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Subsurface countercurrents in the eastern 

equatorial Pacific Ocean 

by Mizuki Tsuchiya1 

ABSTRACT 

Data from the Eastropac expedition in 1967-1968 and four subsequent cruises in 1970-1973 
clearly indicate two narrow, stable eastward countercurrents at approximately symmetrical positions 
about the equator in the subthermocline layers of the eastern equatorial Pacific Ocean. They persist 
throughout the year without apparent seasonal variations in intensity and position. 

The northern of the two lies at 3°--6°N with an average width of 150 km and extends at least 
as far east as 95°W. The depth at which the maximum eastward speed occurs varies from 100 m 
to 200 m at 119°W and from 30 m to 100 mat 95°W. However, the thermosteric anomaly at the 
maximum speed is fairly uniform; it is normally 170-180 cl/t (about 13 C) near 119°W and increases 
slightly to 190 cl/t (about 14 C) near 95°W. The average maximum geostrophic speed and the average 
geostrophic transport (over 500 db) are estimated to be 27 cm/s and 30 km3/h (8 x 10• m•/s), re-
spectively. 

The southern countercurrent has an average width of 160 km and extends as far east as 88°W within 
the latitude limits 4°S and 8°S. The maximum speed occurs at a thermosteric anomaly about IO cl/t 
lower or at a depth about 50 m greater than that of the northern countercurrent. The southern 
countercurrent is only about half as intense in maximum speed and transport as the northern' counter-
current, but its transport is still significant in comparison with the transports of other eastward 
currents in the eastern equatorial Pacific. 

The two countercurrents are distinct from the North and South Equatorial Countercurrents, 
which are essentially limited to the shallow surface layers above the thermocline, or from the 
Equatorial Undercurrent, which has its maximum speed in the thermocline. Both subsurface counter-
currents are marked by high dissolved oxygen in the subthermocline layers. The northern counter-
current is characterized by low salinity, but salinity in the southern countercurrent is found to 
be nearly the same as that of the surrounding water. 

Evidence indicates that similar subsurface countercurrents are present in the equatorial Atlantic 
Ocean but not in the equatorial Indian O;;ean. 

1. Introduction 
In a previous paper (Tsuchiya, 1972), evidence was presented to show the existence 

of a narrow but remarkably stable eastward geostrophic current in the subsurface 
layers just beneath the the1mocline at 3°-6°N in the eastern Pacific Ocean. This 
subsurface countercurrent lies just to the south of the shallower North Equatorial 
Countercurrent, the major part of which is essentially limited to the surface layers 

1. Institute of Marine Resources, Scripps Institution of Oceanography, La Jolla; California, 92037, U.S.A. 
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above the thermocline. It was also pointed out that a similar subsurface counter-
current is found at a slightly higher latitude in the southern hemisphere. 

Each of these two countercm rents is associated with a sharp equatorward deepen-
ing of the isanosteres for 140-160 cl/t or the isotherms for 10-13 C just beneath 
the thermocline. The northern of these slopes of the subthermocline isanosteres was 
first noted by Stroup (1954) in the central Pacific and later commented upon by 
Montgomery and Stroup (1962, p. 27). They also stated that the northern slope is 
a prevalent feature observed on almost all sections from 180° to 85°W but that the 
similar slope in the southern hemisphere does not seem to be as prevalent as the 
slope in the northern hemisphere. Mote recent data, however, indicate that both 
slopes are equally prevalent, although the &outhern slope is generally weaker. 

These subsurface countercurrents, nearly symmetrical about the equator, are 
usually identified with the North Equatorial Countercurrent in the northern hemi-
sphere (e.g., Tsuchiya, 1968) and the South Equatorial Countercurrent in the southern 
hemisphere (Reid, 1959, 1965; Wooster, 1961; White, 1971). However, Stroup (1969) 
has suggested that neither of the subsurface flows should be regarded as an integral 
part of the surface equatorial countercurrent in each hemisphere. Tsuchiya (1968, 
p. 40) also raised the same question for the southern-hemisphere countercurrents. 

This paper presents the results of a detailed study of these subsurface eastward 
flows in the eastern equatorial Pacific on the basis of data from the Eastropac ex-
pedition in 1967-1968 and from four subsequent cruises in 1970-1973. As in the 
previous report (Tsuchiya, 1972), these subsurface eastward flows will be referred 
to as the subsurface countercurrents, and the names North and South Equatorial 
Countercurrents will be used to indicate the shallower surface countercurrents 
farther from the equator. 

2. Data 

The majority of data used in this study was taken during the Eastropac expedition 
from February 1967 to April 1968. The expedition was divided into seven 2-month 
cruise periods. During each period, a single-ship or multiship cruise was carried out. 
Mulfo,hip cruises took place in February-March, August-September 1967, and 
February-April 1968 and were planned to cover the eastern Pacific east of 119°W 
and between 20°N and 20°S. Single-ship cruises took place in April-May, June-July, 
October-November 1967, and December 1967-January 1968 in time intervals between 
the multiship cruise periods and covered a smaller area between 119°W and 98°W 
and between 20°N and 3°S2

• A detailed description of the expedition, including 
the observational program, participating ships, and track charts, is found in the 
introduction to the Eastropac Atlas (Love, 1972a). 

The rest of the data is from four skipjack oceanography (SO) cruises made during 
the period from November 1970 to January 1973 by the Scripps Tuna Oceanography 

2. The first digit, from I through 7, of a two-digit Eastropac cruise number (see Tables I and 2) signifies 
one of these seven 2-month cruise periods in chronological order. The second digit identifies the ship track. 
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Research Program of the Institute of Marine Resources with collaboration of the 
National Marine Fisheries Service. The four cruises took place as follows: 

Ship and cruise no. 

Cromwell 51 
Jordan 60 
Jordan 65 
Jordan 77 

Date 

November 1970 
March 1971 
August 1971 
January 1973 

Area of investigation 

l5°N-5°S, 119°W 
l5°N-5°S, 119°W 
5°N-14°S, 98°W 
15°N-5°S, 119°W 

Temperature and salinity data used in this study were collected with in situ salinity-
temperature-depth recorders (STD) except for those from Jordan 30, on which a 
breakdown of the STD necessitated the use of Nansen bottles during the last half 
of the cruise. The method of processing STD data is described in the Eastropac 
Atlas (Love, 1972a). The same method was also applied to the processing of the 
STD data from the SO cruises. 

Dissolved-oxygen samples were collected with Nansen bottles on all Eastropac 
cruises and on the first SO cruise (Cromwe/l 51). On the last three SO cruises oxygen 
samples were collected \\-ith Niskin bottles attached to the STD cable. 

The Eastropac Atlas (Love, 1971-1973, 1975), which il> being published by the 
National Marine Fisheries Service, contains a number of sections and maps showing 
the distributions of various properties observed during Eastropac. To help under-
stand the discussions presented here, the reader is referred to the odd-number 
volumes of the atlas. 

3. Vertical sections 

Fig. I presents the distributions of temperature, salinity, thermosteric anomaly, 
and dissolved oxygen on a section along 105°W in February-March 1967 (Jordan 12). 
This section occupies approximately the mid-longitude of the Eastropac study area 
(see Fig. 4). 

A steep equatorward deepening of the subthermocline isotherms for 10-12 C 
near 4°N in Fig. la is exactly the same feature as that described in the previous 
paper (Tsuchiya, 1972). A similar slope of the same isotherms is seen near 5°S at 
about a symmetrical latitude. It is noteworthy that the isotherms above 500 m 
exhibit rough symmetry with respect to the equator between 6°N and 6°S. Note 
also that the isotherms for 10-12 C form a ridge at the equator; a similar feature 
is observed in the western equatorial Pacific (e.g., Rotschi, Hisard, and Jarrige, 1972). 

Since the contribution of salinity to thermosteric anomaly (br) is relatively small 
in this area, the distribution of thermosteric anomaly is very much like that of 
temperature; the corresponding slopes are clearly evident in the isanosteres for 
140-160 cl/t in both hemispheres (Fig. le). The development of these slopes of the 
isanosteres results in two narrow bands of eastward geostrophic flow nearly sym-
metrical about the equator, as can be seen in Fig. 2, which depicts the distribution 
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Figure I. Temperature in Celsius (a), salinity in per mil (b), thermosteric anomaly in centiliters 
per ton (c), and dissolved oxygen in mililiters per liter (d) along 105°W, 21 February-6 March 
1967. Jordan Eastropac 12, stas. 51-164. On each section stations with observations to 500 m 
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or deeper are marked at the bottom of the upper panel, and those with observations to 1000 m or 
deeper are marked at the bottom of the lower panel. The temperature, salinity, and thermosteric-ano-
maly sections are based on STD data, whereas the oxygen section is based on Nansen-bottle data. 
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Figure 2. Geopotential anomaly, in joules per kilogram (m' /s'), relative to 500 db along 105°W, 
21 February-6 March 1967. Jordan Eastropac 12, stas. 51-162. The areas of the eastward sub-
surface countercurrents above 400 db are shaded. 

of geopotential anomaly relative to 500 db. (This reference pressure was chosen 
because the major slope of the isanosteres is limited to the upper 500 m). The maxi-
mum geostrophic speed occurs just beneath the thermocline at a depth where an 
isanostere becomes horizontal. This depth is 100 m (c5r 180 cl/t) in the north and 
130 m ( c5r 170 cl/t) in the south. Above these levels the slope of isanosteres is reversed, 
so that the gcostrophic speed decreases upward and turns to the west at the sea surface. 

The development of the northern subsurface countercurrent is weak on this 
particular section (Fig. 2); normally, it is much stronger. The North Equatorial 
Countercurrent, associated with an equatorward deepening of the thermocline, is 
also only weakly developed, as might be expected in this season of the year (Puls, 
1895; Cromwell and Bennett, 1959). It lies in the shallow surface layer (0-100 m) 
between 6°N and 7.5°N. There is also an indication of a weak and narrow eastward 
geostrophic flow in the upper 50 m near 10°S. Although the identity of the latter 
shallow countercurrent is not clear (Tsuchiya, 1974), neither of these shallow surface 
countercurrents appears to have a strong connection with the subsurface counter-
current in each hemisphere. The Equatorial Undercurrent, indicated by a vertical 
spreading of the thermocline between 1 .5°N and l.5°S (Fig. la), is also distinct from 
the subsurface countercurrents. 

The vertical distributions of salinity and dissolved oxygen (Figs. 1 b and ld) also 
reflect these subsurface countercurrents associated with the slopes of the isanosteres 
for 140-160 cl/t. The equatorward downslope of the subthermocline isohalines for 
34.8- 34.9¼0 at 4°-6°N and the interruption of high-salinity water more saline than 
34.9°1o0 at 6°N coincide with the northern subsurface countercurrent. (An even 
steeper slope is found in the isohalines for 34.7-34.8¼0 at 126°W and 119°W to 
the west of the present section. See Love, 1972a, Figs. 11-s-vl and. l 1-s-v5). In the 
south the same isohalines exhibit a less pronounced equatorward downslope at about 
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5°S, but there is no such interruption of high-salinity water as that found in the north. 
Dissolved oxygen below the thermocline, which coincides with the oxycline, is 
substantially higher and shows distinct subsurface maxima (at 158 m on sta. 73 and 
at 218 m on sta. 120) in the regions of the subsurface countercurrents (Fig. ld). 
That these features in the distributions of salinity and oxygen are consistent with 
the eastward transport of the subsurface countercurrents will be discussed later. 

Very much the same distribution of properties is observed in the subthermocline 
layers on other sections at and west of 95°W. However, some minor changes are 
noticeable in the distribution within this part of the study area: (l) Thermosteric 
anomaly at which the sharp slope of isanosteres occurs increases eastward. In either 
hemisphere the sharpest slope is seen in the isanostere for 140 cl/t at 119°W and 
for 160 cl/t at 95°W. Similarly, the maximum slope is found in the isotherm for 
11 C at 119°W and for 12 C at 95°W. These eastward increases in temperature and 
thermosteric anomaly were also noted by Stroup (1969) in previous data. (2) In 
the east, there is a strong tendency that the surface and subsurface countercurrents 
in the northern hemisphere are joined together by a continuous layer of eastward 
flow. However, the two countercurrents have separate speed cores at different depths 
and latitudes and, thus, can be distinguished from each other. (3) In either hemisphere 
there appears to be a slight poleward shift in latitude of the subsurface countercurrent 
during its downstream travel. 

The distributions of thermosteric anomaly and temperature at 92°W and 88°W 
are notably different from those to the west. Of seven sections made at these 
longitudes in the northern hemisphere, two showed no evidence of the slope of 
the subthermocline isanosteres (see Table 1, which lists all meridional sections 
made at and west of 88°W on Eastropac and SO cruises): in March 1967 the 
slope was not found near 88°W (Alaminos 14), but it was present both at 92°W 
and 88°W about a month earlier in February 1967 (Rockaway 13); in September 
1967 the slope was absent at 92°W ( Undaunted 46) but was present farther east 
at 88°W (Rockaway 47). When the slope was present at these longitudes, it was 
found directly beneath the thermodine slope associated with the North Equa-
torial Countercurrent. (The only exception to this distribution was observed by 
Oceanographer on a section along 92°W in November 1967, when the slope of 
the subthermocline isanosteres was located south of the slope of the thermocline. 
See Love, 1973, Figs. OP-b-v4 and OP-T-v4). To demonstrate this distribution, a 
vertical section of temperature along 92°W (Rockaway 13, February 1967) is shown 
in Fig. 3. The maximum slope occurs in the isotherm for 13 C near 6°N, but, unlike 
the distribution to the west, the sense of the slope of isotherms is the same all the 
way up to the sea surface. Thus, the eastward geostrophic speed increases mono-
tonically upward, and the subthermocline eastward flow cannot be distinguished 
from the North Equatorial Countercurrent. A similar distribution of temperature 
is found in previous data from this area; see the sections at 85°W and 89°W presented 
by Wooster and Cromwell (1958, profiles Xa and XVa) and the sections at 85°W 



Table 1. Geostrophic calculation of the subsurface countercurrent in the northern hemisphere. -u, 
Iv 

Maximum Depth <5r at Depth of Eastward Surface-
Ship and cruise Date Stations Lat. Long. Width speed of max. max. upper transport current 

speed speed boundary speed1 

N w km cm/s m cl/t m km1/h cm/s 

Argo 11 Feb. 1967 280 3°451 126° 94 33 106 190 0 23 +8 
285 4°361 

Argo 11 Feb. 1967 78 3°291 119° 135 30 138 180 0 35 + 1 
72 4°421 

Jordan 20 Apr. 1967 56 2°561 119° 153 38 106 180 20 47 - 12 
52 4°191 

s:::: 
Jordan 30 June 1967 54 4°021 119° 114 30 134 170 28 28 - 3 

51 50041 Q -
Washington 45 Aug. 1967 71 4°061 119° 142 28 196 170 134 29 - 28 

65 5°231 

Jordan 50 Oct. 1967 57 30111 119° 160 25 174 170 121 24 -47 ... 
51 4°381 s· 

Jordan 60 Dec. 1967 58 3°251 119° 153 29 154 180 16 31 - 2 
50 4°481 !! 

Washington 15 Feb. 1968 50 3°101 119° 116 35 140 170 78 30 - 32 
44 4°131 g. 

Cromwell 5JI Nov. 1970 29 3°301 119° 105 44 160 180 91 30 - 29 
26 4°271 

Jordan 601 Mar. 1971 31 3°581 119° 105 37 126 190 0 39 + 25 
28 4°551 

Jordan 771 Jan. 1973 31 3°231 119° 103 41 182 170 124 26 - 59 
28 4°191 

...... 
Vl 

Jordan 12 Mar. 1967 238 3°241 112° 232 23 108 170 35 41 - 14 i:: 
"O 

244 5°301 "O 
n" 

Jordan 20 Apr. 1967 96 4°081 112° 131 26 97 180 36 26 - 13 s 
100 5°191 Cl> 

a 



Jordan 30 July 1967 ioo 4°52' 112° 166 30 76 450 0 37 + 6 -\0 
104 6°22' (22)1 -.I 

V, 

Washington 45 Sept. 1967 305 3°26' 112° 122 23 124 180 0 
...... 

27 + 17 
311 4°32' 

Jordan 50 Nov. 1967 96 4°21' 112° 105 18 194 170 43 13 -20 
98 5°18' 

Jordan 60 Jan. 1968 113 2°38' 112° 300 19 130 200' 12 51 - 3 
123 5°21' s::: .., 

Jordan 16 Mar. 1968 3°39' 112° 
;::s-

168 160 36 134 180 0 56 + 25 ~-
173 5°06' ti .. 

Jordan 12 Feb. 1967 75 4°28' 105° 147 16 102 180 40 15 - 5 s::: 
71 5°48' 

Jordan 20 May 1967 187 4°57' 105° 164 21 98 190 0 31 + 8 
183 6°26' .., 

C 
Jordan 30 July 1967 189 4°15' 105° 131 41 74 450 0 36 + 12 § 

185 5°26' (26) .., 
Undaunted 46 Aug. 1967 46 3°57' 105° 101 37 108 180 0 26 + 13 

.., 
s::: .., 

42 4°52' s Jordan 50 Nov. 1967 180 3°49' 105° 166 19 120 180 0 29 + 13 .:: 
176 5°19' s· 

Jordan 60 Jan. 1968 206 3°48' 105° 111 64 48 500 0 42 + 62 -;::s-
201 4°48' (29) "" 

Jordan 16 Mar. 1968 35 4°20' 105° 81 29 113 180 0 19 + 1 
5°04' 

.., 
31 Si .., 

Rockaway 13 4°29' 98° 
0 Mar. 1967 231 87 53 47 250 0 35 + 53 i 235 5°16' (42) 

Jordan 20 May 1967 230 3°56' 98° 151 28 117 190 0 36 + 31 
234 5°18' 

Jordan 30 July 1967 237 5°30' 98° 151 14 98 200 0 20 + 12 
241 6°52' -(fo be continued.) V, 

w 



Table 1 (continued). 
.... 
VI 

"'" Undaunted 46 Sept. 1967 100 4°481 980 149 29 47 550 0 27 + 23 

104 6°091 (20) 

Jordan 50 Nov. 1967 220 4°151 98° 144 21 113 180 0 23 + 10 
224 5°331 

Jordan 60 Jan. 1968 266 40041 98° 175 54 0 556 0 53 + 54 
272 5°391 (28) 

Washington 75 Mar. 1968 237 3°331 980 160 14 64 200 24 14 - 10 
239 50001 

Rockaway 13 Mar. 1967 3425 5°011 95° 142 37 34 475 0 32 + 31 
338 6°181 (21) (,,,, 

c::, 

Rockaway 47 Sept. 1967 492 3°381 95° 122 22 84 190 42 13 - 23 
;:: 

498 40441 -Rockaway 77 Apr. 1968 543 4°301 95° 166 18 107 190 44 24 - 33 
550 6°00' 

., 
Rockaway 13 Feb. 1967 46 5°15' 92° 164 46 560 0 0 28 + 46 ;:;· 

42 6°441 (14) 
II> 

::i:, 
Undaunted 46 Sept. 1967 92° Not present II> 

"" Oceanographer Nov. 1967 118 3°46' 92° 153 151 70 250 o• 121 + 4• II> 
i:::. 

124 5°091 (10)" 
., 
g.. 

Rockaway 13 Feb. 1967 3 6°001 88° 216 55 0 540 0 19 + 55 
9 7°57' (6) 

Alaminos 14 Mar. 1967 ~ 88° Not present 

Rockaway 47 Sept. 1967 288 7°29' 88° 175 21 0 594 0 18 + 21 
283 90041 (9) 

Rockaway 17 Mar.-Apr. 336 6°15' 88° 276 55 0 629 0 40 + 55 
1968 327 8°45' (10) 

en 
i:: 

>o 
1 Positive eastward, negative westward. ' Eastward speed is practically uniform at 180-200 cl/t. 'E. 

(I) 

1 Skipjack oceanography cruise. • Southern limit of section. s 
1 Numbers in parentheses indicate eastward speed at 180 cl/t. • Reference pressure 300 db. 

(I) 

s 
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Figure 3. Temperature in Celsius along 92°W, 7-21 February 1967. Rockaway Eastropac 13, stas. 
22-117. Stations with observations to 500 m or deeper are marked at the bottom of the upper 
panel, and those with observations to I 000 m or deeper are marked at the bottom of the lower panel. 

and 90°W presented by Bennett (1963, Fig. 49). This difference in the temperature 
distribution suggests that the slope of the subthermocline isotherms (or isanosteres) 
observed in the far eastern North Pacific is not the eastward extension of the slope 
found to the west. This will be discussed in more detail in the next section. 

At and east of 85°W a well-defined slope is not found in the isanosteres beneath 
the thermocline near these latitudes in the northern hemisphere. 

In the southern hemisphere the slope of the subthermocline isanosteres is clearly 
present as far east as 88°W. 1n contrast to the distribution in the northern hemisphere, 
the slope of isanosteres is always reversed in shallower layers so that there always 
is a subsurface maximum in geostrophic speed. At 85°W the slope of the subthermo-
cline isanosteres becomes weak and broad and does not result in a significant geo-
strophic speed. 

4. Property distributions on the 160-cl/t isanosteric surface 

The distributions of acceleration potential relative to 500 db3, salinity, and dis-
solved oxygen on the 160-cl/t isanosteric surface in February-March 1967, the first 
multisbip cruise period of Eastropac, are presented in Fig. 4. This isanosteric surface 
lies slightly below the maximum speed of the subsurface countercurrent in the northern 
hemisphere and very close to that in the southern hemisphere (see next section). 

3. In computing acceleration potential, thermosteric anomaly was used for specific-volume anomaly 
(Montgomery and Wooster, 1954). 
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The actual depth of the surface is 175-
250 m in the regions of the subsurface 
countercurrents (Love, 1972a, Fig. lQ. 
«5160-z). 

The subsurface countercurrents in 
both hemispheres are clearly indicated 
by the distribution of acceleration po• 
tential in Fig. 4a. The northern coun-
tercurrent flows from about 4°N, 
126°W as far east as 7°N, 88°W, 
showing a slight poleward shift in the 
current axis during its downstream 
travel. It is hard to define its eastward 
extension farther than 88°W. The 
southern countercurrent flows from 
about 5°S, 126°W toward 6°S, 88°W 
with a similar slight poleward shift in 
the current axis. There is some indica-
tion that the southern countercurrent 
extends farther east, but the gradient 
of acceleration potential is too weak 
to define it clearly. The two counter-
currents are nearly symmetrical about 
the equator. However, examination of 
Fig. 4a (and Figs. 5 and 6) reveals 
that the southern countercurrent lies 
at a slightly higher latitude (by about 
I 0 ) than its northern counterpart. 

Almost exactly the same flow pat-
terns of the two subsurface counter-
currents persist over the entire East-
ropac period, as can be seen in Figs. 5 
and 6, which show the acceleration-
potential distributions at 160 cl/t in 

Figure 4. Acceleration potential, in joules 
per kilogram (m'/s•), relative to 500 db 
(a), salinity in per mil (b), and dissolved 
oxygen in mililiters per liter (c) on the 
160-cl/t isanosteric surface, February-
March 1967. Eastropac cruises Argo 11, 
Jordan 12, Rockaway 13, and Alaminos 14. 
Small circles in Fig. 4a enclose stations 
illustrated in Fig. 7. 
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August-September 1967 and February-
April 1968 (see also other maps of ac-
celeration potential at 160 cl/t in the 
Eastropac Atlas, vols. 3 and 7). This 
high stability in subsurface flow con-
trasts strongly with the high variability 
in surface geostrophic flow, particularly 
the North Equatorial Countercurrent, 
observed during the same period 
(Tsuchiya, 1974). 

The extension of the northern sub-
surface countercurrent east of 95°W in 
August-September 1967 is difficult to 
d ;fine (Fig. 5). In the figure the coun-
tercurrent extends along 4°-5°N as far 
as 95°W, but no continuing eastward 
flow is found beyond 95°W. An east-
ward flow indicated by the 7.2-J/kg4 

isopleth at about 5°N from 88°W to 

Figure 5. Acceleration potential, in joules per 
kilogram (m'/s2

), relative to 500 db on the 160-
cl/t isanosteric surface, August-September 1967. 
Eastropac cruises Washington 45, Undaunted 46, 
and Rockaway 41. 

85°W is very weak and can hardly be taken as significant. A separate easterly 
flow at about 10°N, 92°W to 8°N, 88°W evidently originates to the northwest and 
cannot be identified with the subsurface countercurrent west of 95°W. (In Table l, 
however, the easterly flow at 8°N, 88°W is listed as the subsurface countercurrent, 
while the easterly flow at 10°N, 92"'W is not included). This finding casts some doubt 
about the eastward extent of the subsurface countercurrent observed in February-
March 1967 (Fig. 4a) and February-April 1968 (Fig. 6). In both figures, although the 
eastward flow at about 8°N, 88°W has been drawn as the downstream continuation 
of the countercurrent to the west, isopleths can be easily redrawn so as to make the 
two currents separate. The different vertical structure in the thermosteric-anomaly 
and temperature fields at 92°W and 88°W was already mentioned in the preceding 
section 5. 

The distributions of salinity and oxygen on the 160-cl/t isanosteric surface also 
provide evidence of the subsurface countercurrents. In Fig. 4b a narrow tongue of 
low salinity ( < 34.80fo0) extends east along about 5°N as far as 98°W. The axis of 
the tongue lies within the eastward flow of the countercurrent but does not everywhere 

4. J/kg = m'/s'. 
5. Another subsurface countercurrent is seen from 8°S, 112°W to 12°S, 88°W in Figs. 4a and 6 and at 

10°s , 95°w in Fig. 5. This eastward flow is also associated with an equatorward downslope of the isanostere 
for 140 cl/t and has a subsurface maximum speed at about 160 cl/t (Figs. I c and 2). Computed geostrophic 
speeds are not always significantly high (the average speed at 160 cl/t is 5 cm/s), but this feature, found 
on 11 different sections in three different cruise periods of Eastropac and on a section made at 98°W on 
Jordan SO 65, appears to be too systematic and coherent to be a coincidence. The higher values of sub-
thermocline oxygen seen at these latitudes in Figs. Id and 4c are consistent with the indicated eastward 
geostrophic flow. 
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Figure 6. Acceleration potential, in joules per 
kilogram (m2/s2) , relative to 500 db on the 160-
cl/t isanosteric surface, February-April 1968. 
Eastropac cruises Washington 15, Jordan 16, and 
Rockaway 77. 

coincide with the current axis; the in-
tense meridional gradient of salinity on 
the southern flank of the tongue more 
nearly coincides with the current axis. 
A more pronounced tongue of low sa-
linity can be seen at 200 cl/t, as has 
been shown previously (Tsuchiya, 1972, 
Fig. 2). 

These low-salinity tongues on the 
isanosteric surfaces correspond to the 
interruption of subthermocline high-
salinity water found on the vertical sec-
tion presented in the preceding section 
(Fig. lb). The tongues can be accounted 
for only by the eastward transport of 
low-salinity water in the subsurface 
countercurrent, because salinity of over-
lying and underlying water is slightly 
higher than at these isanosteric surfaces 

(Fig1.. 7a and 7b). As the low-salinity water flows east in the countercurrent, lateral 
mixing begins to raise salinity near 140 cl/t and creates a clear maximum of salinity 
(Fig. 7c); continuous lateral mixing shifts the salinity maximum progressively upward 
and eventually eliminates the low-salinity water (Figs. 7d-f). 

The map of oxygen on the 160-cl/t surface (Fig. 4c) shows a high-oxygen tongue 
(> l ml/I) extending east at exactly the same position as that of the low-salinity 
tongue discussed above. Oxygen values in the tongue do not necessarily show a 
monotonic decrease toward the east, but this may be due in part to vertically discrete 
oxygen samples. The high-oxygen tongue is associated with a subsurface maximum 
of oxygen found at 140-160 cl/t on almost all stations in the subsurface counter-
current (Figs. Id and 7). The maximum is located well below the euphotic level and, 
thus, local biological processes are not likely to be its cause. Vertical and lateral 
mixing tends to destroy the maximum. A plausible explanation for the high-oxygen 
tongue and the subsurface oxygen maximum is the transport of high-oxygen water 
from the west, where water is rich in oxygen (Tsuchiya, 1968, Fig. 4d). 

In the southern hemisphere the subsurface countercurrent lies within a broad band 
of high salinity (> 34.9°lo0) just south of the equator (Fig. 4b). The salinity in the 

Figure 7. Graphs of stations in the northern subsurface countercurrent. The common abscissa is 
temperature in Celsius. In each graph the curves show, from the top, depth in hectometers (scale 
at left), salinity in per mil (scale at right), and dissolved oxygen in mililiters per liter (scale at left). 
The depth and salinity curves are based on STD data, whereas the oxygen curve is based on 
Nansen-bottle data. The family of oblique curves represents thermosteric anomaly in centiliters 
per ton. For station positions, see Fig. 4a. 
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band is uniform with a range of only 0.030/o0 ; it is hard to define a meridional 
maximum of salinity. The salinity map exhibits no particular feature that reflects 
the narrow eastward flow of the countercurrent. On the other hand, the distribution 
of oxygen on the 160-cl/t surface (Fig. 4c) clearly shows a narrow band of high 
oxygen just at the latitudes of the countercurrent, although oxygen values ( > 0.5 ml/I) 
in the band are not as high as those in its northern counterpart. This high-oxygen 
band is also associated with a subsurface oxygen maximum similar to that observed 
in the northern countercurrent (Fig. ld). The importance of vertical mixing in 
determining the salinity distribution below the thermocline at these latitudes has 
been suggested by Reid (1965, p. 26) and Tsuchiya (1968, p. 22); however, the presence 
of this high-oxygen band and the subthermocline maximum of oxygen indicate that 
the eastward transport of oxygen by the subsurface countercurrent is also important. 

In earlier data, Stroup (1969, secs. II. C and V. B) found bands of low salinity 
and high oxygen near 5°N on deep isanosteric surfaces (125-180 cl/t) and interpreted 
them as indications of the northern subsurface countercurrent. In the southern 
hemisphere, however, he found no evidence of a countercurrent in the distribution 
of salinity or oxygen, except that at times individual cruises revealed high-oxygen 
water seemingly associated with the southern subsurface countercurrent. 

The distributions of acceleration potential, salinity and oxygen on isanosteric 
surfaces near 160 cl/t east of 88°W are very uniform. The accuracy of the present 
data does not allow a discussion of where the water lost from the subsurface counter-
currents goes. 

5. Geostrophic calculation 

To quantify the discussion of the subsurface countercurrents, geostrophic calcu-
lation was carried out for all available meridional sections (42 sections for the 
northern countercurrent and 20 section1> for the southern countercurrent) from the 
Eastropac and SO cruises. Because of the narrowness of the current, meridional 
variations in computed geostrophic speed within the current are thought to be 
largely insignificant. Therefore, geostrophic speeds were computed between two 
stations that lie on both ends of the sharp slope of the isanosteres; all stations in 
between were disregarded. The numerical integration was carried out with respect 
to thermosteric anomaly to yield geostrophic speeds at llO, 120, 130, .... , 190, 
200, 250, 300, . .. . . cl/t and the sea surface. The reference pressure was chosen to 
be 500 db as in previous sections. Choice of stations was somewhat arbitrary, but 
computed speeds well represent the average speeds over the band of strong current. 
The distance between the two stations is used as a measure of the current width. 

On Eastropac the station spacing along meridional tracks was, on an average, 
at intervals of 30 km within 5° of latitude on either side of the equator and 80 km 
elsewhere. Consequently, stations near the poleward edges of the subsurface counter-
currents were usually at intervals of 80 km. On SO cruises the meridional station 
spacing was everywhere at intervals of about 100 km. Since the average width of 
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the countercurrents is about 150 km (see below), this station spacing would lead to 
a considerable magnitude of random errors in the estimates of the current width 
and geostrophic speeds. The arbitrariness in the choice of stations also contributes 
to the random errors. 

Table I summarizes the results of the geostrophic calculations for the northern 
countercurrent, including those presented previously (Tsuchiya, 1972). Table 2 sum-
marizes the results for the southern countercurrent. The listings are arranged primarily 
by longitude (from west to east) and secondarily by chronology. 

a. The subsurface countercurrent in the northern hemisphere. The northern counter-
current lies within the latitude limits 3°N and 6°N (Table I). Although the data 
show a high variability, the tendency for the countercurrent to shift poleward in 
the east is apparent. There appears to be no systematic seasonal shift in latitude of 
the countercurrent. 

The width of the northern countercurrent ranges from 81 km to 300 km, but more 
than 80°lo of the data shows a width between 100 km and 180km. The average 
width is 148 km. This estimate is probably not too far from the true average. However, 
the variation (with time and longitude) in the current width indicated by the present 
data may be largely unreal because of the random errors discussed above. 

The depth at which the maximum eastward geostrophic speed is observed varies 
greatly from Om to 200 m. However, if the measurements at 92°W and 88°W, 
where the indicated eastward subsurface flow may not be the, downstream extension 
of the subsurface countercurrent to the west (as was discussed earlier), are excluded, 
the maximum speed always occurs at a subsurface layer except for the Jordan 60 
section at 98°W in January 1968. There is a clear trend that the maximum speed 
occurs at a deeper level in the west than in the east, while the time variation in the 
depth of the maximum speed is irregular. 

Except for the several cases discussed below? the thermosteric anomaly at the 
maximum speed changes very little with time and longitude; it is usually 170-180 cl/t 
(about 13 C) at 119°W and increases slightly to 190 cl/t (about 14 C) at 98°W and 95°W. 
Since the bottom of the thermocline is located at 200 cl/t near 119°W and at 220 cl/t 
near 95°W, the maximum speed is found below the bottom of the thermocline. 
On seven occasions, however, the maximum speed occurred at an unusually large 
thermosteric anomaly in or above the thermocline. Four of these occurrences (Jordan 
60, 105°W, January 1968; Undaunted 46, 98°W, September 1967; Jordan 60, 98°W, 
January 1968; Rockaway 13, 95°W, March 1967) cari be accounted for by an inflow 
of the North Equatorial Countercurrent in shallower layers. On the remaining three 
occasions (Jordan 30, 112°W, July 1967; Jordan 30, 105°W, July 1967; Rockaway 13, 
98°W, March 1967), however, the North Equatorial Countercurrent was either 
located far to the north or nonexistent and, thus, does not explain the occurrence 
of the maximum speed in or above the thermocline. 

Like the depth of the maximum speed, the upper boundary of the eastward 
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Table 2. Geostrophic calculation of the subsurface countercurrent in the southern hemisphere. 

Maximum Depth i5rat Depth of Eastward Surface-
Ship and cruise Date Stations Lat. Long. Width speed of max. max. upper transport current 

speed speed boundary speed1 

s w km cm/s m cl/t m km8/h emfs 

Argo 11 Feb. 1967 234 4°26' 126° 160 12 170 170 122 13 - 31 
228 5°53' 

Argo 11 Feb. 1967 122 3°54' 119° 195 9 199 160 125 10 - 4 s;: 
130 50401 

Washington 45 Aug. 1967 119 3°56' 119° 195 13 184 160 78 20 -20 
.:) -

129 5°42' 
Washington 75 Feb. 1968 89 4°52' 119° 195 9 207 160 138 11 - 17 

94 6°38' ..... s· 
(1) 

Jordan 12 Mar. 1967 200 4°52' 112° 116 20 128 170 58 17 - 25 !::1:1 

196 5°55' 
Washington 45 Aug. 1967 177 5°21' 112° 160 16 148 170 77 20 - 7 

173 6°48' g.. 
Jordan 76 Mar. 1968 126 4°58' 112° 168 16 162 170 99 19 - 22 

122 6°29' 

Jordan 12 Mar. 1967 118 4°55' 105° 144 20 130 170 76 23 - 22 
122 6°13' 

Undaunted 46 Aug. 1967 105° Not present (southern limit of section 5°20'S) 
Jordan 76 Mar. 1968 78 5°08' 105° 118 24 142 170 0 27 7 

...... 
+ en 

80 6°12' c:: 
'O 
'O 
0 
8 
Cl> 
t:J ... 
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Rockaway 13 Feb. 1967 173 5°451 980 157 17 109 180 50 23 - 9 
169 1°101 

Washington 15 Mar. 1968 193 5°281 980 158 9 136 170 60 11 - 8 s:: .., 
191 6°541 ::r-~-

Jordan 65' Aug. 1971 55 50441 980 83 30 138 170 0 26 + 12 
58 6°291 

(:1,, 

Rockaway 41 Sept. 1967 446 5°021 95° 110 180 0 31 6 
c., 

192 17 + s:: 
440 6°461 s.. s::i 

Rockaway 77 Apr. 1968 485 6°391 95° 92 18 124 170 43 13 - 1 
.., 
"' 

482 1°291 .., 
C 
s:: :::: -Rockaway 13 Feb. 1967 75 50441 92° 217 11 108 180 49 21 - 3 "' ., .., 

81 7°421 s:: 
Undaunted 46 Sept. 1967 92° Not present (southern limit of section 5°271S) 

;;;-
Alaminos 14 Mar. 1967 144 5°451 880 168 12 98 190 0 15 + 8 s· 

140 7°161 -::r-
Rockaway 41 Sept. 1967 349 5°101 880 158 9 88 190 9 0 "' -

354 6°361 .., 
Rockaway 77 Apr. 19t8 405 6°161 880 184 9 68 200 0 19 + 13 S; .., 

411 7°561 

C .., 
1 Positive eastward, negative westward. "' 
1 Skipjack oceanography cruise. 

§ 
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fl.ow is generally deeper in the west than in the east. At 119°W it varies from a depth 
of 130 m to the sea surface, where the current is usually weak or westward. At l05°-
950W the eastward fl.ow almost always extends up to the surface. However, the depth 
of the upper boundary and the surface-current speed sensitively depend on the choice 
of stations because of small-scale irregularities in the depth of the thermocline. 

Table l indicates that during Eastropac the subsurface countercurrent at 119°W 
and 112°W was weak in October-November and strong in March-April. If this 
change represents a real seasonal variation, it is very interesting, because during 
Eastropac the North Equatorial Countercurrent at the sea surface exhibited a 
seasonal variation just in the opposite phase (Tsuchiya, 1974). Moreover, the equa-
torial spreading of the thermocline observed near 150°W suggests that the Equatorial 
Undercurrent is strong in August-December and weakest in February or March 
(Montgomery and Stroup, 1962, Table 2; Montgomery, 1962; Forrester, 1964)8• 

However, the computed speeds in Table 1 must be interpreted with caution, because, 
in addition to the errors mentioned earlier, computed acceleration·· potential is 
subject to a considerable random errors due to short-period, small-scale fluctuations 
in the mass field. As will be shown below, the present data do not justify claiming 
a seasonal variation, although the possibility for the subsurface countercurrent to 
vary seasonally cannot be precluded. 

To examine whether the data in Table 1 indicate any statistically significant 
seasonal variation in the current speed, seven estimates of the maximum speed at 
intervals of about 2 months were chosen from Eastropac data for each of four 
longitudes of observations at 119°W, 112°W, 105°W and 98°W. Because the seasonal 
variation is likely to occur on a longitudinal scale larger than the zonal dimension 
of the study area, the maximum speeds at the four longitudes were averaged for each 
2-month cruise period to reduce the effect of the random errors in the estimates. 
When the maximum speed occurred in or above the thermocline, the geostrophic 
speed at 180 cl/t (given in parentheses in Table 1), which is more representative of 
the speed of the subsurface countercurrent, was used to compute the average speeds. 
The results are shown in Table 3 together with 956/o confidence intervals of the 
estimates. The speed appears to be slightly lower in October-November than in 
other months, but the range of the average speed is smaller than the 956/o confidence 
intervals. There are no statistically significant changes in maximum speed during 
the entire Eastropac period. 

Next, the time average of the maximum speed was computed for each longitude 
of observations to see ifthere is any longitudinal change in the current speed. Although 
the time dis~ribution of the data is not the same for all longitudes, this procedure 
is justified since the data do not suggest a statistically significant temporal variation 
in maximum speed. As in the computation of the spatial averages, the geostrophic 

6. In contrast, on the basis of a limited number of direct measurements, Taft and Jones (1973) find that 
the transport of the Undercurrent in the central and eastern Pacific is higher in April-May than in July-
November. 
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Table 3. Time variation in the average maximum geostrophic speed of the subsurface countercurrent 
in the northern hemisphere. Each average was computed from four measurements at 119°W 
112°W, 105°W, and 98°W. Reference pressure 500 db. , 

Period 

Feb.-Mar. 1967 . . .. .. .. . . ... ....... . 
Apr.-May 1967 . . . .... . .. . . .. . .. .. . . 
June-July 1967 ..... . .. .. ... . . . ..... . 
Aug.-Sept. 1967 .. ... . . .. . . . ... . . .. . . 
Oct.-Nov. 1967 . ... .. . . . .. .... .. .. . . 
Dec. 1967-Jan. 1968 . .. . .. . ... . .. . . . . 
Jan.-Feb. 1968 ... . ... . .. .... . . .. . . . . 

Average max. 
speed 
emfs 

28 
28 
23 
27 
21 
26 
28 

95¼ confidence 
interval 

emfs 

± 18 
± 11 
± 11 
± 12 
± 5 
± 8 
± 16 

speed at 180 cl/t was used for the maximum speed when it occurred in or above 
the thermocline. The average maximum speed thus computed is plotted against 
longitude in Fig. 8. Vertical bars show 95¼ confidence intervals of the estimates. 
The number of data averaged for each longitude is given at the. top of the figure. 
The data from 92°W and 88°W are not plotted, because they may not represent 
the downstream extension of the subsurface countercurrent. Except for 126°W, 
where only one measurement is available, and for 119°W, where additional measure-
ments are available from three SO cruises, there is no significant longitudinal varia-
tion in maximum speed. The maximum speed at 119°W is at a higher level, but this 
if, in part a result of the higher maximum speed observed on the three SO cruises. 
The overall average speed between 126°W and 95°W is 27 cm/s. This zonally rather 
uniform maximum speed of the subsurface countercurrent as far east as 95°W 
implies that it disintegrates quickly after passing 95°W. If the eastward flow indicated 
at 92°W and 88°W is not the downstream extension of the subsurface countercurrent 
at 95°W, its disintegration must be quite rapid. However, as was pointed out in 
sec. 4, the present data do not provide information as to how the disintegration 
takes place and how the water lost from the subsurface countercurrent is disposed of. 

The estimates of the geostrophic transport (above 500 db) listed in Table 1 may 
1:Je smaller than the true transport of the subsurface countercurrent, because .they 
do not include the weak eastward currents on both sides of the band of strong current. 
However, estimates of geostrophic velocity for weak currents are uncertain, and 
hence the inclusion of these weak eastward currents in the transport does not improve 
the estimates. The eastward transport in Table 1 varies generally in parallel with 
the maximum eastward speed, but the transport is more variable. The average 
transport and its 95¼ confidence interval for each longitude west of 95°W are also 
shown in Fig. 8. The large confidence intervals do not allow a discussion of longi-
tudinal variations in transport, but at 95°W the subsurface countercurrent still 
maintains a substantial transport. The overall average transport between 126°W and 
95°W is estimated to be 30 km3/h. 

This magnitude of the eastward transport of the subsurface countercurr~nt is 
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! 
comparable with that of the North Equa-
torial Countercurrent or the Equatorial 
Undercurrent in the eastern Pacific. The 
geostrophic transport, relative to 500 db, 
of the North Equatorial Countercurrent 
observed during Eastropac on 39 meridional 
sections between 126°W and 88°W varied 
from O km3/h to 50 km3/h with an average 
of 22 km3/h. These estimates do not include 
the transport of the subsurface countercur-

Figure 8. Average maximum geostrophic 
speed (filled circles) and average geostro-
phic transport ( open circles) of the sub-

90"w rent. Wyrtki and Kendall (1967) have 
estimated the geostrophic transport of the 
Countercurrent across a number of meri-
dional sections in the Pacific. Their Fig. 3 
shows that the transport above 500 db in 
the region of the present interest, say be-
tween 120°W and 80°W, exhibit a large 
scatter ranging from practically O to about 

surface countercurrent in the northern 
hemisphere. Vertical bars indicate 95°/0 

confidence intervals of the estimates. The 
number of data averaged for each longi-
tude is given at the top. Reference pres-
sure 500 db. 25 x 106 m3/s (90 km3/h); the average trans-

port over this longitude range appears to 
be in the neighborhood of 10 x 106 m 3/s (36 km 3/h). Their estimates may or may 
not include the transport of the subsurface countercurrent depending on the 
development and relative positions of the surface and subsurface countercurrents. 
On the other hand, estimates of the Undercurrent transport are few in the area of 
the present study. Nevertheless, available data suggest that it varies from 15 km3/h 
to 70 km3/h with a tendency for a downstream decrease (Knauss, 1966; Taft and 
Jones, 1973). 

b. The subsurface countercurrent in the southern hemisphere. The Eastropac ob-
servations extended to the region of the subsurface countercurrent in the southern 
hemisphere only during the three multiship cruise periods in February-March 1967, 
August-September 1967, and February-April 1968. Only one SO cruise covered that 
region in August 1971. Despite the fewer data from the southern hemisphere (Table 
2), the following facts are clearly evident7• Except for the two sections that do not 
extend sufficiently southward ( Undaunted 46, 105°W and 92°W), the southern sub-
surface countercurrent is always present within the limits 4°S and 8°S. The trend 
of the poleward shift in position in the east is again apparent. The width of the 
countercurrent is most frequently 140-200 km, the average being 159 km. Unlike 
the northern countercurrent, the maximum geostrophic speed occurs at a depth 
below the thermocline at all times. This depth of the maximum speed is greater 

7. Most of the comments and remarks that were made in interpreting the data in Table I also apply 
to the interpretation of those in Table 2. 
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in the west than in the east, where the 
eastward flow occasionally breaks the sea 
surface. The thermosteric anomaly at the 
maximum speed is 160-170 cl/t (about 
13C) at 126°-l05°W, 170-180cl/t at 
98°-92°W, and 190 cl/t (about 14 C) at 
88°W. This thermosteric anomaly is 
10 cl/t lower than that for the northern 
subsurface countercurrent at correspond-
ing longitudes; in terms of the actual 
depth the southern countercurrent is 
about 50 m deeper. 

The average maximum speed of the 
southern subsurface countercurrent over 
the entire study area and its 95¼ con-
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Figure 9. Average maximum geostrophic speed 
(filled circles) and average geostrophic trans• 
port (open circles) of the subsurface counter-
current in the southern hemisphere. The 
number of data averaged for each longitude 
is given at the top. Reference pressure 500 db. 

fidence interval were computed for each 2-month period of Eastropac with the 
results: 15 ± 4 cm/s for February-March 1967, 13 ± 9 cm/s for August-September 
1967, and 14 ± 7 cm/s for February-April 1968. These results do not suggest signi-
ficant differences in maximum speed between any two of the three 2-month periods. 

The time-average maximum speed and transport for each longitude of observa-
tions are shown in Fig. 9. Because of the small number of the data, no statistical 
confidence intervals are computed. Again, there appears to be no systematic lon-
gitudinal variation in maximum speed or transport. The overall average maximum 
speed and transport between 126°W and 88°W are 15 cm/sand 18 km3/h, respectively. 
These values indicate that the southern subsurface countercurrent is about half as 
intense as the northern countercurrent, but its transport is still significant in com-
parison with the transports of other eastward currents in the eastern equatorial 
Pacific Ocean. 

The data presented above reveal some quantitative differences between the northern 
and southern subsurface countercurrents. However, they do not indicate any basically 
different features. This fact strongly suggests that the same mechanism governs the 
two currents. 

6. Discussion and concluding remarks 

a. Relation with other eastward currents in the equatorial Pacific. During Eastropac 
the geostrophic flow at the sea surface was found to be highly variable (Tsuchiya, 
1974). Particularly, the North Equatorial Countercurrent exhibited a striking varia-
tion in intensity and position in response to the annual meridional migration of the 
atmospheric intertropical convergence zone (ITCZ). The Countercurrent was weak 
and zonally discontinuous in February-April 1967 and 1968, when the ITCZ lay 
near its southernmost position at 2°-6°N. It was strong, broad, and extended all 
the way to the coast of Costa Rica in August-September 1967, when the ITCZ 
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lay near its northernmost position at 11 ° -l 5°N. A rather good correlation was also 
found between the positions of the Countercurrent and the ITCZ. 

In contrast, the subsurface countercurrents indicated by Eastropac and subsequent 
data are remarkably stable in the sense that they are always present at about the 
same positions. Moreover, Eastropac data do not indicate statistically significant 
time variations in the maximum speed of the subsurface countercurrent in either 
hemisphere. No apparent direct relationship is found between the northern subsurface 
countercurrent and the shallower North Equatorial Countercurrent to the north, 
although, at times, they are joined together by a continuous eastward flow; especially 
in the east of the study area. 

The South Equatoriaf Countercurrent is well documented in the central and 
western South Pacific (Reid, 1959, 1961; Koshliakov and Neiman, 1965; Merle, 
R.otschi, and Voituriez, 1969; Rotschi, 1970; Tsuchiya, 1970; Donguy and Rotschi, 
1970). lt appears to originate near the Solomon Islands (Reid, 1961; Donguy, 
Oudot, and Rougerie, 1970) and flows east along about 10°S, its major part being 
limited to the surface layers. In the eastern Pacific the South Equatorial Counter-
current is not very well defined. Reid's (1961) tnap of the surface geostrophic flow 
shows an eastward flow extending across the South Pacific approximately along 
10°S as far east as the coast of South America; east of 130°W, however, his map 
does not provide convincing evidence owing to a sparsity of stations. Wooster (1961) 
reports surface eastward geostrophic speeds of 4-9 cm/s (relative to 1000 db) ob-
served between 5°S and 8°S along 95°W in November-December 1960. Eastropac 
data indicate that, in southern summer, a weak eastward geostrophic flow develops 
along about 10°S in the shallow surface layers from 112°W to 90°W (Tsuchiya, 1974). 
This flow is partially seen in Fig. 2 and was mentioned in sec. 3. The relationship 
of this shallow eastward current in the eastern Pacific with the South Equatorial 
Countercurrent in the central and western Pacific remains obscure. However, evidence 
indicates that neither of these shallow surface countercurrents near 10°S has a direct 
connection with the southern subsurface countercurrent near 6°S in the eastern 
Pacific. 

The distinction between the Equatorial Undercurrent and the subsurface counter-
currents is also evident. The Equatorial Undercurrent has its speed core near the 
thermocline center, which is about 50 m deep in the eastern Pacific, whereas the 
subsurface countercurrents have their speed cores in the subthermocline layers. 
Despite this difference in depth of the speed cores, the flux mode of the Undercurrent 
occurs in much the same layers as that of the subsurface countercurrents. Mont-
gomery and Stroup (1962, p. 57) have shown that the flux mode of the Under-
current observed at 150°W in August 1952 occurs at the water class ~r 150-
200 cl/t and salinity 34.8-35.0°!oo- Stroup's (1969, Fig. 17) analysis of the flux 
distribution at 140°W and 96°W based on Swan Song data in September-October 
1961 and a similar analysis by Taft and Jones (1973, Figs. 7 and 8) based on Piquero 
measurements at 115.5°W and 93.5°W in July-August 1969 indicate that a large 
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portion of the Undercurrent flux occurs at thermosteric anomalies lower than 200 
cl/t. In the subsurface countercurrent of either hemisphere, the major part of the 
flux is contained in the layer 130-190 cl/t, the flux mode being typically at I 50-
160 cl/t in the west and at 160-170 cl/t in the east of the study area. In this respect, 
the subsurface countercurrents have more in common with the Equatorial Under-
current than with the Equatorial Countercurrents8• 

b. Equatorial 13-C Water and the subsurface countercurrents. The subthermocline 
flux mode of the Equatorial Undercurrent in the eastern Pacific is associated with 
a development of a distinct thermostad (Seitz, 1967) with temperatures n~ar 13 C 
(br about 160 cl/t) within about 5° of the equator (Montgomery and Stroup, 1962, 
p. 57). The water in the thermostad is called Equatorial 13-C Water and has been 
studied in detail by Stroup (1969). The Equatorial 13-C Water divides the thermo-
dine into a shallower primary thermocline (which has been referred to simply as 
the thermocline in this paper) and a deeper and less intense secondary tliermocline 
at 300-500 m. Fig. la clearly illustrates this distribution. The isotherms for 10-12 C, 
which lie at the top of the 5econdary thermocline, mark the bottom of the 13-C 
Water. At about 4°N and 5°S the same isotherms rise sharply poleward and bound 
the 13-C Water on the north and south; thus, the subsurface countercurrents coincide 
with the meridional boundaries of the 13-C Water. The eastward increase in tem-
perature at which the slope of isotherms occurs (discussed in sec. 3) is associated 
with an eastward increase in temperature of the thermostad water, as was pointed 
out by Stroup (I 969). 

Although a close relationship between the Equatorial Undercurrent and the 13-C 
Water has been suggested by Montgomery and Stroup (1962, p. 57), Stroup (1969), 
and Jones (1973), the exact cause of the thermostad remains to be determined. Also, 
it seems certain that the Equatorial 13-C Water, which spreads beyond the meridional 
extent of the Undercurrent, is closely related to the subsurface countercurrents in 
both hemispheres. In the bands between the Undercurrent and the subsurface 
counten:urrents, the 13-C Water is apparently moving westward. It is unlikely that 
the 13-C Water, particularly the bifurcate distribution of its thickness, with a mi-
nimum on the equator and accompanying maxima north and south of the equator 
(Tsuchiya, 1968, p. 24 and Fig. 4e), can be accounted for without consideration of 
all the three subsurface eastward flows and the westward flows between them. 

c. Upstream extensions of the subsurface countercurrents. The upstream extension 
of the northern subsurface countercurrent as far west as 180° (Montgomery and 
Stroup, 1962, p. 27) was mentioned in the introduction, and now data from the 
central and western equatorial Pacific are examined in more detail. 

8. For this reason, the name north or south equatorial undercurrent may be more adequate for the 
subsurface countercurrent in each hemisphere. As will be quoted later, Mazeika (I 968) has studied what 
is now interpreted as the subsurface countercurrent in the equatorial South Atlantic. Because of the reversal 
in current direction in overlying surface layers, he refers to it as an undercurrent. 
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At 150°W the isanosteres for 120-140 cl/t show a steep slope between 3°N and 
4°N and a less steep slope between 3°S and 5°S, each slope resulting in a weak east-
ward geostrophic flow with its maximum speed at about 200 m (Montgomery and 
Stroup, 1962, Figs. 3 and 26). Farther west at 169°W and 180° this feature is still 
seen in the isopycnals for 26.8 and 27.0 g/1 (Jr 126 and 107 cl/t) at 300-600 m between 
2°N and 3°N and between 2°S and 3°S (Stroup, 1954). The distinction of this feature 
from the Equatorial Undercurrent is evident at 169°W but becomes less evident at 
180°. At 180° the equatorial thermostad is practically missing; between 2°N and 
2°S the vertical gradient of temperature in the layer from 300 m to 400 m (tempera-
ture about 10 C, <5r about 130 cl/t) underlying the thermocline is only slightly weaker 
than that at about 500 m. 

The currents and water characteristics from 20°S northward to 4°N along l 70°E 
in the western Pacific have been studied extensively by various French oceanographers, 
notably by Rotschi (a list of these studies can be found in Rotschi, Hisard, and 
Jarrige, 1972). Their data, repeatedly taken along the same section over a period of 
nearly 3 years (November 1965-May 1968), clearly demonstrate that the isanosteres 
for 120-140 cl/t exhibit a sharp dip toward the equator between 2°N and 3°N and 
another symmetrical dip between 2°S and 3°S. Corresponding dips are found in 
the isotherms for 9-11 C between 300 m and 500 m (Rotschi, Hisard, and Jarrige, 
1972, Figs. 3 and 5). These equatorward dips of the isanosteres are not quite distinct 
from the Equatorial Undercurrent indicated by the troughing of shallower isanosteres 
within about 2° of the equator. However, an important feature that distinguishes 
these dips from the Undercurrent is a ridge of these isanosteres at the equator, a 
feature also observed in the eastern Pacific (Fig. le). Direct current measurements 
(Hisard and Rual, 1970) indicate that these dips in the isanosteres are indeed asso-
ciated with eastward countercurrents with their speed cores near 140 cl/t (250-300 m) 
at 3°N and 2.5°S. The maximum speed exceeds 20 cm/s in the north and 30 cm/s 
in the south. At 140 cl/t the two countercurrents are separated from each other 
by a narrow westward flow centered at the equator; in shallower layers the counter-
.;urrents are joined to the eastward flow of the Equatorial Undercurrent, which in 
turn is joined to the yet shallower North Equatorial Countercurrent to the north. 
Because of this continuity with the Undercurrent, Hisard and Rual (1970) refer to 
them as deep extensions of the Equatorial Undercurrent. 

The section of zonal geostrophic flow along 162°E north of the Solomon Islands 
presented by Koshliakov and Neiman (1965) indicate similar downward extensions 
of the Equatorial Undercurrent at 2°-3°N and 1 °-2°S on both sides of a deep westward 
flow near the equator. Each extension shows a subsurface maximum speed at about 
300m. 

The distribution north of New Guinea appears to be more complex and variable. 
Nevertheless, temperature sections presented by Yosida, Nitani, and Suzuki (1959; 
147°E, 149°E, 151 °E, 153°E), Burkov, Arsenyev, and Ovchinnikov (1960; 142°E), 
Tsuchiya (1961; various longitudes east of l35°E), and Yamanaka, Anraku, and 
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Morita (1965; 134°E, 135°E) indicate that much the same distribution as that found 
north of the equator at l 70°E prevails in the subthermocline layers at 0°-4°N north 
of New Guinea. 

More recent Japanese data (every January, 1967-1971), which include those of 
direct current measurements, from 137°E generally confirm the previous results 
(Masuzawa, 1967, 1968; Akamatsu and Sawara, 1969; Masuzawa, Akiyama, Kawa-
rada, and Sawara, 1970; Nagasaka and Sawara, 1972). However, the new data 
suggest that at this longitude the Equatorial Undercurrent is not always present 
but the subsurface countercurrent is more stable and always present between 200 m 
and 300 mat l 0 -3°N. 

In summary, available data indicate that the subsurface countercurrents exist 
almost all across the Pacific Ocean. In the west the subsurface countercurrents lie 
close to the equator and are joined to the Equatorial Undercurrent in shallower 
layers. As the subsurface countercurrents flow east, their speed cores rise to shallower 
layers with higher temperature and thermosteric anomaly; the countercurrents also 
move away from the equator and become distinct from the Equatorial Undercurrent. 

d. Subsurface countercurrents in the equatorial Atlantic and Indian Oceans. It is 
interesting to investigate whether similar subsurface countercurrents exist in other 
oceans. Reid (1964) bas presented the distributions of various properties on an 
Atlantic transequatorial section, made in July 1963, crossing the 5°S latitude circle 
at about 10°W and found an eastward geostrophic flow with highest speeds of about 
9 emfs (relative to 1000 db) at 200-250 m between 5°S and 7.5°S. His sections clearly 
demonstrate that this eastward flow is associated with sharp equatorward dips in 
the isotherms for 8-12 C, the isohalines for 34.8-35.0¼0, and the isanosteres for 
100-125 cl/t at depths between 200 m and 500 m. The northern limit of his data, 
5°N, is close to the coast of Africa, but they do not show evidence of a corresponding 
eastward flow in the northern hemisphere. 

Mazeika (1968) has studied the zonal geostrophic flow in the South Atlantic for 
four meridional sections at 15°W and 20°W from Equalant I and 11 (February-April 
and July-September 1963) of the International Cooperative Investigations of the 
Tropical Atlantic. The four sections all show a narrow eastward flow centered near 
4°S with a subsurface maximum speed ranging from 30 emfs to 60 cm/s (relative 
to 600 db) at a depth of about 150 m. He notes that despite a considerable variation 
in transport, latitude, depth, and width among the four sections such an eastward 
flow may be a permanent feature. 

All physical oceanographic data collected during Equalant I and II (including 
those studied by Mazeika, of course) have been presented in the form of an atlas 
(Kolesnikov, 1973). Vertical sections in the atlas reveal a distribution very much 
like that observed in the eastern equatorial Pacific. The subthermocline isopycnals 
for 26.6-27.0 gfl (<5r 145-107 clft) exhibit an equatorward downslope at 4°-6°N from 
40°W, just north of Brazil, to 20°W (east of I0°W the African coast runs approxi-
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mately east-west along about 5°N). In the southern hemisphere, a corresponding 
slope of the same isopycnals is found at 4°-6°S from 33°W, only 300 km east of the 
Brazilian coast, to about 0°, roughly 1300 km west of the African coast. In either 
hemisphere the maximum development of the slope occurs typically at 26.8 g/1 
(<5r 126 cl/t). Similarly, the isotherms for 9-13 C and the isohalines for 34.8-
35.2 °loo beneath the thermocline exhibit the same sense of slope in each hemisphere. 
The zonal extent of the northern slope from 40°W to 20°W and that of the southern 
slope from 33°W to 0° are also well defined by the meridional gradients along about 
5°N and 5°S on the maps of temperature at 200 m included in the atlas. Thus, two 
symmetrical f>Ubsurface countercurrents that are quite similar to. those found in the 
eastern equatorial Pacific definitely exist in the Atlantic. 

Wyrtki's (1971) comprehensive atlas of the International Indian Ocean Expedition 
includes 12 meridional sections crossing the equator between 55°E and 95°E in 
various phases of the monsoon variation. None of these sections reveals a feature 
that suggests an eastward subsurface flow of the type discussed in this paper. 

e. Concluding remarks. The cause of the subsurface countercurrents described in 
this paper remains in question. However, as was suggested earlier, the high degree 
of similarity between the northern and southern countercurrents indicate that the 
mechanism is the same for the two countercurrents. 

Over the eastern intertropical Pacific, the southeast trades blow across the equator 
to meet the northeast trades north of the equator, where a convergence zone (ITCZ) 
results. The ITCZ migrates north and south annually but remains in the northern 
hemisphere9• Consequently, the distribution of winds is markedly asymmetric about 
the equator, and winds near the equator are subject to a consid!rable annual variation. 
In contrast to asymmetry and high variability in the atmosphere, the subsurface 
countercurrents are nearly symmetric and stable. If the winds over the ocean are 
the cause of the countercurrents in the subthermocline layers, one must seek a 
mechanism-that generates symmetry and stability in the ocean from asymmetry and 
high variability in the atmosphere or that is not related to the spatial and temporal 
variations in winds. 

Over the intertropical Pacific and Atlantic, the zonal component of the annual 
mean wind is westward in both hemispheres. Over the intertropical Indian O;;ean, 
where data indicate no subsurface countercurrent, the winds are dominated by the 
monsoons, and the zonal component of the annual mean wind is eastward in the 
northern hemisphere and westward in the southern hemisphere. The subsurface 
countercurrents may be related to the westward component of the average wind 
over a large area and a long period of time such as the annual average over the 

9. Recent data indicate that over the eastern intertropical Pacific another convergence zone develops 
south of the equator normally in February-April, when the southeast trades are weakest and the JTCZ 
in the northern hemisphere is closest to the equator. This phenomenon (commonly termed double ITCZ) 
and its possible relation to the oceanic circulation in the eastern equatorial Pacific are discussed elsewhere 
(Patzert and Tsuchiya, in preparation). 
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entire intertropical ocean. Apparently, the understanding of the equatorial cir-
culation requires oceanographic and meteorological data on a time and spatial 
scale much larger than that of a single-ship expedition (Philander, 1973). 
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