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[1] We propose that the first two empirical orthogonal
function (EOF) modes of tropical Pacific sea surface tem-
perature (SST) anomalies do not describe different phenom-
ena (i.e., El Niño� Southern Oscillation (ENSO) and•El Niño
ModokiŽ) but rather the nonlinear evolution of ENSO. We
introduce two new uncorrelated indices (E and C), based
on the leading EOFs, that respectively account for extreme
warm events in the eastern and cold/moderate warm events in
the central equatorial Pacific, corresponding to regimes with
different evolution. Recent trends in ENSO can be described
as an increase in the central Pacific (C) variability that is
associated with stronger cold events, as well as a reduction in
the eastern Pacific (E) variability within the cold/moderate
warm regime, consistent with model projections. However,
little can be said observationally with respect to the extreme
warm regime.Citation: Takahashi, K., A. Montecinos, K. Gou-
banova, and B. Dewitte (2011), ENSO regimes: Reinterpreting the
canonical and Modoki El Niño,Geophys. Res. Lett., 38, L10704,
doi:10.1029/2011GL047364.

1. Introduction

[2] It is well known that•no two El Niño events are quite
alikeŽ [Wyrtki, 1975], yet the typical evolution of such
an event was thought to consist in an initial warming off
South America and later in the central equatorial Pacific
during austral summer (DJF) [Wyrtki, 1975;Rasmusson and
Carpenter, 1982]. This belief changed with the extraordinary
1982…83 and 1997…98 El Niño events, which had large
amplitudes and different evolutions with respect to the
•canonicalŽ composite [Cane, 1983], particularly as the
maximum anomalies occurred simultaneously in the eastern
and central equatorial Pacific during austral summer. This
motivated descriptions of El Niño based on a single pattern
and index (see discussion byLarkin and Harrison[2002]).
Trenberth and Stepaniak[2001] proposed an additional index
to regain the ability to describe the evolution of El Niño and
its diversity of patterns (Trans� Niño Index or TNI).

[3] Recently, several studies argue for the existence of a
different type of El Niño with SST anomalies concentrated in
the central equatorial Pacific, [Larkin and Harrison, 2005;
Ashok et al., 2007;Kug et al., 2009;Kao and Yu, 2009], even
arguing that it is a phenomenon distinct from ENSO [Ashok
et al., 2007], and there has been an increasing interest in
determining the characteristics of its evolution, dynamics and

associated teleconnections [e.g.,Weng et al., 2007;Kao and
Yu, 2009;Kug et al., 2009;Yu and Kim, 2010].

[4] Furthermore, there is evidence that this type of El Niño
has been more frequent during the last decades [Yeh et al.,
2009;Lee and McPhaden, 2010]. Moreover, some climate
models indicate an increase in the frequency of occurrence
of this new El Niño under anthropogenic climate change [Yeh
et al., 2009].

[5] The present study is aimed at providing a new inter-
pretation of the various Niño indices and classifications and at
improving our understanding of the relationship between the
central Pacific type of El Niño, the•canonicalŽEl Niño and
the extraordinary events. In particular, we present evidence
that suggests that these are all part of the same non� linear
phenomenon rather than independent modes of variability.

2. Data and Methodology

[6] We calculated the EOF modes from monthly SST
anomalies from the Hadley Centre Global Sea Ice and Sea
Surface Temperature (HadISST) dataset version 1.1 [Rayner
et al., 2003] in an equatorial Pacific domain, bounded by
10°S…10°N and the lateral coasts. We take 1979…2009 as the
base period for all climatologies, EOFs and correlations,
approximately the same asAshok et al.[2007]. We then
projected the entire dataset (January 1870…August 2010) on
the EOF patterns to obtain the principal components (PC) for
this longer period. The PCs were normalized by the standard
deviation for the base period and smoothed with a 1� 2� 1 filter.
Dimensional spatial SST patterns were then obtained by
linearly regressing the SST anomaly fields onto these PCs.
Our domain is more confined to the equator than the one used
by Ashok et al.[2007], as tests showed that it resulted in EOF
modes that were less sensitive to the time domain considered.

[7] We performed a similar EOF decomposition on the SST
data from three numerical climate models: 500 years from the
pre� industrial unforced control run from the NOAA GFDL
CM2.1 climate model [Wittenberg et al., 2006;Kug et al.,
2010], a 1200� year run withZebiak and Cane•s [1987]
intermediate coupled ocean� atmosphere model (ICM) for
the tropical Pacific, and a 800� year run with the LODCA
ICM [Dewitte and Gushchina, 2010] in which the ocean
model described byDewitte[2000] is coupled to the QTCM
atmosphere model [Neelin and Zeng, 2000;Zeng et al.,
2000]. These models are considered because they account
for the diversity of physics and complexity for modeling the
tropical Pacific interannual variability.

3. Analysis and Results

[8] The first two PCs combined explain most of the
variance (68% and 14%, respectively) in the domain. Using
multiple regression, we linearly combined the PCs to estimate
the values of El Niño indices (traditional Niño indices [e.g.,
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