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Abstract

The purpose of this experiment is to find out the impact of Red Sea on the temperature and salinity profile of Arabian Sea. To investigate
this phenomenon, Regional Ocean Modeling Software (ROMS) is used as a numerical ocean model whose resolution is taken to be quarter
degree. In order to compute the effect of Red Sea Water (RSW) on Arabian sea the initial condition of the model is prepared on such a grid where
deliberately land mask is imposed such that the whole red sea is covered up to the ‘Bab el Mandeb'’. After that the model is allowed to run for three
years. A model with same configuration and parameters is also allowed to run for the three years, same as that of the previous case with another
grid where there is no land mask imposed on Red Sea.

After successful completion of run, a difference is taken between the above two cases for vertical temperature and salinity profiles for an
entire year by averaging out the three year monthly data and by selecting a squared region over Western Arabian Sea where a spatial average is
taken. From the result it is observed that the difference in salinity between the two cases attains maximum value near the subsurface layer where
usually the salinity is seen to be higher in western Arabian Sea during the presence of northeasterly monsoon wind. From the vertical profile of
temperature difference between the two cases it is clear that the difference is also appeared to attain a maximum value (about 1 deg C) near the
150m depth which is possibly because of the lowering of thermo cline due to the restriction imposed on RSW. It should also be mentioned that

both salinity and temperature shows a clear seasonal variation.
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Introduction

The purpose of this investigation is to study the impacts
of high saline Red sea water on Arabian Sea. Section 2 gives
some of the salient features climate and structure of the Red
Sea. Section 3 deals with the experimental setup and informs
about the data and boundary conditions that is used to run
the model. It also informs about the two experiments that are
performed using the numerical ocean model namely, Regional
Ocean Modeling Software (ROMS) in Indian Ocean domain. In
the first experiment a grid file and a climatologically forcing
are prepared where land mask has been imposed on the Red
Sea up to Bab el Mandeb. On the other hand another grid file
and climatologically forcing are created without the land mask.
With these two initial conditions two models is allowed to
run for three years keeping all other parameters and schemes
same for both of the cases. The resolution of the model is taken
to be 1/4th degree. Section 4 provides the details of the result
from these two experiments by plotting the seasonal variation

of differences between temperature and salinity with depth in
western Arabian Sea with and without the existence of Red Sea.

Some Important Features of Red Sea

The Red Sea is a desert-enclosed, narrow basin of about
2000km length with an average width of about 300km. The Red
Sea basin is connected to the Indian Ocean and Gulf of Aden
through a narrow strait of Bab al Mandeb situated in the south
and A deep trench of up to 2500m depth runs along the axis of
the otherwise shallow sea (average depth about 500m). The only
connection of the basin to the open ocean is through the Strait of
Bab al Mandeb in the south that links the Red Sea with the Gulf
of Aden and thereafter Arabian Sea. [1] The surroundings of the
Red Sea are mostly mountains and desert. The climate of the Red
Seais the result of two distinct monsoon seasons a north easterly
monsoon and a southwesterly monsoon. Monsoon winds occur
because of the differential heating between the land surface
and sea. Due to very high surface temperatures coupled with
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high salinities makes it one of the hottest and saltiest bodies of
seawater in the world. The average surface water temperature
of the Red Sea during the summer is about 26 °C in the north
and 30 °C in the south, with only about 2 °C variation during the
winter months.

The overall average water temperature is 22 °C. The rainfall
over the Red Sea and its coasts is extremely low, averaging
0.06m (2.36 in) per year the rain is mostly in the form of
showers of short spells often associated with thunderstorms and
occasionally with dust storms. Due the scarcity of the rainfall
and lack of fresh water intake the Red Sea result in the excess
evaporation as high as 205cm (81 in) per year and high salinity
with minimal seasonal variation. The air temperature of red sea
is relatively low in the northern part and increases in southern
part. Between 20degN and 16degN there exists the warmest
region [2].

Experimental Setup and Methodology

The experiment has been performed using Regional Ocean
Modeling Software (ROMS) model. The domain of interest that
is chosen is entire Indian Ocean Region. It spans from 30E to
120E across longitude and 30S to 30N across latitude. This
is why there are two open boundaries namely, the southern
boundary and the eastern boundary. And there exists two
closed boundaries as well i.e., the northern boundary and the
western boundary. In the model ‘Flathered’ Lateral Boundary
Condition (LBC) is applied in southern and eastern boundary for
free surface. ‘Chapman’ LBC is applied in southern and eastern
boundary for 2DU-momentum, 2DV momentum. ‘Clamped’ LBC
is applied in southern boundary and eastern boundary for 3DU
Momentum, 3DV Momentum and for the tracer components i.e.,
Temperature and Salinity. The resolution of the model is taken to
be 1/4" degree for the entire experiment. The Salinity is relaxed
to a climatologically data and due to that the river discharge is
turned off while running the model. The mean of an ensemble
of forcing and an ensemble of initial condition has been chosen
to drive the model for both the cases. The initial condition that
was used to drive the model is starting from 4* January 2003.
Boundary condition that was used in the model is taken from
Simple Ocean Data Assimilation (SODA). To analyse the impact
of high saline red sea water on Arabian Sea two initial conditions
were developed. First a land mask had been so imposed such
that it would mask the entire red sea up to the Bab el Mandeb.
With this resulting grid an initial condition and a climatologically
forcing is developed for the model.

On the other hand another initial condition was developed
where there is no land masking on the Red Sea. Here it has to
mention that for both cases while creating initial condition for
the model the gulf of Thailand, South China Sea, Celebes Sea and
the java sea land mask had been imposed as that is not accounted
for the domain of interest. The model was then allowed to run
for three years i.e., from the 4" of January 2003 to 31 December
2005. After successful completion of the run a monthly average
had been created for the three years.
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Results and Discussion

First a spatial average has been done by selecting a squared
area as shown in Figure 1 & 2 shows the time-depth series of the
absolute difference of salinity between two cases where land-
mask is imposed on Red Sea and when it is not. It has been done
by spatially averaging the data from the region marked by box
in (Figure 1). In this plot it is quite clear that the salinity differs
at maximum 0.13PSU across the subsurface layers of the ocean
i.e., up to the depth of 150m. The southeastern part of the sea is
in contact with the Bay of Bengal and eastern equatorial Indian
ocean where precipitation is about 2m per year. Average annual
evaporation on Arabian sea is about 1.5m.
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Figure 1: SST data of our domain of interest which is achieved
by producing monthly average from three year ROMS output
while the Red Sea is completely masked by land.
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Figure 2: Time depth series of the absolute difference of salinity
and temperature respectively between two cases where two
cases where land mask is imposed on red sea and when it is
not, it has been done by spatially averaging the data from the

region marked by box in figure 1.
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Due to this Arabian sea loses water to the atmosphere as a
whole which is due to the high gradient of precipitation minus
evaporation. This gradient makes the surface salinity increases
with higher salinity in the north. This high saline water in the
northern Arabian Sea is often known as ASHSW. In the Red Sea
evaporation also exceeds precipitation by over 2m per year. As
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a result the Red sea water enters into the Gulf of Aden through
the strait of Bab el Mandeb which in turn increases the salinity of
Arabian Sea [3]. Whereas to realize the impact of Red Sea Water
(RSW) on the Arabian sea the land mask has been imposed on
the whole red sea as well as on the Bab el Mandeb.

As a result it restricts the high salinity water of Red Sea
from entering into the Arabian Sea which in turn results a
slight decrement in salinity. Also due to high precipitation in
the southern and eastern part of the North Indian Ocean leads
to the formation of equatorial surface water [4] which can be
found in the subsurface layers of ocean i.e., about 50-75m depth
where salinity increases with depth. During northeast monsoon
this water moves into Arabian Sea. As a result a mixing of high
salinity water from northern region and low salinity water from
southern region occurs. Due to this the low salinity water sinks
below and it forms a sub-surface salinity maxima. But due to
the imposed restriction of RSW the mixing process got affected
somewhat and it changes the vertical salinity profile during
the month of October and November (i.e., during the northeast
monsoon) this is what is clearly visible in the (Figure 2).

The same process is repeated for the temperature and the
resulting plot regarding the time-depth series of the absolute
difference of temperature between two cases is shown in Figure
3. It is also done for same region as described previously. An
assumption can be made that the water circulation is most
affected by the winds. And with this assumption Thompson in
1939 proposed a surface inflow during the winter due to the SSE
winds [5]. In the vicinity of the sill a subsurface outflow of warm
saline water enters the Gulf of Aden and thereafter it changes the
vertical temperature profile of Arabian Sea [6]. Thus if the inflow
is restricted from the Red Sea the mixing of warm water will not
occur which in turn will cause the lowering of thermo cline level
in this region. As a result the temperature difference can easily
be expected to attain a higher values in the thermo cline region
which can be clearly visible in (Figure 3).
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Figure 3: Time depth series of the absolute difference of salinity
and temperature respectively between two cases where two
cases where land mask is imposed on red sea and when it is
not, it has been done by spatially averaging the data from the
region marked by box in Figure 1.
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Conclusion and Possible Further Studies

By performing this experiment it has been observed that the
Red Sea clearly governs the salinity and temperature profile of
Arabian Sea. If the warm and high saline water inflow from Red
Sea into Gulf of Aden is restricted the salinity in the subsurface
layers of Western Arabian Sea will decrease particularly during
October and November i.e., during northeasterly monsoon. It
is also important to note that the restriction imposed on warm
water inflow from Red Sea into Gulf of Aden indirectly lowers
the thermo cline depth in Western Arabian Sea which in turn can
affect the upwelling phenomena near the east coast of Africa. It
should also be mentioned that there are no significant change
that was found in the sea level across the Arabian sea in the
entire experiment. More variability might be seen if the model
is allowed to run for further two to three years. It can also be
anticipated that more variability can be captured by the model
if more high resolution is chosen for the entire experiment [7].
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