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ABSTRACT

The assimilation of temperature and altimetric velocity into a numerical model of the upper-ocean mixed layer
in Part I allowed an analysis of the upper ocean heat budget for the western North Atlantic Ocean over the 2.5-
year period of the Geosat Exact Repeat Mission (November 1986—April 1989). The balance of terms varied
regionally: south of the Gulf Stream advection was relatively unimportant in the heat budget, and the ocean
responded passively to changes in surface flux. Within the Gulf Stream and to the north of it, cooling of the
upper ocean by advection was as large as 0.15°C/day for periods of several weeks. An analysis of the advection
term showed that cooling by Ekman transport was opposed by warming from the geostrophic currents of the
Gulf Stream, with cooling typically stronger by a factor of 2 because nonuniform Ekman transport disrupted the
normal alignment between isotherms and sea surface height contours. There is a complex ocean-atmosphere
coupling in this region: in addition to its increase during strong wind events, warming by geostrophic currents
is a function of the strength of the Gulf Stream and its recirculation gyres. Over the 2.5-year period, the winds
became progressively stronger, causing an increase in cooling by Ekman transport. Advective cooling was
balanced by an increasingly positive surface flux (warming of the ocean by the atmosphere) at the rate of about
20% of the annually averaged surface flux per year. This positive trend in the surface flux was also observed in
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the estimates from the atmospheric general circulation model of the ECMWF.

1. Introduction

One of the fundamental ways in which the ocean and
the atmosphere are coupled is through the transfer of
heat across the air—sea interface. The idea that the mid-
latitude ocean could force changes in weather patterns
originated with the work of Namias (1959, 1963), who
observed a correlation between sea surface temperature
(SST) anomalies and storm tracks over the North Pa-
cific Ocean. A subsequent analysis by Davis (1976) of
sea level pressure and SST patterns suggested that the
midlatitude oceans respond to atmospheric changes,
rather than force the atmosphere, on timescales of
months to years. Consistent with the idea that the at-
mosphere forces the ocean, the ‘‘anticyclogenesis’
mechanism proposed by Worthington (1976) attrib-
uted an increase in volume transport in the Gulf Stream
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to oceanic heat loss from cold continental air moving
offshore in the winter. Adamec and Elsberry (1985)
examined the effect of cooling events on a numerical
model of the Gulf Stream and found that the cooling
had less of an effect than changes in an alongstream
wind stress, which caused the jet to be displaced south-
ward. A recent reexamination of Worthington’s hy-
pothesis by Huang (1990) suggested that the vertical
mixing of momentum after a cooling event would re-
duce surface currents at the same time that the volume
transport increased, which suggests that the surface re-
sponse might appear quite different than the response
below the mixed layer. :
The history of the study of the air—sea interaction:

in the midlatitude ocean was summarized by Frankig-
noul (1985), who showed that a specified surface flux
from the ocean could produce a definite, if somewhat
weak, response by the atmosphere. Frankignoul sug-
gested that the problem in determining the response of
the atmosphere to the ocean was that the magnitude of
the surface flux anomaly caused by a given SST anom-
aly was not known. More recently Cayan (1992)
showed that over most of the midlatitude oceans,
changes in wintertime ocean temperature could be pre-
dicted from the surface flux, even if the effect of anom-






