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ABSTRACT

In each hemisphere of the Atlantic, a permanent countercurrent (eastward flow) having a core about
4.5° from the Equator is present in the subthermocline layer from 80 to 200 cl t (centiliters per
metric ton). Although currents along the Brazilian coast supply water to the countercurrents, much of
the flow in each seems to be internal to the anticyclonic region on its equatorward side. West of
25°W, the region considered here, the south countercurrent is covered largely by westward flow, has a
mean width of 209 km, and a mean geostrophic transport of 15 x 10° m?® s~!. The north countercurrent
often lies below eastward flow, but its core is marked by a subthermocline velocity maximum and a
path differing from that of the navifacial core. Between about 50 and 40°W, available data indicate a
mean transport of 9 X 10° m® s™! in February-April and 26 % 10° m® s~ in July-September, a sig-
nificant annual variation. From 40 to 28°W, roughly, evidence for a permanent subthermocline counter-
current is strongest. The current has a mean uninterrupted width of 231 km. Its transport shows no
significant annual variation and has a mean of 19 X 10° m® s=. East of about 28°W, the north counter-
current breaks up. The flux mode of the south, and the strong sector of the north, countercurrent
is in the layer from 120 to 140 cl t™', the main part of the equatorial thermostad. Transports of the
Atlantic subthermocline countercurrents are considerably larger than those reported for their Pacific
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counterparts.

1. Introduction

Geostrophic velocity computations reveal a strong
countercurrent below the most intense part of the
thermocline on either side of the equator in the
Atlantic Ocean. The countercurrents are similar in
situation and structure to the subsurface counter-
currents in the Pacific Ocean which Tsuchiya (1972,
1975) has described. The presence of countercur-
rents in subthermocline depths of the equatorial
Atlantic was noted by Cochrane (1965, 1968a, b).
Reid (1964), Khanaychenko and Khlystov (1966),
Mazeika (1968), Khanaychenko (1970) and others
have commented on the existence of a South Equa-
torial Countercurrent in the Atlantic. Cochrane
(1975) recognized that there is a subthermocline
current core in the countercurrents of the Atlantic.
Hisard et al. (1976) described the extent and per-
manence of the subsurface, i.e., subthermocline,
countercurrents. The present paper investigates the
subthermocline countercurrents in the equatorial
Atlantic west of 25°W, providing descriptions of
their velocity structures, transports and origins and
examining evidence for their permanence.

The velocity v relative to its value v, at areference
pressure p, is obtained from the mass distribution by
means of the geostrophic equations (vertically inte-
grated thermal wind equations)
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where fis the Coriolis parameter, ¢ the geopotential
anomaly, p pressure, & the steric anomaly, and
Y the acceleration potential (Montgomery, 1937;
Montgomery and Spilhaus, 1941). The distance
| is measured along some line, usually along
a transect. The positive direction along the line
is taken so that v — v,, the component 90° clock-
wise from the direction, is positive when it has
an eastward component. Essentially these equations
are discussed by Montgomery and Wooster (1954).
The first is the most familiar form. The second is
useful in interpreting the slopes of steric (and,
approximately, isanosteric) surfaces. The third per-
mits computation of horizontal velocity at a steric
anomaly surface. Acceleration potential is obtained
from geopotential anomaly by changing the variable
of integration from p to §, i.e.,
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Water parcels tend to move along surfaces of
constant potential steric anomaly because of vertical
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stabilizing forces (Montgomery, 1937, 1938; Reid,
1965; Tsuchiya, 1968; Reid and Lynn, 1971). These
surfaces are closely approximated at shallower
depths by surfaces of constant thermosteric
anomaly, isanosteric surfaces (Montgomery and
Wooster, 1954). For application to such surfaces,
the third form of Eq. (1) must be modified. In ac-
cordance with Montgomery (1937), the appropriate
Y — Yy)

form is
89,
-pl==), @
al LT p(al)a, @

fw =) = l

where 8, = §,, + 8, + 8., (Bjerknes and col-
laborators, 1910). The second term on the right is
usually smail at pressures <1000 db, as Montgomery
(1938) noted. Thus a map of acceleration potential
provides a gcod approximation of the velocity field
at a thermosteric anomaly surface. However, the
term often contributes significantly in computations
of geostrophic volume transport in the equatorial
Atlantic and is therefore retained in all velocity
computations.

The subthermocline countercurrents are intro-
duced by means of vertical sections of thermo-
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steric anomaly. Their extent in the Atlantic west of
25°W is sketched in the distribution of acceleration
potential -on the surface, where &; = 140 cl t7,
which lies somewhat below the strongest thermo-
cline layers. Geostrophic velocities and transports in
the layer from 80 to 200 cl t™! provide an assess-
ment of the strength and permanence of the currents.

2. Vertical structure

Figs. 1a and 1b show the vertical sections of the
thermosteric anomaly for transects taken at 30°W in
February 1963 and near 33°W in August 1963,
respectively. The sections illustrate features which
imply the presence of the subthermocline counter-
currents. The isanostere of 100 cl t™! in Fig. la
and those of 100 and 120 ¢l t~! in Fig. 1b have a W
shape roughly symmetric about the Equator. The
outer sides of the W between 3° and 7°, roughly,
in either hemisphere represent, according to the
second form of Eq. (1), regions where the eastward
flow component increases with height. (The form is
not clearly marked in the Northern Hemisphere of
Fig. 1a.) In the south, the isanosteres become level
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FI1G. la. Vertical section of thermosteric anomaly (cl t!) along 30°W from the Crawford cruise
of Equalant I (5-14 March 1963). Vertical exaggeration 2.76 x 10%:1. Station positions are given

at top. Location is shown in Fig. 2a.
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Fi1G. 1b. Vertical section of thermosteric anomaly (cl t™') near 33°W from the Laserre cruise
of Equalant II (11-20 August 1963). Vertical exaggeration 2.76 X 10%:1. Station positions are

given at top. Location is shown in Fig. 4.

near 140 cl t~! and reverse their slope above so that
the relative eastward flow reaches a maximum and
then decreases with height. Sometimes this situation
appears also in the north, but, as the sections
illustrate, the slope reversal is often not clearcut
and northward rising isanosteres are sometimes
found near the naviface (Montgomery, 1969). Never-
theless, leveling and reversal above in the isanosteres
is not uncommon. Thus there frequently are east-
ward flow maxima below the thermocline in the
Northern Hemisphere. When such eastward flows
have significant extension at their latitudes they may
be called countercurrents in the sense usually under-
stood. To the extent that a velocity maximum exists
below the thermocline, they can be characterized
as subsurface or, more accurately, subthermocline
countercurrents.! ‘

Between the outer sides of the W-shaped isano-
steres is a region of small vertical gradient (Figs. 1a
and 1b), the equatorial thermostad. It corresponds to
what Montgomery and Stroup (1962) call the 13-C
water in the equatorial Pacific. The modal tempera-
ture of the layer in the Atlantic is about 13°C, but
the temperature is a little higher during northern

! The analysis, which is presented below, of the horizontal
distribution of geostrophic flow somewhat below the thermocline
suggests that the eastward component indicated in the Southern
Hemisphere by the section in Fig. 1b is not a part of the sub-
surface countercurrent although its form is similar to a section
across that current (see Fig. 2b).

summer than during winter in the western part of
the ocean (Cochrane, 1975). As Figs. 1a and 1b sug-
gest, much of the transport of subsurface counter-
currents is in the thermostad.

3. The subthermocline countercurrents at 140 cl t™!

The surface where 8, = 140 cl t~! lies within
the upper part of the thermostad across the equa-
torial Atlantic Ocean during the entire year (Coch-
rane, 1968b). It is analogous to the 160 cl t™! sur-
face in the less saline Pacific which Tsuchiya (1968,
1972, 1975) used in studying the subsurface counter-
currents of that ocean. Fig. 2a, from Kelly’s (1978)
study of currents and waters at 140 cl t™*, shows the
distribution of acceleration potential relative to 800
db based on data from February, March and April
(FMA); Fig. 2b shows the distribution for July,
August and September (JAS) data. The depth of
the surface ranges from 100 to 300 m, approxi-
mately, during both periods. Data from 1963 (Equa-
lant I) and 1968 (Crawford) form the basis for Fig. 2a
and data from 1963 (Equalant II), 1964 (Alaminos)
and 1974 (GATE) that for Fig. 2b. Where data over-
lap in the latter map, preference has been given to
the 1964 data because of its greater coverage. Sig-
nificant differences among years exist (Cochrane,
1975), but the same major features are found in
all cruises. Minor features from individual years
are smoothed. Gradients must be viewed with some
caution because of the smoothing.
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F1G. 2a. Acceleration potential (dyn cm) at 140 cl t! relative to 800 db for February- April data.
Locations of some transects used in Tables 3 and 4 are shown.

a. Countercurrent Ridges and Troughs

At 140 cl t™! in either hemisphere, an eastward
flow, the countercurrent, lies between a zonally
elongated ridge and similarly elongated trough, the
Countercurrent Ridge and Trough. In both hemi-
spheres the ridge is centered near a latitude of 3°.
The ridges correspond to the deep portions of the
W-shaped isosteres of Fig. 1. They are separated
from the ridge or line of highs along the Equator,
clearly in JAS, but to a smaller degree in FMA,
The Countercurrent Troughs are centered near 7.5°S
and 9°N. East of about 35°W, the northern trough
and, at a corresponding distance from the African
coast, the southern trough, have small poleward
trends. Analogous ridges and troughs are of course
present in the Pacific Ocean at 160 cl t*, as Tsuchiya
(1968) and Love (1972) show. In the western Pacific,
however, the ridges merge with the highs at the
Equator so that the subsurface countercurrents are
not distinct from the Undercurrent, as they are in
the western Atlantic. The troughs are centered near
6°N and 6°S in the eastern Pacific (Tsuchiya, 1975),
thus nearer the Equator than in the Atlantic.

The North Countercurrent Ridge begins in the
west with an anticyclone or high, centered near
3.5°N, 47°W off the mouths of the Amazon River.
It is found in all cruises covering the region: dur-
ing FMA of 1963 and 1968 and during JAS of 1963,
1964 and 1973 (Brazilian Navy, 1975), although
weaker during FMA. Because of its apparent per-
manence the feature is given a name, the Amazon
Anticyclone. During JAS (Fig. 2b), it appears to have
a considerable internal circulation. Anticyclones are
encountered farther north and west than the Ama-
zon Anticyclone, but they are usually weaker and
more variable in position. Hence, the ridge is con-
sidered to begin with the Amazon Anticyclone.

East of the Amazon Anticyclone, the ridge is
interrupted by a marked trough extending southeast
from the main Countercurrent Trough centered near
7.5°N, 48°W. The interrupting trough is also found
in all data covering the region, for FMA of 1963
and 1968 (different portions of the feature were
covered in these years) and JAS of 1963, 1964 and
1973; the feature is suggested, but not established,
by the GATE 1974 data which do not fully cover its
region.



728

15°

JOURNAL OF PHYSICAL OCEANOGRAPHY

VOLUME 9

10°

TTET T T
CAPE VERDE
ISLANDS

Observations Used

H o
I Meteor, 1927 ™ a g 1
Lassere (Equolant ), 1963 O L 0
g0 f— Cosco " ),1963 © & 9 —
Pillsbury { " 11963 & A P
Alominos (Equacheque ), 1964 © ‘fA -
— Fay { GATE ),i974 O A =T 7
Trident [ % ),1974 T \‘ (/V °
_ Observations not reaching Y \ 8 ® N
L 800m but considered an \ a ]
Undaunted, 1966 & &N A 4
- At \ ~o
joel—L 1 4 1 S O | I | l | S I | 1 N | l | l I
55° 50° 45° 40° 35¢° 30° 25° 20° 15°

F1G. 2b. As in Fig. 2a except for July-September data. Locations for some transects used in Tables 1, 2, 3 and 4

are shown. Dashed contours indicate that available

East of the trough, the Countercurrent Ridge is
again present from 40°N to 30°W as a high, or a
number of highs, centered along 3°N, approximately.
The ridge has been encountered in that sector on
all available cruises taken in FMA (1963) and in
JAS (1963, 1964, 1973, 1974, and 1976). Consider-
able internal circulation is indicated by all cruises
covering the region during either quarter. The eastern
portion of the ridge (or series of anticyclones)
appears to weaken in the Crawford lines of FMA
at 27.5 and 30°W. The eastern portion is not clearly
delineated by data for JAS, although by 25°W,
the ridge has weakened as is noted below. .

Along the north side of the ridge from 40 to 30°W,
there are a number of secondary high regions dur-
ing JAS and, to a lesser degree, during FMA. They,
of course, indicate bands of eastward flow on their
northern limbs. Such flow is small in comparison
with that closer to the Equator near the main
Countercurrent Ridge, but complicates the defini-
tion of the countercurrent. The eastern North Pacific
ridge does not exhibit this complication so strongly
as the Atlantic ridge perhaps because the Counter-
current Trough is at a somewhat lower latitude than
in the North Atlantic.

From ~28°W east, the northern ridge weakens and
one or two additional zonal ridges appear farther

data do not provide a basis for a definitive analysis.

north. The north countercurrent evidently splits into
a number of eastward bands, each considerably
weaker than the single eastward flow farther west.
Although the primary basis for such a structure in
the map for JAS (Fig. 2b) is the Casco line at 25°W,
there is considerably more evidence: the Trident lines
at 28°W during GATE (Miller et al., 1975) show a
series of rises and falls in the isotherms rather
than the single trough and rise of the north half of
the W structure illustrated in Fig. 1. Merle’s (per-
sonal communication, 1977) mean isotherms at
23.5°W for all GATE observational periods also indi-
cate a northward rise in isotherms (below ~15°C)
occurring north of 5°N, rather than north of 2 or
3°N as farther west (e.g., Fig. 1). The map for FMA
(Fig. 2a) does not extend far to the east, but the
breaking up seems to appear at 30°W; the Zvezda
section at 20°W (Equalant I) shows a number of
rises and falls in the isopycnals (o) between 2 and
6°N (Kolesnikov, 1973).

The South Countercurrent Ridge appears to have
a similar disintegrative structure in the east at com-
parable distances from the African coast. The verti-
cal sections in the east (Kolesnikov, 1973) show
the wider, multiple trough-ridge structures. Merle
(1978) shows (mean annual o, at 300 m) that the
ridge broadens east of ~30°W.
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East of 100°W, roughly, in the Pacific, both
Countercurrent Ridges break up into a series of
more or less zonal ridges (Tsuchiya, 1975) as in the
Atlantic. The distance from the onset of this feature
to the eastern boundary is similar to that in the
Atlantic.

In view of the form of the North Countercurrent
Ridge, it is convenient for subsequent discussions
to divide the subthermocline countercurrent into
three sectors, that of the ‘“‘Amazon Anticyclone’’
from 50 to 40°W, approximately, the ‘‘main’’ sector
north of the highs between 40 and 28°W, approxi-
mately, and a ‘‘disintegrative’’ sector farther east.

b. Relationships to coastal currents and the Under-
current

At 140 cl t! all of the eastward flows near the
Equator can be traced back in part to currents along
the Brazilian coast: the northward flow along the
east coast from 10°S, or farther south, to Cape Saé
Roque, and the westward flow along the north coast
(or shelf break), the North Brazilian Current [Met-
calf and Stalcup (1967) use the name North Brazilian
Coastal Current].

The origin of the south countercurrent is de-
lineated rather clearly by the acceleration potential
for FMA (Fig. 2a). Eastward flow first appears
near 3°S, 35°W, where the northward coasta. cur-
rent meets the southwestward flow from the north
side of the South Countercurrent Ridge. A consider-
able part of the countercurrent farther east is formed
by the circulation internal to the ridge. The origin,
as shown for JAS in Fig. 2b, is complicated by
the presence of two bands of northward flow, one
immediately adjacent to the coast and the other
separated from the first by a low. [The two tands
are suggested by 1966 data from the Undaunted, re-
ported by Goulet and Ingham (1971). The stations,
however, did not reach 800 m.] Both bands appear to
contribute to the South Countercurrent.

The Undercurrent appears in both maps. In JAS
there is a series of highs along the Equator; in
FMA a low lies at the Equator, although there are
extensive bands of eastward flow north and south of
the Equator. The Undercurrent at 140 cl t™! ap-
parently is stronger in JAS than in FMA.

As Metcalf et al. (1962) and others have noted, the
coastal current (or currents) is the source of the water
characteristics of the thermocline layers of the
Undercurrent. Cochrane (1968b, 1975) and Kelly
(1978) have noted that the Undercurrent also re-
ceives water into its subthermocline layers from the
coastal current, as Figs. 2a and 2b indicate. Near
38°W a retroverse branch from the North Brazilian
Current turns north along the west side of a low
centered at ~1.5°S in the sector 38-36°W and
then east to run into the Undercurrent. The low is
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indicated in both the Laserre and Crawford lines
along 35°W in FMA 1963 and in the Alaminos 1964
and Fay 1974 observations during JAS.

At the west side of the Amazon Anticyclone
near 50°W, a large part of the North Brazilian
Current turns back toward the east. This eastward
flow constitutes the beginning of the north counter-
current according to the definition used in this
paper. The flow in the eastern limb of the Amazon
Anticyclone heads largely to the southeast. Part of
the flow reaches the Equator between 45 and 40°W
where it joins the Equatorial Undercurrent. Such a
path into the Undercurrent is suggested by the
drogue paths and characteristic distributions which
Metcalf and Stalcup (1967) encountered in 1965.
Much of the flow in the eastern limb does not reach
the Equator; instead it turns northward somewhere
between 40 and 42°W and then eastward to consti-

" tute a large part of the north subthermocline counter-

current. The sources of the latter and the Under-
current are thus intimately intertwined.

4. Geostrophic velocity and transport
a. Fay transect at 33.5°W

As Figs. 1a and 1b illustrate, the subthermocline
eastward flow between 3 and 9°N, in contrast to its
analogue in the Southern Hemisphere, is not dis-
tinctly separated from the flow in the navifacial
layers. In order to develop a definition of a sub-
thermocline countercurrent which applies in either
hemisphere, a transect in the less simple Northern
Hemisphere is examined in detail. Fig. 3 shows the
cross section of thermosteric anomaly for the tran-
sect made by the R/V Fay at 33.5°N during August
1974. Geostrophic velocities normal to the transect
(relative to 800 db) were computed for each adjacent
station pair at 10 cl t~! intervals from 80 to 200 ¢l t~!
and at 20 cl t™! intervals above 200 cl t~!. Table 1
gives the velocities (at 20 cl t™!intervals) and Table 2
the corresponding transports. The example is fairly
typical, although more complex than average.

Despite the complexities in the transect, the veloc-
ity maxima and preponderance of transport below
the base of the thermocline (below 200 cl t~!) seem to
justify the name subthermocline countercurrent for
much of the flow. In order to exclude the eastward
flow above the thermocline in the Northern Hemi-
sphere, the upper boundary of the current is taken
at 200 cl t™*, a value which is also suitable for
the Southern Hemisphere. The lower boundary is
taken at 80 cl t~! where, in both hemispheres, the
baroclinicity is small. The current must lie between
the Countercurrent Ridge and Trough. (The condi-
tion is applied at 140 ¢l t*.) Since, as already noted,
there are secondary highs north of the Northern
Countercurrent Ridge, the current is considered to
lie between the two stations along a transect for
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F1G. 3. Vertical section of thermosteric anomaly (cl t%) at
33.5°W from the Fay cruise of GATE (18-20 August 1974). Verti-
cal exaggeration 2.76 x 10%:1. Station positions are given at
top. Location is shown in Fig. 4.

which the net eastward transport is found to be
largest.

In the transect, the definition implies that the cur-
rent is present between stations 68 and 77, and in-
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cludes not only the large eastward flow between sta-
tions 68 and 70, but also the secondary eastward
and intervening westward flows farther north. Ac-
cordingly, the current has a total geostrophic trans-
port of nearly 21 x 105 m® s7!. A large part of the
transport, 77%, is found in the layer from 100 to
140 cl t™t.

If the navifacial countercurrent is defined as the
flow above 200 cl 1! between stations which maxi-
mize the eastward transport, it lics between stations
68 and 79, thus extending farther north than the sub-
thermocline countercurrent.

b. Results for available transects

Geostrophic velocities and transports for all avail-
able transects across the north and south subthermo-
cline countercurrent at 25°W or farther west were
computed in the same manner as that used in the
example above. Table 3 lists important aspects of
the computed resuits for the south countercurrent
and Table 4 those for the north countercurrent.
The locations of the transects are shown in Figs.
2a, 2b and 4. Although some of the transects
probably do not cross the entire countercurrent as
defined above, they are included because they cross
the principal band of eastward flow, which, as the
example indicates, accounts for much of the total
transport. Because of this, the meridional width of
the current given in the tables is that of the principal
eastward flow uninterrupted by any net westward
flow in the 80-200 cl t! layer.

c. South subthermocline countercurrent

The core of the simpler countercurrent in the
Southern Hemisphere may be considered to be at
about 138 cl t™!, the mean thermosteric anomaly
at the velocity maximum for all adjacent station pairs

TaBLE 1. Geostrophic velocity, (cm s™!) component normal to transect for Fay 1974 stations 68—79 at 33.5°W.
. Positive values have an eastward component.

Stations
37
clt™) 68 69 70 71 72 73 74 75 76 77 78 79
Naviface 45 5 29 53 43 ~15 45 9 -4 —4 16
480 38 50
440 43 19 27 53 30 -13 45 -6 16
400 41 18 22 53 23 -9 39 -2 2 -6 16
360 4?2 17 17 52 16 -7 34 -4 4 —6 15
320 46 19 10 50 11 -7 28 -4 5 -5 16
280 50 21 h) 47 9 -7 20 -1 4 -5 15
240 51 25 -1 44 7 -7 13 3 3 —4 14
200 51 31 -5 37 7 -6 4 6 3 -4 13
180 51 34 -6 33 8 -6 0 7 4 -4 12
160 49 36 -5 27 9 -6 -3 8 6 -6 10
140 4] 33 -2 19 10 -6 -3 7 8 -8 10
120 29 15 -3 8 12 -7 -2 7 6 -8 8
100 21 -5 -10 5 9 -5 -3 7 4 -4 3
80 3 -3 -4 2 -1 -1 0 3 1 0 0
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(Table 3). The mean uninterrupted meridional width
of the current is 209 km. The mean geostrophic
transport is 15.4 x 10¢ m® s~. The largest propor-
tion of the transport, 40%, is carried in the layer
from 120 to 140 cl t=!, which is in the thermostad
and normally contains the velocity maximum.

It is perhaps noteworthy that, despite the preva-
lence of westward flow above 200 cl t™!, every
transect indicates some eastward geostrophic veloc-
ity at the naviface. Evidently, such eastward flow is
largely masked by the prevailing wind drift since it
does not appear in pilot chart information (e.g.,
Schumacher, 1940).

d. Core of the north subthermocline countercurrent

The geostrophic computations for the north
countercurrent indicate that an eastward velocity
maximum below 200 cl t™! is present between at
least one pair of adjacent stations in every transect.
Usually the maximum is marked clearly and often it
is higher than the highest eastward velocity at the
naviface (Table 4). In the main sector, the mean
thermosteric anomaly for all subthermocline max-
ima is 148 cl t™', 10 cl t~! higher than the corre-
sponding value for the south countercurrent. The
velocity maxima in the Amazon Anticyclone and dis-
integrative sectors are less clearly marked.

The frequent presence of eastward flcw above
the north subthermocline countercurrent casts some
doubt on the suitability of the definition of the cur-
rent. However, justification beyond that discussed
up to this point is provided by comparing the cores
of eastward flow between the naviface and the 140
clt~!surface (between the navifacial and subthermo-
cline core layers). Fig. 5 shows the geopotential at
the naviface for JAS superposed on the accelera-
tion potential at 140 cl t~! from Fig. 2b; both fields
are based on the same stations. Most of the highs for
the two surfaces do not coincide and the paths of
the current cores coincide in only a few locations.
A similar lack of connection is apparent for FMA.

e. North subthermocline countercurrent

In the Amazon Anticyclone sector of the north
subthermocline countercurrent (~50-40°W), the
limited set of transects (Table 4) indicates a strong an-
nual increase in transport from FMA to JAS. The cycle
is similar to the well-established cycles in the navi-
facial velocities. The distributions of transport
among isanosteric layers also exhibits an annual
change with an increase of transport from FMA to
JAS in the layers with higher thermosteric anomaly.

In the main sector (~40-28°W), the evidence fora
permanent eastward transport below the thermo-
cline (below 200 cl t™!) is strong. All 17 transects
from four years, from FMA and from JAS (Table 4), in-
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dicate substantial transports. The considerable range
of transports suggests, along with the flow pattern
at 140 cl t~! (Figs. 2a and 2b), that the transects
represent crossings of the eastward limbs of anticy-
clones of varying intensities and slopes. Signifi-
cant change in transport sometimes occurs within
rather short time intervals, as the Gyre transects
NS12 and 13 illustrate. However, no available tran-
sect in the region fails to show strong eastward
flow below 200 cl t™.

The mean transport in the main sector for FMA is
only a little smaller than that for JAS; the differ-
ence is not statistically significant. Like the corre-
sponding eastern Pacific current (Tsuchiya, 1975),
the subthermocline flow exhibits marked inde-
pendence from the overlying flow above the thermo-
cline where both the transect data and pilot charts
(e.g., Schumacher, 1940) show a large annual cycle.
Thus the character of the subthermocline flow ap-
pears to change in the rather short distance between
the Amazon Anticyclone sector and main sector
from one with considerable annual variation to one
with little or none.

The main sector of the north countercurrent does
not differ greatly from the south countercurrent
(Tables 3 and 4): the mean transport is not notably
larger; the mean uninterrupted meridional widths
are similar; the flux modes are in the same layer;
and the mean latitudes of the current core are
similar.

The disintegrative sector of the north counter-
current (east of ~28°W) is represented in Table 4
by only two transects. Although the Crawford
transect for FMA is like the average for the main
sector, the Casco transect for JAS has a markedly
smaller transport than the average for the main
sector, a shallower flux mode, and a higher latitude at
the current core. As already noted, these and other
aspects of the Casco transect are confirmed by other
crossings.

f. Comparison of the Atlantic and Pacific sub-
thermocline countercurrents

Although similarities among the subthermocline
countercurrents of both the Atlantic and Pacific
Oceans are extensive, the countercurrent of the
North Atlantic has important peculiarities. The
Amazon Anticyclone sector has an annual variation
in strength. The North Countercurrent Trough is at
higher latitude. Important secondary bands of east-
ward flow are often encountered north of the princi-
pal core of the countercurrent. The separation of
the subthermocline flow from that above is less
complete. The main sector is shorter than the corre-
spondingly marked segments of the Pacific counter-
currents.
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FiG. 4. Locations of transects in the main sector of the north
subthermocline countercurrent. NS15 and dashed extensions
show transect used in Fig. 1b. NS14 and dashed extensions show
transect used in Fig. 3.

Because of some of the peculiarities, the defini-
tion of subthermocline countercurrent developed
above is not as simple as the one Tsuchiya (1975)
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used for Pacific countercurrents; the latter includes
all of the eastward flow above 500 db that lies be-
tween the stations at either end of the sharp slope
of isanosteres, but not any secondary eastward
flow. He computed geostrophic velocities between
the station pair specified above, not between each
adjacent station as in the present study.

The countercurrents in the Atlantic are wider
than the corresponding flows in the Pacific: 209
(south) and 230 km (north, main sector) versus 160
and 150 km, respectively, in the Pacific. The widths
given for the Atlantic (Tables 3 and 4) are uninter-
rupted widths and are thus comparable to those
determined for the Pacific. Both countercurrents
appear to be present to greater depths in the At-
lantic: slight poleward rises can be detected in the
isanosteres down to 800 m in the Atlantic, while
Tsuchiya (1975) found that major slope of the isano-
steres is limited to the upper 500 m in the Pacific.

Geostrophic transports for the two oceans may be
compared only with caution because of the differ-
ing definitions used. Clearly, Tsuchiya’s definitions
and methods lead to smaller estimates of transport.
However, the inclusion of secondary eastward flow
in the Atlantic computations increases the transport
usually by less than the approximate 25% found in
the Fay transect discussed above (Table 2). Further,
such augmenting of Atlantic transports is partly off-
set by the exclusion of transport above 200 cl t™!.
The difference in reference pressures seems to re-
flect actual difference in depth to which the Atlantic
and Pacific currents extend. Accordingly, the At-
lantic annual means, 15 X 108 (south) and 20 x 106
m? s~! (north, main sector), represent considerably
greater transports than Tsuchiya (1975) found in the
eastern Pacific, 8 x 10f (north) and 4 X 10 m3 s™!
(south).

L e s

T Tal 1T ] YTUT T
CAPE VERDE
o ISLANDS

I[Il

85°

Fic. 5. Geopotential at naviface (full lines) superposed on acceleration potential at 140 cl t™* (broken lines), both in
units of dyn cm and both relative to 800 db for July—September. H and L show the centers of highs and lows at

the naviface; h and 1 indicate the centers at 140 cl t™'.
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5. Summary

In each hemisphere of the equatorial Atlantic
Ocean, the distribution of mass indicates a counter-
current (eastward flow) in the layers below the
stronger portions of the thermocline (below a &7
of 200 cl t*). The core is at roughly 4.5° from the
Equator in either hemisphere, and near 140 ci t™' in
the south and near 150 cl t™! in the north. The
currents are present down to about 80 cl t™! (aearly
800 m as Fig. 3 indicates).

The south subthermocline countercurrent, which
appears to originate near 33.5°W, lies below pre-
dominantly westward flow in the navifacial and
thermocline layers. (The region west of 25°W is in-
vestigated in the present paper.) Four transects
indicate a mean uninterrupted width of 209 km and a
mean geostrophic transport of 15 x 10¢ m? s~! for
the current (Table 3).

The north subthermocline countercurrent often
lies below eastward flow in the navifacial and thermo-
cline layers although its core and the path of its
core are usually distinct from those of the over-
lying flow. As defined in this study, the countercur-
rent extends east from about 50°W through three
sectors of differing structure and variation. SFrom
50 to 40°W, approximately (the Amazon Anticy-
clone sector), the current, varying with the upper
layers, is stronger in JAS than in FMA, according
fo available data (Table 4), and its core is rather
poorly marked. From 40 to 28°W, approximately
(the main sector), the evidence is strongest that the
current is permanent: on all 17 available transscts,
from four years and from both FMA and JAS (Table
4), substantial eastward transport has been en-
countered in the layer from 80 to 200 cl t~!. In this
sector the mean uninterrupted width of the current
is 231 km; the mean transport of the current in
FMA is 18 X 10°m?®s~tandin JAS 20 X 108 m3s~!;
the difference in the means is not statistically
significant. East of 28°W (disintegrative sector),
the eastward flow is weaker and, apparently, breaks
into a number of filaments.

Both the north and south subthermocline counter-
currents are supplied in part from currents a.ong
the Brazilian coast. However, much of the trans-
port of both countercurrents appears to be internal
to the anticyclones on their equatorward flanks.

The transports in both of the Atlantic subthermo-
clire countercurrents (west of 25°W) are, according
to available data, considerably larger than those of
their eastern Pacific counterparts.
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