows: (i) Conditional nonlinear optimal perturbation (CNOP) (local CNOP) is more potential than the

corresponding linear singular vector (LSV) in evolving into El Nifno (La Nina) event. CNOP and local CNOP are
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therefore regarded as the optimal precursor of El Nifio and La Nifia respectively. These derived EI Nifio and La Nifia
events are asymmetric in amplitude about the climatological mean state (i. e. , Sea surface temperature is zero). Sys-
tematic theoretical analysis demonstrates that it is the nonlinear temperature advection process that enhances El Nino
significantly and suppresses La Nifia negligibly, then leading to the asymmetry of ENSO. The NCEP reanalysis data
during 1980 - 2002 are used to verify the above results. Then these theoretical results are supported qualitatively.
(ii) The CNOP - type initial error of ENSO induces the prominent seasonal-dependent error evolution. Further-
more, for a large number of initial error pattern differing from CNOP, extensive numerical experiments suggested
that CNOP-type initial error causes the most obvious spring predictability barrier (SPB). The mechanism of SPB is
also investigated by analyzing the tendency equations of error evolution of ENSO. The results demonstrate that the
occurrence of SPB for ENSO depends on not only the climatological mean state, but also the ENSO event itself and
the configuration of initial error. Therefore, SPB for ENSO is caused by the collective effect of these three factors.
(iii) The lower bound of the maximum predicable time, the upper bound of maximum prediction error, and the low-
er bound of maximum allowable initial error for ENSO are established with three different nonlinear optimization
problems. To a certain extent these three sub-problems of predictability quantified ENSO predictability are based on
a theoretical coupled model. Then this work tell us how the nonlinear optimization method is used to quantify the
predictability of ENSO. Besides, the SPB for ENSO is revealed from these three different perspectives, which also
demonstrates the seasonal-dependent evolution of error for El Nifio. (iv) CNOP approach is also used to study the
decadal variability of ENSO. It is found that nonlinear temperature advection plays an important role in ENSO asym-
metry, which explains not only the asymmetry of ENSO in interannual scale. but also that in interdecadal scale.
Furthermore, the mechanism of decadal asymmetry of ENSO asymmetry is given, i. e. , the decadal change of ENSO
asymmetry may be caused by the collective effect of the changes in tropical background state and nonlinearity associ-
ated with ENSO. At the end of this paper, the authors analyze the prospect of application of nonlinear optimization
method in ENSO study. It is expected that the nonlinear optimization method can be extended to the studies of the
second predictability problems for ENSO.

Key words nonlinearity, El Nifo, predictability, nonlinear optimization
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