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The case is advanced that decadal variability of climate in the Pacific sector is driven

by tropical atmosphere-ocean interactions and communicated to the extratropics. It
is shown that tropical decadal variations in the last century could arise as a conse-
quence of the regional subset of physics contained within an intermediate model of
the El Nifio-Southern Oscillation. These decadal changes in ENSO and tropical
mean climate are more predictable than chance years in advance but even in these
idealized experiments forecast skill is probably too small to be useful. Nonethe-
less, forecasts of the next two decades indicate that, according to this model, the 1998
El Nifio marked the end of the post 1976 tropical Pacific warm period.
Observations and atmosphere general circulation models are interpreted to sug-
gest that decadal variations of the atmosphere circulation over the North Pacific
between the 1960s and the 1980s are explained by a mix of tropical forcing and
internal atmospheric variability. This places a limit on their predictability. The ocean
response to extratropical atmosphere variability consists of a local response that is
instantaneous and a delayed response of the subtropical and subpolar gyres that is

predictable a few years in advance.

It is shown that the wintertime internal variability of the Aleutian Low can weakly
impact the ENSO system but its impact on decadal predictability is barely discernible.

1. INTRODUCTION

For four years prior to fall 2002 the mid-latitudes of both the
Northern and Southern Hemisphere experienced substantially
less rain than usual. In the United States and across Southern
Europe into Central Asia wells ran dry, crops failed and forests
caught fire, The causes of this dry period have been linked to
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variations of the tropical atmosphere-ocean system in the
Indo-Pacific region [Hoerling and Kumar, 2003]. After the
enormous El Nifio of winter 1997/98 the equatorial Pacific
remained cooler than usual until early 2002 when a weak El
Nifio developed. It could be that this cold period marks the end
of the most celebrated decadal variation in the Pacific sec-
tor: the warm shift in 1976 [Zhang et al., 1997].

After 1976 the tropical Pacific Ocean has been warmer
than in the preceding decades while the central and western
North Pacific Ocean have been colder and atmospheric pres-
sure has been lower over the mid-latitude North and South
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Pacific Oceans. In the early 1940s the climate of the Pacific
went through a shift in the opposite direction. These charac-
teristics of Pacific Decadal Variability (PDV) have been
described by, among others, Graham [1994], Trenberth and
Hurrell [1994], Zhang et al. [1997], Mantua et al. [1997] and
Garreaud and Battisti [1999].

Decadal variations of the Pacific climate have important
consequences for climate over land analogous, but not iden-
tical, to the impacts of the El Nifio-Southern Oscillation
(ENSO) on interannual timescales. For example Mantua et
al. [1997] show that when the tropical Pacific is warm (e.g.,
after 1976) winters are warm across most of North America
but cold in the southeastern United States. Winters are dry
across mid-latitude North America but are wet in the south-
western United States and Mexico. The persistent anomalies
in atmosphere and ocean exert an impact on energy usage,
power generation, agriculture, water resources, North Pacific
fish stocks and marine ecosystems [Mantua et al., 1997;
Miller and Schneider, 2000]. Decadal variations of ENSO
have also been associated with decadal variations in Aus-
tralian climate [Power et al., 1999] and the strength of the
Indian monsoon [Krishnamurthy and Goswami, 2000, Kumar
et al., 1999]. Predictions of the state of the Pacific climate
on timescales of years to a decade or more could have sig-
nificant human benefits.

Most work has been motivated by the idea that the adjust-
ment time for the tropical Pacific Ocean is on the order of
years and explains interannual variability and that, analo-
gously, PDV must be associated with a different, decadal
timescale, ocean process. This led to explanations that PDV
originated in the mid-latitude ocean-atmosphere system [Latif’
and Barnett, 1994, 1996]. It was then postulated that changes
in the mid-latitude ocean were communicated through the
ocean to the tropics, introducing a delay of several years and
coupling together mid-latitude and tropical variability [Gu
and Philander, 1997]. This has been shown, quite conclu-
sively, not to work because the subsurface temperature signal
becomes too weak [Schneider et al., 1999]. In contrast, it has
been shown that decadal variations of the tropical Pacific
Ocean can be accounted for by tropical and subtropical wind
forcing alone [Schneider et al., 1999; Karspeck and Cane,
2002; McPhaden and Zhang, 2002; Nonaka et al., 2002;
Schott et al. this volume]. Many proposed mechanisms are
reviewed in this volume by Wang and Picaut.

To go with the idea that PDV can originate in the tropics,
there is ample evidence that extratropical climate variabil-
ity in the Pacific can be explained in terms of tropical forc-
ing. Trenberth and Hurrell [1994] made this case on the basis
of observational analysis while Alexander et al. [2002] used
coupled climate models to demonstrate that much of the
North Pacific SST variability on both interannual and decadal

timescales can be explained as a remote response to tropical
forcing.

Here we will continue the argument that PDV originates in
the tropics. Section 2 will examine whether decadal changes
of the tropical Pacific atmosphere and ocean are predictable.
Section 3 will examine whether the extratropical atmospheric
response to decadal variations of tropical SST can be simu-
lated. Section 4 will examine whether the response of the
extratropical oceans to wind stress variations forced from
the tropics can be predicted some years in advance.

This leaves one interesting stone unturned. Pierce et al.
[2000], Vimont et al. [2001] and Vimont et al. [2003b] have
argued that variability of the North Pacific atmosphere cir-
culation can cause trade wind variability that changes sub-
tropical SSTs and impacts ENSO. Consequently, in Section
5, we will examine the impact on coupled tropical Pacific
climate variability of that part of trade wind variability that
is associated with the internal, unforced, variability of the
extratropical atmosphere.

2. TROPICALLY GENERATED PACIFIC DECADAL
VARIABILITY AND ITS PREDICTABILITY

Until proven otherwise, a valid hypothesis for the origin of
PDV is that it originates in the tangle of coupled atmosphere-
ocean processes within the tropical Pacific that also give rise
to interannual ENSQ variability. This could arise in two ways.
First, the longer timescale modes may arise deterministically
(albeit chaotically) from nonlinear interactions among com-
ponents of interannual variability or via very low frequency
modes in the ocean dynamics [Jin, 2001]. Second, the appli-
cation of noise to a system that can only oscillate on interan-
nual timescales will generate variability on decadal timescales.
The second method is by definition not predictable on decadal
timescales while the first may be if the slow evolution of the
ocean state can be predicted.

2.1. Decadal Variability in the Zebiak-Cane Model

Karspeck et al. [2004] (KSC hereafter) considered the first
possibility and examined decadal variations within the Zebiak-
Cane (ZC) model and their predictability. The ZC model is a
geophysical model of the tropical Pacific Ocean and the atmos-
phere above that is used for studies of ENSO and ENSO pre-
diction (see Zebiak and Cane [1987], Cane et al. [1986] for
a complete model description).

KSC demonstrated that the model is capable of creating
realistic decadal variability by searching 150,000 years of
simulated unforced natural variability for periods that matched
observations. Figure 1 (top) shows one of dozens of 30 year
model segments that resemble the observed NINO3 record
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Figure 1. Time series of NINO3 from observations (gray) and the Zebiak-Cane model (black). The model segments were
chosen from the long run to match the observed interannual variability and the decadal shifts. The first has a warm shift
across 1976 with the 15 years after being warmer than the 15 years before by 0.38°C (observed) and 0.41°C (model), the
third has a cold shift across 1943 of —0.32°C (model) and —0.36°C and, for comparison, the second has no shift at all. Taken

from KSC.

(the SST anomaly averaged over 5°S—5°N and 90°W-150"W)
for the 1961 to 1991 period containing the 1976 warm shift,
the unquestioned star of tropical decadal variability. This
example has a correlation coefficient with the observed record
of 0.59 (using unfiltered monthly data) and has a post 1976
warming (relative to the 15 years before) of 0.41°C compared
to the observed 0.38°C. The other two examples shown have
equally high correlation to observations and are the 1942
‘cold shift’ (—0.36°C shift in the model compared to the
observed —0.32°C) and, for comparison, a ‘neutral shift’ cen-
tered on 1903 (neither model nor observations had a notice-

able shift). Each of these decadal variations can be mimicked
by the model. The lesson is that the regional subset of tropi-
cal climate physics contained within the ZC model may be
sufficient to generate the decadal variations that have occurred
in the last 150 years.

2.2. Predictability of Decadal Variability in the Zebiak-
Cane Model

KSC identified twenty-four 30 year segments (hereafter
called model analogs) for each of the three observed segments



