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SEASONAL VARITATIONS IN THE ZONAL AND MERIDIONAL
CIRCULATION OVER INDIA
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P. J. RAJAGOPALACHARI
(India Meteorological Department, Poona)

1. GENERAL CIRCULATION

HE large-scale wind systems of the atmo-
sthere have their origin in the non-uniform
distribution of heat and cold sources in the atmo-
sphere. Over the tropics and sub-tropics the
earth-atmosphere -system receives more radia-
tion than it sends out to space while a2t higher
latitudes the conditions are just the opposite.
Again, over the tropics the atmosphere receives
heat in the lower levels by contact with the
ground as well as by the latent heat released
from the condensation of water vapour while
there i1s a continuzal loss of heat by radiation
from the top of the satmosphere. This non-
uniform distribution of heat and cold sources
in the atmosphere gives rise to horizontal
gradients of temperature and pressure that drive
the atmosphetic heat engine converting potential
and thermal energy into kinetic energy cof air
motion.

1.2, The seasonal oseillaticn of the sun
hetween the Tropics of Cancer and Capricorn
produces a corresponding oscillation in the ais-
position of the heat and cold sources and con-
sequently of the wind systems of the atmosphere.
The problem of the general circutation is con-
cerned with the description and explanation of
the large-scale wind systems.

2. EFFECT OF LAND-SEA CONTRASTS

2.1. The non-uniform .distribution of land
and sea over the globe influences profoundly
the pattein of wind circulation. The ratio of
land to sea area for the earth as a whole is
29 : 71, For the northern hemisphere this ratio
15 39 : 81 while for the southern hemisphere the
ratio is 19: 81. Considering the eastern and
western halves of the northern hemisphere, the
areas covered by land and water are nearly
equal for the eastern half while three-quarters
of the western half are covered by sea. The
exfensive land ma:sses of Eurasia and north
Africa In the eastern half of the northern
hemisphere constitute a major heat .source in
the summer months and a cold saurce in the
winter months, These heat and cold sources
are primarily respomsible for the summer and
winter monsoons of South .Asia for which

| Soience

there is no parallel elsewhere in the world,
The Tibetan plateau which is the highest and
moest extensive plateaur in the world also infiu-
ences the general circulation over South Asia.

2.2.

Tae influence of land-sea contrasts on

the wind circulation is noticed up to high levels

in the atmosphere,

This is clearly brought out
oy ¥Figs. 1 (a,b) and 2 (a,b) in which isopleths
of the zonal winds cver the latitude belt 0° to
60° N. are presented for the winter (December-
January-February) and the summer (June-July-
August) seasons at the standard isobaric levels
of 500, 300, 200 and 100mb, The strongest
westerly winds in the winter occur at 200 mb.
near latitudes 35° N. and longitude 140° E. (the
southern perts of Japan); the strongest easterly
winds in the summer months occur at 100 mis.
level near latitude 15°N. and longitude 80° E.
(the south Indian peninsula).

3. MrzAN MonTHLY ZONAL AND MZIRIDIONAL

CIRCULATION OVER INDIA

The seascnal varictions in the zonal and
meridiconal circulations over India

3.1.

have been
studied using all the available rawin data at the i6
stations given in Table I for the period 1957-64.

TABLE T

Statl »n Lititude ILongitude Pt::]::tda of

] Ahmedahad .. SA°N4'N 72°3R'E 1961-i984
2 Allahabad .o 23° 27 81° 44 1957-1964
3 Amiisar .. 31938 747 52 19571950
- ( ul) (Jan)

4 ombay .. 19° 04 72° 08 1857186

R Calcutta .o 22°28 68927  1957-10
6 G.u al .. 26° 0% 91° 43 195 71864
7 Jedbpar .. 26716 73203  1857-1uB§
8 Ma pas . 139 0?14 1€67-1964
0 Mini_oy .. 08°18  73°00  1963-1944
(M y)
10 Nagpur .. 21°03 79" 07 1807 1964
11 New De hi . 28°35 11912  1uvs7-19d4
12 Port Bliir . 112 4) 62° 43 19571964
13 Svina:ar . 31° 03 74° 50 ]{tiﬁz -)19 4
g

14 Trivandrum .. 08° 30 (i 1157~-1964
15 Veraval . 30955 W2z 1857-lUGk
(Ju.) (Jos

16 Visakhapatnam .. 17% 43 837 14 18901864

e

(July)
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The results are briefly discussed here for the New Delhi which lie approximately along the
four stations Trivandrum, Madras, Nagpur and meridian of 77° E. and cover the lafitude belt
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from 8° 30°'N. to 28° 30’ N. Figures 3,4,5 and meridional winds for these stations for the
i depict isopleths of monthly mean zonal and period 1957-1964. To bring out the salient
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Zonal Circulation

3.1.1.
tion 1s the regularity of the variations associated

3.1.

features, isopleths have been drawn at intervals

of 20 knots of w

The maj)or feature of the zonal circula-

nd speed for both the zonal

!

and meridional components.
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April. During the south-west monsoon months
of Jung, July and August westerlies in the
lower troposphere exceed 20 knots between 1
and 4 km. In the upper troposphere the flow
is mainly easterly. However, spells of westerlies
occur in the months December to April, The
westerly flow shows appreciable fluctuations
from year to year. The easterlies are organised
and regular, and attain maximum speed exXceed-
ing 60 knots between 14 and 16 km. in the
monzoon months of June, July and August.
The lower stratospheric westerlies noticed
aduring the period January to April in 1962 are
replaced by easterlies in the following year, but
are noticed again in 1964 in conformity with the
recently discovered biennial oscillation of
zonel winds at equatorial latitudes.

3.1.2. The zonal flow over Madras is generally
similar to that over Trivandrum with some
differences. The westerly regime in the upper
tropo-phere is more pronounced and the zonal
westerlies are stronger, the mean speeds
cxceeding 40 knots in some years. The easter-
lies attain their maximum speed at 16 km. level
in the south-west monsocon months.

3.1.3. At Nagpur the westerly and easterly
regimes are nearly equally prominent. Upto 3/4
km., weak easterlies occur in the months October
to March/April and westerlies in the remaining
months. At higher levels in the troposphere
westerlies prevail during October to April/May
and easterlies during the remaining months.
The maximum speeds of the monthly mean
upper tropospheric easterlies and westerlies
reach 60 knots. The westerlies attain maximum
strength at 11 km. in January/February and the
easterlies at 19/18 km. in July/August,

' 3.1.4. The zonal flow in the troposphere over
Delhi is westerly in all the months of the year
except July and August when weak easterlies

prevail., The zonal westerlies attain their maxi-
mum speed of 80/100 knots in the winter months
of January/February at the level of 11/12km.
There are variations from year to year not only
in the value of the maximum but also in the
month in which the highest mean speed is

reached, The speed &and duraticn of the
casterlies mncreaze from 16 to 24 km. in the
stratosphete.

3.2. Meridional Circulation

3.2.1. The meridional flow in the lower tropo-
sphere up to 3 km. is predominantly northerly
at Trivandrum. At Madras this lower layer of
northerdies extends up to 4 km. However, balow
2 km. southerlies occur from February to Qcto-
ber. At Nagpur the Iower tropospheric layer of
northerly winds extends up to 5/6 km. with
pockets of southerlies up to about 3 km. in the
months of January to April. At Delhi the
meridional circulation continues to be predo-
minantly northerly up to about 6 km. except for
a shallow layer of southerlies confined to the
first 1 to 2km. during the south-west monsocn
months June to September.

3.2.2. Above 4 km., the metidional flow over
Trivandrum consists of alternating noitherly
and southerly regimes, the northerlies being
prominent in the summer months and the
southerlies in the winter months, Nearly similar
features are noticed at Madras and Nagpur.
Over Delhi on the other hand the meridional
flow In the upper troposphere i1s predominantly
southerly in the summer monscon months and
northerly in the winter months, At all the
stations the meridional circulation is not only
much weaker than the zonal circulation, but
shows larger fluctuations from year to year.

A detailed report of our studies will be
published elsewhere.



