
A STUDY ON CERTAIN ASPECTS OF 
THE DYNAMICS AND ENERGETICS 
OF THE ASIAN SUMMER MONSOON 

K. J. RAMESH 

A THESIS SUBMITTED TO 
INDIAN INSTITUTE OF TECHNOLOGY, DELHI 

FOR THE AWARD OF THE DEGREE OF • 

DOCTOR OF PHILOSOPHY 

Centre for Atmospheric Sciences 
INDIAN INSTITUTE OF TECHNOLOGY, DELHI 

1988 



TO 

MY 

PARENTS 



CERTIFICATE 

This is to certify that the thesis entitled "A Study on 

Certain Aspects of the Dynamics and Energetics of Asian Summer 

Monsoon" being submitted by K.J. RAMESH for the award of degree 

of DOCTOR OF PHILOSOPHY, is a record of the original bonafide 

research work carried out by him. He has worked under my guidance 

and supervision and has fulfilled the requirements for the 

submission of this thesis.  The results presented in this thesis 

have not been submitted in part or full to any other University 

or Institute for award of any degree/diploma. 

(U.C. MOHANTY) 

Principal Scientific Officer 

Centre for Atmospheric Sciences 

Indian Institute of Technology, 

New Delhi - 110016. 



ACKNOWLEDGEMENTS 

All experience is an arch 

where through gleams that untravelled world 

whose margin fades for ever 

and for ever when I move 

The one and the only thing that has no end is knowledge. The 
'Anugeetha' teas that att cneation4 inctuding the 6actok oti 
time have thein end. But knowledge, the mote it vs pnied in- 
to, the mote there 	to be ptied. The moan oS li4e Lo measu- 
ked, and man'z days ate counted. Hence there .<14 the .imperative 
need to know, to seek, to 6ind beiote it is too late. Man halo 
penhap4 one thing to know of gain. That is the abitity to know 
his abitity. In this direction I have in my own humble way de-
lved into the knowledge oti the winds and the ctouds poputatty 
teamed atmomohete. The time ha4 come when I am to pronounce 
what I have tea/Litt to the technicatty pko6icient poweAs that 
be Got the con liikmation oti the truths that have been expounded 
which ate oi gkeatek value than the diztinction going with it. 

In the pnepanation oe thi4 humble tneati4e. many have helped me 
to whom I con4cientiourty congas my deep debt o4 gratitude. 

At the outset I have my philosopher and guide DR. MOHANTV. He 
has stood by me thkough thick and thin in my what I may call, 
the adventure through the shies. Su66ice 	to say that my 
pnayeu even shale not be without thoughtz o4 him. 

There ate some selected Ow who in thein ti4e, not only attain 
greaten things but also by the-/it example teach u/5 to have wining 
minds. PROF. M.P. SINGH, the Head, Centne eon Atmospheric 
Sciences has encouraged and heartened me to puksue my cause in 
a style unique to himset4. I always kemembek him with nevetence. 

I pay my napect4 to DR. DUBE who has guided me althkough by his 
valued suggestions and the_ much needed isuppont. 

In tU4 endeavour to wnite the tkeatise, I have teceived much 
hap 6tom varied conneu oe our centre. I thank all the {yellow 
scientists, especially Mn.. N. Mohankuman, Mt. A. John, DA. A.D. 
Rao, MA. S.C. Kat and C.M. Kisthwat who have kendeked theik 
co-opekation in varied ways and smoothened the othetwise toil-
some path. 



The hetp I received Otom the peopte oi system so4twa/Le group, 
operations gn.oup o4 the Nationat In4oAmatic Cent/Le, New Dethi 
too i4 very z.i.gni4icant. The objectivety anatysed data used 
in this Aeseatch has been hindty pnovided by the Eukopean 
Centke Son Medium Range Weather Forecasts (ECMWF), Reading, 
U.K. 

No tess impontant in this e14ont are my pa/Lentz who have 
appteciated and encou/Laged me in att my thoughts and my 
existence in the we/Ltd oS Meteototony i4 atmo4t entitety 
due .to them. May the Atmighty p/Lesenve them. 

Them_ 4:is my wise Sudha who has assisted gAeatty at the 
Sinishing stages and stimutated the comptetion of the wank. 
The best I can do in th,i4 cacumstance L6 to express my 
Seeting oS pnide towards hen. 

I zhoutd zin  I did not remember the gracious Lout Son 
the oppo/auni-ties He has aSSo&ded Son the exptoAation oS 
centain aspects o4 the etheneat unseen woAtd. IS this 
could be oS any hap in any measure to any, I deem that I 
mitt have been ampty rewarded. 

K.J. RAMESH 



SUMMARY 

Diagnostic studies with the help of kinetic energy,vorticity,angular 
momentum budgets and the study on the circulation characteristics during 
various phases of the summer monsoon have been carried out. 	Inter- 
seasonal characteristics of the summer monsoon seasons (1979 Vs 1983) are 
studied since the deficient rainfall over India as a whole during the 
1979 season was equal to (-1.73a) from its normal rainfall and the excess 
rainfall during 1983 season was equal to (1.240). In order to compare 
the similarities and differences seen in the large scale dynamics and 
energetics of the Asian summer monsoon during the constrasting years of 
summer monsoon activity, the FGGE level-IIIb data for the year 1979 (year 
of large deficient rainfall) and the operational analyses of the ECMWF 
for the year 1983(year of excess rainfall) are used in this study. 

During the excess rainfall season, the low level vortex over the 
Head Bay of Bengal is intense at the south eastern tip of the monsoon 
trough due to the enhanced southerly component in the low level(850mb) 
westerlies and in the upper level(200mb) easterlies extend right up to 
the Eastern Atlantic with a much stronger TEJ over the Indian peninsula. 
But in a deficient rainfall year, the upper level easterlies are found 
only up to the east coast of Africa with a weaker TEJ over India. 
Further, the cyclonic vortex over the NW-India(SSOmb) and an 
anti-cyclonic vortex over the Tibet(200mb) are found to be relatively 
stronger in a good summer monsoon season as compared with a season of 
having a weak monsoon circulation. 

The low level convergent center(at 850mb) over the SE-Asia which is 
crucial for the summer monsoon activity along with another convergent 
center over the West Pacific are found in an excess rainfall season. But 
during a deficient rainfall season due to the westward shift of the West 
Pacific convergent center, the convergent center(otherwise found over the 
SE-Asia) is not observed. The east-west circulations(with large velocity 
potential gradients) are found to be stronger in a good summer monsoon 
season with a very strong upper level(200mb) divergent center. 

Zonal averaged(30
oE-150

oE) vertical cross-sections reveal that 	the 

upper level kinetic energy maximum is found in between 7.5
oN and 15

o
N 

latitudes during the active phases of the summer monsoon. 	A northward 

shift in its position is found during the dry spells and once the 
activity is revived, the kinetic energy maximum comes back to its earlier 

('C) 
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position. The cross-sections of the divergence field show that the 
magnitudes of the low level convergence(10

0  N-25 N) and the upper level 
divergence have an increasing trend during the onset and active periods 
of the summer monsoon and a decrease during the break monsoon situations. 
Further, the cross-sections of the vorticity field show that a zone of 
cyclonic vorticity is found all through the summer monsoon season around 
15 N latitude. In the upper levels, a zone of anti-cyclonic vorticity 
which is centered at 30

0  N extends up to 10N during the active periods 
while its extension towarads the equator reduces during the suppressed 
phases of the summer monsoon. Also, at the lower levels the intensity of 
the low level cyclonic vorticity decreases during the break monsoon 
situations and cyclo

0
nic vorticity alone is found all through the 

troposphere around IS N latitude thus making the convective activity to 
suppress. 

Vertically integrated structure of the kinetic energy budget terms 
during the summer monsoon season shows a zone of flux divergence over the 
Bay of Bengal,adjoining peninsular India and a zone of flux convergence 
over the Arabian Sea. The magnitude of the flux divergence found over 
the Bay of Bengal is more in a good monsoon season. 	The adiabatic 
generation of kinetic energy is found over the regions of strong kinetic 
energy flux divergence and adiabatic destruction is found over the areas 
of kinetic energy flux convergence. Notably, the kinetic energy 
generation is significantly large over the Indian peninsula in an excess 
rainfall season. Over the areas where 	the adiabatic production of 
kinetic energy dominates the flux transport, a zone of kinetic energy 
dissipation is found. In a good monsoon season(1983), kinetic energy 
dissipation is found all over the India and neighbourhood indicating the 
existence of a strong circulation. 	However, in a deficient rainfall 
season(1979), a weak source of kinetic energy observed over the 
peninsular India indicating the inadequacy in the production of kinetic 
energy from the available potential energy source. 	In addition, many 
systematic changes are found in the kinetic energy budget terms during 
the various phases of the summer monsoon. 

The intensity of the planetary vorticity flux divergence and the 
relative vorticity flux divergence are found to be more in an excess 
rainfall year(1983). 	Further, the generation of vorticity by the 
divergence and the tipping terms is also significantly large in a good 
summer monsoon season over the peninsular India and the Bay of Bengal. 
During a weak summer monsoon season with the deficient rainfall(1979), a 



vorticity source is found. Through this analysis, it became evident that 
an excess rainfall year is characterized by the increased vorticity 
generation with in the domain itself by the divergence and tipping terms 
through the intense upward motion and divergence fields which inturn lead 
to the enhanced convective activity. 

It is found that a good summer monsoon season is characterized by a 
net flux divergence of vorticity where as during a weak summer monsoon 
season, a net flux convergence of vorticity is found. Thus, in an excess 
rainfall year(1983),the depletion of the vorticity through the flux 
divergence is to be compensated by the generation processes. 	However, 

until the summer monsoon fully establishes itself all over the country, 
the generation processes may not be able to meet the depletion of 
vorticity by the advective terms. 

It is found that the 0-term and the zonal pressure gradient term are 
the most dominant terms over the India and neighbourhood. 	All through 

the summer monsoon season, the net effect of these two terms is to 
generate the zonal momentum over the monsoon region. Also, the transient 
eddy motions tend to produce flux convergence all through the summer. 
Mountain torque term is negative(dissipating the zonal momentum) before 
the onset of the summer monsoon and becomes positive(zonal momentum 
generation) after its establishment. 	The maximum influx of zonal 
momentum is found through the western boundary while the outflow is found 
through the eastern boundary. 	It is found that the zonal pressure 
gradient term generates zonal momentum substantially in the upper 
troposphere while it dissipates in the lower troposphere. 

0-term shows strong flux convergence of momentum in the lower 
troposphere and flux divergence in the upper troposphere. 	Until, the 
establishment of the summer monsoon, the zonal pressure gradient term 
dominates the 0-term and after its establishment, a considerable amount 
of increase in the 0-flux convergence in the lower levels is found and 
there after the 0-term dominates the zonal pressure gradient term. In a 
good summer monsoon season(1983), the low level 0-flux convergence could 
penetrate up to 500mb or so with the increased southerly component in the 
lower tropospheric wind fields. The increase in the intensity of the low 
level 0-flux convergence ater the establishment of the summer monsoon is 
essential to maintain the low level monsoon westerlies against the 
surface friction. 
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