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SOME INFERENCES ON THE EQUATORIAL UNDERCURRENT IN 
THE INDIAN OCEAN BASED ON THE PHYSICAL PROPERTIES OF 

THE WATERS 

By G. S, SHARMA* 

Central Marine Fisheries Research Institute 

I N T R O D U C T I O N 

THE International Indian Ocean Expedition, conducted during the period 
1960-65, has provided a good amount of oceanographic data facilitating a study of 
the various features of the Equatorial Indian Ocean, which is least investigated of 
the three major Oceans, from the point, of view of the current structure. One 
of the most fascinating problems of the study during the expedition concerns the sub­
surface currents. In view of the unique nature of the Indian Ocean due to its ex­
posure to the monsoons, a study of the Equatorial Undercurrent in the Indian Ocean 
and its differences from the Equatorial Undercwrents iji the other two major Oceans 
will be of special significance and interest. It is possible that a good knowledge of 
the subsurface currents of the Indian Ocean should help in gaining understanding of 
the true nature of the Undercurrent and in evaluating the various conflicting expla­
nations of the Pacific and Atlantic Equatorial Undercurrents. 

Studies on the Equatorial Undercurrent date back to 1886 when Buchanan 
first identified it in the Atlantic. It was rediscovered in 1952 by Cromwell, 
Montgomery and Stroup (1954) in the Pacific. Since then, it has attracted the atten­
tion of oceanographers, not only because it is new but also because the discovery 
seemed to provide an extremely interesting phenomenon in the equatorial regions 
of the oceans as this is concerned primarily with the physical processes controlling 
the fertility of the sea (Wooster, 1960, p. 263), 

Recent measurements of the Undercurrent in all the three Oceans (Knauss, 
1960, 1966 ; Montgomery and Stroup, 1962, Metcalf et al., 1962, Knauss and Taft, 
1964, Swallow, 1964) have shown that it is a fast and thin current having a maximum 
speed of 100-150 cm. sec—1/(2-3 knots). It flows eastward beneath the surface and 
is reported to be symmetrical about the equator. The core of the current lies at a 
depth of 50 and 150 m. 

Aa important thermal feature has been described by Wooster and Jennings 
(1955) who noted the association of the Undercurrent with physical features. The 
isothermal surfaces in the top layer of the thsrmocline ridge at the equator while 
in the deeper parts of the thermocline the isothermal surfaces trough. The thermo-
cline contracts at a short distance north and south of the Equator, but close to the 
Equator there is vertical spreading of the thermocline and the weakening of thermal 
gradient. Distributions of other parameters also indicate features that appear to 
be closely related to the Undercurrent. Wooster and Cromwell (1958) noted that 
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the oxygen content is mixed down from surface to depths not less than 300 m and 
near the surfacs the values are lower at the Equator than on either side of it. 
Similarly water of low phosphate appears to be mixed downward through the ther-
mocline. Metealf et al. (1962) first drew the attention to the significance of high-
salinity core which evidi ntly marks water carried east by the tJndercurrent. The 
same was discussed in detail by Montgomery and Stroup (1962). Montgomsry 
(1062, p. 488) suggested that the evidence ̂ sf the Undercurrent can be found in the 
distribution of water propsrtiss such as (i) temperature or specific volume, (ii) 
oxygen or phosphate and (iii> salinity. Further indications of longitudinal and 
seasonal distribution of the Undercurrent could be gained from a systematic study 
of the thermal structure especially the equatorial troughing in the transequatorial 
sections (Montgomery, 1962). 

MATERIAL AND METHOD 

The sources of the material for the present investigation are the oceanographic 
data supplied by the National Oceanographic Data Centre, Washington, and the 
data published in the cruise reports of ^ . V. Anton Brum, collected during the Inter­
national Indian Ocean Expedition. 

An attempt has been made to understand the seasonal and longitudinal varia­
tions of the Equatorial Undercurrent in the Indian Ocean from the characteristic 
features of the transequatorial distribution of the variables : temperature, salinity 
and dissolved oxygen content of the waters. In this connection twelve sets of meri­
dional sections showing the distribution of temperature, salinity and dissolved 
oxygen were prepared from 5°N to 5°S along the various longitudes between 53°E 
and 94''E and they are shown in figures 1 to 12 for different months of the year. To 
facilitate an easy comparison of the distribution of these properties, each set of 
diagrams is superimposed and represented with diflFerent types of notation. The 
isotherms are drawn at an interval of 2.0°C while the equiscalar lines of salinity 
and oxygen are at intervals of 0.2 %, and 0.5 ml/L respectively. 

RESULTS 

Distribution of temperature: The surface waters in the Equatorial Indian 
Ocean do not show much seasonal variation of temperature, the annual range of 
temperature being 2.5°C. During the period December to April as shown in figures 
1 to 3 and 12, there is spreading of the thermocline around the Equator aadit con­
tracts on either side where the vertical temperature gradients are very sharp. In 
the months of June and July the discontinuity layer contracts at the Equator and the 
isotherms diverge from about 1° to 2° south and north latitudes (Figs. 6 & 7). A 
comparison of the figures 4 & 5, clearly reveals the transition in the temperature 
structure taking place earlier in the eastern region than in the west. In a similar 
way sections 10 & 11 taken in the month of November indicate the contrast in the 
thermal structure along 86°E and 94°E. In the months of August and September 
the depth of thermocline is almost uniform without much latitudinal variation. 
The vertical gradients of temperature all along are practically the same. 

Distribution of salinity : Similar to the thermal structure the field of salinity 
is also fairly uniform with salinity values above 33.0 %o ^nd the highest being 35.6%o. 
Even the lower values that occurred are conflmed only to the upper few metres thick-
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Fio 1. Vertical section of temperature (solid lines, °C), salinity (dashed lines, parts per mille) 

and dissolved oxygen (dotted lines, ml/L)at 55°E (7-8 February 1964) from Anton Bruun, vertical 
exaggeration 2780. 

300 
FIG. 2. Vertical section of temperature (solid lines, °C), salinity (dashed lines, parts per 

mille) and dissolved oxygen (dotted lines, ml/L) at 61 °E (S-12 March 1963) from Argo, vertical 
exaggeration 2780. 
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Fio, 3. Vertical section of temperature (solid lines, °C), salinity (dashed lines, parts per mille) 

and dissolved oxygen (dotted lines, n»l/L) at 92''E (19-25 April 1963) from Argo, vertical exagge-
ration 2780. 
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300 
FIG. 4. Vertical section of temperature (solid lines, ° 0 , salinity (dashed lines, parts per mille) 

and dissolved oxygen (dotted lines, ml/L) at eS'E (24-31 May 1964) from Anton Bruun, vertical 
exaggeration 2780. 



FiQ. 5. Vertical section of teniperature (solid lines, °C),salinity (dashed lines, parts per mille) 
and dissolved oxygen (dotted lines, ml/L) at 84°E (le-'*! May 1964) from Pioneer, vertical exag­
geration 2780. 
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Fio. 6. Vertical section «?f temperature (solid lines, °C), salinity (dashed lines, parts per mille) 

and dissolved oxygen (dotted lines, ml/L) at 92°E (13-18 June 1964) from Pioneer, vertical exag­
geration 2780. 
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300 
FIG. 7. Vertical section of temperature (solid lines, "C), salinity (dashed lines, parts per mille) 

and dissolved oxygen (dotted lines, ml/L) at 80°E (14-17 July 1963) from Anton Bmun, vertical 
exaggeration 2780. 
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FIG. 8. Vertical section of temperature (solid lines, °C), salinity (dashed lines, parts per mille) 
and dissolved oxygen (dotted lines, ml/L) at 62°E (14-21 August 1962) from Argo, vertical exag­
geration 2780. 
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aess. A predominant feature of the salinity distribution is that north of the Equator 
a thin layer of low salinity prevails and increases to the south and west parti­
cularly from November to May. High-salinity water mostly either in the form of 
a core or tongue predominates in the layers of thermocline spreading as noticed in 
the figures 1 to 3 and 12. During the period May to November, though there is an 
increase in salinity from east to \yest it is not so pronounced. Generally, high salinity 
water exists either at the top of the thermocline or within it. A revival of salinity 
distribution takes place by the end of May just as in temperature distribution. In 
the sections where the contraction of thermocline takes place, in general, the tongues 
of high-salinity are separated by low-salinity water in the zone of contraction of the 
discontinuity layer. Mostly waters below 100 m depth are homosaline. 

Distribution of dissolved oxygen : There is no significant variation either longi­
tudinally or seasonally in the dissolved oxygen content of the equatorial waters. 
The most conspicuous feature in the oxygen distribution is that the isolines of the 
oxygen content follow the isotherms in the top 100 m thickness and the values are 
uniformly high. There is exceptionally very little deviation in this feature. Another 
prominent feature is that the oxygen content of the waters below the depth of 100 m 
increases from north to south, the lowest values occurring in these waters between 
3°N and 5°N. Dissolved oxygen values less than 0.5 ml/L are virtually absent within 
the top layer of 300 metres in any of the sections. Mostly they are above 1.0 ml/L 
even in the deeper layers. In the zones of vertical spreading of thermocline, oxygen 
mixed waters penetrate deep in the region of spreading. 

DISCUSSION 

Thermal wind is defined by the equation: ~ = — :^- - ^ 

where u is the eastward component of the current velocity, g acceleration due to 
gravity,/Coriolis force and J the mean temperature and y and 2 are positive north­
ward and vertically upward respectively. This equation satisfies the phenomenon 
of Jet-stream, an analogous feature in the atmosphere as that of an Undercurrent in 
the oceans. Applying this equation to the oceans, it can be shown that where the 
isotherms slope down toward the Equator the eastward component of the geostrophic 
current increases upward, and conversely where the isotherms slope upward towards 
the Equator, the eastward component of the geostrophic current increases downward. 
It also follows that the strength of the current is proportional to the mean latitudinal 
gradient of temperature in the vertical. Hence the feature of troughing in the iso­
thermal surface below the thermocline and ridging above the thermocline are the 
essential features for the Undercurrent to build up. 

The equation of Thermal Wind given above also reveals that the strength of the 
eastward component of the current is more when the value of the Coriolis force / 
is small. This occurs very near the Equator which seems to be the contributing 
factor to the magnitude of the current in the oceans, whereas the latitudinal variation 
of t2mperature contributes mostly for the atmosphere, as the latitudinal variation of 
temperature in the oceans is much less compared to the atmosphere. Perhaps, 
this may be the reason why the Undercurrent, an analogous feature in the oceans 
as that of the Jet-stream in the atmosphere, is confined to the Equator. 

Features such as the ridging of the isotherms above the thermocline and 
troughing below the thermocline are noticed from the month of November till the 
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300 
Fia. 9. Vertical section of temperature (solid lines, °C), salinity (dashed lines, parts per mille) 

and dissolved oxygen (dotted lines, ml/L) at 89°E (12-21 September 1962) from Argo, vertical 
exaggeration 2780. 
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FIG. 10. Vertical section of temperature (solid lines, °C), salinity (dashed lines, parts per mille) 

and dissolved oxygen (dotted lines, ml/L) at 94°E (25 November-1 December 1963) from Koyo 
Mam, vertical exaggeration 2780. 
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FIG. 11. Vertical section of temperature (solid lines, °C), salinity (dashed lines, parts per 

mille) and dissolved oxygen (dotted lines, ml/L) at 86°E (26 November-4 December 1963) from 
Kagoshi Mam, vertical exaggeration 2780. 

300 
FIO. 12. Vertical section of temperature (solid lines, °C), salinity (dashed lines, parts per 

mille) and dissolved oxygen (dotted lines, ml/L) at 78°E (8-12 December 1963) from Kagoshi 
Man, vertical exaggeration 2780. 
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end of May (Figs. 11 & 12 & 1 to 4j and they are more pronounced from February 
to April as depicted in the figures 1 to 3, indicating the presence of the Undercurrent 
in the Indian Ocean during that period. The existence of the Undercurrent i s further 
concluded from the salinity and dissolved oxygen distributions wh6re either a high-
salinity core or tongue and mixing of the concentrated oxygen down to the deeper 
layers in the zone of thermocline spreading are noticed. 

An examination of the figures 10 & 11 reveals the contrast in the appearance of 
an Undercurrent at 86°E and its non-existence at 94°E both sections being taken in 
the same year simultaneously. Similarly a comparison of the sections along 65°E 
and 84°E (Figs. 4 & 5) taken almost at the same time at the end of May, 1964, indi­
cates the presence of the Undercurrent with the features of thermocline spreading, 
high-salinity core and mixing of concentrated oxygen down to the deeper layers in 
the former section while such indications are absolutely absent in the later section. 
Hence it is reasonable to infer that the formation of the Undercurrent takes place 
earlier in the west and continues to the east whereas the termination or break of 
Undercurrent occurs earlier in the east and extends gradually to the west. The 
former inference is further confirmed by the current measurements of Swallow (1964, 
Fig. 3) who noticed the existence of the current along 58°E even few days after the 
section takenalong 65''E where there was no indication of the Undercurrent existing 
at that time. The strength of the current also seems to be more in the western region 
and it is very weak in the eastern zone as shown by the strength of the thermal 
gradients. Swallow's current measurements support the inference that the speed of 
the Undercurrent decreases towards the east (Swallow, 1964). But it goes against 
the observations of Knauss and Taft (1964) who inferred that the Undercurrent is 
absent in the west and its strength increases towards east. There is no earlier litera­
ture either to support or contradict the proposition that the Undercurrent develops 
earlier in the west. However, the nature of discrimination in the observations of the 
succeeding years may possibly be related to the inconsistency of the winds and con­
sequently the surface currents particularly in the Eastern Indian Ocean during the 
transition periods: November and May (Verploegh, 1960, Charts 11, 12, 18 & 19). 

The contraction of thermocline at the Equator and the vertical divergence of 
the isolines of oxygen content on either side of the Equator with the associated feature 
of low-salinity water at the Equator separating the tongues of high-salinity water in 
the months of June and July (Figs. 6 & 7) are the consequences of sinking at the 
Equator and upwelling on either side. The formation of the Undercurrent seems to 
be associated with the initiation of upwelling along the Equator in November and 
its break coincides with the beginning of sinking. 

The commencement of the Undercurrent in the month of November and its dis­
appearance in late May are in concurrence with the transition periods of mass redis­
tribution as shown in the distributions of the thermal field and salinity (Figs. 4, 5, 
10 & 11). Thus, the reversal of the slope of the sea surface does not proceed with 
the transition phase of the monsoons which occur, generally, in the months of April 
and October. Therefore, it seems appropriate to correlate the Undercurrent with 
the mass distribution rather than with the monsoons. Hence, the hypothesis that 
the easterly winds are responsible for the formation of the Undercurrent does not 
hold good at least for the Indian Ocean (Yoshida, 1959 ; Knauss, 1960). In April 
and May, though the easterly winds are absent, the Undercurrent persists probably 
because of the shear developed in the existing current systems during that period 
along the Equator viz., the Equatorial Coimtercurrent and South-west Monsoon 
Current (Varadachari and Sharma, 1967, Figs. 4 & 5). 
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An examination of the location of the core of the Undercurrent as depicted by 
the oceanographic features, disclose that it is not confined to the Equator in the 
Indian Ocean, but, fluctuates about the Equator (Figs. 11 & 12 & 1 to 4). This is 
in accordance with Swallow's current measurements (1964, Fig. 3; in the Indian 
Ocean in the transequatorial section along 58°E where the core of the current was 
between TS and 2°S. Such assymmetry and fluctuatioris may be attributed to the 
oscillatory nature of the strength of the monsoon winds. 

COMPARISON OF THE EQUATORIAL UNDERCURRENT IN THE INDIAN OCEAN 
WITH THAT OF THE PACIFIC AND ATLANTIC 

In the Indian Ocean the Equatorial Undercurrent makes a seasonal appearance 
while in the other oceans it occurs throughout the year except on its termination 
very near the Islands (Knauss, 1966, p. 206, Rinkel et ah, 1966, p. 3898). 

The high-salinity core within the thermocline is not as prominent as it is in the 
Atlantic (Metcalf et al, 1962, Fig. 9 ; Reid, 1964, Fig. 3 ; Neumann and Williams, 
1965, Figs, 4 & 6). As a matter of fact, even in the Pacific also it is not much pro­
nounced (Knauss, 1960, Fig. 8c; 1966, Figs. 9-11 ; Cromwell, 1954, Figs. 8, 24 & 
30; Austin, 1954a, Fig. 8 ; 1954b, Figs. 12-15; Montgoinery and Stroup, 1962, 
Fig. 4). As proposed by Knauss (1963) the variation may be the consequence of the 
difference in the salinity structure of the oceans. 

The Undercurrent in the Indian Oceati shows assymmetry about the Equator 
and also fluctuations, whereas in the other two oceans it is strikingly symmetrical 
about the Equator (Knauss, 1960 & 1966, Metcalf ef al, 1962). 

The author could come across the final report on the Equatorial Under­
current of the Indian Ocean as observed by the Lusiad Expedition (Taft, B. A. 
and Knauss, J. A., 1967, Bull. Scripps Instn. Oceanogr., 9 : 163 pp.) and also 
another preliminary report on the subject (Taft, B. A., 1967, Proc. Intl. Confr. 
Tropical Oceanogr., Univ. Miami, 1965: 3-14) only after the paper was communi­
cated for publication. In both these reports the Equatorial Undercurrent in the 
Indian Ocean is found to be present during late North-east Monsoon and it was 
inferred that probably the Undercurrent was not present earlier in January and 
February 1963. But, the present paper reveals that the Undercurrent exists from 
the end of November, particularly, in the western region. However, in general, 
the findings from these reports are in close agreement with those of the author. 

SUMMARY AND CONCLUSIONS 

1. Twelve sets of transequatorial sections in the Indian Ocean showing the 
distribution of temperature, salinity and dissolved oxygen content of the waters from 
5°S to 5°N between 53°E and 94°E are presented for different months of the year 
and their features discussed. 

2. November and the end of May are the transition periods for the mass re­
distribution in the Equatorial Indian Ocean. 

3. The sections show clear evidences for the existence x)f the well known 
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Equatorial Undercurrent in the Indian Ocean from November to the end of May but, 
they do not support the thesis that the Undercurrent is confined to the Equator. 

4. The development of the Underciirrent takes place earlier in the west and 
gradually extends to the east by November. Similarly, the break up or termination 
of the current extends from west to east by the end of May or the beginning of June. 

5. The Mgh-salinity core within the thermocline during the period of the 
appearance of the Undercurrent is not much pronounced as it is in the Atlantic. 

6. The equation of Thermal Wind explains the features of the Equatorial 
Undercurrent. 
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