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ABSTRACT 

Data of the current velocity, temperature and density of the Gulf Stream, collected 
during 200 crossings of the current in cruises off Onslow Bay, Jacksonville (30” N) and 
Cape Hatteras, are used to compute the eddy fluxes of heat and density across the mean 
current. In each cruise an eddy transport of heat is observed, which is directed from 
the colder coastal water to the Sargasso Sea in the surface layers. The meanders in the 
stream appear to  increase the thermal contrast across the so-called Gulf Stream front 
and thus violate the ordinary diffusion laws by not transporting heat from the warm 
to the cold source. The transport of density across the stream is, in general, towards 
the shore, reflecting mostly the influence of the temperature on the density. 

WEBSTER (1961 b )  has shown in an earlier study that there is a surface flow of kinetic 
energy and momentum from the meanders to the mean flow of the Gulf Stream. Since 
the meanders of the scale considered in these studies appear to speed up the Gulf 
Stream and do not feed upon, but actually build up the thermal contrast near the 
surface, these eddies must be forced. 

More measurements of the kind described in this paper, are needed to verify the 
observed abnormal heat and density fluxes in the Gulf Stream. 

Introduction 

The remarkably intense system of currents 
observed on the western side of the North 
Atlantic Ocean forms a challenging problem for 
the dynamic oceanographer. The Gulf Stream 
System, as this set of currents is called, can be 
regarded as a boundary phenomenon associated 
with the sudden downward slope of the iso- 
therms from the shore of the American continent 
towards the center of the ocean. The difference 
in density across the stream is probably not the 
driving force of the current but it forms one 
aspect of the equilibrium situation brought 
about by the effects of solar radiation, wind- 
stress, evaporation and rainfall at the surface 
of the ocean. It is often assumed that the 
typical meandering of the Gulf Stream dissi- 
pates part of the energy of the main flow. 
However WEBSTER (1961b) has shown in an 
earlier issue of this journal that  there is a sur- 
face flow of kinetic energy and momentum 
from the meanders to the main Gulf Stream 
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exactly opposite to what one would expect if 
the meanders were frictionally driven (see also 
STARR 1961). There arises the problem of the 
source of energy for the meanders. 

The present work forms an extension of 
Webster’s study of the kinetic energy of the 
meanders to a consideration of the available 
potential energy in the Gulf Stream System. 
Current velocity, temperature and salinity mea- 
surements from three cruises along different 
sections of the stream are used to compute the 
eddy transports of heat and density across the 
Gulf Stream. The total number of crossings of 
the current exceeded 200. 

Data and their reduction 

Fig. 1 shows the position of each cruise with 
respect to the coast line and the mean axis of 
the Gulf Stream (according to the U.S. Hydro- 
graphic Office). Except for the cruise south of 
Cape Hatteras the different crossings were 
made along the same line at right angles to the 
mean current and therefore overlapped each 
other. 

1. Cruise 18 of the research vessel “Crawford” 
by W. S. VON ARX, D. F. BuMPus and C. G. 
DAY during May and June 1958 was the source 
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,I 

Xlober 1962 

,1958 

Fro. 1. Position of the cruises off Onslow Bay, off 
Jacksonville and off Cape Hatteras with respect to 
the coast line and the mean axis of the Gulf Stream 
(according to  the U.S. Hydrographic Office). 

of information on the current near Onslow 
Bay. This cruise was set up to collect data on 
the behaviour of the meanders in a region 
where the Gulf Stream flows close t.0 the shore 
over the Blake Plateau. The size of the mean- 
ders in this area is restricted by the continental 
shelf. One hundred and twenty crossings of t.he 
axis of the Gulf Stream off Onslow Bay were 
made for some thirty consecutive days. Every 
half hour the temperature was measured to a 
depth of 200 m with a bathythermograph; at 
the same time a sample of surface water was 
taken to be analyzed later for salinity. The cur- 
rent velocity was determined every hour by 
means of the geomagnetic electrokinetograph 
(GEK). Each crossing was continued across the 
current as far as was necessary to define the 
onshore edge of the band of maximum velocity. 
A detailed description of the cruise and the 
measurements can be found in an article by 
T. F. WEBSTER (1961a). 

2. In  addition data taken from cruise 70 of 
the “Crawford” by T. F. WEBSTER during Octo- 
ber and November 1961 were used in our com- 

putations. Some 70 crossings of the main axis 
of the stream were made along the 30” N parallel 
off Jacksonville where the stream runs essen- 
tially north-south; the technique of measuring 
temperature, salinity and current velocity was 
similar to the one described above. 

3. Some 20 crossings of the Gulf Stream with 
the “Crawford” were made during October 1962 
off Cape Hatteras by T. F. WEBSTER. These 
data proved useful as an independent check of 
the results obtained in the earlier cruises. The 
crossings were in this case not made along the 
same line a t  right angles to the Gulf Stream, 
but shifted slowly downstream with time. Ex- 
cept for this shifting in position of the section, 
the measurements were taken in a similar fash- 
ion as during the first two cruises. 

The observations of each cruise were divided 
into groups, each group covering a zone about 
10 km wide. Each group contains the observa- 
tions made at approximately the same distance 
from the mean axis of the Gulf Stream. The 
data in each group form a time series at  a fixed 
location, and its average represents thus an 
average in time. For the first two cruises, only 
the zones with a number of observations ex- 
ceeding 35 were used. In  each zone the covari- 
ances in time of the cross current velocity u, 
the temperature T and the density e were com- 
puted. These covariances give us the fluxes of 
interest. 

The following notation is used: 

u =velocity of current normal to the time 
mean axis of the Gulf Stream (positive if 
in offshore direction); 

v = veocity of current in direction of mean 
axis (positive if downstream); 

T =temperature; 
e =density; 
ut = (e - 1) x 1000, where e in units of g om+. 

Each of these quantities may be written as the 
sum of a time mean (indicated by bar) and a 
deviation of a time mean (indicated by prime). 
For example, for the cross stream velocity: 
u =ti +u‘. 

u’T’ =covariance in time of simultaneous 
cross current velocity and tempera- 
ture; 

u’e’ =covariance in time of simultaneous 
cross current velocity and density. 

- 
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The covariance u'T' represents, if multiplied 
with the density e and the specific heat c, the 
eddy flux of heat across the current. In  addition 
to the calculations at the surface, values of the 
heat transport off Onslow Bay and Jackson- 
ville were computed at  depths of 30 m, 60 m 
and I00 m. In  these calculations the surface 
velocity measured by the GEK was used as 
representative of the current down to a depth 
of 100 m. Direct measurements of the velocities 
at these depths appear to show often strong 
vertical shears. Therefore, it is possible that the 
values of the eddy transports at  60 m and 100 m 
would be modified considerably if actual velo- 
city measurements had been available at  these 

levels. For the cruise off Cape Hatteras surface 
data only were used in all computations. 

The question was considered ria to what the 
influence of a slight rotation of the coordinate 
axes would be on the computed eddy transports. 
It was found in the case of the Cape Hatterm 
data, that even with a rotation of the axes of 
more than 10" the order of magnitude and sign 
of the cross current eddy transports were pre- 
served. The downstream eddy transport c'T 
would have to be large compared with the 
transport across the current u'T' in order to 
give an appreciable change in u ' T  when the 
coordinate system is rotated over a small angle. 
This was not observed t,o be the case. 

__ 

__ 

__ 

TABLE 1. The eddy fluxea of temperature and density across the mean current ( k the standard 
error of the mean) for the crube off Onslow Bay from 20 May until 18 June 1958. 

A positive value of U'T' or u" represents an offshore transport. N =number of observations. The zones are 
11 km wide. The surface velocities, as measured by the GEK, are also used in the computations of the 

transports at 30m, 60m and 100m depth. 

SURFACE 
- - _ _  .- - 

Position N 2, T u'T' N ' I t  u'e' 
lo-* g 8ec-l cm-' (Zones) cm sec-l "C "C cm sec-l 

Onshore 
10 
9 
8 
7 
6 
5 
4 

Offshor? 
Weighted average 
over all positions 

65 20 
76 57 
98 85 
85 109 
89 105 
71 85 
38 66 

522 79 

25.1 k 0.2 
25.3 k 0.1 
25.5 k 0.1 
26.0 k 0.1 
26.3k0.1 
26.4kO.l 
25.9kO.l 

25.78 

7.2 k 3.4 
- .8 k 3.6 
1.454.5 
3.3 k 5.9 
5.9 k 3.9 

10.2 k 3.0 
2.6k3.1 

+ 3.5 k 1.6 

62 
75 
97 
85 
86 
67 
36 

508 

23.96 k 0.06 
23.91 k 0.05 
23.92 k 0.04 
23.88 k 0.04 
23.85 k 0.04 
23.84 k 0.04 
24.00 k 0.05 

23.90 

- l .2k 1.2 
- 1.1 k 1.2 
- 2.4 f 2.0 
- 1.3 k 1.6 
- 2.0 k 1.2 
- 2.8 k 0.9 
- 1.2k 1.2 

- 1.8 k 0.6 

30 m Depth 60 m Depth 100 m Depth 
r - ~ - ~ ~ - 

N T u'T' N T U'T' N T U'T' 
"C 'Ccmsec-' "C OCcmsec-' "C 'Ccmsec-' 

Onshore 
10 
9 
8 
7 
6 
5 
4 

Offshore 
Weighted 
average over 
all positions 

65 21.5k0.3 4.2k7.0 
75 23.1 k0.3 7.6k5.4 
98 23.9k0.2 0.2f6.5 
84 25.2k0.1 7.5k6.6 
89 25.7k0.1 9.6f3.7 
71 25.9k0.1 10.4k3.2 
38 25.3 k0.2 - 0.2 f 3.7 

520 24.39 + 3.3k2.0 

- (Shelf) - 
72 19.4k0.3 5.257.0 
97 20.2k0.3 4.3k8.5 
84 22.2f0.2 0.8k9.8 
89 23.6 k 0.1 12.2 k 5.0 
70 24.2fO.l 8.3k2.7 
38 23.7 k 0.2 - 6.6 f 5.7 

450 22.02 3.2 k 3. I 

- (Shelf) - 
66 16.7k0.3 - 1.7k 8.4 
97 17.3f0.3 1.8k 9.7 
84 19.1k0.3 0.2k11.3 
89 20.8k0.2 11.6k 6.0 
70 21.9k0.1 7 . l k  3.2 
38 21.6k0.2 -6.3f  5.7 

444 19.36 +0.8* 3.5 
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Discussion of the 
density transport 

observed heat and 

Upon examination of a temperature cross 
section of the Gulf Stream one notices a strong 
horizontal temperature contrast between the 
slope water and the Sargasso Sea in the vicinity 
of the current maximum (see e.g. Fig. 2). One is 
immediately tempted to ask the following 
questions: Is there a transport of heat across the 
current produced by the meanders and, if 
present, is this flux down the gradient and what 
is its magnitude? 

The calculated values of the eddy fluxes of 
heat and density are presented in Tables 1, 2 
and 3. Assuming that the present data are 

representative for the layers of the Gulf Stream 
near the surface, the observations suggest an 
unexpected answer to our questions. I n  all three 
sections there is apparent a countergradient eddy 
flux of heat, i.e., a flux of heat from the colder 
coastal waters to the warmer ocean. The ob- 
served heat fluxes at the surface are shown in 
Figs. 3, 4 and 5. The figures give the heat tran- 
sport, the temperature and the downstream ve- 
locity each as a function of distance from the 
axis of the stream. It is remarkable how strong 
the observed heat transport is in the Onslow 
Bay and Cape Hatteras sections with a maxi- 
mum of the order of + 10°C cm sec-', located 
near the maximum of the current. The transport 
decreases with distance from the axis of the 

TABLE 2 .  The eddy fluzes of  temperature and density a c r o ~ s  the mean current (i. the standard error 

15 November 1961. 
A positive value of u'T' or U'Q' represents an offshore transport. N =number of observations. The zones 
are 16 km wide. The surface velocities, as measured by the GEK, are also used in the computations of tho 

transports at 30 m, 60 m and 100 m depth. 

of the mean) for  the cruise along the 30" N parallel (off Jacksonville) from i October until 

- 

SURFACE 
~~ ~ 

N 2) T u'T' N ot U'@' 

g wc-' cm-3 Position cm sec-I "C "C cm sec-' 

Onshorz 
80"15' 
80"05' 
79055' 
79"45' 
79"35' 
79"25' 
79"15' 

Offshore 
Weighted average 
over all positions 

40 27 
70 86 
69 82 
68 58 
65 29 
66 19 
36 12 

41G 49 

26.8 k 0.1 
27.1 f O . l  
27.4 k 0.1 
27.3k0.1 
27.2k0.1 
27.0k0.1 
27.2k0.1 

27.15 

- 0.5 k 1.7 
2.2k2.1 
0.0k 1.4 

- 0.7 k 1.0 
0.5 k 0.9 

- 1.251.0 
- 1.5k 1.6 

0.46 k .55 

40 
70 
69 
68 
66 
65 
35 

413 

23.68 k .03 
23.57 ? .02 
23.51 k .02 
23.56 k .02 
23.65 2.03 
23.74 k .03 
23.64k .03 

23.62 

0.3 1.0.6 
- 0.5 k 0.6 

0.0 k 0.4 
0.2 k 0.4 

- 0.5 k 0.3 
0.5 t 0 . 5  
0.5 k 0.6 

- 0.15k 1.9 

30 m Depth 60 m Depth 100 m Depth 
~ - _- - -_ ~ 

N T U'T' N T  U'T' N T U'T' 
"C "Ccmsec-' "C " C c m s t ~ - ~  "C "Ccmsec-' 

Onshore 
80"10' 69 26.6k0.1 1.6k2.4 67 25.4f0.3 9.7k7.1 67 21.020.5 21.2k8.9 
80"OO' 66 27.050.1 2.1k2.0 66 26.7kO.l 0.8k3.7 65 24.150.4 -1.7k9.6 
79"50' 66 27.1k0.1 -0.4k1.7 66 26.9k0.1 -0.7k1.8 65 25.6k0.1 -4.3k3.0 
79"40' 66 27.110.1 1.1k1.1 66 26.9k0.1 0.9k1.1 66 25.6kO.l -2.2k1.6 
79"30' 64 26.8k0.1 0.9k0.7 64 26.6kO.l 1.2k1.0 64 25.4k0.1 -1.7k1.7 
79"20' 64 26.710.1 O.lkl.O 64 26.6k0.l 0.1k1.2 64 25.4k0.1 -1.3f1.7 

Offshore 
Weighted average 395 26.87 1.4k0.8 393 26.51 3.0k 1.4 391 24.52 4.2k2.3 
over all positions 
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Onshore Nod. mules Offshore 

PIO. 2. A typical distribution of temperature and 
current velocity for a single crossing of the Gulf 
Stream off Onslow Bay. The mean axis of the Gulf 
Stream is indicated by the letter A. (after WEBSTER 
1 9 6 1 ~ ) .  

current. I n  the Jacksonville data the mean 
temperature profile is flat and t,he corresponding 
heat flux small. Yet a small peak shows up si- 
milar to the maxima in the other sections, indi- 
cating again a t,ransport against t,he gradient. 

With increasing depth below the surface the 
temperature gradient becomes steeper and the 
peak of the eddy heat flux sharper. Even at 
Jacksonville, where the heat flux a t  the surface 
is ill defined, there is a strong heat transport 
below the surface. 

I n  Tables 1 , 2  and 3 are also presented density 
fluxes, computed from the available data for 
temperature and salinity at the surface. I n  most 
cases the density transport is towards the shore. 
However, the action is not quite so systematic 
as for the transport of heat, except at Onslow 
Bay. 

In  the last line of the tables the data for the 
different zones of each cruise are added to- 
gether. This corresponds to an additional aver- 
aging in space along a line at right angles to the 
current over a distance of about 80 km. A mean 
eddy heat flux with a range from 1 to 4°C cm 
sec-l and a mean eddy density flux of -0.2 to 

The reliability of the measured covariances is 
estimated by use of the standard error of the 
mean, computed as the standard deviation di- 
vided by the square root of the number of 
observations, e.g., 

- 1.8 x g sec-' is found. 

TABLE 5. The eddy fluxes of temperature and density across the mean current ( k the standard error 
of the mean) for  the cruise off Cape Hatteras during October 1962. 

A positive value of u'T' or u'e' represents an offshore transport. N =number of observations. The zones are 
10 km wide. 

~- 

SURFACE 
- - - ~ ~ 

N 2) T U'T' N 0: u'e' 
Position cm sec-l "C "C cm sec-' g sec-' cm-2 

Onshore 
2 21 64 26.1 k .4 0.1 k 4.9 19 23.41 k .08  0.1 ? 1.4 
3 21 125 
4 21 145 
5 20 122 
6 20 102 
7 20 79 
8 20 55 
9 19 39 

Weighted average 162 92 

Offshore 

over all positions 

27.2k.2 
27.8k. l  
27.8k.1 
27.6k.1 
27.5k.1 
27.4 k .2 
27.1 k .2 

27.29 

5.2 k 5.2 
8.1 k3 .9  
1.4k 1.7 

- 1.3 5 2.0 
1.252.4 

- 2.3 5 3.0 
- 1.7 k4.1 

1.8 & 1.3 

20 
20 
20 
20 
20 
20 
19 

158 

23.41k.11 -2.7k2.1 
23.36 2 .05  - 2.2 k 1.5 
23.39k.05 - 1.1 k0.9 
23.48 2 .05  0.0 k0.8 
23.53 2.06 - 0.4 F0.R 
23.56 k .05 1.2 k 1.1 
23.64k.08 1.0k1.5 

23.47 - 0.9k0.5 
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15 
('C c d w c )  - t  I OFF ONSLOW BAY 

SURFACE 

t, 
lOkm 

Onshore Offshore 

m a  of down- 
~trcom current 
during t cruiie 

FIQ. 3. The cross current eddy heat flux, the tem- 
perature and downstream velocity as a function of 
distance from the mean axis of the Gulf Stream. The 
temperature and velocity were measured at the 
surface for the cruise off Onslow Bay from 20 May 
until 18 June 1958. A positive value of u'T' repre- 
sents an offshore transport of heat. 

OFF JACKSWVILLE OO'NI  
SURFACE 

CI 
lOhm 

OFF CAPE HATTERAS 
SURFACE 

-+ I 
a Offshore 

mox of down- 
streom current 
durlnq t cruise 

Fro. 5. The cross current eddy heat flux, the tem- 
perature and downstream velocity as a function of 
distance from the mean axis of the Gulf Stream. Tho 
temperature and velocity were measured at  the 
surface for the cruise off Cape Hatteras during 
October 1962. A positive value of represents an 
offshore transport of heat. 

Twice the standard error of the mean 
gives the value of the 95 76 confidence 
limit. It is assumed that the observations are 
independent, which is not exactly true since 
the observations in each zone are taken in the 
most favorable case 12 hours apart. "here will 
be some correlation in time between the diffe- 
rent observations, which will tend to give too 
small standard errors of the mean. I n  the ave- 
rage of all data for a cruise, there will be a cor- 
relation of the observations in space aa well aa in 
time. However, the close resemblance of thu 

1 
79-55, 45' 35' 25' 7YS'W 

FIQ. 4. The cross current eddy heat flux, the tem- 
perature and downstream velocity as a function of 
distance from the mean axis of the Gulf Stream. The 
temperature and velocity were measured at the Bur- 
face for the cruise off Jacksonville (30" N) from 7 
October until 15 November 1961. A positive value 
of u- represents an offshore transport of heat. 
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results of three independent cruises, which were 
made in different years and different parts of 
the Gulf Stream, supports the suggestion of an 
existing positive transport of heat and negative 
transport of density in the layers near the sur- 
face. 

The maximum in the offshore heat flux coin- 
cides approximately with the place of maximum 
current. velocity. This could explain the broaden- 
ing of the temperature maximum (warm core) 
to the right of the current peak (facing down- 
stream) which is apparent in our data. STOMMEL 
(1960) defines the warm core as that part of 
the Gulf Stream containing water warmer than 
the water at  the same depth to the right of the 
current. The core is according to Stommel 
generally 300 m to 400 m deep, with the maxi- 
mum temperature anomalies a t  a depth of 
about 100m. 

Up to this point we have discussed only the 
heat transport by eddies across the Gulf Stream. 
I n  order to compute the total heat transport 
one should add the mean and eddy heat fluxes 
together: ecuT = ec(CT + u'T'). Had we 
chosen in each case the coordinate system in 
such a way that the average cross current for 
each zone would have vanished, then the total 
heat flux would be equal to the eddy flux. 
However, in the coordinate system used in the 
present study ti does not vanish. The mean 
transport tip has a large value but it often 
changes sign in the different zones. Because it 
was found that a rotation of about 10" does not 
effect the eddy transports considerably, one 
could hypothetically rotate the axes over a small 
angle so as to make 6 = 0 without changing the 
eddy transports. Thus, the value of the eddy 
heat transport appears to be a reasonable ap- 
proximation to the total heat transport. 

In  order to get an idea of the order of magni- 
tude of possible effects of the computed fluxes, 
one can calculate the eddy heat transport nor- 
mal to  a vertical strip following the direction 
of the Gulf Stream along its axis for a distance 
of 1000 km and with a depth of 100 m. Let us 
assume a covariance of u'T' = + 10°C cm sec-'. 

_. - 

~ 

"he heat transport ecu'T'across the strip 
turns out to be of the order of 1018 cal day-'. 
This amount is not insignificant if compared 
with the calculated annual poleward transport 
of heat of 20 x 10111 cal day-' at 30"N by the 
entire North Atlantic Ocean (see VON ARX, 

1962, p. 149). At this latitude the North Atlan- 
tic is about 6700 km wide. 

Computation of the conversion of available 
potential energy 

LORENZ (1955) derived expressions for the 
generation and conversion of zonal and eddy 
available potential energy in the atmosphere. 
In  the case of our data for the Gulf Stream, it 
is only possible to compute the contribution of 
one of the many analogous terms in the balance 
of available potential energy. This term 

may be called the conversion by horizonta I 

processes of available potential energy of the 
meanders to available potential energy of the 
mean flow. We suppose here that the available 
potential energy is due entirely to the tempera- 
ture distribution. Also 

( - )  =average over all data of one cruise at a 
certain depth (i.e. average in time and 
over x-coordinate); 

r = ap /az  and replaces the difference be- 
tween the dry adiabatic and actual lapse 
rate in the atmospheric case; 

e =eJ1 - E  T), where E = 3  x 10-4 deg-l; 
x =space coordinate along line at right 

angles to the mean current (positive if 
towards ocean); 

z =vertical space coordinate (positive if up- 
wards). 

Since our data show a heat transport in the 
direction of the warmer ocean, a positive value 
of C, is to be expected. The values of C, for the 

TABLE 4. Conversion of available potential energy 
of the meander8 to available potential energy of 

the mean flow. 
Units are in ergs cm-S sec-l. Calculations based on 

temperature alone. 
~~ 

Surface 30m 60m lOOm 
~ 

Onslow Bay + 0.0003 + 0.0016 + 0.0019 + 0.0020 
Jacksonville 

(30" N)  + 0.0002 + 0.0002 + 0.0008 + 0.0019 
Cape 

Hatteras +0.0006 - - - 
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different sections and depths are presented in 
Table 4. All values are positive signifying a 
build-up of mean available potential energy at 
the expense of the eddy available potential 
energy. 

The value of the conversion of eddy available 
potential energy to that of the mean flow at the 
surface off Onslow Bay is 3 x lo-‘ erg cm-8 sec-’. 
WEBSTER (1961b) computes for this section a 
transfer of kinetic energy from the eddies to the 
mean flow of 80 x lo-’ erg cm-S sec-l a t  the 
surface. 

Concluding remarks 

This study gives an indication of an inverse 
eddy diffusion process taking place; water par- 
cels which move offshore are relatively warm 
(low density) and parcels moving onshore are 
relatively cold (high density). It could be that 
water particles traveling towards the open ocean 
have their origin in general at  higher (warmer) 
levels in the ocean and/or vice versa. These par- 
cels are consequently warmer than the sur- 
rounding water and in a position to transport 
heat across the mean flow in the direction of the 
ocean. This would be equivalent to the existence 
of a negative correlation between t,he vertical 
motion and the instantaneous cross stream ve- 
locity. Such a possible mechanism throws, how- 
ever, no light on the question of the cause of the 
countergradient heat flux. Since the meanders 
draw their energy neither from the kinetic 
energy of the main stream (WEBsTER, 1961b), 
nor according to this study from the available 
potential energy of the mean current, these ed- 
dies must have an outside source of energy. 
The following possibilities seem to be left: ( 1 )  
The meanders a t  or near t,he surface are forced 
by the ocean circulation at  greater depths. (2) 
The meanders are forced by the tropospheric 
circulations. (3)  The meanders receive energy 
by advection or pressure work a t  the vertical 
boundaries. It might be thought that the ex- 
pression for C, is inadequate in that i t  involves 
only the temperature effects and not those due 
to the salinity. A more accurate substitute in- 
corporating salinity would formally represent 

a complete thermohaline process. However, the 
prospect of securing a source of energy for the 
eddies through this means appears not to be 
encouraging in view of the density transports 
calculated from temperature and salinity data 
for the surface, especially in the case of what 
appears to be the best observations namely 
those at  Onslow Bay. 

As an illustration of a probably forced regime 
in the atmosphere, it is interesting to consider 
the lower stratosphere. In the troposphere the 
transport of heat is down the gradient (poleward) 
as in a normal heat engine, but in the lower 
stratosphere a reversal of the temperaturc 
gradient takes place, while the horizontal eddies 
still transport the heat poleward as in the tro- 
posphere (WHITE, 1954). In  the atmospheric 
case it is possibly justified to say that the regime 
in the lower stratosphere is partly forced by tho 
underlying tropospheric circulation. 

Tho results of Webster’s study (1961 b)  and 
the present one indicate that the meanders 
play an important role in the maintenance of 
the Gulf Stream and that the question of the 
distribution of stream velocity or temperature 
cannot be separated from that of the existence 
and action of the meanders. It is necessary to 
obtain more observations from different sections 
of the Gulf Stream in order to be able to verify 
the described abnormal heat transport. It would 
be extremely interesting to extend the heat and 
density flux measurements to lower levels in 
the ocean. 
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