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1. Introduction

The Arabian Sea's surface area is about 3,862,000 km? (1,491,130 sq mi).[? The maximum width of the Sea is approximately
2,400 km (1,490 mi), and its maximum depth is 4,652 metres (15,262 ft). The biggest river flowing into the Sea is the Indus
River.The Arabian Sea has two important branches — the Gulf of Adenin the southwest, connecting with the Red
Sea through the strait of Bab-el-Mandeb; and the Gulf of Oman to the northwest, connecting with the Persian Gulf. There are
also the gulfs of Cambay and Kutch on the Indian coast.

We are going to study the wave scattering of these waves in the region mentioned this paper a few research moorings
providing intensive periods of observations are used to validate an ocean model and develop assimilation routines.

2. Detailed Outline:

A long understanding but persistent problem in the area of water wave theory is the determination of the effect of bed
topography and obstacles on a given wave field. An example of a practical problem faced by coastal engineers is to predict
the amplitude of waves in harbours, where both man-made breakwaters and the shape of the sea bed affect the wave
behavior. Such problems involve the scattering, diffraction and refraction of waves and are mathematically formidable for

linearised theory, even with relatively simple bed and for obstacle geometries.

3. Scope of the proposed study

3.1 Bed Topography:

The work presented in this thesis is solely concerned with the effect of bed topography on an incident wave train. We
do not address problems where an obstacle, such as a barrier affects an incident wave train- except for mentioning them

in this introduction and noting the solution methods used. The effect of variations in the still water depth on an
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incident wave train is examined using linearised theory. We prescribe the incident wave train and the deviation in the
still water depth and seek the additional waves, the scattered waves, caused by this deviation. A typical problem
requires the determination of a velocity potential satisfying Laplace’s equation within the fluid~ a mixed boundary
condition on the free surface~ and a given normal velocity on rigid boundaries~ If the fluid domain extends to infinity-
a radiation condition is required to ensure uniqueness. This boundary value problem is well known and is formally
presented. We shall refer to the problem of finding a solution of the boundary value problem as the full linear problem.

Analytic solutions of the full linear problem are rare for any deviation from the constant water depth case.

3.2 Body paragraphs

The dynamic coupling of oceanic and atmospheric processes is inextricably linked to the fluxes across the marine boundary
layer. Knowledge of their variability on different space-time scales is therefore crucial for understanding ocean-
atmosphere interaction. Thermodynamic interactions across the air-sea interface are complex and varied. The sea
surface receives short-wave solar radiation of which an amount is rejected while the remainder penetrates into the
oceanic surface layer. Long-wave radiation is emitted from the ocean surface into the atmosphere, as well as from the
atmosphere into the ocean surface. Alongside the radioactive transfers, are sensible and latent heat transfer. Sensible
heat raises or lowers air temperature by conduction. The larger component is the latent heat transfer due to evaporation.
Momentum transfer is also in operation generated as the winds blow across the air-sea interface.

Calibration based on radiometric measurements can improve the accuracy of the formula for particular regions. For
example this was done by Schiano [120] over the Mediterranean Sea where the transmission coefficient, was reduced
from 0.7 to 0.66 due to a regional misevaluation of aerosols and water vapour attenuation. Schiano also showed how the
coefficient Aa could vary according to measured water vapour density. This was only done in the clear sky case
indicating an error not in the cloud correction of Reed, but the transmission coefficient originally chosen by Seckel and
Beaudry [122]. A correction using an inverse method and direct ocean transport estimates by Isemer et al [55] over the
North Atlantic Ocean also slightly reduced the transmission coefficient from 0.7 to 0.69 but also increased the cloud
cover coefficient, Cn, from 062 to 0636. However an empirical formula such as this cannot be universally calibrated
and its accuracy will always be restricted because the surface insolation is determined by not only the portion of cloud
cover, but also the optical thickness of the cloud, which varies widely under the same cloud amount.

The major difference between the traditional method and method of assimilation which is hypothesised is that it is more accurate and advanced
and can help in the mathematical model formation in dealing with the assimilation.

3.3 Research Gaps identified:

In the Indian context, the recent finding, that amongst the oceans, the warming of the Indian Ocean is second highest, is a
cause of worry and calls for immediate attention. Even though climatological studies have been done in the past in the
Indian Ocean encompassing the Arabian Sea and the Bay of Bengal, a comparative analysis of the changing Sea Surface
Temperature (SST) pattern the gulfs of Arabian Sea (Persian Gulf, Gulf of Oman, Gulf of Aden, Gulf of Kutch, and Gulf of
Khambhat) and the Red sea has not been done. The gulfs of the Arabian Sea are not just strategically important with rich
sources of oil and natural gas but are also the hot spots of the marine biodiversity. However, in the recent years, there has
been an expeditious change in the marine ecosystem of the eastern and western gulfs of the Arabian Sea and the Red Sea,
owing to anthropogenic interference. Since 1990s, 40% of the coasts of the Persian Gulf have been modified. The Persian
Gulf and the Red Sea areas have been reported to be warming rapidly owing to the developmental projects undertaken in the
surrounding coastal countries. The Gulf of Kutch on the Indian coast is being aggressively developed as oil importing bases
because of its proximity to the Middle East countries [29]. In general, the issues of common concern in the eastern and
western gulfs of the Arabian Sea and the Red Sea include various anthropogenic activities like industrialization, coastal
infrastructure development projects, setting up of new ports and oil terminals, oil pollution from shipping industry,
overfishing, dredging, and increase in tourism and recreational activities, resulting in habitat destruction, changes in
temperature and salinity profile, and causing a significant loss of biodiversity .
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In this regard, the present work was taken up to study the monthly, seasonal, and annual pattern of Sea Surface Temperature
(SST) and to analyse its changing pattern with emphasis on interannual variability in the eastern (Gulf of Kutch and Gulf of
Khambhat) and the western gulfs (Persian Gulf, Gulf of Oman, and Gulf of Aden) of the Arabian Sea and the Red sea.
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Figure 1: Differential Scattering of waves
3.4 Tables

Place table titles above the tables.
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Table: Wave Scattering

3.5 Sections headings

Meteorological and sea temperature observations are obtained from the Indian Metrological Institute (MET Office)

upper ocean mooring data archive; this is publicly available . Work presented here uses time series from three of

these deployments. Details of the locations, duration, and frequency of data for each time series is given in Table

4.1. The meteorological variables consist of the wind speed components u and v, air temperature Ta, relative

humidity qn, and air pressure p. These variables are needed in the air-sea flux parameterisations (see Section 3.5).

The sea temperature observations,

obs

(2), at various depths z (within the top 150 m there are 29 observation depths at

Arabian Sea, 34 at COARE, and 12 at Subduction) are linearly interpolated onto the model grid and are used to

initialise the model simulations. The observed temperature time series are further used to assess how well the

model performs by making model-observation comparisons.

Sites Location Duration Frequency
Arabian Sea I5N61E
17/10/94 °b3(z) every 15 min
17/10/95 U, Vv, Ta, on and p every 7.5 min
COARE 1S 156E
01/11/92 °bs(z) every 15 min
01/03/93 U, Vv, Ta, o and p every 7.5 min
Subduction 26N 29 W
24/06/91 °bs(z) every 15 min
4 16/06/93 U, Vv, Ta, g, and p every 15 min

Table 4.1: Locations, deployment duration, and data frequency at the three mooring sites.
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4.1 Radiant Heating Parametrization:

An introduction to ocean radiant heat parameterisations is there. The public domain version of GOTM uses the 2-
band parameterisation of Paulson and Simpson [100]. This is wholly inadequate for the purposes of modelling near
surface temperature variability and so Paulson and Simpsons extension to a 9-stream parameterisation [101] was
implemented into GOTM by S. Hallsworth [50]. This division of solar radiation incident at the surface into further
discrete wavelength bands provides much needed additional resolution of the rapid attenuation of larger wavelengths
at the near surface. Improvements in the near surface temperature profiles were found when using the 9-band over
the 2-band parameterisation. Results from using the 2-band (with Jerlov water type 1, the most representative of the
open ocean [129]) and 9-band schemes were compared by performing model simulations forced with SWR and LWR
observations at the three mooring sites. RMS error in SST over all model-observation differences at every observation
depth in the top 10 metres (0.45, 0.55, 1.1, 1.58, 2.0, 2.5, 6.94, 7.44, and 9.77 metres at COARE; 0.17, 0.43, 0.92,
1.37,1.41,1.8,1.91, 2.4, 3.5, 4.5, 5.0, and 10.0 metres at the Arabian Sea; and 1.0 and 10.0 at the Subduction Site)
were then calculated. The RMS error improvements in favour of the 9-band radiation scheme at the Arabian Sea is
237C to249C and at the Subduction site 093 C to 095 C. However, the COARE site showed the 2-band scheme

reduced.

4. Equations

We have found the RMS errors which we have tabulated in the detailed form here which can innumerate the data of the
Arabian Sea along with the sites which have been used as the reference here.

RMS Errors
Site SST (C) Diurnal Warming (C)| MLD (m) Stratication (C)
COARE 0.29 0.36 14.85 0.22
Arabian Sea 0.71 0.26 23.81 0.23
Subduction 0.66 0.18 26.19 0.14

5. Cloud Corrections

This cloud correction method to determine cloud values is not necessarily always physically realistic as the cloud
amount is also compensating for other causes of error present in the model. This is particularly true when
implementing the scheme at the Arabian Sea site where it is known that on certain occasions the major source of

error is due to advection.
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