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[1] The interaction between the thermocline and mixed
layer is a key process important to the El Niño-Southern
Oscillation (ENSO) in the tropical Pacific climate system.
Decadal changes in the relationships between the depth of
20�C isotherm (D20C) and the temperature of subsurface
water entrained into the mixed layer (Te) are analyzed using
observed temperature data during the periods 1955-2003 in
association with the 1976–77 climate shift. The thermocline
in the western tropical Pacific is anomalously deep before
the shift, but shallow after the shift. It is found that the
relationship has undergone decadal change in the far
western tropical Pacific (west of 160�E). The effects of
the decadal changes in the D20C-Te relationships on ENSO
properties are further examined using an intermediate
coupled model (ICM). It is demonstrated that ENSO
properties are sensitive to the decadal changes in the
D20C-Te relationship in the far western tropical Pacific.
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1. Introduction

[2] El Niño has undergone decadal changes in its prop-
erties in association with the so-called 1976–77 climate
shift [e.g., Rasmusson and Carpenter, 1982; Miller et al.,
1994; Kirtman and Schopf, 1998; Fedorov and Philander,
2000; Zhang and Busalacchi, 2005]. In particular, decadal
changes in the onset locations of El Niño-related SST
anomalies and their subsequent propagation directions took
place in the late 1970s. What processes are responsible for
the decadal changes in the onset locations of El Niño-related
SST anomalies? Various mechanisms have been proposed
that may contribute to the decadal modulations of ENSO in
the late 1970s. They include stochastic forcing in the
atmosphere, subtropical cells (STCs), changes in the mean
climate states in the tropics, and changes in the surface wind
structure [e.g., Kirtman and Schopf, 1998; Kleeman et al.,
1999; Fedorov and Philander, 2000; Wang and An, 2001].
[3] As an interface field between the thermocline and

mixed layer, Te is an important variable to large-scale air-
sea interactions in the tropics. It was first recognized more

than a decade ago that ENSO variability is very sensitive to
the entrainment temperature parameterization in the tropical
Pacific climate system [e.g., Zebiak and Cane, 1987]. In
many subsequent studies, the role of Te in ENSO physics
and variability have been clearly demonstrated. More re-
cently, Zhang and Busalacchi [2005] have identified Te as
an important factor for decadal changes in ENSO properties
using an ICM. In particular, this simplified modeling study,
utilizing an empirical Te parameterization constructed from
historical data during the pre- and post-shift periods, pro-
vides a specific explanation for decadal changes in the
structure of ENSO as observed in the late 1970s.
[4] Here we will use observed temperature data to ana-

lyze decadal changes in the structure and amplitude of Te
variability and its relationship with thermocline variability.
Previously, the relationship between the thermocline and
SST have been examined mostly on interannual time scales
associated with ENSO [e.g., Zelle et al., 2004]; the role of
atmospheric winds in the western tropical Pacific in ENSO
physics has also been examined quite extensively [e.g.,
Weisberg and Wang, 1997; Wang et al., 1999; Solomon
and Jin, 2005]. Our focus in this paper will be on the
oceanic role of the western tropical Pacific in decadal
modulations of ENSO relevant to the 1976–77 climate
shift. We continue to investigate the thermocline/mixed-
layer coupling since it has still received relatively little
attention compared to the SST-wind coupling.

2. Observational Data

[5] We use upper ocean temperature observations com-
piled by the Joint Environmental Data Analysis Center
(JEDAC)/Scripps Institution of Oceanography [White and
Bernstein, 1979], whose details can be found at http://
coaac.ucsd.edu/DATA_IMAGES/index.html. The monthly
temperature fields are available vertically at depths of 0,
20, 40, 60, 80, 120, 160, 200, 240, 300, and 400 meters, and
horizontally at resolution of 5� in longitude and 2� in
latitude during the periods from 1955 to 2003.
[6] Temperature-based mixed layer (ML) depth is first

obtained as the depth at which the temperature is 0.5� below
SST; its long-term annual mean field is shown in Figure 1a.
Using this definition, however, means that Te is always
equal to SST-0.5�C, which is not necessary. To avoid this,
we define Te at depth: hm = hm

SST-0.5 + 10. Correspondingly,
Te is estimated as the temperature at the depth of 10 meters
below the depth where the temperature is 0.5� less than SST.
The temperature fields are also used to calculate the depth
of the thermocline (defined as the 20�C isotherm depth;
D20C), which is estimated simply by linear interpolation
from the two nearest depths. The obtained Te and D20C

anomaly fields are horizontally interpolated to the ICM grid
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