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Mesoscale variability along the east coast of
India revealed in satellite data and OGCM

(BET— 7 LBFERBRETNVICL B4 ¥V FEREICHD
HIE AR B) D % 1)

R LNBEDEE

Since mesoscale features like meanders have great importance in nourishing
the coastal fisheries, satellite data analyses and numerical modeling study were carried
out for the east coast of India. This region is well known for seasonal winds, summer
monsoon and winter monsoon. During winter monsoon (December-February), the
winds blow along the coast from the northeastern direction. Winds from the
southwestern direction dominate the east coast during summer (June-September). As for
the inter-monsoon periods, the East India Coastal Current (EICC) flows northeastward
in spring (March-May) caused by anticyclonic wind-stress curl over the Bay of Bengal,
when mesoscale activity and biological productivity are high. The EICC turns
southwestward due to cyclonic wind-stress curl in fall (October-November). Hence, the
present study mainly focused on the intem-monsoon periods and tried to explain the
possible mesoscale variability mechanisms in the inter-monsoon EICC.

A relatively clear sky in the inter-monsoons permits satellite remote sensing of
sea surface temperature (SST) and Chlorophyll-a (Chl-a), whose patterns were verified
against geostrophic velocity and hence Sea Surface Height Anomaly (SSHA) in
altimeter data: i.e., phytoplankton grows in colder and nutrient richer water bounded by
the seaward meanders in the geostrophic velocity patterns. During the spring
inter-monsoon period, productive locations are identified as low in SSHA. Progression
of meanders in the coastal current was revealed and compared with an eddy-resolving
Ocean General Circulation Model (OGCM), ACOM2.0 (Australian Community Ocean
Model 2.0), which is capable of modeling wind-driven general circulation and each
stage of the meander growth. The numerical solutions spun-up with the climatology
forcing data provided insight for baroclinic instability in the EICC as the key
mechanism for the observed meander growth, while meanders are initiated by isolated
mesoscale rotations propagating westward. The OGCM results were analyzed for
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potential vorticity and energy transfer between the mean and eddy fields to prove the
baroclinic instability.

The characteristics of instability were further analyzed with the aid of two and
half layer models, by following linear stability theory and a nonlinear quasi-geostrophic
local model for the coastal region. This analysis again confirmed that baroclinic
instability plays a key role for the meander growth and eddy generation. The
baroclinically unstable meanders have a wavelength of 500~700 km, grow in one month
and propagate downstream of the coastal current at several kilometers per day. The
instability in this temporary western boundary current is not strong enough for the
meanders to detach an eddy.

The upwelling favorable southwest monsoon wind supports the summer period
to be the most nourished season for the east coast of India. From fall to early winter
(October-December), a cyclonic wind stress curl together with downwelling-favorable
hortheasterly monsoon winds provides a southwestward EICC. No persistent meander
was observed in either of the altimeter data or OGCM. It is noted, however, that the
Chl-a maps showed strips of high productive regiohs along the coastal belt with high in
SSHA. Both hydrographic data and OGCM proved that the coastal current has a narrow
(~100 km) core in the upper 100-m layer and does not support baroclinic instability, as
also proven by the quasi-geostrophic local model. Increased stratification in the Bay of
Bengal caused by high precipitation and river discharge might be the reason for the
narrow coastal current. The local model suggested a chance for barotropic instability in

the coastal current.
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