NOT TO BE CITED WITHOUT PRIOR
REFERENCE TO THE AUTHOR(S)

Northwest Atlantic Fisheries Organization

Serial No. N671 v NAFO SCR Doc. 83/V1/22

SCIENTIFIC COUNCIL MEETING - JUNE 1983

Some features of spatlal=femporal varlabliity and WCE's formatlion
In the Gulf Stream atea from Florida to 55°W In 1975-82

by

P. Fedulov, A. Remeslo and T. Shcherbakovskaya

Atlantic Sclenitific Research Institute for
Marine Fisheries and Oceanography

USSR, 236000 Kaliningrad, Dm. Donskogo Stes 5

Abstract

Based on the analysis of the mean monthly sea surface temperature anomaly values (°C) by
1=-degree squares main features of the Jgg+!a| and temporal!l (for perlods longer than 1 month)
variabiiity In the sea surface temperature field in the Gulf Stream effected waters as far
east as 55°W are described for 1975-82. Scales of the above mentioned variabllity and the
reasons that may cause anomaiies In the temperature field are discussed. Iinformation on
frequency and sizes of WCE's formed injthe above mentioned area In 1977-82 is presented and

the effect of WCE's on SST Is estimated.

Introduction

In the area under Investigation a|sea surface temperature and hence its anomaly value Is
determined in the first place, by the advective processes connected with the Gulf Stream
dynamics. Those processes are as foligws: a) the Stream meandering, b) formation and
existence of the anticyclonic warm-core and cyclonlc coid-core eddies, c) changes In the mean
yearly Gulf Stream position. These pracesses seem to be Interrelated although the type and
strength of those relations are still hasically unknowne.

The formation of the sea surface fempera+ure fleid Is also effected by both the air-sea
Interactions and the changes in the ragiation balance on the sea surface.

For the area ad]acent to the Gulf |Stream the Importance of the alr-sea Interactions for
SST anomaly formation Is presumably significantly lower than that of the advective processes.
The effect of the radiatlon balance is|eliminated since it has a well defined seasonal change
and disappears when mean anomalles arejcalculated. ’

Based on the above, the SST anomaly value and its sign can be used as a parameter
characterizing the Intensity of the adyective processes in the waters adjacent to the Gulf

Stream.

There is also an Information Indicating that the SST as well as the mean monthly
anomallies In the area correlate with some biologlical characteristics for the short-finned
squid population (Dawe and Hurley, 198; Fedulov and Amaratunga, 1981) and thus can serve as
predictors for forecasting the ifatters

Type and magnitude of the varlabijlty in the above mentloned advective processes of
meandering and eddy-formation for varipus time Intervals are not equally well studied.  Our
knowledge on the Intra-monthiy varlablijity Is more extensive than that on the Intra-year one
(on the scale of a month to a year), awd very littie Is known about the Inter-year
varfabllity.

Changeabliity [In meandering and eddy-formation

The analysis of +he satellite~derfived positions of the Gulf Stream meanders for a 9-month
period from March through November 1976 (Maul et ai., 1978) showed that the latitudinal
varlability of the Gulf Stream positions during this period in the area from Florida to 65°W:
changes along the Stream (Fige. 2). Mipimum latitudinal variabllity Is observed In the south
In the reglon off Miami, Florida. Furfther north it Increases downstream reaching 150km in the




area from 32° to 34°N. In the reglon off Cape Hatteras thls variabliity decreases again down
to 80 km and Increases downstream belng 400 km at 65°N.

Similar scales in the intra-year variability of the northern Gulf Stream edge positions
was observed for the period from 1980 to 1981 (Auer, 1981; Fig. 1).

Least square spectral analysis revealed that the maximum spectral energy of the Gulf
Stream position variabllity along 70°W (Fige 2, heavy line 11A)} Is In the lower frequency band
(periods longer than 200 days), while the lowest frequency where statistically significant
peaks were obtained (due to the |imited data series) lle within the ranges of 30 to 50 days
(Maul et ale., 1978).

The Guif Stream variability In the area south off Cape Hatteras (Flg. 2; heavy |ine 11B)
has a markedly different spectrum (Maul et al., 1978). There is much less spectral
variabiiity at low frequenclies (perlods greater than 40 days), whereas In the higher
frequencles there are peaks at 30 days.

The record at 70°W shows a |inear northward Gulf Stream displacement during +he perlod
from January 1976 to April 1977; the northern edge of the Guif Stream was at least 100 km
further north In April 1977 than in March 1976 (Maul et al., 1978).

Mean monthly SST for the waters between the Gulf Stream and the continental slope may be
Infiuenced to some extent by numbers, 1ifespans and sizes of the anticylonlc eddies.

In the area west of 60°W 4,8,7,9,9 (Celone and Chambertin, 1980) and 11 (Fitzgeraid and
Chamberlin, 1980) eddies were formed in 1974, 1975, 1976, 1977, 1978 and 1979, respectively.
The frequency of eddy formation during a year also varies. Thus, In a 9-month period, from
mid=July 1977 to mid-April 1978 in the area west of 60°W no warm=core eddles were produced
(Celone and Chamber|iin, 1980), whereas 6 eddies were formed from mid=April to mid=June 1978.

Average longevity of 1978 eddies was only 84 days with a maximum value of 199 days. In
1977 warm=core eddies lived on average for 152 days, whereas the three longest-lived ones
lasted about 211, 273 and 334 days (Celone and Chamberlin, 1980). 1In 1979 the longest=|1ived
for a 6-year period warm-core eddy was registered; Its {ifespan was about 401 days (Fitzgerald
and Chamber!lin, 1980). The shortest iifespan for a 1979 eddy was 22 dayse

Estimates for average eddy diameter obtained by different authors (Pickett, 1972;
Gotthardt, 1973; Bisagni, 1976) are in the range of 60 to 100 km. Gotthardt (1973) showed
that a close correlation exists between the eddy areg and the latitude of its formation whl&h
he formalized by a linear regression equation: S (km“) = k = 329:y, where k equals 26197 km
and y is a latitude In terms of degrees.

Materials and Methods

Present paper is fully based on the data monthly published by NeWeSe, NOAA and N<E.S.S.
in Gulfstream (+111 1981) and Oceanographic Monthiy Summary (since January 1981).

Monthiy SST anomaly values within 1-degree squares were taken as a parameter
characterizing the sea surface temperature field. The monthly SST anomaly Is the difference
between the monthly mean sea surface temperature and the historical (approximately 100 years)
mean monthly value. Data for January 1975 through May 1982 were used for the analysis. Data
for July 1976, December 1980, and June 1981 were, unfortunately, absent” from the file.

For the analysis 10 zones were chosen within the waters adjacent to the Gulf Stream
(Fige 1) Zones | and Il incorporate 6 1-degree squares each, while those numbered 1| to X
are composed of 10 squares (excluding zone IV comprising 8 1-degree squares). Mean monthly
SST anomaly value was estimated for each of those 10 zones.

In some months there were temperature observational gaps for a number of 1-degree
squares, although, In general, the zones during the period under analysis were well covered by
observations.

Using the charts published by Guifstream and Oceanographic Monthly Summary numbers of
newly formed anti-cyclonic WCE's wiThTn The area from ]

were calculated for each of 1975-82 years, while for the years 1977-82 the dlameters of those
eddies were also measured using the charts. According to our estimation, the error of
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Chamber|in, 1980), while a positive anomaly in 1979 coincides in time with a perléd of active
eddy=formation process when 11 eddies were generated for 6 months (Table 1). In other words
the anomalles of such a scale result from the changes in eddy-formation intensity of the same
scale.

2-4-month scale patterns of the SST anomaly changes are not far always evident in the
adjacent zones. The best coinclidence In fine features Is observed in zones | and |1 and more
seidom = for other nelghbouring zones. Changes of such a scale are induced by single meanders
and eddies which mean iife span colincides weil with the above-mentioned 2z4=month scale.
Eddies of mean size (diameter 140 km, area - approximately 15 thousand km“) are Quch smailer
than the areas of the zones selected for the analysis (from 70 to 90 thousand km“) and hence,
the effect of a single eddy practically can not be detected in several zones simultaneouslys

At the same time, the comparison of the areas occupled by eddies with SST anomailes for
the same zone reveals their high correlation for some time periods (Fig. 4). These parameters
‘highly correlate In zone IV, but thelr correiation Is markedly lower in zones V and Vi. This
phenomgnon is attributed to the location of the zones relatlive to the boundary of a maximum
Gulf Stream northern positions (Fige ). Zone IV Is practically not subject to the Influence
of a meandering process and the SST changes there result from a "net™ WCE's effect. In zones
V and VI the SST fluctuations result from a combined effect of meanders and eddies.

Location of zones relative to the Gulf Stream mean position (Fig. 1) leads to a
phenomenon when a dispersion of the SST anomaly fluctuations in zones Vill, IX, and X iying on
the Gulf Stream axis Is a little smaller than that in zones I1i=IV which a line representing
maximum northern Gulf Stream position crosses. In reality this ilne Is an Interface between
the Gulf Stream (warmer) and slope (colider) waters.

1+ shouid be noted, that high correlation between small=scale features In zones | ande |1
should be fully attributed to the meandering process since south of Cape Hatteras the WCE's

are not formedf

There are some exceptlions from the rule when fine=scale changes can be traced along a
significant distance, for example, a negative anomaly with a minimum value for January 1981 is
clearly seen In all zones but Il and IV. Since the anomaly peak falls on January for afll
zones [t Is evident that this anomaly Is a result of events existing over the whole area and
hence, 1t can not result either from a meandering or an eddy=-formation. It+s origin Is
difficult to explain based on the data used in the present paper.
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Table 1. Number |of newly-formed eddies per month for
1977-1982 year.

Month 1977 1978 1979 1980 1981 1982
Jan 3 1 0 0 2 1
Feb 0 0 1 0 0 1
Mar 0 1 1 2 1 1
Apr 1 2 1 1 0 0
May 0 0 1 4 2 -
Jun 1 2 1 2 1 -
Jul o 0 2 1 2 -
Aug 1 1 1 1 1 -
Sep 0 0 2 0 0 -
Oct 0 2 1 2 1 -
Nov 0 1 4 0 1 -
Dec 0 1 0 2 0 -

Total 7 11 15 15 n -

Table 2. Minimum, maximum and mean eddy|diameters by zones in 1977-1982 year.
1977 1978 1979 1980 1981 1982
Zone No. Min. Max. Mean Min. Max. Mean  Min. Max. Mean Min. Max. Mean Min. Max. Mean Min. Max. Mean
v 73 190 127 - 73 175 13 73 117 105 73 160 140 44 131 96 88 131 112
) 88 233 150 102 175 132 58 190 117 88 219 136 102 234 168 102 146 127
V1 175 248 220 131 180 146 58 204 116 102 204 143 117 263 185 102 146 124
VI - - - - - - - - 160 116 248 159 117 263 186 88 233 134
For whole
area 73 248 154 73 175 13{ 58 204 115 115 248 137 44 263 158 88 233 124
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Fig. 1. Locetion of zones used to calculate the SST anomalies. (Zones are

numbered by Roman numerals.) The maximum and minimum (dashed line), mean
HeCVy solid 1ine), and standard (plotted line) deviations of the Gulf Streanm

S\sbﬂ ‘s landward surface edge are determined using the initial year of
NWS/NESS deily Oceanographic Analysis (after Aver, 1982).

Fig. 2. Nine-month composite of locations of Gulf Stream front from Goes
between February and November 1976, based on weekly compositions (after HMaul
et al., 1978).



by Roman numberals.

\ Fig. 3. Chanées in SST anomalies, by zone, 1975-82. The{zones_are numbered
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Fig. 4. Changes in SST anoma]1es as co*pared with changes in areas occupied
by WCE's, by zone (zones IV,m V, and VI}, 1977-82. Solid line indicates
Changes in areas; plotted ]1ne indicates changes in SST dﬂOWd]]ﬂS dashed
lire is a 50% area of a zone.
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