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A portion of the Somali Current flows northward through the Soco-
tra Passage before turning sharply southeastward near the mouth of 
the Gulf of Aden. Analysis of 1997-2001 SeaWiFS ocean color im-
agery and TOPEX/ERS altimetry indicates the occasional separation 
of westward-translating anticyclonic rings from this retroflecting cur-
rent. Surface chlorophyll gradients generated by wind-forced coastal 
upwelling delineate the circumference of the rings and enables visual-
ization of their geometry and translation. Length scales inferred from 
ocean color measurements correspond well to radii of maximum ve-
locity determined from satellite sea surface height measurements. 
The rings exhibit azimuthal geostrophic velocities exceeding 50 cm/s, 
are comparable in overall diameter to the width of the Gulf of Aden 
(250 km), and move westward into the Gulf at 5-8 cm/s. One ring 
was tracked continuously over a period exceeding 5 months. Cyclonic 
eddies of similar scale were also observed in the Gulf of Aden and 
along the coast of Oman. In at least two cases a cyclonic eddy spun 
up adjacent to and east of a newly-formed anticyclonic ring and the 
pair moved westwards together. The resulting chain of counter-rotat-
ing vortices is consistent with recent in-situ hydrographic and direct-
velocity observations. Based on our preliminary analysis and histori-
cal moored current meter records, we hypothesize that ring forma-
tion is related to extremes in northward transport through the Soco-
tra Passage. These surges could result from seasonal, wind-induced 
changes in the configuration of the Socotra Gyre, a relatively station-
ary recirculation of the Somali Current. 

SummarySummary

Coastal upwelling forced by the monsoon winds results in wedges of cool, nutrient-rich water which are 
advected along- and offshore by the Somali Current and its recirculations (e.g. Evans and Brown, 1981; 
Schott, 1983). The contrast between the biologically productive upwelled water and the generally lifeless 
water of the interior Indian Ocean allows visualization of surface circulation features with SeaWiFS.
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We obtained daily global fields of SeaWiFS Level-3 SMI chlorophyll-a data from the God-
dard Distributed Active Archive Center at the NASA Goddard Space Flight Center for the 
period September 1997-November 2001. The Level-3 data product consists of calibrated, 
atmospherically-corrected data with approximately 9 km spatial resolution. To minimize 
the impact of frequent cloudiness on our ability to discern large-scale spatial structures we 
generated a sequence of approximately 1500 overlapping 9-day composite images. Treat-
ment of the data was similar to that used by Fratantoni and Glickson (2002). A comple-
mentary dataset of gridded TOPEX/Poseidon and ERS-2 satellite sea surface height fields 
was obtained from Bob Leben (CCAR; see Leben et al., 2002). This product is a blend of 
TOPEX and ERS satellite altimetry which has been temporally and spatially interpolated to 
three-day, 0.25-degree grids. 

These data were used to identify a total of seven anticyclonic rings during a four year peri-
od. We constructed a detailed time series describing the generation and translation of two 
rings formed during the October monsoon transition. Five additional rings were identified 
and inferred to form during the height of the southwest monsoon. These rings were not 
tracked in detail due to extensive June-August cloud cover. A window of possible formation 
dates for these rings was determined based on observed westward translation speeds.

Cartoons based on SeaWiFS frontal tracings illustrate ring translation. The retroflect-
ing northward flow through the Socotra Passage collapses, pinching off an anticyclonic 
ring. The rings subsequently translate to the west at 5-8 cm/s. The ring formed in Oc-
tober 1998 was identifiable for more than 5 months. Sequences correspond to images 
at far left and far right.

An expanded view illustrating the general agreement between ocean color-derived 
frontal structures and regions of sea surface height gradient. Black vectors indicate
geostrophic velocities greater than 50cm/s. Note in particular the anticyclonic ring 
and associated positive SSH anomaly. To the east of this feature is a cyclonic recircula-
tion eddy with a negative (dashed) SSH anomaly.

Far right & left panels: Time series of 
9-day composite SeaWiFS surface 
chlorophyll images depicting the gener-
ation and translation of Somali Cur-
rent rings in the western Gulf of Aden. 
The cores of the anticyclonic rings are 
composed of relatively lifeless Somali 
Current water while the surrounding 
Gulf of Aden is relatively productive.

Bottom Panel: A well-delineated anticyclone was visible in mid-Gulf 
during September each year. Due to extensive cloud cover is was not 
possible to discern the precise formation time of these features. Extrap-
olation based on observed westward translation speeds suggest a late 
summer (June-July) formation period. Geostrophic velocity vectors are 
based on satellite altimetry. Black vectors are greater than 50 cm/s.

Timeline summarizing the anticyclonic rings identified in this study. Circles correspond to the September images 
presented along the bottom edge of this poster. The dashed lines indicate an approximate window of ring 
formation based on observed ring translation speeds. The monsoon transition periods are shaded.

The existence of two large, semi-permanent eddies in the 
western tropical Indian Ocean has been demonstrated by a 
number of regional field expeditions (e.g. Swallow and Bruce, 
1966; Fischer et al., 1996; Schott and Fischer, 2000). The 
Great Whirl and the Socotra Gyre, located to the south and 
southeast of Socotra, respectively, have recirculating 
transports of order 50 Sv (Fischer et al., 1996). Both in-situ 
and remote observations indicate that these eddy features 
evolve in time (e.g. Bruce and Beatty, 1985) but are, in 
general, geographically fixed. In contrast, the rings described 
here are transient features with an identifiable formation 
event, a measurable westward translation speed, and an 
(assumed) decay mechanism. 

In the western tropical Atlantic, a similar physical 
mechanism results in the formation of anticyclonic rings from 
the retroflecting North Brazil Current (NBC; e.g. Fratantoni 
and Glickson, 2002). Unlike NBC rings which are thought to 
play a significant role in the intergyre transport of mass and 
tracers, the Somali Current rings are effectively trapped in the 

Gulf of Aden. However, the Somali Current rings may provide 
a considerable amount of regional stirring. Recent 
observations in the Gulf of Aden during the Red Sea Outflow 
Experiment (REDSOX) suggest that these vortices (both 
anticyclonic and cyclonic) are deep-reaching and may 
materially influence the saline Red Sea outflow plume (e.g. 
Bower et al., 2002).

We hypothesize that ring formation is related to extreme 
values of northward transport through the Socotra Passage. 
Current meter records suggest that such extremes may occur 
during the height of the southwest monsoon and during the 
October monsoon transition period. Moored velocity 
measurements in the Socotra Passage indicate northward 
flows as great as 13 Sv during the southwest monsoon with 
near-surface velocities exceeding 200 cm/s during August-
September (Fischer et al., 1996; Schott et al., 1997; Schott 
and Fischer, 2000). Unfortunately, there were no moored 
measurements available in this region during the period in 
which SeaWiFS has been operational. For comparison, we 

attempted to compute a time series of altimeter-based 
geostrophic transport through the Socotra Passage (not 
shown). While of the same general character as the moored 
records, ageostrophic effects critically important to the 
details of flow through the narrow passage are not captured 
in the purely-geostrophic altimeter-derived transport series.

In this study we have concentrated on the anticyclonic rings 
primarily because they are more easily identifiable in the 
SeaWiFS imagery. We noted at least two cases in which a 
cyclonic eddy formed adjacent to and east of the retroflecting 
current. By convention, we make a distinction between the 
anticyclonic rings generated directly by the boundary current, 
and cyclonic recirculation eddies. The anticyclone-cyclone 
vortex pairs appear to translate westward at comparable 
speed after formation. We observed several instances in 
which adjacent, counter-rotating vortices interacted with 
each other. Such interactions occasionally resulted in a 
reversal in translation direction with the anticyclonic ring 
moving eastward toward the mouth of the Gulf of Aden.

1. During the southwest monsoon and the October monsoon transition 
period translating anticyclonic rings are generated by a portion of the 
Somali Current which accelerates northward through the Socotra 
Passage and retroflects near the mouth of the Gulf of Aden. Cyclonic 
recirculation eddies appear to form shortly thereafter on the eastern 
flank of the anticyclones.

2. The anticyclonic rings are approximately 250 km in overall diameter 
with a radius of maximum (geostrophic) velocity near 90 km. 
Maximum altimeter-derived azimuthal velocities exceed 50 cm/s. The 
westward translation speed of rings and cyclonic eddies is 
approximately 5-8 cm/s.

3. We hypothesize that ring formation is related to extreme values of 
northward transport through the Socotra Passage. Historical moored 
current meter records suggest that such extremes may occur during the 
height of the southwest monsoon and during the October monsoon 
transition period.

Northward transport through the Socotra Passage as measured by long-term current meter moorings (adapted from Schott 
et al., 1997). Note particularly the intense and variable flow during October 1995 at the end of the southwest monsoon.

Anticyclonic rings are wrapped-up pieces of Somali Current which pinch off 
from the retroflection near the mouth of the Gulf of Aden. Cyclonic 
recirculation eddies appear to spin up within a cyclonic current meander to the 
east of the retroflection and are not completely encapsulated by Somali 
Current water.
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