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ABSTRACT

Twenty years of satellite thermal imagery have been digitized to obtailn
time series of the positlon of the northern boundary of the Gulf Stream. A
brief description ls provided of the objectives of the study, the data and
data treatment, and scme initial results. The Gulf Stream is shown to under
go a seasonal variability of order 20 km being south of its annual mean
position from January to July and north the remainder of the year. The
maximum onshore location occurred 1n October-November. On an Interannual
time scale, the Stream was displaced to the south In the early eighties but
rose steadily until 1983. Since then it fluctuated lying primarily north of
its mean position. In recent years -1t has been at or near its maximum
northward location. Between the early 1980s and early 1990s the north wall
of the Stream moved northward by 70-80 km.

INTRODUCTION

The Gulf Stream is the major oceancgraphic feature in the Atlantie
Ocean. It is impertant for several reasons, including the large heat
transport to the northern North Atlantic and the formation of Gulf Stream
rings, princlipally between Cape Hatteras ‘and the Tail of the Banks. Several
studies have been conducted on the wvariablility of the Gulf Stream. The
wavellke meanders of the stream northeast of Cape Hatteras with periods of
one to several weeks are well known {Hansen 1970; Halliwell and Mooers 1979;
Tracey and Watts 1986). The position of the stream also undergeces seasonal
and interannual variations. The earliest studles of these changes were
based upoh hydrographic data. Hachey (1939) demonstrated that northeast of
Bermuda the stream's position was furthest southward in early spring and
northward in late summer-early fall. He related this seasonal movement to
the strength of the Gulf Stream, the northward migration associated with the
geostrophic adjustment to a decrease in current strength and the southward

migration with an increase. A slmllar seasonal shift in the Gulf Stream

position was later found in the same area by Iselin (1940) and from data
collected between S0°W and 75°W by Fuglister (1972), but with slight
“differences 1n the precise timing of the maximum northward and southward
positions. Tracey and Watts (1986) used inverted echo sounders to monitor
the Gulf Stream fluctuatlons at four transects off the mld-Atlantic Bight
(71°-74°W). They confirmed earller findings but noted that the timing of
the - peak northward position varied slightly with Ilongitude. This
1ongltud1nal variation was alsc found from analyais of- sateliite imagery. by

Zheng ‘et al. (1984) 1n the region between 64°W and 71°W-and.’'}s evident In.

the data between 40° and 70°W presented by Auer (1987). “Most of these
studles also noted significant Interannual varlability of a magnitude egual
to or larger than the seasonal cycle but their time series were of too short
a duration ta comment in detail on any trends or patterns. However, Taylor
and Stephens (1980) examined the latitudinal displacements of the Gulf
Stream between 1966 to 1977 at six lengltudes between 79° and 65°W. They
found southward movement during 1966 to 1971 followed by a return northward
after 1973. Also, Auver (1987) found a progressive northward trend in the
position of the Gulf Stream from satelllite data collected between 1980 and
1985,
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Our interest in the Gulf Stream is primarily in its possible influence
on the ocean climate of the contlnental shelves. Of particular relevance ls
the interannual variability of the Stream. To I1nvestigate this we have
digitized upwards of 20 yr of satellite data to obtain time series of the
position of the northern boundary, or "north wall", of the Gulf Stream

between 75°W (Cape Hatteras) and S50°W (Tail of the Banks). It 1s the

longest dataset on the positlon of the Stream yet produced. This paper
describes the data set and treatment as well as some Initlal results of our
investigation inte the seasonal and interannual varlability.

DATA
Satellite Imagery

Sea-surface temperature {SST) data from Florida to the Scotian Shelf
have been collected since the early seventies uslng advanced very high
resolutlon radiometers (AVHRR) on the NOAA- TIROS serles of satellltes.
Initially these data were interpreted by the U.S. Naval Dceanographic Office
which produced weekly experimental ocean frontal analysis (EOFA) charts,
Surface temperature fronts (shelf/slope front, Gulf Stream, and Gulf Stream
eddies) were depicted . on the EOFA charts based on the satellite imagery of
the thermal gradlients for the day closest to the date of issue and augmented
by SST data collected from ships of opportunity during the preceding week.
A similar product using the same data was published by the U.S. Natlional
Oceanic and Atmospheric Adminlstration (NOAA) under the title "Gulf Stream
Analysis". The NOAA charts showed cloud positions, whereas in the EOFA
charts if clouds prevented good Imagery the frontal positions were estimated
based on previous data.

Beglnning 1n 1980 these products were replaced by the Oceanographlc
Analysis charts published by NOAA through the Natlonal Weather Service and
the National Environmental Satellite Service. . At the same time the aerlal

' coverage was expanded to include the Grand Banks and Flemish Cap regions and

the frequency of publlcaticn increased to three tlmes per week for the area
from Cape Hatteras to Newfoundland. In all three products the satellite
imagery was augmented by temperature observatlons from shlps. The EOFA
chart and copies of their field sheets used in the present study were
obtalned directly from the Naval Oceanographic Offlce, whlle the Gulf Stream
Analysis charts and the Oceancgraphic Analysis charts were obtained from
NOAA.

We have used the EOFA charts  from 1973 until May 1980 and the
Oceanographic Analysis charts after May 19B0. From January 1973 until May
1978, the EOFA only covered the region northward to'Georges Bank, but in
June 1978 the areal coverage was extended to Include the Scotian Shelf and
the Grand Banks. The positions of the shelf-slope front and Gulf Stream
were consistent amonig ajl three analyses, These satellite-derived frontal
positions also agree well with in sjtu. measurements (Dlson et al. 1983;
Vazquez and Watts 1985; Auer 1987).

"~ Batellite Imagery Analysis

The positlon of the north wall of the Gulf Stream was digitized from
the varlous charts described above, checked for consistency, edited where
necessary and time serles of the latitude for each degree of longitude were
generated. Because of the meandering nature of the Stream, the north wall
sometimes crossed a given degree of lengltude more than once. In such cases
the latitudes were averaged. Comparisons with time serles based upon either
the maximum (northern most position) or the minimum latitude showed simllar

results. 1In the following discussion the time series refer to the average -

positicns. The sampling frequency for clear lmages averaged about once per
week. The coverage was less frequent before 1980 and in areas with a higher
incidence of cloud and fog, e.g. the Grand Banks (Auer 1987).

Possible errors due to occaslonal Incorrect assignment of water masses
by operational ﬂnalysts are felt Lo be minimized by.lha rlgorous error
checking we undertook “This - quality control 1ncluded close scrutiny for
ihconsistencies in the labeling of water masses from chart to chart. '

For each. region, "all avallable data within a month were averaged
arlthmeticalliy to obtaln monthly means. -For the seasonal analysis these in
turn were averaged to provide an overall monthly mean for the Guif Stream.
This analysis was based upon the period June 1978 to December 1992 when data
were available for the entire region. The annual mean was determined from
the average of the monthly means. At each degree of longltude, the monthly
means were subtracted from the avallable records te obtaln monthly




ancmalies, To examine long-term varlability the monthly anomalies were
low-pass flltered (Ormsby filter with 25 welghts, a cutoff frequency of 15
months and a rolloff frequency of 12 months; Colacino and Rovelll, 1983) to
remove most of the fluctuations with periods of 1 y or.less.

RESULTS
Kean Position .
The mean posltioh of the north wall of the Gulf Stream ls shown 1ln Fig.
1 together with the maximum and minimum positlons of the monthly menas. The

Stream leaves the shelf break near Cape Hatteras (75°W) running towards the
ortheast East of approximately 62°W, the average position  lies almost

-along 41 °N.

SeaaonaI-Variability

From the monthly means for the 26 longitudes, overall monthly averages
were calculated (Fig. 2}. They show the Stream ls typlcally located south
of its mean position from January to July and north from August to December.
Whereas there 1s a detectable northward peak during October-November, there
was no statistlcal difference in the southward locations during the first
seven months of the year. Our results are consistent with earller studies.
The displacement anomalles ranged from approximately 5 km south of the
annual average to upwards of 15 km north ln October.

There 1s large spatial variabllity in the position of the Stream,
however. This is clearly shown in the menthly displacement anomaly during
February and November (Flg. 3). Although over the majority of the reglon
(55°W to 70°W) the Stream was south of the mean in February and north in
November, consistent with the overall pattern (Fig. 2), this did not occur
everywhere. Indeed, at either end of the longltudinal range, the seasonal
varitability was different than the average. The range of the monthly
displacements over the year also varles with longitude, generally increasing
eastward (Fig. 4). It varied from near 20 km between 73-75°W to upwards of
80 km 1n the eastern half of the reglon.

Interannual Variability

The filtered data for each of the 26 degrees of longltude were averaged
to obtain the mean low-frequency variability in the Stream. We have only
used the time period during which data were avallable throughout the entlre
longitudinal range, i.e. from June 1978 to December of 1992. The Stream was
located near its southern most point in the late 1970s and early 1980s,
approximately 40 km south of 1ts long-term mean position (Flg. $). It rose
rapidly around 1982-83 reachlng a positlion north of the mean. In the
mid-1980s 1t fluctuated with an ampllitude of approximately 10 km before
briefly retreating southward in the late 1980s. Since then the Gulf Stream
has moved northward and 1s now at or near lts northern most position, about
3¢ km from the long-term mean locatlon. It is noted that the amplitude of
the low-frequency variabllity is approximately 3-4 times that of the
seagonal fluctuations. Our low-frequency results are conslstent with those
of Auer (1987) who analyzed 5 y of data from 1980 to 1985 and observed a
northward trend in the position of the Stream over this perlod.

Similar to the seasonal wvarlability, there 1s spatial differences
between different degrees of longltude. This is evident in the filtered
data shown in Fig. 6.

FUTURE WORK

In future, we plan to examlne the spatlal structure of the varlability
in detall. Alse, we will lnvestigate possible causes of the changes in the
lacatlon of the Stream’s northern boundary including the curl of the wind
stress over the Neorth Atlantic. We have also digitized the Shelf/Slope

"Front whlch separales the Slopo Walery from tho wialers over the continentul
. shelf. We plan to investigate the relationship between the low-frequency
varlability of the Shelf/Slope front with that observed in the Gulf. Stream.
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Fig. 1. The mean positlon of the northern boundary of Lhe Gull Stream. The
maximue northward and southward monthly mean locations are also
shown. b
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Fig. 3
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The monthly varlatlens 1n the average displacement of the northern
boundary of the Stream between 50°-75°W. The horizontal bars
repregent the error of the means.
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The latltudlnal dlsplacements In ka of the nerthern boundary of the
Gulf Strean as a funetion of longitude during February and
November.
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The range between the maximum north and south monthly mpean
positlons of the northern boundary of the Gulf Stream as a functlon
of longltude. . . : '
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Flg. § The low-frequency varlability of the northern boundary of the Gulf
Stream.
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Flg. 6 The monthly and flltered aromalles of the position of the northern

boundary of the Gulf Stream for every 5
bef_ueen 50 and?s“u Ty degrees of lungltude
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