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Formation and seasonal spreading of water masses
in the Arabian Sea based on data analysis and modeling
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The formation and seasonal spreading of two water masses, namely the Arabian Sea
High-Salinity Water (ASHSW) and Persian Gulf Water (PGW), in the Arabian Sea is
studied based on models and comprehensive set of observations.

Using a level 2 one-dimensional (vertical) turbulent closure model, the evolution
of the ASHSW has been investigated. In summer, the wind-driven turbulent vertical
mixing accounts for deep mixed layer depth (MLD) and cool sea surface temperature
(SST). Instead, during winter, negative buoyancy flux due to the net heat loss from the
ocean (-40 W m2) caused by the elevated evaporative cooling plays a major role in
the formation of ASHSW and deep MLD, while kinetic-energy-driven vertical mixing
is relatively weaker than summer monsoon. The atmospheric forcing that leads to the
net-heat loss during winter is identified in a sensitivity test keeping the humidity high.
The net-heat flux is of different sign in winter in the high-humidity run and there is
no indication of ASHSW formation.

Using a level 2 three-dimensional (both horizontal and vertical) turbulent closure
model, the seasonal variability in the spreading of ASHSW and processes affecting the
upper-ocean salt balance in the Arabian Sea have been examined. There is seasonal
variability in the distribution of ASHSW associated with monsoon circulation, concur
with the observations. Estimation of the upper-ocean salt budget in the Arabian Sea
shows a clear balance between the horizontal advection and evaporative freshwater

loss in an annual mean. The horizontal advection dominates the seasonal variability

in salt. The seasonal balance is clear, when the terms of the salt budget are averaged
between 10°N and 2°N, and east of 62°E. Along these regions, the two major episodes of

horizontal advection, during winter and summer, are both associated with the seasonal
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reversal of the Arabian Sea circulation: southward spreading of ASHSW in summer
and westward advection of fresher Bay of Bengal water in winter. North of 10°N and
west of 62°E, evaporation dominates the seasonal variability in salinity and horizontal
advection is found to be important for maintaining the annual mean salinity.

The characteristics of the subsurface salinity maximum associated with the PGW

are used to quantify the spreading and mixing of PGW in the thermocline of the
Arabian Sea based on a bimonthly climatology of temperature and salinity. Maps are
presented of the distributions of depth, salinity, and geostrophic flow on oy = 26.5,
which nearly coincides with the core of the PGW. After intense mixing in the Strait
of Hormuz, the property fields suggest that warm (>17°C) and high-salinity (>36.2
psu) PGW enters the Arabian Sea to form a subsurface salinity extremum between 200
and 300 m. We have found variability in the distribution of PGW in the Arabian Sea
associated with monsoonal changes in the Arabian Sea circulation. During the winter
monsoon, there is southward spreading of PGW along the western boundary. Lateral
mixing with low-salinity water from the Bay of Bengal in the region south of 10°N and
along the west coast of India during winter accounts for changes in the characteristics of
PGW along these paths. Associated with the Findlater Jet during summer, the entire
thermohaline structure is vertically displaced upward along the coasts of Somalia and
Arabia. Ekman convergence in the central Arabian Sea accounts for deepening of the
PGW. Either lateral or vertical mixing would cause changes in PGW properties in
these regions. During this time, PGW spreads predominantly southward along the

central Arabian Sea, as indicated by a tongue of high salinity.
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Formation and seasonal spreading of water masses
in the Arabian Sea based on data analysis and modeling
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