
Tellus (1997), 49A, 455-473 
Printed in UK - all rights reserved 

Copyright © Munksgaard, 1997 

TELL US 
ISSN 0280-6495 

A diagnostic study on heat sources and moisture sinks in the 
monsoon trough area during active-break phases of the 

Indian summer monsoon, 1979 

By U. V. BHIDE1, V. R. MUJAMDAR1
, S. P. GHANEKAR1, D. K. PAUL1, TSING-CHANG 

CHEN*2 and G. V. RA03
, 

1 Indian Institute of Tropical Meteorology, Pune, India; 2Geological and 
Atmospheric Science Program, Iowa State University, 3010 Agronomy, Ames, IA 50011, USA; 3Saint Louis 

University, Saint Louis, USA 

(Manuscript received 13 June 1995; in final form 7 February 1997) 

ABSTRACT 

The diabatic heating over the Indian monsoon trough area, along with its thermal structure 
are studied for the 1979 summer monsoon based on FGGE level-Illb upper air data of the 
European Centre for Medium Range Weather Forecasts. The apparent heat source and the 
apparent moisture sink over the trough area varied coherently with the rainfall over central 
India. The spatial and temporal variations of the vertically integrated apparent heat source and 
moisture sink were found to be coincident. These coincidences suggested that diabatic heating 
was largely contributed by the latent heat released by cumulus convection. During the active 
periods, the vertical structure of spatially-averaged heating and drying rates above the monsoon 
trough area showed higher values, as much as 8 K to 11 K day- 1

, at the mid-tropospheric level 
( 500 hPa), but much smaller and even negative values during break periods. Analyses of the 
heating and drying rates at 500 hPa level in a x-t diagram revealed that heat sources and 
moisture sinks propagated westward across the trough area with a period of 10-15 days (often 
called monsoon mode). The 30-50 day period of fluctuations showed a close link with the two 
major active/break phases of monsoon during the season. The monsoon mode became a part 
of the mid-season fluctuation of monsoon activity between the two major active phases. This 
paper discusses the spatial distribution of rainfall and heat source and moisture sink over the 
trough area, and the role of east-west differential heating in the development of weak/break 
phases of Indian summer monsoon 1979. 

1. Introduction 

Since the FGGE Summer Monsoon Experiment 
in 1979, many investigators have studied the plan­
etary scale aspects of monsoon circulation in 
relation to the onset, active and weak/break phases 
of monsoon 1979 by estimating heat and moisture 
budgets. The role of the Tibetan Plateau and the 
surrounding regions as a heat source on the 
activity of Asian summer monsoon and on its 
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evolution was extensively examined. Nitta (1983) 
has shown that the long period fluctuations of 
heat sources over the eastern plateau appeared to 
have a close link with the oscillation of the whole 
summer monsoon activity of 1979. Later, Luo and 
Yanai (1984) showed that the heat sources over 
the plateau are pronounced in the upper tropo­
sphere between 200 and 500 hPa, and that the 
mean heating rate in this layer is as intense as 
that over Assam-Bengal region. They also identi­
fied the principal components of heat sources over 
the eastern plateau as the surface sensible heat 
flux and the condensation heating from the 






































