JOURNAL OF MARINE RESEARCH

The Journal of Marine Reseasam online peereviewed journal that publishes original
research on a broad array of topics in physical, biolpgimdichercal oceanography.
In publication since 1937, it in@of the oldest journals in American maisceenceind
occupiesaunique niche within the ocean sciences, with a rich tradition and digthmed
historyas part othe Sears Foundation for Marine ReseaatlYale University

Past and cuant issues are availalaligournalofmarineresearch.org.

Yale University provides access to these materials for educatidmesearch purposes only.
Copyright or other proprietary rights to content containedhis documentnay be held by
individuals or entitie®ther than, or in addition toyale University You are solely responsiblor
determiningthe ownership of the copyright, and for obtainingrmission for your intended use.
Yale University maka® warranty that your distribution, reproductipar other use of these
materialswill not infringe the rights of tird parties.

@@@@ This work is quensedjnd_ertheCreative(_:ommpnsAttributi_on- _
e NonCommercialShareAlike4.0 InternationallLicenseTo view acopyof this
licenseyisit http://creativecommons.org/licenses/fyc-sa/4.0/
PS TFOE B MFUUFS UP $SFBUJWF $PNNPOT 10 #PY

Journal of Marine Reseal®dars Foundation for Marine Research, Yale University
PO Box 208118, New Haven, CT 68328 USA

(203)4323154 fax (203)-6872 |jmr@yale.edu www.journalofmarineresearch.org

.PVOUBJO



On the eddy statistics in a ring-rich area:
A hypothesis of bimodal structure

by Kuh Kim' 2 and Thomas Rossby*

ABSTRACT

A hypothesis is introduced in constructing the statistics of an eddy field, which distinguishes
Gulf Stream rings as a separate anomalous feature from the mesoscale eddy field. Analysis of
XBT sections between New York City and Bermuda with rings removed indicates that the
thermocline deepens toward the Gulf Stream from Bermuda and the r.m.s. displacement of the
15°C isotherm is 50 m or less. Despite proximity to the Gulf Stream this baroclinic amplitude
is not larger than those found farther south. Temporal and spatial scales of the eddy field ap-
pear to be also very similar to mid-ocean scales. Geographical distribution of rings is suggested
as the cause of the rapid northward increase of eddy potential energy found by Dantzler (1977).

1. Introduction

Recently, expendable bathythermograph (XBT) data have become increasingly
valuable in identifying the presence of eddies in the world ocean (Swallow, 1976).
In the North Atlantic Ocean the extensiveness of the historical XBT data makes it
even possible to look into the geographical variation of the eddy field (Dantzler,
1977; henceforth referred as D) which is an important clue to the causes of mid-
ocean eddies (Richman, Wunsch, and Hogg, 1977). At the same time Lai and
Richardson (1977a) (henceforth referred as LR) extended Parker’s (1971) work on
ring distribution making use of recent data, and successfully described the move-
ments of rings in the western Sargasso Sea.

The previous analyses, D and LR, concern anomalies primarily, but have to de-
fine mean fields first with respect to which anomalies can be sought. Therefore the
estimates of anomalies strongly depend upon how the mean fields are defined.
Examination of the previous results shows that in the western Sargasso Sea their
descriptions of the mean field differ substantially. According to D, the mean depth
of the 15°C isotherm (the main thermocline) monotonically rises north from Ber-
muda by about 300 m over 400 km. The Gulf Stream appears as a broad current
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Figure 1. Geographical distribution of source data. NAVOCEANO XBT sections were repeated
118 times between New York City and Bermuda and 18 times between Norfolk and Bermuda.
There were 4 hydrographic sections taken on ATLANTIS approximately 3 months apart be-
tween Chesapeake Bay and Bermuda in 1932. Panulirus station is located south of Bermuda
and the center of MODE is 28N, 69°40'W.

and the center of the subtropical gyre is located near 30N, 75W. On the other hand,
LR shows the deepening of the main thermocline to the north from Bermuda as well
as the regions of high temperature gradient associated with the Gulf Stream. The
subtropical gyre has a center near 34N, 72W. The mean field defined in LR seems
to be consistent with historical observations (Iselin, 1936), but that in D does not.

In estimates of anomalies D and LR also show some differences. In D the r.m.s.
displacement of the 15°C isotherm increases rapidly towards the Gulf Stream; it
varies from 41 m at 29N to 171 m at 35N along 69W. Statistics in Lai and Richard-
son (1977b) are not intended to look at the mesoscale eddy field, but are neverthe-
less very useful. After the removal of extreme anomalies mainly due to the core of
rings, the r.m.s. temperature fluctuation at 700 m depth is 0.8°C at 28N and 0.86°C
at 34N along 69W. With the vertical gradient of temperature of 1.0°C/50 m in the
main thermocline LR’s estimate is consistent with that of D in the south, but they
differ by a factor of four in the north.

In this paper we identify rings as the cause of the discrepancy between D and LR.
Furthermore, we propose a hypothesis of bimodal structure of anomalies which re-
quires a complete separation of ring data in constructing eddy statistics. The result




































