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ABSTRACT

A 30-year experiment with an atmospheric general circulation model has been performed. The lower boundary
condition at all oceanic grid points between 38°S and 60°N hes been prescribed to follow the observed month-
to-month variation of the sea surface temperature (SST) field during the 1950-79 period. Much of the model
diagnosis presented here pertains to the midlatitude atmospheric response to recurrent SST patterns in the
North Pacific and North Atlantic in winter.

The principal modes of variability of the seasonally averaged 515 mb height and SST fields have been identified
using rotated principal component (RPC) analysis. The extrema of the first atmospheric mode reside over the
North Atlantic and Eurasia, whereas the second mode is associated with height anomalies in the North Pacific/
North American sector. Cross-correlation analysis reveals that these two atmospheric modes are linked to
leading patterns of the SST field in the North Atlantic and North Pacific, respectively. It is also demonstrated
that the extrema in leading RPC patterns of the SST field in the northern oceans are almost coincident with
the sites of maximal covariability between the SST and 515 mb height fields.

Regression charts of selected model parameters versus the SST variations off the Newfoundland coast and
northwest of Hawaii have been constructed. These two reference maritime sites have been identified by the
RPC and cross-correlation analyses as being correlated with the strongest atmospheric signals. The model fields
examined in this manner include the geopotential height at various pressure levels, precipitation, heat flux
across the air-sea interface, as well as temporal variance and covariance statistics. These regression maps indicate
that the atmospheric response to midlatitude SST anomalies has an equivalent barotropic structure. The presence
of SST perturbations in the extratropics are associated with displacements of the storm track axes, and with
relocations of the midlatitude rainbelts and preferred sites of heat transfer from the underlying ocean. The
changes in the locality of synoptic scale eddy activity are accompanied by alterations in the transient eddy
forcing of the quasi-stationary flow. The geopotential height tendencies associated with these anomalous eddy
effects exhibit a positive spatial correlation with the seasonally averaged, downstream atmospheric response.
The time scale for the eddy induced tendencies to produce such seasonal height anomalies is on the order of
several days. These findings suggest that the transient disturbances act as an essential intermediary between the
extratropical SST forcing and the time-mean atmospheric response.

The principal atmospheric ariomaly pattern in the North Atlantic/Eurasian sector exhibits substantial cor-
relations with SST fluctuations in the tropical South Atlantic; whereas oceanic anomalies in the equatorial
Pacific are only weakly associated with atmospheric circulation changes in the North Pacific/North American
region.

The temporal lead/lag relationships between the simulated atmospheric anomalies and the prescribed SST
changes have been explored.
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1. Introduction

The extent to which the observed low frequency at-
mospheric variability may be attributed to fluctuations
in the surface properties of the World Oceans has long
been a subject of interest to investigators of large-scale
dynamical processes as well as long-range weather
forecasters. Partially as a result of the intense research
efforts devoted to the El Nifio-Southern Oscillation
phenomena, much attention has recently been focused
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on the response of the atmospheric circulation to
anomalous sea surface temperature (SST) episodes oc-
curring in the near-equatorial oceans. There now exists
a considerable amount of observational evidence link-
ing SST variability in the tropics to changes in the mid-
latitude flow pattern, especially in the Northern Hemi-
sphere during winter (e.g., see Bjerknes 1966 and 1969;
Horel and Wallace 1981; van Loon and Rogers 1981;
Chen 1982). These empirical results have motivated
a wide variety of modeling and theoretical studies
aimed at understanding the nature of the extratropical
response to remote forcing mechanisms situated in the
tropical zone. Among such investigations are simula-
tion experiments using comprehensive general circu-
lation models (GCMs) with prescribed tropical SST






