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ABSTRACT

The role of the atmospheric circulation as a *‘bridge’’ between sea surface temperature (SST) anomalies in
the tropical Pacific and those in the midlatitude northern oceans is assessed. The key processes associated with
this atmospheric bridge are described using output from four independent simulations with a general circulation
model subjected to month to month SST variations observed in the tropical Pacific during the 1946—1988 period
and to climatological SST conditions elsewhere (the “TOGA’’ runs). In episodes with prominent SST anomalies
in the tropical Pacific, extratropical perturbations in the simulated atmospheric temperature, humidity, and wind
fields induce changes in the latent and sensible heat fluxes across the air—sea interface of the midlatitude oceans.
These anomalous fluxes in turn lead to extratropical SST changes.

The relevance of the atmospheric bridge mechanism is evaluated by driving a motionless, 50-m deep oceanic
mixed layer model at individual grid points with the local surface fluxes generated in the TOGA runs. The
negative feedback of the mixed layer temperature anomalies on the imposed flux forcing is taken into account
by introducing a linear damping term with a 5-month dissipative time scale. This simple system reproduces the
basic spatial and temporal characteristics of the observed SST variability in the North Pacific and western North
Atlantic.

The two-way air—sea feedbacks associated with the atmospheric bridge are investigated by performing four
additional 43-year runs of a modified version of the TOGA Experiment. These new *TOGA-ML’’ runs predict
the ocean temperature outside the tropical Pacific by allowing the atmosphere to interact fully with the same
mixed layer model mentioned above. The results support the notion that midlatitude ocean—atmosphere inter-
action can be modeled as a first-order Markov process, in which the red-noise response of mixed layer temper-
ature is driven by white-noise atmospheric forcing in the presence of linear damping.

The amplitude of near-surface atmospheric anomalies appearing in the TOGA-ML runs is higher than that in
the TOGA runs. This finding implies that, in the TOGA-ML scenario, the midlatitude oceanic responses to
atmospheric driving could exert positive feedbacks on the atmosphere, thereby reinforcing the air—sea coupling.
The enhanced atmosphere—ocean interactions operating in TOGA-ML prolong the duration of persistent mete-
orological episodes in that experiment. A comprehensive survey is conducted of the persistence characteristics
simulated in TOGA, TOGA-ML, and several other experiments subjected to prescribed SST forcing at various
sites. Model scenarios in which observed tropical Pacific SST anomalies act in conjunction with SST pertur-
bations in midlatitudes (either prescribed or predicted) are seen to produce the highest frequency of persistent

VOLUME 9

events.

1. Introduction

It is well known from various empirical studies that
prominent sea surface temperature (SST) signals as-
sociated with El Nifio—Southern Oscillation (ENSO)
events are present not only within the tropical Pacific,
but also in several remote sites in the World Ocean. Of
particular interest to the present study are the SST
changes in the extratropical northern oceans during
such ENSO episodes. Weare et al. (1976) noted that
above-normal SST conditions in the equatorial Pacific
are accompanied by anomalously cold waters in the
central North Pacific, warm waters off the western
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North American coasts, and vice versa. Global analyses
by Hsiung and Newell (1983 ) and Pan and Oort (1990)
further indicate that ENSO variability in the tropical
Pacific is correlated with a dipolelike structure in the
SST anomaly field in the western North Atlantic. The
physical origin of these relationships between SST
changes at distant sites is clearly an important issue in
our ongoing quest for an understanding of the global
ocean—atmosphere variability on interannual time-
scales.

The connection between SST variability in tropical
and midlatitude sites was investigated by Alexander
(1990, 1992a,b) and Luksch and von Storch (1992),
who have subjected various models of the extratropical
ocean to driving by atmospheric anomalies related to
ENSO. The midlatitude oceanic response obtained in
these studies is consistent with the observed relation-






