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ABSTRACT

From June 1988 to August 1990 twelve tall, high-performance, current meter moorings measured the Gulf
Stream’s velocity and temperature fields at nominal depths of 400 m, 700 m, 1000 m, and 3500 m along three
lines centered at 68°W. The overall eddy variability during the 26-month experiment was dominated by six large
amplitude trough formation events, with each event lasting approximately one month. To determine the source(s)
of energy for this eddy variability, the eddy energy budget is evaluated. Traditionally, the baroclinic conversion
of mean potential energy to eddy potential energy is defined as a downgradient heat flux. However, because a
nondivergent heat flux can be downgradient even under conditions in which there is no baroclinic conversion
occurring, a better, more dynamically correct definition of a baroclinic conversion rate is a downgradient hori-
zontally divergent heat flux. The horizontally divergent heat flux component is estimated to be approximately
half the full horizontal heat flux vector. Nevertheless, the resulting ‘‘dynamical’’ baroclinic conversion rate is
found to be positive and nearly an order of magnitude larger than the weakly positive barotropic conversion
rate. Because the large troughs at 68°W are formed through a baroclinic conversion process, the Gulf Stream jet
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is judged to be baroclinically unstable at 68°W.

1. Introduction

As the Gulf Stream flows offshore from the conti-
nental margin near Cape Hatteras, the meanders in the
path grow in amplitude from rms values of 10 km at
74°W to 40 km at 69°W. At 70°—69°W, there is a local
minimum in the meander envelope, called a ‘‘meander
node’” (Cornillon 1986; Kontoyiannis and Watts
1994), while east of 69°W the meanders can become
large amplitude and convoluted, sometimes pinching
off to form cyclonic cold core and anticyclonic warm
core rings (Watts 1983). In an effort to understand the
physics of this variability, an intensive Gulf Stream
modeling and observational field program, the Synoptic
Ocean Prediction (SYNOP) program was initiated
(Watts 1985). As a part of the SYNOP field program,
two current meter arrays measured and mapped the
flow and mass fields at 68°W (Watts et al. 1995) and
55°W (Hogg 1992) with sufficient duration and reso-
lution to analyze the Gulf Stream eddy—mean flow in-
teraction. In this paper, the eddy energy budget is eval-
uated using data from the 68°W array. In the compan-
ion paper (Cronin 1996) (hereinafter called Part II),
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the effects of these eddies on the mean flow are eval-
uated.

The purpose in evaluating the eddy energy budget is
twofold. Because the energy budget involves the gra-
dients in the mean fields, and variances and covariances
of the temperature and velocity fields, an energetics
analysis provides a benchmark for models trying to re-
produce the observed variability. The error estimates
in this analysis are measurement errors rather than sta-
tistical errors and reflect the array’s ability to interpo-
late and extrapolate the measurements horizontally, and
thus create a field which can be mapped. Nevertheless,
we believe that the statistical fields might represent the
long-term fields. The study region is characterized by
large amplitude trough events. During the 26-month
record, six large amplitude trough events formed lo-
cally and a trough feature is evident in the upper level
26-month averaged fields. A similar trough feature is
also evident in the 93-month average satellite IR SST
field (Lee 1994). Work is currently underway to in-
vestigate the life cycle of these large amplitude trough
formation events.

Besides being useful as a benchmark, the energetics
analysis can be used as a diagnostic analysis to identify
dynamical processes responsible for the observed vari-
ability, such as for the large amplitude troughs which
formed in the 68°W study region. Commonly, if the
dynamical process is suspected to be a hydrodynamic
instability, the barotropic and baroclinic conversion
rates are compared to determine the dominance of baro-
clinic and/or barotropic instabilities. However, as dis-






