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ABSTRACT

Intense cooling of a warm-core ring or warming of the fluids surrounding a ring can increase the density of
that ring relative to the surrounding fluids. This increase in density can cause the ring to sink under the surrounding
fluids. A simple model of this process in a two and one-half layer (two active and one passive layer) ocean
consisting of an inviscid Boussinesq fluid on an f~plane is presented. The model assumes that the cooling or
heating occurs in such a way as to maintain a uniform density throughout each of the active layers. This special
form of the heat flux allows the results for various relative ring densities to be connected through the conservation
of potential vorticity. Analytic solutions are constructed and their structure helps to establish the physical
processes accompanying the sinking of a ring.

Results show that warm-core rings can sink in a matter of weeks when exposed to typical cold-air outbreaks
of —1000 W m™2 surface heat flux. The model predicts that when the ring sinks it is overwashed completely,
but this overwashing layer is very thin near the center of the ring. It is suggested that the convective mixing
associated with continued cooling will act to suppress any surface signature of the overwashing. Applying the
same model to the process of differential warming of the surrounding layer, leads to similar results, except that
any surface signatures of overwashing will be visible due to the lack of convective mixing. The main difference
between cooling the ring and warming the environmental fluid is that, in the former case, the model breaks
down when the ring is capped whereas, in the latter case, the ring continues to sink as the warming continues.
It is proposed that the above mechanism can lead to the formation of streamers when one portion of the
overwashing fluid has been passively marked with a visible tracer such as temperature or chlorophyll.

It is shown that the fluid that initially overwashes the ring originates under the ring, and not from outside
the ring. When the ring sinks, this fluid is pushed out to the edge of the ring and spun up in the process. The
theory further provides a mechanism for the entrainment of shelf-water organisms that are observed in warm-
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core rings.

" 1. Introduction
a. Background

Warm-core rings are highly energetic structures that
occur in most of the world’s oceans. The structure and
dynamics of warm-core rings have been studied for a
number of years. Still, there are certain observations
for which no satisfactory explanation has been devel-
oped. For example, thin cold-water intrusions, called
streamers, have often been observed from satellite
photographs to spiral in towards the center of warm-
core rings (Fig. 1). The dynamics of these streamers
have yet to be explained. Also, the surface temperature
signature of rings have been observed to disappear for
several days after the passage of a cold air outbreak
(Shay and Gregg, 1986). Again, the dynamics of such
an event have not been explained.

The cooling of warm-core rings has been examined
by a number of researchers from differing perspectives.
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Within recent years an extensive set of measurements
in and around several warm-core rings have been made.
Measurements were made in ring 82B (the second ring
formed during 1982) over an interval of five months
in an effort to understand its temporal evolution. Pa-
pers by Evans et al. (1985), Joyce and Stalcup (1985),
Olson et al. (1985), and Schmitt and Olson (1985) rep-
resent the results of these measurements. Each of these
analyses was restricted to either simple chronological
descriptions of the changes observed in rings, or one-
dimensional models of the convective processes re-
sponsible for the gross ring changes observed. Schmitt
and Olson (1985) did show that lateral entrainment of
shelf water was required to explain the changes ob-
served in ring 82B, but offered no detailed explanation
of how that entrainment might occur.

Later attempts to model ring evolution have been
more sophisticated. Olson (1986) further examined the
lateral entrainment required in 82B. His analysis of
the salinity changes in the upper 50 m of the ring sug-
gested some combination of an advective radial inflow
of fresh surrounding fluid and horizontal diffusivity.
Olson states, “The dynamics behind such an inward
surface flow, however, are not obvious since this de-









