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Abstract

The mean temperature field of the Gulf Stream system at a depth of
450 m was determined by averaging hydrographie and XBT data in one degree
squares and eontouring the results. This temperature distribution is
weIl eorrelated with the dynamie topography of 100 db relative to 1500 db
and is interpreted as giving the mean, near-surface, baroclinie, geo
strophie velocity field. ' The results show that: 1) the Gulf Stream is
deflected approximately 100 km southeastward over the New England Seamounts,
2) a narrow zone of westward recireulation i8 found south of the Stream
along 35-37°N from 42-57~W and an eastward flow south of this, and 3) three
intereonnected subgyres are embedded within the main Gulf Stream subtropi
eal gyre, the main Sargasso Sea gyre eentered at 33°N 72°W, the reeireula
tion gyre at 37°N 52°W, and the northern gyre at 42°N 44°w.

Introduetion

Attempts to map the mean dynamie topography of the near-surface Gulf
Stream system have encountered two diffieult problems. First, there are
few reliable hydrographie and CTD stations that ean be used to aeeurately
ealculate density and dynamie height. Seeond, the strong variability of
the Gulf Stream, the meanders, rings, and eddies have made interpreting
the available measurements problematic. In the presenee of energetie eddies,
the mean is diffieult to measure with few sampIes.

To eireumv~nt these problems the large number of 450 m temperature
measurements from hydrographie stations and XBTs were used. to smooth the
time variability. Then, a subset of the data, the reliable stations, was
used to show that this horizontal distribution öf temperature can be in
terpreted within a high degree of preeision as the dynamie topography of the
100 db surfaee relative to 1500 db. Approximately 90 percent of the varia
tion in dynamie height aeross the Gulf Stream in the upper 4000 m is given
by this 100 db-1500 db eontribution. Assuming geostrophy, the dynamie
topography and temperature field provide the distribution of baroelinie,
near-surfaee velocity.
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The motivation for this work was to try and resolve the mean circu
lation patterns of the Gulf Stream as it flows over the New England Sea
mounts and Newfoundland Ridge and in the zone of recirculation, areas of
strong mesoscale activity. Although several maps of temperature, density,
and dynamic topography already exist (Iselin, 1936; Wüst and Defant, 1936;
Fuglister, 1954; Schroeder, 1963; Dantzler, 1977; Reid, 1978; Stommel,

. Niiler, and Anati, 1978), it was thought that a new map of the mean tem
perature field using a larger data base would overcome same of their
deficiencies.

Data and Methods

The horizontal temperature distribution was determined by calculating
the average temperature at a depth of 450 m in each one-degree square, and
by contouring the results (Fig. 1). The 450 m depth was chosen because it
is deep enough to usually lie within the main thermocline of the North
Atlantic and yet shallow enough to contain the large number of recent XBTs
(mainly 450 XBTs). A total of 90,000 observations obtained from NODC were
used, an average of 50 per square. The highest density of observations was
located in the Gulf Stream region between Bermuda and the United States East
Coast where several squares contained over 1000 observations. The lowest
density was located in the east and south where occasionally there were no
observations in a square. The one degree average temperatures range from
the coldest, near 4.4°c in the southward flowing Labrador Current off the
Grand Banks, up to 17.4° near 33°N 72°W, the center of the subtropical gyre
at this depth.

The dynamic topography over different 1ayers in theNorth Atlantic cal
eulated from carefully chosen stations has been described by Stommel, Niiler,
and Anati (1978). Using these stations within the latitude band 20-50 0 N,
dynamic height values (100-1500 db) were correlated with the interpolated
temperatures at a depth of 450 m (T~50). The result (Fig. 2) shows that
dynamic height values have a very close linear relation with T~50. The
correlation eoefficient is r = .98 and the standard error is ±.06 dynamie m
about the regression line 6D (dynamic meters) = 0.33 + 0.072 T~50 (OC). The
tight linear relation between ~D and T~50 suggests that within a small error
the mean temperature distribution at 450 m ean be interpreted to be the dis
tribution of dynamic topography of the 100 db surface relative to the 1500 db
surface.

Results

The strongest temperature gradient is loeated in the western Gu1f Stream,
a region of tightly packed isotherms (Fig. 1). The central isotherms in the
Stream, 9-l4°C, remain closely spaeed as they are out towards the New Eng1and
Seamount Chain. In front of the seamounts the isotherms (10-14) make a sma11
southward dip and then change direction to run northeastward over the seamounts.
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The northern isotherms (9-l0°C) crest near 58°Wand then dip southward n:ar
54°W in front of the Fogo Seamounts near 52°W. The isotherm pattern suggests
that, in the mean, the Gulf Stream is deflected approximately 100 km south
eastward near the line of seamounts. "Deflection" means a shift in position
and direction of the isotherms from smooth interpolated curves passing
through this region connecting the Gulf Stream west of 70 0 W to the Stream
east of 60 0 W. The implication is thatin the absence of the seamounts·the
Gulf Stream would run more nearly parallel to the path shown by the 8° iso
therm. This deflection also has been seen on earlier maps of.mean tempera
ture fie1d at a depth of 200 m (Fug1ister, 1954; Schroeder, 1963).

Beginning at the New England Seamounts is a significant spreading of
the isotherms (9-14°C), chief1y a resu1t of the northern isotherms (9-11°C)
which continue northeastward until reaching 58°W. This spreading is in
terpreted to be the resu1t of the 1arge amplitude meanders in this region.
West of the seamounts the width of the mean Gulf Stream (9-l4°C) is approxi
mately 100 km; east of the seamounts the width increases to 350 km. These
isothermsbecome closer together, 200 km, as they approach the southeast
Newfound1and Ridge which seems to confine the Gulf Stream flow to a narrow
band along 50 0 W.

The axis of the high speed (instantaneous) near-surface Gulf Stream
frequent1y coincides with theintersection of the 15°C isotherm and 200 m
depth (Fuglister and Voorhis, 1965). Because of the vertical temperature
gradient in the Gulf Stream, usua11y one degree per 50 m, ·the axis of the
instantaneous Stream nearly coincides with the intersection of the 10°C iso
therm and 450 m depth. Of course the map is an average of many different
Gulf Stream configurations including meanders and eddies, so the 10° iso
therm is only an approximation of the mean Gulf Stream axis.

North of the Stream and west of the Grand Banks is 10cated a mean west
ward flow (north of 7_8° isotherm). The westward flow is detected in the
drift of rings, water property distributions, and current meter records;
it cannot be determined from temperature distribution alone.

The northern isotherms of the Gulf Stream (9-ll 0 C), merge with the
5_8° isotherms and form a second tightly packed region nearthe Grand Banks;
these isotherms pass around the Grand Banks and.up to 50 0 N before peeling
off in an eastward direction. This region of tightly packed isotherms is
partially caused by southward movement of cold water in the Labrador Current
next to Grand Banks. This current turns and flows northeastward along
the northern edge of the North Atlantic Current. The southern isotherms

. in the Stream (12-l5°C) continue eastward unti1 they reached 38°N 45°W
where they rapidly diverge much like the bottom topography in this loca
tion (Uchupi, 1971).

South of the Gu1f Stream is a wedge-shaped area of cold water which
projects westward along 35°N from near 42°W to the New England Seamounts
(57°W). Tbc Gu1fStream recircu1ation f10ws southwestward a10ng the north
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aide of this wedge between 35-37°N (Fig. 3). On the south side of this
wedge is an eastward f10wing current which extends eastward across the
At1antic in the 1atitude band 30-35°N. The recircu1ation has been ob
served with current meters (Schmitz, 1980), ship drift data (U.S.N.O.O.,
1978), hydrographie stations (Reid, 1978; Wunsch, 1978) as weIl as in
numerica1 models of the general circu1ation (Holland and Lin, (1975);
Semptner and Mintz, 1977).* Schmitz (1980) reports that a10ng 55°W the
recircu1ation is weak1y depth-dependent and has mean 10ng-term ve1öci
ties of 6-10 cm/sec over the depth range 600-4000 m. The 16° isotherm
in this cold wedge almost meets the sma11er cold ridge over1ying the
seamounts, suggesting the possible presence of a c10sed gyre centered
near37°N 52°Wand containing re1ative1y warm temperatures. This warm
water gyre forms part of an eastward directed wedge of warm water which
appears to be traceable eastward to 42°W, then northward around the
Grand Banks and up to 50 0 N. The presence of another partia1ly closed
gyre is suggested by a 10ca1 maximum in temperature in the region near
42°N 44°W where Worthington (1976) shows his northern gyre. An embedded
gyre has also been observed on individual synoptic surveys of this region
(Mann, 1967; C1arke, HilI, Reiniger, and Warren, 1980). All three of
the gyres which appear in the 450 m temperature map (the Sargasso Gyre
33°N 72°W, the recirculation gyre 37°N 52°W, the Northern gyre 42°N 44°W)
also appear in maps of the dynamic topography of the deeper water
(Stomme1, Nii1er and Anati, 1978). It appears that the New England Sea
mount Chain and Newfoundland Ridge break the Gulf Stream into three par
tia11y connected gyres.

Extending southward from the Gulf Stream along 65.5°W and 73.5°W are
two re1ative1y cool areas. These are due to the 1arge number of XBTs
taken in Gulf Stream rings (Fuglister, 1972, 1977; eheney and Richardson,
1976). Although rings are frequent1y found in,these regions (Parker, ,
1971, Lai and Richardson, 1977), the calcu1ated' mean temperature is
biased and is probably one to two degrees co1der than the real long-term,
unbiased mean. Tbe cold tongue (11-14°) extending southeastward on the
north side of New England seamounts is located where meanders and attached
rings have been observed frequent1y with ship surveys (Fug1ister and
Worthington, 1951; Fug1ister, 1963), drifting buoys (Richardson, Wheat,
and Bennett, 1979), and satellite IR images.

Discussion

A1though the mean temperature map has considerab1e noise due to
meanders and eddies, it does exhibit severa1 features which can be in
terpreted to be characteristic of the real long-term mean--the Gulf
Stream deflection over the seamounts, the pattern of recirculation, the

*The ear1iest observations of surface currents in thc recirculation
go back over 150 years (Renne1l, 1832). Reid (1978) has reviewed
ear1y maps of dynamic height in the recircu1ation and discussed
the eastwa~d currcnt south of it.
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embedded subgyres. It is ~n~ouraging to see that mean currents from long
term current meter dep10yments (Schmitz, 1980) agree with the recircu1a-·
tion a10ng 55°W seen in the mean temperature fie1d. It shou1d be noted
that the instantaneous temperature and velocity fie1d will not look mueh
like the mean; averaging the data smooths and broadens the high gradient
regions. The Gulf Stream front and zone of recircu1ation appear much
sharper on synoptie maps than the spaeing of isotherms disp1ayed on the
mean map.
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Figure 1. Temperature distribution at a depth of 450 m. Average temperature
va1ues were ca1cu1ated for each one degree square using the NOne
data file •
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Anati (1978).



...

•

o

55°W

70 0 W

T7J'7T~"'\.T.7777T.~ 0

,J;"RECIRCUL ATlON

#GULF STREAM

T
I

0-'0 0---°-0-0-0-0-0-0
.........0,.,.. ........0-0 -0-0_0.......

0 .....0

..-GULF STREAM

o

0.5

1.0

-5.0

-4.0

-3.5

<tl

~
~ -1.5

~
11)
.~ -1.0

~

~ -0.5
11)
<tl
<tl 0 ~ J:LL~CLL.LL,-v:.~o....;.-;'77-/77"A

~
~
'-.:. 0.5

h..

f5 1.0:==========~===========~====~
es -3.0

~
~ -2.5

~

~ -2.0
h:.

~ -1.5

~
~ -1.0
h:.

-0.5 0

-4.5

-3.0
.......
~
~ -2.5...........
~

-2.0

LAT/TUOE
Figu~~-3-.-" T-e~peratüre ami 'temperai~re-gradi~~t-'-ai~;g-iö°w (69 ö=7i 0) ~~d '55°W------

(54°_56°). Geostrophic velocity of the 100 db surface relative to
1500 db is proportional to temperature gradient via the geostrophic
relation and the dynamic height-temperature relation (Figure 2).


