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ABSTRACT 

The study of atmospheric water vapour and its variability is of crucial 

importance because of the influence of water vapour on a number 

of geophysical processes. Also a precise knowledge of water vapour and its 

vertical distributions is prerequisite to successful numerical weather prediction 

(NWP) especially in the tropics. The origin, transport and variability of water 

vapour is critical for determining the rainfall during the Indian summer mon-

soon which affects the life and economy of India and its people. Until 

recently the scarcity of meteorological observations over the Indian Ocean 

has limited the study of water vapour fields during monsoon, but now data 

from different spaceborne observing systems offer a new opportunity to 

observe and describe these systems. Due to large data coverage, reasonable 

spatial and temporal resolution and representability, the space borne systems 

are 	the only logical choice for the study of large scale moisture 

fields. However, even at present the moisture information retrieved from these 

__ systems is far from complete and different sensors suffer from their own 

limitations. 

In the present thesis, the applicability of satellite observations of water 

vapour in diagnostic analysis during the Indian summer monsoon is explored. 

' Numerical experiments have been carried out to assess the sensitivity of 

monsoon flow to the variations in water vapour fields. 

In Chapter-2 of the present thesis NOAA/HIRS derived moisture fields 

during different phases of two normal and two poor monsoon years have been 

analysed. Seasonal mean fields of moisture in low (surface to 700 mb) and 

middle layer (700-500 mb) show a dry anomaly over the Arabia subcontinent 



and wet anomaly over the Bay of Bengal during good monsoon years while 

anomalies show an opposite trend during the poor monsoon years. The zonal 

and meridional propagation of low frequency oscillation in satellite derived 

moisture fields is also examined. Fluctuations in the 30-50 day range are 

found to exhibit longer time period and high amplitudes in the poor monsoon 

years while in good monsoon years these fluctuations are of small time period 

- small amplitude type. It was observed that the difference of zonally and 

monthly averaged precipitable water over the Bay of Bengal and the Arabian 

Sea , termed as the Differential Moisture Signal (DMS) is an indicator of total 

Indian rainfall, excluding orographically influenced regions. 	In the same 

chapter , NOAA/HIRS derived moisture fields have been used to compute 

surface level moisture transport for the monsoon seasons of 1980,1981 and 

1984. The global relationship between monthly mean surface-level humidity 

and precipitable water (Liu, 1986) has been applied for the computation of 

surface level humidity from satellite derived total precipitable water (PW). 

Monthly mean analysed wind fields at surface level were provided by Florida 

State University and were used for moisture flux computations. The analysis 

indicates net positive surface-level moisture flux divergence over the Arabian 

sea and net negative moisture flux divergence over the Bay of Bengal 

throughout the monsoon season. It has also been noticed that evaporation 

over the Arabian sea is a variable quantity and forms a significant part of the 

net moisture budget over the Arabian Sea. The relative contribution of cross-

equatorial flux and evaporation from the Arabian Sea has been studied for all 

three years. 

Microwave instrument SSM/I onboard DMSP satellite provides 

measurements of precipitable water in all weather conditions with reasonable 



accuracy. In Chapter-3 the applicability of these observations over the Indian 

Ocean were examined by comparing the evolution of moisture fields observed 

by SSM/I with those provided by ECMWF global analysis model, for the pre-

onset phase of 1988 monsoon. A significant positive bias in SSM/I measure-

ments of PW was noticed over the regions of high convective activity. A 

simple 'approach based on the linear regression analysis of a large number of 

ship radiosonde observations over the Arabian Sea is suggested to estimate 

the horizontal moisture fluxes in terms of satellite derived lower tropospheric 

wind velocities and total precipitable water. In the same chapter the variability 

of vertical humidity profiles over the Indian Ocean have been examined using 

1200 ship radiosonde observations spanning ten years. The examination is 

based upon the method of empirical orthogonal function (EOF) analysis. The 

first EOF explains 61 % of the total variance and the first three EOFs together 

account for 85% of the total variability. The first principal component is 

almost perfectly correlated with the total precipitable water (PW) and the 

second one is well correlated with the ratio of boundary layer moisture and 

PW. This fact and an inequality derived from the analysis of the variance of 

individual terms of the EOF expansion of specific humidity are utilised to 

establish an algorithm for retrieving humidity profiles from satellite microwave 

measurements of PW over the region of study. The method is found to be 

distinctly superior compared to a power-law retrieval, which is the most 

commonly used form of structure function for retrieving humidity profiles in 

NWP models. In a case study, assimilation of SSM/I observed PW fields in a 

general circulation model indicates some improvement in rainfall prediction 

over convective regions. 

In Chapter-4 the sensitivity of numerical prediction of monsoon to 



variations in water vapour fields has been examined by conducting some 

experiments with a general circulation model. Newtonian relaxation method is 

adopted to subject the model atmosphere under sustained moisture anomalies. 

The impact of negative variations of moisture was seen as a divergent 

circulationtion anomaly, while that of the positive variation was seen as a 

stronger convergent anomaly. Although the humidity fields display a resilient 

behavior, and relax back to normal patterns (1-3 days) after the forcing 

terms in humidity equation are withdrawn, the circulation anomalies created 

by the moisture variation keep growing. A feedback between positive mois-

ture anomalies and low level convergence exists, which is terminated in the 

absence of external forgings of water vapour. 
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