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ABSTRACT. In the years o f large SC:J. le failure of so uthwest monsoo n rainfall over India during
the decade 1965 to 1974. the mean meridional circulation over India during July and August is of the
type occ urring in association with 'break monsoo n' situations, i.e.• meridional northward motion in the
upper troposphere. north o f latitude abou t 200 N. During such years sub-tropical westerlies o f the upper
t roposphere seem to protrude more so uthward into the areas immed iately west of India during the mon
soon sea...on; this feature persisting on many occasions, right from the preceeding winter, which may
explain the preferred northward tracks o f the November cyclo nes o f the Bay of Bengal, the occurrence
of low SOO mb altitudes Over nor thwest Indian stations during winter and pre-mons o on seasons and the:
observed greater frequency, and duration o f 'break monsoon' spells associated with the large scale mo n
soo n failures as earlier repor ted by Jo seph (1975, 1976).

1. Introduction

The decade 1965 to 1974 was characterised
by large year-to-year variation in the rainfall
activity of the summer monsoon (southwest mon
soon) over India. Large scale failure of monsoon
rainfall occurred over India du ring the years
1965, 1966 and 1972. In contrast. the years 1967.
1970 and 1973 had good monsoon rainfall. Fig. 1
gives maps of monsoon rainfall deficiencies and
excesses for the various sub-divisions of India
for these six years. Cent ral and northwest
Ind ia are the areas affected by large scale monsoon
failures. The earlier decade 1955 to 1964 was free
from monsoon failures .

Large scale monsoon failures occurred also
during the 3D-year period 1891 to 1920, the worst
of the failures occurring in 1899. The 3D-year
per iod 1931 to 1960 had generally good monsoon
rainfall. Joseph (1976 a.b) has shown the contrast
between such periods, in the average monsoon
rainfall over India, in tracks of severe cyclones of
the Bay of Bengal, in the number and duration
of break monsoon spells and in the altitude of 500
mb level at stations over northwest India.

2. Meridional circulation over India during
monsoon

Koteswaram (1958) postula ted a vertical circula
tion cell associated with the summer monsoon
over India with the heat source over the Tibetan
plateau and sink over the equatorial regions,
according to which the southwest monsoon is
pictured as a poleward return current in the lower
troposphere. Rao (1962) studied with act ual data ·
the meridional circulat ion associated with the
southwest monsoon. In July between 12' N and
26' N a simple circulation of southerlies below and
northerlies aloft is found over the Indian region
which Rao has termed as the 'monsoon cell' . The
usual Hadley cell is seen nor th of this monsoon
cell in the Indian area . In this month, Aden
and Behrein exhibit both the lower tropospheric
northerlies and upper tropospheric southerlies
of the Hadley cell. It may be noted that the
data used by Rao are all of good monsoon years.
Ramamurthy (1969) finds that during 'break mon
soon' situations the monsoon cell extends north
wards upto 18' , only, in a meridional section
app roximately along 75'E; the Hadley cell occupies
the regions north of 18' N. In contrast, in active
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