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ABSTRACT. A programme of work has been undertaken to study the role of atmospheric carbon
dioxide (CO,) in the radiation budget over India. The fotal mass of air over India has been calculated
monthwise. Adopting the mixing ratio values of CO, over Mouna Loa {Hawaii), the likely monthly
variation of the mass of CQ, over India has been estimated. T he values obtained are presented.

1. Introduction

Atmospheric carbon dioxide plays a crucial role in
the radiation budget of the earth’s atmosphere and in
the ecosystem. Its concentration is increasing every
year; also it varies with region and with season. No
study has been reported on the effect of increase in
atmospheric carbon dioxide on the radiation budget
over India. A programme of work has, therefore, been
undertaken to examine this aspect with the help of
a primitive radiation model. One of the basic require-
ments for the development of this model is a know-
ledge of the total mass of air over the country and its
seasonal variation, An attempt has been made in this
paper to cvaluate these quantities,

Many studies have been reported on the total mass
of the ecarth’s atmosphere (Mascart 1882, Ekholm
1902, Humphreys 1929, 1940, Van Hann and Surring
1943, Verniani 1966, Sidorenkov and Stekhnousky
1971). A good review on the subject has appeared
(Trenberth 1981). The investigators working on the
problem have used computed values of pressure at
mean sea level. Also, they have used average topo-
graphy of the carth in the calculation of gravity field
strength, The present study takeg into account detailted
topographic features and pressure values at the surface.

2, Method of compuiation

The climatological values of surface pressure for 235
stations, spread over the Indian land, have been con-
sidered. The island stations are omitted, The country
has been divided into 375 boxes of one degree square
of latitude and longitude each. At the boundary of the
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land, the boxes are not of full size. The sum total of
the areas of all the boxes considered is found to com-
prise 99.9 per cent of the total area of the Indian land.
The monthly pressure values for each station have been
taken from “Climatological Tables” published by India
Meteorological Department (IMD), Wherever climato-
logical values are not available, the mean values from
the available published data have been incorporated. In
so far as the extreme northern part of India is con-
cerned (35-37 deg. N), the extrapolated pressure
values have been used.

The total mass of the atmosphere over the Indian
Iand is calculated using the following formula :

375
M, =

P

i
g P; 5 (l)
where, M, = mass of the atmosphere over India,

a; == gravity field strength in the i*h box,

P;= pressure in the i*2 box,

The gravity field strength g; at the mean height of
each box is obtained by the following equations :
4.0 = 980.61 (10025373 cos 2¢ -+
--0.0000059 cos2 24) (2)

4,5 = 840 — (3.085462 X 101 4-2.27 X 107 X
c0s 2 ) X z - (7.254 % 1071 4
1.0 % 1079 cos 24 ) 28— (1.517 X 10—#
4 5% 107 cos 2 ) 2° 3)
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Fig. 1. Monthly variation of mass of (2} air and (b) CO, over India
where,
¢ = latitude,

84, = gravity field strength at latitude ¢ and alii-
tude z

z = altitude

The topographical data for each box arc taken from
a recent publication (Gates and Nelson 19753).

3, Resulis and discussion

{a) Mass of the atmosphere

The total mass of the atmosphere, monthwise, is
given in Table 1 and also in Fig. 1. Its value is maximum
(3.227 x 10 tons) in December and minimum
(3.183 % 10** tons) in July, which are respectively
winter and summer months. The analysis poinis out
that a mass of 4.390x 10" tons of air exchanges bet-
ween the Indian land and the surroundings with the
turn of the season.

The average mass of the atmosphere over India is
found to be 3.204x 10 tons, as against the reported
mass for the entire earth’s atmosphere of 5,137 10
tons (Trenberth 1981),

The ratio values of (/) mass of the atmosphere over
India to that over the earth and (ii) surface area of
the Indian land to that of the earth are :

{i) Mass 0.624 10—
(ff) Surface area : 0.643 ¢ 102

The ratio value for the masses (0.624 x 10—2)
is slightly smaller than that for the suorface area
(0.643 x 102), This feature is consistent, for most
of the Indian land is situated in the tropical region and
the tropical air is lighter than the air over the higher
latitudes.

{b) Mass of CO,

There have been no systematic measurements of
atmospheric carbon dioxide over India. Adopting
the monthly mixing ratio values of CO, as reported
~for Mauna Loa, Hawaii (Bacastow and XKeeling
1981) the likely monthly variation of the CO,
mass over India has been estimated and the values

TABLE 1

Monthwise total mass of the (M, )} atmosphere > 103 tons
and carbon dioxide (1.0,) x 10! tons

Month M, Mo, Month Mo Moo, .
Jan 3,2254  1.6419 Jul 3.1826  1.6317
Feb 3.2193  1.6461 Aug  3.187F  1.6277
Mar 3.2033  1.6504 Sep 3.1974  1.6267
Apr 3.2058  1.6538 Oct 3.2122 1.6278
May 3,191 1.6536 Nov  3.2221  1.6427
Jun 3.1839  1.6386 Dec  3.2265  1,6571

obtained are given in Table | and also shown in Fig.
1. The value of CO;is maximum (1.654 x 10" tons)
in April (pre-monsoon) and minimum (I.6267x 104
tons) in September (end of monsoon). These values
are to be confirmed by measurements. The pattern
of variaiton suggested in the CO, mass appears to .
be consistent because the process of photosynthesis
should be minimum in pre-monsoon (maximum COy)
and maximum towards the end of summer monsoon
{minimum COsy).

4. Conclusion

The mass of the atmosphere over the Indian land
is maximum in December and minimum in July. There
is an exchange of 4.493 10" tons of air between the -
Indian land region and its surroundings with the turn
of the season. The mass of atmospheric CO, over India
is likely to be maximum (1.654:10' tons) in April
and minimum (1.627x 10" tons) in September.
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