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ABSTRACT 

The circulation patterns in the Maldive region between the 71° and 80°E 
meridians within the equator and 8°N are discussed. It is observed that a large 
cyclonic gyre exists in the northern regions and an anticyclonic one in the southern 
region, mainly in the subsurface layers. These are supposed to be associated with 
divergence and convergence phenomena occurring in the area. The influence 
of the Maldive islands and the associated bottom topography in the formation of 
these circulation patterns is indicated. 

INTRODUCTION 

Studies of the circulation patterns in an area form an important branch 
in Physical Oceanography since such studies facilitate the determination of the 
areas of convergence and divergence in the ocean, which are of important con
sequence to the fertility and thus to the fisheries of the region, (Hela and 
Laevastu 1961). In the present account, the circulation patterns in the area 
between the equator and 8°N latitude, within the meridians of 71° and 80°E 
in the region east of the Maldive islands are considered. The vertical distribution 
of hydrographic properties in the area has already been published, (Ramamirtham 
1968), but the circulation patterns were not discussed in detail. The data per
taining to this were collected by the Central Marine Fisheries Research Insti
tute during the cruises of R. V. Varuna from 15 September-16 Octoberl962 as 
part of the IIOE Programme. Deep-sea observations were available which per
mitted the application of the geostrophic method to the study of the circulation 
patterns. A comparison between the geostrophic circulation patterns and those 
observed from distribution of hydrographic properties is also made. Isentropic 
studies, rather, the studies of the topography of the articular Sigma-T surfaces 
(Montgomery 1937), were also made to confirm the circulation patterns. 

METHODS 

The specific volume anomalies at 40 stations were calculated using an 
Oceanographic Slide Rule, and the dynamic height anomalies were calculated 
there from. The 1000 db. surface was chosen as the level of zero horizontal 
motion. 
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In the present analysis a difficulty arises as to whether or not the geo-
strophic method would be valid in the equatorial region, since the Coriolis force 
vanishes there. But Ramanov (1961) gives some general considerations of the 
current computations in the equatorial part of the Indian Ocean and states that 
rather good comparison of results is noticed between observed current velocities 
(at dam-buoy stations) and the computed current velocities in the equatorial 
regions for horizontal 200, 300, 800, and 900 m. At deeper depths, sharp 
differences were noticed. The present investigations pertain to depths less than 
1000 m only and to north of TN and. thus the dynamical studies have been made 
in conjunction with other methods. The vertical distribution patterns of dynamic 
depth anomaly have also been made although the distribution charts have not 
been presented. 

OBSERVATIONS 

Considering first the temperature distribution in horizontal, it can be 
noticed that more or less uniform distribution prevailed at the surface, (Fig. 
1-A), except for a weakly developed low temperature cell near the Wadgebank 
area. Similar more or less isothermal patterns existed at 20 and 30 m depths. 
But unlike the surface amd subsurface temperature patterns, an anticyclonic 
gyre around 2°N and a cyclonic one north of it could be inferred from the dy
namic topography chart, (Fig. 2-A). The dynamic topography at 50 m depth 
(Fig. 2-B) was similar to that at surface as can be seen from the figure. At 
50 m depth, the temperature distribution also gives an additional clue as to the 
formation of the cyclonic gyre (Fig. 1-B), although the anti-cyclonic one was 
not evident as in the topography chart. 

At the 75 m isobaric level the cyclonic gyre has well developed with 
increased intensity and has occupied a large area as can be seen from the figure 
(fig. 1-C). The temperature gradients are also quite strong, Thus the gyre 
spreads between the area from 74° to 80°E, between the latitudes of 3° and 
8°N. But unlike the 50 m level, the formation of an anticyclonic movement can 
be observed at 75 m, in the temperature distribtuion between 2° and 2° 30' N, 
to the east of the 76°E meridian. Both the circulation patterns are mostiy con
fined to the east of the Maldives Archipelago. A reference to the geopotential 
topography (Fig. 2-C) gives more evidence as to the formation of this anti
cyclonic gyre with more intensity. A closed pattern is observed, and due south
west of Ceylon the continuation of this as merging with the cyclonic gyre can 
be observed. 

With the existence of these circulatory movements, another anticyclonic 
eddy is observed due west of the island chain, (Fig. 1-D). An additional cyclonic 
movement could be observed at 75 and 100 m depths in the region just north 
of the equator between 76° and 78°E. This is more clearly perceptible at 100 m 
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FIG. 1. Distribution of temperature at different isobaric levels in the Maldive region. 

depth than at 75 m. The topographic chart (Fig. 2-C and Fig. 2-D), offers 
additional clue for die patterns observed from temperature distribution, the dy
namic heights decreasing towards the equator. The continuation of the anti-
cylonic gyre as merging with the cyclonic one due southwest of Ceylon is 
observed at 100 m depth as well. 

As an additional confirmation the topography of the Sigma-T surface 
(nearly isentropic surfaces) for the Sigma-f values of 23.5, 24.0, 24.5, and 25.0 
were charted out. These are presented in figure 3. The cyclonic gyre is clearly 
evident from fee figures and the eastward drift along 3°N branching towards 
north and south around the 79°E meridian helping the formation of the circu
latory movements is observed. It is again noticeable that the spatial extent of 
the cyclonic gyre is much more than that of the anti-cyclonic one. 
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DISCUSSION 

From the foregoing observations it can be inferred that during the post-
monsoon period there exist two large gyres in the region between the Maldives 
Archipelago and the 80°E meridian within equator and 8°N. A general insight 
into the bottom topography of the oceanic region around the Maldives reveals 
the presence of a meridional ridge running from equator roughjy up to 7°N, 
except for very deep portions near 2°N and 5° 13'N latitudes, (John Murray 
expedition Reports, 1933-34). The 300 fathom line around the Archipelago 
encircles a long bank from 2° to 6°N whose width is on an average 40-50 
nautical miles, within which the main group of islands is located. Thus the 
influence of the islands and the associated bottom topography around them 
cannot be ignored when a study of the circulation patterns in this region is con
templated. Investigating on these lines, it is possible that the large cyclonic 

FIG. 2. Geopotential topography of different isobaric levels in the Maidive region. (Contour 
intervel 0.05 dym. meter) 
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eddy in the northern region and the anticyclonic one south of it, may be the 
results of deflection of linear currents by the island chain, and the influence of 
the associated bottom topography. 

Another peculiarity of these systems is that they are clearly perceptible 
from 50 to 100 m only, i.e., they extend from the top of the thermocline to 
about bottom of the same, as far as the temperature distribution is concerned. 
It is thus possible that these refer to divergence and convergence zones, better 
developed in the subsurface layers, during the postmonsoon season. In earlier 
works, (Raroasastry and Myrland 1960, Ramamirtham and Rao 1973) it has 
been observed that a southward drift along the west coast of India exists during 
the peak monsoon and postmonsoon seasons. This forms part of the large anti-
cyclonic system developed in the Arabian Sea consisting of the currents along 
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FIG. 3. Topography of selected isentropic (o--r) surf ace in the Maldive region, in meters. 
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Somali Coast. It is possible that part of this major circulation may be hitting the 
Maldives Archipelago wihile running due southwest of India, and forming the 
divergence zone. When the coastal current turns west around the Wadgebank 
area (off Cape Comorin) a sort of divergence may be produced there and this 
also can help the formation of the large divergence zone observed. Jayaraman 
et al (1960) while discussing the hydrography of the Laccadive offshore waters 
during summer, have stated that the main type of motion detectable is the cir
culatory motion and it is seen to be present around each of the islands, and this 
type of motion is seen to be present from surface downwards to the discontinuity 
layer. 

The Hugh M. Smith cruises in the Hawaiian offshore waters have also 
revealed the presence of similar corculatory movements round the islands 
(McGary 1955, Cockel 1955). Thus the influence of an island cham in modi
fying the circulation patterns in its viscinity is clearly elucidated and thus in the 
present context also ^ e influence of the Maldives cannot be overlooked. Bruce 
(1968) has stated that the summer geopotential topography off the Somali and 
Arabian coasts in the western Indian Ocean, indicates ^a t relatively small but 
intense anticyclonic gyres were formed during this period, and the major circu
lation pattern and their variations were considerably greater in the upper 220 m 
column. In the present case also the major circulation patterns could be observ
ed only in the upper 150 m and the waters were mostly static below this level. 

It has been observed earlier that the dynamic topographies, topography 
of the isentropic surfaces, and the thermal fields present comparable type of 
circulation only below a depth of 75 m and the discripancy in the upper layers 
(0-50 m) is inferred as due to the effect of salinity as observed earlier (Rama-
mirtham 1966). In the present case also, similar type of circulation exists from 
50 m downwards only when the thermal and topographic charts are compared 
and thus the effect of salinity in the upper layers can be inferred. Hikosaka and 
Watenabe (1955) whil? discussing the divergence and convergence phenomena 
in the north-western Pacific Ocean, mention that the areas of convergence are 
extensively located in the regions between the equatorial divergence area and 
elongated divergence areas. In the Maldive region, if a reference is made to the 
dynamic topography charts in general, and to the temperature distribution at 
75 and 100 m in particular, it can be observed that the convergence zone along 
2°N is invariably juxtaposed between the large divergence zone due north of 
it and a less intense one observed at about 0°30'N, due south of it. The topo
graphy of the isentropic surface also offer more evidence as to the formation of 
these vergence zones. Reference may be made to the work conducted by K. V. 
Sundararamam and K. V. Sreeramamurthi (1967) in the Eastern Indian Ocean, 
These authors, while discussing the dynamic topography of the isobaric levels 
in the Eastern Indian Ocean near about the Maldive region observed an east
ward flow around 7°N and a westward one around 1-2°N during the My-
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August period (viz., the peak monsoon period). Their observations were ex
tended up to 78° East and in the present case the observation has been extended 
up to 80°E by which the influence of the West Coast of Ceylon can also be 
observed. Moreover, the present observations being in September-October period 
there is all probab^ity of the above mentioned flow patterns transformed into 
large gyres, by progress of season. Again these authors have stated that the 
monsoon current and equatorial counter-currents join and attain high speed south 
of Indian peninsula and that the reflection of equatorial counter-currents in the 
Maldive region is due to the bottom configuration in this area. Thus the large 
cyclonic and anticyclonic gyres observed in the present case can in all proba
bilities be the extended patterns of the monsoon currents in this area. 
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