Chapter 1





Introduction








This thesis is concerned with the study of mesoscale dynamical processes in the upper layers of the Indian Ocean, and their relation with the regional monsoon climate.  It is particularly  focused on the role which satellite remote sensing can play in identifying and understanding the mechanisms of these processes.  Over half of the world’s people live within the influence of the Asian summer monsoon where the reliable return of summer rains is essential.  India, being essentially an agricultural country, depends for its food production on the Southwest monsoon (SW monsoon) rainfall that occurs from June to September every year.  About three quarters of the rainfall of the country is received in these four months.  This SW monsoon rainfall provides the main source of fresh water for the millions of people who live in India, Bangladesh and China and other countries of South East Asia.  This Indian summer monsoon has teleconnections with other climatic features elsewhere, and thus is an important component of the global climate system.  As an example, the Indian monsoon has been found to be highly correlated with, among other phenomena, the El Niño or Southern Oscillation.  In some years the monsoon is much weaker than the normal monsoon, and this has several social and economic consequences.  The Pacific Ocean has a major impact on the Indian summer monsoon.  Year to year variations in sea surface temperature of the Pacific Ocean have a major impact on the strength of the Asian monsoon.  During the El Niño years, which have higher than normal SST over the eastern Pacific, the monsoon is weaker.  During LaNiña years, when SSTs are lower than normal in the eastern Pacific, the monsoon is stronger. 





Natural disasters are linked with these monsoons, such as droughts, hurricanes and tropical cyclones.  These tropical and subtropical cyclones account for stormy winds and heavy rainfalls over the north Indian Ocean and surrounding areas in these monsoon seasons (Fein and Stephens, 1987).  Much of the rainfall over India during the monsoon season is generated by the westward passage of depressions, and low pressure systems forming in the Bay of Bengal.  Over the Bay very severe storms and depressions are observed mostly from June to November, whereas in the Arabian Sea there is a bi-modal distribution, with two peaks observed in May-July and October-November (Rao, 1981).  Even though the storms and depressions are spread over the complete area between 5°N to 28°N and 55° E to 98° E, they are concentrated at the head of the Bay and Arabian Sea.  The tropical cyclones during the post-monsoon period are associated with very high rains and stormy winds, especially in the coastal areas.  During the 80-year period 1891-1970, 360 storms formed in the Bay.  Of these 130 were during October-November (Indian Meteorological Department, 1979).  The cyclones over the Bay of Bengal cause incessant rains and floods along the east coast of India and Bangladesh.  These monsoons supply bounteous rain with copious supplies to irrigation and drinking water sources, but on the other hand these rains also cause extensive damage to roads, bridges and other infrastructures.  





The surface circulation over the North Indian Ocean is also adversely affected by the monsoons.  These seasonal monsoon winds over the equator trigger Kelvin waves and Rossby waves.  These planetary waves play a vital role in the surface circulation and currents.  Interestingly with the seasonal reversing monsoons, the surface currents and boundary currents over the North Indian Ocean also reverse.





In the SW monsoon the western Indian Ocean evolves into a complex pattern of mesoscale eddies and gyres.  Hence, by knowing the rotational velocity and direction of movement of major eddies, economical ship routing can be effected via real time advisories.  These eddies are major transports of heat in the oceans.  They are of biological importance as well: cyclonic eddies bring the nutrient-rich cool bottom waters to the surface and this results in greater fish yields eventually.  On the other hand, warm core eddies result in downwelling and are known as ocean deserts.  Thus detection of eddies helps the fishing industries.  These could possibly be indicators of the strength of the monsoon and their study may help towards a better understanding of monsoon activity, such as strong or weak monsoon cycle.  The number of eddy formations, in the Arabian Sea can broadly indicate the good or bad monsoon years (Dube et al., 1990).





Since the eddies in the ocean are not easily discernible - unlike their counter parts in the atmosphere - they can be sensed only by observing the features associated with them.  The features associated with an eddy are horizontal temperature gradients, elevation or dip at the centre, and their rotational velocities.  Both synoptic and temporal coverage of the oceanographic data by traditional methods of monitoring eddies from ships and buoys are inadequate, and they permit only a limited assessment of the basin-wide ocean dynamics on climate and synoptic time scales.  The advent of remote sensing satellites has provided the opportunity for such an assessment because of their ability to observe the earth over large areas and at frequent time intervals.  The elevation and depression of the eddy can be estimated from the altimeter observations and the temperature gradient can be obtained from infrared observations.  Bearing in mind the fast temporal and spatial development of coastal upwelling off the East African Coast, after the SW monsoon onset, ship surveys alone are an insufficient tool.  Satellite infrared temperature data is very useful in that region, because of the huge horizontal temperature gradients which can be detected.





In view of this, the aims of the thesis are:





(i) To use remote sensing methods to improve understanding of the surface circulation, currents, and mesoscale features of the North Indian Ocean and their response to monsoonal change.  (ii) To investigate the western boundary currents and their formation and forcing mechanisms in the North Indian Ocean.  (iii) To determine the role of the planetary waves in the North Indian Ocean.





To achieve the above goals, the sea surface height (SSH) from the TOPEX/POSEIDON (T/P) altimetric satellite, sea surface temperature (SST) from the ATSR and winds from ERS-1 Scatterometer are used.  To investigate the dynamical aspects of the Kelvin and Rossby waves, a multi-layer model is used.





The next four chapters will review current knowledge and discuss the data and methods used in this study.  A description of the oceanography of this region is reviewed in Chapter 2, and the dynamics involved in this upper layer circulation is explained in Chapter 3.  The methods for the use of satellite data are described in Chapter 4.  The satellites tell us only the observational oceanography, but the underlying dynamics cannot be understood without the use of numerical models.  Chapter 5 describes a layer model formulation which has been adopted for this study.





The new observations, ideas and results from this work are mainly to be found in the remaining chapters.  The satellite observations over the Arabian Sea and Bay of Bengal are studied separately in Chapter 6 and Chapter 7 respectively.  These satellite observations are linked with the numerical observations in Chapter 8.  Finally, conclusions are drawn in chapter 9.
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