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ABSTRACT 

In 1967 the R. V. CORIOLIS undertook five cruises along the 170°E meridian in order 
to investigate the relationships between the sea-surface conditions and the occurrence of 
the Equatorial Undercurrent; this paper deals primarily with the March and April cruises. 
The Equatorial Undercurrent was observed as a double-cell structure. The upper Under-
current (Y max.: 40 cm/sec at 120 m) was located in the homogeneous surface layer above 
the top of the thermocline, embedded in the Equatorial Current; its flow was not in geo-
strophic balance and it disappeared when the surface equatorial flow became eastward. 
The lower Undercurrent (V max.: 50 cm/sec at 220 m) was located in the discontinuity 
layer, under the thermocline top; it was connected to the North Equatorial Countercurrent 
by a continuous layer of eastward flow. Its flow, in geostrophic balance, appears to be a 
permanent structure, independent of changes in the upper layer. The upper Undercurrent 
agrees very well with most of the theoretical models (Fofonoff and Montgomery 1955, 
Stommel 1960, Charney 1960). Its area of formation is probably around the 160°E meridian 
at the very limit of permanent trade winds throughout the year. The lower Undercurrent 
belongs to the equatorial countercurrent system, which originates north of New Guinea. 

1. Accepted for publication and submitted to press 12 March 1970. 
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Northern winter observations have revealed a strong westward core: under an eastward 
surface current in the western Pacific at the equator; and in the Indian Ocean during the 
southwestern monsoon (Taft and Knauss 1967). These observations suggest the possibility 
that the mechanism that produces the upper Undercurrent might be reversible. 

Introduction. The Equatorial Undercurrent, discovered in 1952, has not 
been postulated by theory; it still remains one of the major problems of the 
equatorial circulation. Following direct measurements of the Equatorial Under-
current by Knauss (1960) in April 1958, several theoretical models have been 
suggested to explain its dynamical structure. Considerable importance has been 
attached to (i) the zonal pressure gradient and (ii) an equatorial upwelling con-
sistent with an equatorial divergence at the surface and with a convergence at 
the top of the discontinuity layer in the Undercurrent core. 

(i) The zonal pressure gradient requires the existence of a westward surface 
current that, under the action of the trade winds, piles up water in the western 
Pacific. 

(ii) An equatorial upwelling can be detected only through the cooling and 
nutrient enrichment of surface waters. Unfortunately, these criteria do not 
uniquely identify upwelling, because they could also result from advective trans-
port in the Equatorial Current' of cold and nutrient-rich waters of eastern 
origin and/or result from a strong vertical mixing without an effective vertical 
transport. 

In brief, the Equatorial Undercurrent should exist only if a westward surface 
current is present at the equator, with a steady trade wind that is strong enough 
to maintain a sea-surface slope, and if a cooling of the surface waters is con-
sistent with effective upwelling. 

This hypothesis, based upon Knauss' observations (1960) at 140°W, led 
Knauss to question the existence of the Equatorial Undercurrent west of 16o0 E 
in the Pacific, where no upwelling could be detected (Austin and Rinkel 1957) 
and where no sea-surface slope was evident (Tsuchiya 1961) due to the lack of 
a steady east wind (Hidaka 1958). Wyrtki and Bennett (1963), from energy 
considerations, have suggested that the Equatorial Undercurrent begins at 
l 6o0 E. However, as Knauss ( 1960) noted, current measurements by Y osida 
et al. (1959) have suggested the presence of the Undercurrent at 150°E; fur-
thermore, current measurements by Kort et al. ( 1966) have identified a sub-
surface eastward current as far west as 1 30°E in spite of an eastward current at 
the surface. Moreover, Tsuchiya (1961) has pointed out that this western 
Undercurrent is connected to the North Equatorial Countercurrent; this 
feature has been confirmed at 140°E by Burkov and Ovchinnikov (1960). 
It is logical, therefore, to question, with Knauss (1960), (i) the nature of the 

2. This Current is related to the existence of a South Equatorial Countercurrent, discovered by Reid 
(1959); it is clearly evident from the CoRIOLIS cruise data at 170°E (Jarrige 1968, Merle et al. 1969). 
So, the Equatorial Current referred to here is the westward equatorial surface current named the South 
Equatorial Current by Sverdrup et al. (1942). 
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Equatorial Undercurrent and (ii) the continuity of its structure all along the 
equator. 

To answer these questions, an intensive study was pursued in 1967 along the 
170°E meridian, between 20°S and 4°N, aboard the R. V. CORIOLIS (Centre 
O .R.S.T.O.M. de Noumea); the primary purpose of this study was to inves-
tigate the exact relationship between upwelling and the Equatorial Undercur-
rent from March through August, in an area where strong and opposite varia-
tions could be expected. 

During four of the five cruises, significant upwelling was associated with a 
westward equatorial surface current. During the fifth cruise (CYCLONE 3, in 
April), however, an eastward equatorial surface current was observed, and there 
was no evidence of upwelling at the equator. 

This paper reports our investigation into the relationships between the re-
versed surface conditions and the equatorial current system-especially the 
Equatorial Undercurrent. Since observations have shown that the current struc-
ture was similar during four cruises but was different during the April cruise, 
we have limited our study to a comparison of two consecutive CYCLONE cruises 
-that in March 1967, when the more common westward equatorial surface 
current was evident, and that in April 1967, when an eastward equatorial sur-
face current was present. 

Cruise Plan and Methods. During the five cruises in 1967, we followed 
exactly the same pattern from 20°S to 4 °N along 1 70°E (Fig. 1 ). The equator-
ial portion of these cruises, 4°S-4°N, was carried out on March 20-24 (C2), 
April 24-28 (C 3), June 4-8 (C4), July 10-14 (C 5), and August 23-27 (C6). 
The 17 hydrographic stations were occupied every 30 nautical miles. At the 
end of the equatorial portions, two 24-hour stations, at o°, I 70°E and at o°, 
1 69°E, were occupied to investigate short-term variations and, if possible, to 
determine zonal gradients. 

Hydrographic casts were made with 24 T.S.K. Nansen-type bottles. The 
depths to which the bottles were lowered were determined by the bathy-
thermal structure. Between o and 200 m, two protected reversing thermo-
meters were mounted on each bottle; between 200 and 500 m, we alter-
nated the thermometer pattern so that every other bottle carried either two 
protected and one unprotected thermometers or two unprotected and one 
protected thermometers. Determination of the bottle depths was accurate to 
about 5 m. 

Salinity was determined with an inductive salinometer ( ± 0.005 °/oo). The 
oxygen content was measured with an automatic titrator coupled with an elec-
tric burette, after the method of Winkler ( ± 0.06 ml/I). Nutrient salts (phos-
phate, nitrate, nitrite) were determined according to the methods described by 
Strickland and Parsons (1965); the precision level was ±o.02µg at/I for PO4 

and NO2 and ± 0.2 µg at/1 for NO3• All analyses were carried out on board. 
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Figure r. The western equatorial Pacific Ocean. Positions of the hydrographic stations and of Manus 
and Ocean islands, where meteorological stations are located. 

The cruise data have been published in the scientific reports of the Centre 
O.R.S.T.O.M. of Noumea. 

Current measurements were carried out with two H ydro-Products current 
meters following the method described in detail by Magnier et al. (unpublished). 
To keep the r ooo-m hydrographic wire vertical, the ship was brought to a 
position of equilibrium against the action of the wind and surface current. The 
R. V. CoRIOLIS is equipped with a variable-pitch propell er, which allows very 
precise speed adjustment. When the equilibrium position was achieved, the ship 
changed neither its direction nor speed during the current measurements. The 
reading of the meter at its deepest level (500 or I ooo m), where we assumed 
the water to be stationary, was used as a basis for measuring the amount of 
drift at the surface. Assuming optimal conditions, the current direction was 
determined to ± I o0 and the current speed to ± r o cm/sec. 

Wind and Currents. In March 1967, at the equator, the surface current 
flowed westward; in April it fl owed eastward. This difference can be accounted 
for by variations in the meteorological conditions in the western Pacific (Fig. 2). 
According to Wyrtki (1961), during July-August the trade-wind convergence 
area in the Pacifi c is farthest north; thus, during the northern summer the 
southeast trade wind crosses the equator, as does the Equatorial Current, and 
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FEBRUARY 

AUGUST 

Figure 2 . Prevailing wind direction in the 20°S-20°N area in February and August (From Morskoi 
Atlas, USSR, 1950). A thickened arrow indicates that this direction has been observed 
with a statistical level of at least 60°/0 • 
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Figure p. Fortnightly wind observations at Manus island in 1967. The velocity is indicated with a 
circle (each circle equals 5 knots). The point whence the wind blew is indicated by the 
radius position in the compass card. The numbers above each radius show the number of 
lik e observations during the fortni ght. In the center is the number of calm observations. 
A tickened radius indicates that there were more than ten observations with identical 
characteristi cs; there were, on an average, thr ee or four observations during each 24 hours. 

the Current fl. ows along the northern coast of New Guinea. In February, 
however, the trade-wind convergence area is farthest south, and north of New 
Guinea a west wind blows from 1 30°E to 1 60°E (Ramage 1968); at this time 
the eastward N ew Guinean coastal current develops. During the northern 
winter, an eastward equatorial fl. ow occurs along the equator in the western 
Pacific; this was encountered by M asuzawa ( 1967) from December to April 
at 137°E, by Kort et al. (1966) from 138°E to 152°E, and by Yosida et al. 
(1959) from 147°E to 153°E. It seems that the eastern limit of this winter fl. ow 
is about 1 6o0 E. 
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Figure 3 b. Fortnightly wind observations at Ocean island in 1967. See Fig. Ja for explanation. 

In 1967, at Manus Island (Momote: 0°02'S, 147°E), the wind reversal 
occurred in April-May (Fig. 3a); thus it could be assumed that there was an 
eastward equatorial surface current opposing the westward Equatorial Current 
until April of that year. Similarly, at Ocean Island (0°53'S, 169°34'E), fairly 
close to our 4 °S-4 °N transect, the wind reversal was also apparent in April-
May-an increase in the southeast trade wind (Fig. 3 b) following a northeast 
trade-wind regime; moreover, during the first half of April a west or northwest 
wind blew continuously for eight days with an intensity ranging up to I 5 knots. 
This westerly wind could be the cause of the eastward current observed in April 
during the CYCLONE 3 cruise, in spite of a re-established southeast trade wind. 
We can assume that this westerly wind was an extension of the steady west wind 
north of New Guinea. 
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W ith these meteorological data it is possible to consider the area around the 
160°E meridian as the northern-winter time limit of the Equatorial Current-
the limit between convergent and divergent processes at the equator (Cromwell 
1953). Moreover, this meridian is in agreement wi th the Wyrtki and Bennett 
( 1963) hypothesis on the ori gin of the Equatori al Undercurrent. . 

Since the verti cal circulati on at the equator is different, whether there JS an 
east wind that induces divergence or a west wind that induces convergence, and 
since an east wind with an induced di vergence is the only phenomenon that is 
compatible with the existence of the Equatorial Undercurrent (according to the 
theoretical model), it is essential to detail the equatori al structure during the 
two pertinent cruises: CYCLONE 2 in M arch (when there was an equatorial 
westward surface current) and CYCLO NE 3 in April (when there was an east-
ward surface current). 

Equatorial Westward Surface Current, M arch I967. ZoNA L Fww. The 
Equatorial Current, clearly evident between 4 °S and 4 °N, has a velocity max-
imum of I oo cm/sec at 2° 30' S. Its thickness is about 200 m, except around the 
equator, where its depth is only 50 m (Fig. 4 b ). At 4 °N, the southern edge of 
the N orth Equatorial Countercurrent is present and has a maximum velocity 
of 50 cm/sec at I oo m. 

The dual structure of the Equatorial Undercurrent at 170°E was fir st ob-
served by N oel and Merle (1969) in November 1966 during a six-day station 
near the equator within radar range of Ocean Island. They related it to a south-
ward rotation of the current vector. During the 1967 cruises, this dual structure 
was observed in March, June, July, and August ; and in April 1968 it was 
present along three transects between 4°N - 4°S at 170°E. It has been well 
illu strated by Magnier et al. (unpublished), who have discussed the current 
measurements of the CYCLONE cruises. During C YCLONE 2, there were two 
cell s: an upper eastward cell , between 50 and 160 m, with a maximum velocity 
of 40 cm/sec, and a lower eastward cell, between 180 and 300 m, with a max-
imum velocity of 50 cm/sec at 200 m. The upper cell is embedded in the Equa-
torial Current while the lower cell appears to be connected with the North 
Equatorial Countercurrent by a continuous layer of eastward fl. ow; also, the 
fl. ow of the lower cell deepens symmetricall y to 500 m at 2° 30' S and 2° 3o'N; 
thus it surrounds an equatorial " deep" westward fl. ow ly ing just under the lower 
cell. Fig. 4 illustrates also the hydrological properti es that are related to the 
currents. 

MERIDIONA L CIRCULATION. Because the circulati on is basicall y zonal at the 
equator, the north-south components are relatively small. In Fig. 5, these com-
ponents are shown parall el to the isanosteric li nes. Duri ng CYCLONE 2, an 
equatori al divergence was associated with convergences at 3°N and 3°S; the 
divergence has been located at o0 30' N by means of the P04 maximum at the 
surface (Fig. 6 ). Under the surface, at the level of the upper cell, an equator-
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Figure 4a, Thermosteric anomaly, temperature, and salinity in March 1967 at 170°E between 4°S and 4°N. 
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ward transport is obvious in the northern hemisphere. Although an equatorward 
transport in the southern hemisphere is not clearly apparent from the CYCLONE 
2 data, an equatorward transport at the level of the upper cell is suggested in the 
data from the other four cruises (Magnier et al., unpublished). If this is so, 
then the observed structure would be in agreement with the Fofonoff and 
Montgomery (1955) model. Moreover, this circulation scheme is supported by 
the presence of two thermal fronts (Rotschi et al. 1968)-consistent with sub-
surface equatorward transport at the top of the discontinuity layer (see also 
Cromwell 1953). 

The existence of a well-developed homogeneous layer might be explained by 
vertical mixing, which would lead to cooling and enrichment of the surface 
waters. However, a surface divergence at the equator and two convergences at 
two observed thermal fronts suggest the existence in the homogeneous layer of 
a vertical circulation for which the upper cell is an important link. 

The meridional velocity components at the stations on both sides of the 
equator (1 °N and 1°S; Fig. 7) suggest that there is a divergence in the upper 
part of the homogeneous layer and a convergence in the lower part. The north-
ward fl.ow approximately balances the southward fl.ow. However, the poleward 
fl.ow is slightly stronger than the equatorward fl.ow. This difference might sug-
gest a vertical ascent of water through the thermocline. Such an ascent would 
be consistent with the nutrient enrichment of the surface waters and with the 
occurrence of thermal fronts at 3°N and 3°S (Rotschi et al. 1968). 

On the ·)asis of our present data (a single set of data plus those from the 
24-hour equatorial stations), we can say only that there is an equatorward fl.ow 
all around the upper cell of the Equatorial Undercurrent. This equatorward 
fl.ow is reinforced north of the equator at the bottom of the homogeneous layer. 
Also, this fl.ow is related to a southward-moving intrusion of water that has a 
relatively low salinity (Fig. 4a) and is frequently associated with temperature 
inversions. In February 1969, such a structure was observed along the equator 
between I 55°W and 147°W during a cruise of the R. V. CORIOLIS (CARIDE 3). 

Equatorial Eastward Surface Current, April I967. ZoNAL FLOW. At I 70°E, 
on April 24-28, we observed a well-defined eastward equatorial surface current 
that was nearly 100 m thick at o0 3o'N. Its low salinity, 34.60°/oo during 
CYCLONE 3 compared with 35.20°/oo during CYCLONE 2, identified it as an 
eastward extension of New Guinea coastal waters. This extension was aided in 
its development by a west wind that had been blowing some days before in that 
region (observed at Ocean and Manus islands). 

The Equatorial Current was present on both sides of this eastward surface 
current (Fig. 4d). At the equator its two branches were linked under the sur-
face current by an intensified westward core, which was at the level usually 
occupied by the upper cell of the Undercurrent; its maximum velocity was 
40 cm/sec at about 1 20 m. It was fl.owing above the top of the thermocline. 
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Meridional components of velocity in March 1967 (left) and April 1967 (right) along 
170°E between 4°S and 4 °N . The current vectors are drawn parallel to the isanosteric 
lines. Open arrows show south components. Solid arrows show north components. The 
short arrows represent meridional speeds of 10 to 2 5 cm/sec; the long arrows represent 
speeds faster than 25 cm/sec. The thick solid lines indicate convergence; the thick dotted 
lines indicate divergence. The light solid lines indicate the 50-cm/sec zonal-velocity con-
tour. The shading shows areas of westward flow . 

We can assume, therefore, that this westward-flowing core is a continuation of 
the Equatorial Current that sinks in the western Pacific under the less-dense 
eastward surface current of New Guinean origin. The hydrological properties 
of this westward core, at the equator, were the same in April as those of the 
Equatorial Current in March (in March at o0 :T = 27.05°C, S = 35.29°/oo, 
b..st = 493 cl/t, PO4 - P = 0.49 µg at/I; in April at 120 m: T = 27.40°C, S 
= 35.21 °/oo, b..st = 500 cl/t, POc P = 0.48 µg at/I). 

In spite of the equatorial convergence that was induced by the west wind 
and by the lack of upwelling, the Equatorial Undercurrent was still present in 
April, but only the lower cell was present under the thermocline top. This 
lower cell appears to be the permanent one; its velocity core in April was 40 cm/ 
sec at 200 m. It was always connected to the North Equatorial Countercurrent 
by a continuous layer of eastward flow. The observed westward "deep" current 
under the lower cell and the two deepening extensions of this cell are apparently 
permanent. 

This zonal structure in April at l 70°E is the same structure that was ob-
served between 140°E and 150°E in January-April 1966 (Fig. 8) during cruise 
38 of the V1TYAZ (Kort et al. 1966). We can therefore assume that this 
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Figure 6. Temperature and phosphate distributions at the surface along 170°E between 4°S and 
4°N in March (open circles) and April (solid dots). 

structure is permanent during the northern winter in the western equatorial 
Pacific. 

MERIDIONAL CIRCULATION. The meridional circulation in April (Fig. 5) 
is complex because of a transition regime. The eastward surface current, which 
resulted from a west wind some days before, was now Rowing opposite to an 
east wind; and it might be assumed that this current could not persist any longer. 
However, an equatorial convergence at the surface at the equator was indicated 
by the observed north-south components and by the warm and nutrient-depleted 
surface waters; this suggests the lack of a vertical ascent. 

A comparison of the conditions in March and April shows that the influence 
of the wind variations is limited to a depth of about 1 80 m. The replacement 
of a northeast trade wind by a west wind at the equator may explain: (i) the 
change in surface current, (ii) the cessation of upwelling processes, and (iii) the 
replacement of the upper cell of the Equatorial Undercurrent by a westward-
Rowing core (the Equatorial Current). Further, the lower cell of the Equatorial 
Undercurrent is permanent and is not directly under the influence of the sur-
face circulation. In fact, according to Hisard et al. ( 1969 ), the lower cell is 
associated with variations that influence the North Equatorial Countercurrent. 
The suggestion of a close association of the upper cell of the Equatorial Under-
current with the Equatorial Current is of particular interest. 

Thus it seems that the two parts of the Undercurrent are created by different 
mechanisms, one being associated with the homogeneous-layer circulation, the 
other with the discontinuity layer-probably related to the Countercurrent 
system. This is not the case in the central Pacific at 140°W. The theoretical 
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model that explains the Equatorial Undercurrent in the central Pacific seems 
to agree best with the concept of an upper cell in the west. Moreover, we must 
keep in mind the model proposed by Wyrtki and Bennett (1963), who pre-
dicted that the Equatorial Undercurrent originates near I 6o0 E. 

Geostrophic Balance. THE THERMOCLINE. Following the observations of 
Knauss at 140°W, the Equatorial Undercurrent has always been associated 
with the thermocline, and most of the theoretical models have stressed the role 
played by the thermocline as a discontinuity layer. According to Stommel 
(1956, 1957), the frictional layer of the ocean can be limited to the region 
where the horizontal currents are approximated geostrophic. Stommel's (1960) 
hypothesis of a homogeneous ocean bounded below by the thermocline depth is 
in good agreement with the scheme of Fofonoff and Montgomery (1955). Both 
of these schemes are in accord with the concept of meridi onal circulation pro-
posed by Cromwell ( 195 3) and both lead to the view that there is an Under-
current at the bottom of the homogeneous surface layer. Charney ( 1960) has 
introduced inertial terms and has assumed that " the high gravitational stability 
of the thermocline inhibits the transmission of pressure forces and momentum 
to such an extent that the thermocline may be expressed by a rigid boundary". 

The observati ons at the 24-hour equatorial stations during CYCLONE 2 and 
3 (March 26 and April 30, respectively) relate the positions of the thermocline 
and the currents (Fig. 9). Two eastward-moving cells of the Undercurrent were 
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w 135'E 140'E 145'E E. 

Figure 8. Average distribution of the zonal components of velocity along the equator in the western 
Pacific from January-April 1966, after Kort et al.(1966); 38th cruise of the R. V. V1TYAZ. 
Velocity contours: o, 20, 40, 60 cm/sec. Shaded areas show westward flow . 

clearly evident during the CYCLONE 2 observations (Fig. 9a); the upper cell was 
at the bottom of the homogeneous layer and the lower cell was in the thermo-
cline. It appears that the velocity minimum between the two cells coincided 
with the maximum vertical temperature gradient; that is, the two cells were 
separated by a thin layer where the stability was maximal. During CYCLONE 3 
(Fig. 9 b ), however, we observed a westward subsurface Row (instead of an 
upper eastward-moving cell) that was also in the homogeneous layer; the lower 
cell was still in the thermocline layer. The discontinuity layer again played the 
role of a boundary. 

The role of the thermocline as a boundary is important in the double east-
ward circulations at the equator. Thus the upper eastward cell is part of the 
surface circulation-that is, the Equatorial Current system-whereas the lower 
cell, isolated from the upper circulation, is part of a deeper circulation that is 
partly linked to the North Equatorial Countercurrent system. 

TttERMOCLINE STRUCTURE. In close association with the Equatorial Under-
current there was a vertical spreading of the thermocline at the equator. 
According to Knauss (1960), this results from vertical mixing and can be re-
garded as an index of the geostrophic balance in the Undercurrent. In geo-
strophy, according to Montgomery ( 1 962 ), the distribution of the temperature 
is parallel to that of the specific volume, the trough in the isothermal surface 
represents an upward increase in the eastward component of the geostrophic 
current, the geostrophic current is maximal at the depth where the isothermal 
surfaces become level, and above this depth the ridge in the isothermal surface 
represents an upward decrease in the eastward component of the geostrophic 
current. Furthermore, if there are two opposite Rows in a homogeneous layer, 
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Figure 10. Observed pressure gradients at different levels relative to the 500-db surface for March 
1967 (left) and April 1967 (right) at 170°E. The smooth curves represent the required 
pressure gradient that would obtain if the observed velocity were in geostrophic balance. 
The positions of the two curves were adjusted for agreement at the equator. After a 
scheme devised by Knauss (1966). 

only one can be in geostrophic balance. This was obtained in the cruises of 
CYCLONE 2 and 3; two opposite flows were identified in the homogeneous 
layer. 

The thickness of the thermocline can be expressed by the depth difference 
between two isotherms-the 25°C isotherm, which was located at the top of 
the thermocline, the I 3°C isotherm, which coincided with a marked change in 
the temperature curve. The 25°C isotherm approximates the top of the lower 
cell while the I 3°C isotherm separates the lower cell from the westward 'deep" 
fl.ow. Moreover, the I 3°C isotherm coincides with an homogeneous layer that 
has been commented upon by Stroup ( I 96 I). The spreading of the thermocline 
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in the western Pacific, as indicated by these two isotherms, was not as marked 
as in the eastern Pacific. However, the depth difference at CYCLONE 2 was 
90 m at 2°N and at 2°S and 126 m at the equator; this depth difference at 
CYCLONE 3 was 85 mat 2°S, 60 mat 2°N, and 140 mat the equator. This 
seems to be good evidence of geostrophic balance. 

If the observed velocities are in geostrophic balance, it is possible to com-
pare the observed north-south pressure gradient relative to 500 db with the 
required pressure gradient (Fig. 1 o ). The time variations in dynamic height at 
o db relative to 500 db at the 24-hour stations were 3 dyn cm at CYCLONE 2, 
and 6 dyn cm at CYCLONE 3. Below 200 m, the eastward lower cell appears to 
have been in good geostrophic balance during both cruises. At the surface, the 
current during CYCLONE 3 was not in geostrophic balance; because of the 
transitional character of the situation, this might be expected. D uring CYCLONE 
2, the Equatorial Current seems to have been in geostrophic balance, but the 
eastward upper cell, at 140 m, appears to have been less so. 

In September 1961, at 140°W, Knauss (1966) found that the Equatorial 
Undercurrent was not in geostrophic balance, as it was in April 1958; in 1961, 
the Equatorial Current was present, surrounding the Undercurrent, but in 
1958, the Equatorial Current was weak and did not cross the equator. Thus we 
may think that these two situations were different and we may ask (i) whether 
the Undercurrent in 1958 was similar to our lower cell, (ii) whether it was 
similar in 1961 to our upper cell, and (iii) whether it might be a combination 
of the two. 

Table I. Volume transport (in 106m3/sec) of each zonal flow relative to the 
500-m level. 

Flow• March April June July August 

a -22 -34 -14 -20 -26 
g - 8 - 9 - 8 - 7 - 6 --- ---

Westward -30 -43 -22 -27 -32 

b 3 4** 3 9 3 
C 8 3 12 10 4 
d 3 2 3 7 3 

e+f 14 16 15 16 14 

Eastward + 28 +25 +33 +42 +24 

• Flows a: The Equatorial Current volume transport. 
b: The upper cell /low of the Equatorial Undercurrent. 
c : The part of the lower cell /low that originates in the Subtropical South Pacific water mass. 
d : The part of the lower cell Row that originates in the North Equatorial Countercurrent. 

e + f: The eastward Row of Coral Sea water in the Equatorial Undercurrent. 
g : The westward "deep" current under the Equatorial Undercurrent. 

Flow c is separated from Row d by the 35°/oo isohaline. 
Flows c and d are separated from Row e + f by the 240 cl/ t isanosteric line in the south and by a 

· marked bend in the T - S line in the north. 

•• Eastward surface current. 
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//olume Transport. The volume transport of each zonal flow has been 
computed relative to the 500-m level. These transports are listed in Table 1 
and shown in Fig. 1 I. The various flows are identified in footnotes to 
Table I. 

The fact that the maximum transport of the Equatorial Current occurred 
in April is surprising, since it happened when an eastward equatorial surface 
current was present. In fact, the westward flow that linked the two branches of 
the Equatorial Current (Fig. 4d) is a curious structure, since it appeared to be 
a separate core. Kort et al. ( 1966 ), between 150°E and 1 30°E, and Y osida et 
al. (1959), at 153°E, have observed a westward flow under an eastward surface 
current, at the equator during the northern winter. Taft and Knauss (1967) 
have observed "a thin layer of very strong west current" in the subsurface layer, 
at the equator in the Indian Ocean when the surface current was eastward due 
to the southwest monsoon. Thus we may ask whether the mechanism that pro-
duces an upper eastward Undercurrent, when there is at the equator a west-
ward surface current, could produce a westward-moving subsurface core when 
there is an eastward surface current at the equator. 

Conclusions. At 1 70°E, the Equatorial Undercurrent has a double-cell struc-
ture, and each cell belongs to a different circulation system. The upper Under-
current is embedded in the Equatorial Current and the lower Undercurrent is 
related to the Countercurrent system. 

To have an upper Undercurrent there must be an Equatorial Current and a 
westward trade wind that is strong enough to maintain a horizontal pressure 
gradient and produce an upwelling. The upper Undercurrent and the Equa-
torial Current do form a structure that agrees with the theoretical model of 
Fofonoff and Montgomery (1955); this structure is consistent with an equa-
torial divergence and a subsurface convergence into the eastward-moving cell 
that contribute to a vertical surfaceward transport and provide the upwelling 
effect of cooling and nutrient enrichment. When a west wind blows north of 
New Guinea during the northern winter, this upper cell can no longer persist 
along the equator, because the vertical circulation above the thermocline is 
destroyed; at this time, a core of westward flow is present under the eastward 
equatorial surface current. 

The lower Undercurrent is permanent and in geostrophic balance. Since it 
is related to the North Equatorial Countercurrent, is situated in the thermo-
cline, and has a velocity maximum at 200 m, we can assume that it is the same 
Equatorial Undercurrent as that described for the region west of 1 70°E by the 
Japanese and Russian investigators. Since it could be observed without recourse 
to the surface conditions (east wind or west wind) and especially without re-
course to the existence of upwelling, it is not consistent with the theoretical 
model that tries to explain the Equatorial Undercurrent found at 140°W. 
However, although the lower Undercurrent seems to be an important part of 
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the whole Equatorial Undercurrent, we think it must be clearly distinguished 
from the phenomenon that occurs in the Equatorial Current above the thermo-
cline and creates an eastward undercurrent flow whose dynamic properties are 
very special. 

REFERENCES 
AUSTIN, T . S., and M . O. RINKEL 

1957. Variations in upwelling in the Equatorial Pacific. 9th Proc. Pacific Sci. Congr., 
Bangkok, r6 Oceanography: 67-7 r. 

BuRKov, V. A ., and I. M. OvCHINNIKOV 
1960. Investigations of equatorial currents to the north of New Guinea. Trud. Inst. Oke-

anol. Akad. Nauk SSSR, 40: 121-134 (Russian). 

CHARNEY, J . G . 
1960. Non-linear theory of a wind-driven homogeneous layer near the equator . Deep-sea 

Res., 6 (4) : 303-310. 

CROMWELL, TOWNSEND 
1953. Circulation in a meridional plane in the central equatorial Pacific. J. mar. Res., I2 

(2):196-213. 

F0F0NOFF, N. P., and R. B. MONTGOMERY 
1955. The Equatorial Undercurrent in the light of the vorticity equation. Tellus, 7: 

518-521. 

HIDAKA, KOJI 
1958. Computation of the wind stresses over the oceans. Rec. Oceanogr. Works Japan, 

4 :77-123. 

HISARD, PHILIPPE, YVES MA GNIER, and BRUNO WAUTHY 
1969. Comparison of the hydrographic structure of equatorial waters north of New 

Guinea and at 170°E. J. mar. Res., 27 (2) : 191-205. 

JARRIGE, FRAN<;OIS 
1968. On the eastward flow of water in the western Pacific south of the equator . J. mar. 

Res., 26 (3): 286-289. 

KNAUSS, J . A. 
1960. M easurements of the Cromwell Current. Deep-sea Res., 6 (4): 265-286. 

1966. Further measurements and observations on the Cromwell Current . J . mar. Res., 24 
(2): 205-240. 

K ORT, V. G., V. A . BuRKOV, and K . A . T CHEKOTILL O 
1966. Nouvell es donnees sur !es courants equatoriaux clans la partie occidentale de l'Ocean 

Pacifique. Dok!. Akad. Nauk. SSSR, r7r (2): 337-339 (Russian). 

MASUZAWA , J 0TAR0 
1967. An oceanographic secti on fr om Japan to New Guinea at 137°E in January 1967. 

Oceanogr. M ag., r 9 (2) :95-II 8. 

M ERLE, JACQ UES, HENRI RoTSCHI, and BRUNO VOIT URIEZ 
1969. Zonal circulation in the tropical western South Pacifi c. Bull. J ap. Soc. sci. Fish., 

Spec. No. (Prof. Uda's Com. Papers): 91-98. 



Hisard et al.: The Equatorial Undercurrent at r70° E 

MONTGOMERY, R. B. 
1962. Equatorial Undercurrent observations in review, J . oceanogr. Soc. Japan, zoth Ann. 

Vol.: 29-40. 

NOEL, JACQUES, and JACQUES MERLE 
1969. Analyse des courants superficiels et sub-superficiels a l'equateur durant une periode 

de 6 jours a 170°E. Cah. Oceanogr., 7:663-671. 

RAMAGE, C. s. 
1968. Meteorology of the South Pacific. Proc. 9th Gen. Meet. SCOR; pp. 1-17. 

REID, J . L ., JR. 
1959. Evidence of a South Equatorial Countercurrent in the Pacific Ocean. Nature, 

London, z84: zo9-zio. 

RoTSCHI, HENRI, PHILIPPE BISARD, and PIERRE RUAL 
1968. Observation de deux fronts thermiques clans le Pacifique equatorial occidental. 

C.R. Acad. Sci. Paris, 266: 1465-1468. 

STOMMEL, HENRY 
1956. On the determination of the depth of no meridional motion. Deep-sea Res., 3 (4): 

273-278. 

1957. A survey of ocean theory. Deep-sea Res., 4 (3): 14<)--184. 

1960. Wind-drift near the equator. Deep-sea Res., 6 (4): 298-302. 

STRICKLAND, J. D. H ., and T. R. PARSONS 
1965. A manual of sea water analysis. Bull. Fish. Res. Bd. Can., iz5; zo3 pp. znd edition. 

STROUP, E. D. 
1961. Lecture given at the 10th Pacific Sci. Cong. (unpublished). 

SVERDRUP, H. u., M . w. JOHNSON, and R.H. FLEMMING 
1942. The Oceans, Prentice-Hall, N.Y. 1087 pp. 

TAFT, B.A., and J. A. KNAUSS 
1967. The Equatorial Undercurrent of the Indian Ocean as observed by the LuSIAD 

Expedition. Bull. Scripps Inst. Oceanogr., 9; 163 pp. 

TSUCHIYA, MIZUKI 
1961. An oceanographical description of the Equatorial Current system of the western 

Pacific . Oceanogr. Mag., IJ (1): 1-30. 

WYRTKI, KLAUS 
1961. Physical oceanography of the south-east Asian waters. Scientific results of marine 

investigations of the South China Sea and the Gulf of Thailand, 195'}-1961. Naga 
Rep., 2; i95 PP· 

WYRTKI, KLAUS, and E. B. BENNETT 
1963. Vertical eddy viscosity in the Pacific Equatorial Undercurrent. Deep-sea Res., IO 

(4) :449-455. 

YosmA, S., H . NITANI, and N. SuzuKI 
1959. Report of multiple ship survey in the equatorial region (I.G.Y .) Jan.-Feb. 1958. 

Hydrogr. Bull ., Tokyo, 59: 1-30. 


