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Is it possible to increase rainfall in the semi-arid regions of Rajasthan
by reducing quantity of dust suspended in the atmosphere ? — No
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ABSTRACT. The nature of air masses during the monsoon season and the causes raspnnsi_lnln for (1) small rain-
full and (2) desert eonditions over west Rajasthan have boon discussed. It is shown that reduction in the quantity of

dust suspended in the atmosphere can inercase neither the dog

sth of the moist layver nor the rainfall over the arca as

suggosted by Bryson and co-workers (1964, 1967); stable conditions between about 1-0 and 2-0 km are not considered
as being due to subsidence which can ordinarily occur over the area only above about 3+ 0 km.

1. Introduction

Das (1962) has stated on the basis of his com-
putations that during the monsoon season there
was pronounced ascent of air over northeast India
(souree) and a zone of descent over northwest
India (sink). Further, it is shown by him that
cooling at the rate of 2-4°C per day would be
required over mnorthwest India to maintain a
steady cirenlation. Considering water vapour
and carbon dioxide as radiators, Das found that
cooling of only 1-8°C per day could be accounted
for. Bryson et al. (1964) have found from their
radiation-sonde measurements over northweste
India that the observed rate of cooling was 2-4°C
per day, closely agreeing with the computed value
of Das; their'estimated rate of cooling by radiative
divergence was 1-6°C per day also very near Das’s
computed rate.

To account for difference of about 1°C between
the observed and computed rates of cooling per
day to maintain the observed rate of subsidence,
Bryson et al. considered that the additional cooling
could be provided by the presence of dust particles
over the arid regions of northwest India. Consider-
able amounts of suspended dust were also found
during their flights. Bryson and Baerreis (1967)
have stated that it appeared that the desert coin-
cided with the extent of the divergent sinking
air=at about 10,000 ft. Further, according to them
if the atmospheric subsidence over the area was
less, the moist monsoon layer which is ordinarily
shallow, would be deeper and the slight summer
rainfall maximum would be considerably larger,
Their discussion incline one to the view that if
subsidence could be rednced by reduction of the
quantity of dust suspended in the atmosphere, it
may be possible to inerease rainfall in the desert
areas of northwest India.

Discussions given in papers of Das (1962) and
Bryson and eo-workers (1964, 1967) are important
from the point of forecasters and it is proposed to
discuss them with reference to the weather, clima-
tic and topographical features of the desert and
its surrounding areas,

2. Disoussion

From the computations of Das (1962) it is seen
that there is a region of subsidence near the west-
ern periphery of the Himalayas and further to their
west at 900 mb and that the maximum subsi-
dence at 500 mb is near 34°N, 68°E. In this con-
neetion, it may be stated that as seen from the
normal isohyets for July, there is considerable rain-
fall over the western periphery of the Himalayas
and that it decreases westwards towards the
plains. It is thus difficult to reconcile the normal
rainfall with subsidence conclusions of Das for
900-mb level. Computations of divergence by
Bellamy (1949) of the mean resultant winds at
standard pressure levels over the eastern portion
of the West Pakistan heat low indicated nat ascent
below 700 mb associated with the heat low cirenla-
tion and net descent above that level associated
with the convergent easterlies (Ramage 1966);
these results for levels below 700 mb would not
appear to support computations of Das,

The subsidence areas for 500-mb level would be
supported by observations of Sawyer (1947) who
has stated that there are surges in the continental
air which enters India across Afghanistan and
Iran and they are associated with lowering of
temperatures over the Punjab at levels between
10,000 and 20.000 tt; the warming which follows
a cold burst would suggest that sabsidence takes
place above about 10,000 ft in the continental
air over northern India. This according to Sawyer




378 B. N. DESAI

appeared to be confirmed by some of the soundinzs
in the vicinity of the partitions between the conti-
nental air and the moist (monsoon) air which
showed presence of air above 10,000 ft with tem-
peratures similar to those of the monsoen current
but with humidities too low for the monsoon
alrmass.

Regarding the role of dust suspended in the
atmosphere acting as radiator to produce cooling
as suggested by Brvson et al. (1964, 1967), it can
also be argued that the presence of dust might
actually produce heating. If there is a haze layer,
there will be cooling at the top, but the same effect
might not be produced by dust below that layer.
During day time dust will help transmission
downwards of long wave radiation: at night the
suspended dust will prevent cooling of the surface,
It is well-known that in Delhi when there is plenty
of dust suspended in the atmosphere, the mininmum
temperature is high and the diurnal range of tem-
perature is reduced. It will be difficult to decide
the extent to which the presence of dust weuld
help subsidence due to cooling.

Bryson ef al's inference that if subsidence conld
be decreased by reduction of dust, the depth of
the monsoon layer would increase may now ba
considered. The airmasses ordinarily present over
the semi-arid regions of northwest India during
the southwest monsoon season are (Desai 1966,

1967) :

(a) Southwesterly to westerly moist air from
tha surface upto 1-0 to 1:5 km,

(b) Drier continental air from west to north
hetween 1:0 to 1:5 and 4-0 kn.

(¢) Drier continental air from a direction
between north and east over the northern por-
tions and moist air from the east over the southern
portions hetween 40 and 6-0 km.

Between (@) and (b), there is a transition layer
of air 0+5 to 1-0 km thick with stable conditions;
at Karachi this layer extends from about 1-0 to
2.0 km (Ramage 1966). The dry and warm conti-
nental air in (b) is from areas between west and
north Baluchistan platean and the neighbouring
northwest frontier hillz. The humidity of the moist
monsoon ait as it enters the coast is very high,
but decreases as it moves over the semi-arid or
desert areas with higher temperatures. As such,
even if ths monsoon air rises due to convection
currents, it has to rise nch higher in the interior
than over the coast to form large Cu and Cb clouds

and rain. But before the moist air can reach such a
height, it encounters the laver with stable condi-
tions and the drier air and whatever ¢louds have
formed, dissolve. Thus conveetive processes are
ordinarilv not able to cause rainfall over the area
although they might succeed in raising dust in the
atmosphere.

There are no mountain ranges on or near the
coast over Saurashtra, Kutch and Sind across the
path of the monsoon current to force the mwoist
air to rise and cause large towering clouds and rain
and to break up the stable layer of air. The Aravalli
range extends southwest to northeast and divides
Rajasthan into two parts, the western part, i.e.,
area to the west of the hills being semi-arid. This
range is too far away from the coast where the
monsoon current enters inland. Even when the
monsoon air reaches the Aravalli range, it flows
practically parallel to it and there is little ascent,
As such, no orographic rain ordinarily falls on the
western windward side of the range'.

The above conditions are in marked contrast to
those prevailing on the west coast south of Surat,
According to the results of the International Tndiay,
Ocean Expedition (ITOE) during 1963-64, over
the Arabian Sea west of about 68°E, the monsooy
current extends only to about 10 to 15 km ahove
the sea surface and above it, there is on some
«wceasions drier continental air upto about 4-0 Ky
with a stable air layer between the two air currents,
Thus the air currents over the Arabian Sea at some
distance to the west of the Ghats, are of about the
same type as over the desert regions of northwest
India. There is no question of dust being con-
vected up above the sea surface in contrast to
conditions over the desert area, But according to
the TIOE results, little rain ordinarily falls over
the west and north Arabian Sea also as over the
senzi-arid areas of Rajasthan and Sind.

The Western Ghats where the monsoon ajr
strikes almost at right angle, force the cool moist
air with high hamidity as it approaches them, to
rise giving large towering clouds and considerahle
rain; this cloud activity and rain on a large seale,
lead to breaking up or weakening of the stable ajr-
layer and mixing of the lower moist air and upper
ralatively dry air, and there comes into existance
moist current about 6-0 km deep over the Penjp-
sula instead of 1:0 to 1-5 km deep over the Arabian
Sea about H00 km west of the Ghats, The depth of
the moist current, however, does not change on tha
Sind-Kuteh-Saurashtra coast due to absence of
orographic barrier across the path of the moist air,
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Rainfall can, therefore, oceur over the semi-arid
regions of northwest India only if there is con-
vergence between thz moist and other ai1 currents
present with or without a depression or with warm
front conditions with an approaching depression.
Most of the rainfall over the northwest India desert
region during the monsoon season occurs in asso-
ciation with the movenent to or across it of dep-
ressions from the Bay and in a few cases from the
Arabian Sea. These disturbances besides producing
convergence also effect changes in the distribution
of airmasses, the upper drier air being replaced
hy moist easterly current and the stakble layer
above the lower westerly monsoon air disappearing.
Rainfall due to convergence is considerable; it is
light with warm front conditions as the front is
present only above about 3+0 km where the moist
air becomes warmer than the drier air (which is
warmer than the moist air below that level) as a
result of a difference in the lapse rates in the two
currents (Sawyer 1947).

The stable layer of air between the moist and re-
latively dry air carrents is very important from
the point of occurrence of rainfall as will appear
from the foregoing discussions. If the stable layer
was due to subsidence as a result of cooling of the
suspended dust in the atmosphere, reduction or
removal of dust would certainly cause increased
rainfall. But the stable layer is due to the
differences in the nature of the moist and drier air
gurrents which are present over the region. The dust
suspended in the atmosphere would affect tem-
peratures (and not rainfall) due to its effect on
the incoming and outgoing radiation.

Over the Sahara desert, there are persistent
anticyclonic conditions. The Gobi desert has
peculiar topographical features as a result of which
moisture bearing winds are shut out from the
region. The desert over Peru is due to persistence
of cold current of the Andes. The desert region of
northwest India does not owe its existence to any
of these mechanisms. During the winter months
dry northwesterly winds ordinarily blow over the
region as a result of the prevailing pressure distri-
bution although on some oceasions light rain oceurs
there in association with the passage of the wes-
tern disturbances eastwards across northern
India or of the secondaries which develop over
the north Arabian Sea or Gujarat and move north-
eazt to sast. During the summer and monsoon
seasons the region becomes a low pressure region
as a result of high temperatures; the topographical
features—the mountains o the west and north-
west and to the northeast and east, help location
of the lowest pressure region over upper Sind and

neighbourhood of the Indo-Pakistan sub-continent.
The moist monsoon winds enter this low region
in the lower levels, but due to the mechanism
stated earlier, little rain falls over and around the
low pressure region during the monsoon season.
The low is maintained by clear skies and intense
insolation. .

The statement of Bryson et al. (1964) that if
there was absence of dust and consequently less
subsidence, there would be a deeper layer of moist
air is also not tenable. Even over the Arabian Sea
west of about 68°E, the depth of the moist current
is only 1-0 to 1-b km and it becomes about 6-0 km
over the west coast south of 20°N due to the
presence of the Western Ghats as mentioned earlier.
Further, it is shown by the IIOE results that the
depth of the moist current is 2:0 to 3:0 km near
the equator west of 60°E; the cold moist current
moves northeast to eastwards as a wedge towards
the west coast of the sub-continent, Under the
circumstances, its depth on the Sind-Kutch-Sau-
rashtra coast cannot be more than 1-0 to 1-5 km.
The inversion above the layer of moist air whether
its origin is due to subsidence or airmasses has,
therefore, it is felt, nothing to do with the shallow
depth of the moist current over the semi-arid arzas
of northwest India. Moreover, as mentioned
earlier, marked subsidence occurs over northwest
India only above about 3-0 km (Sawyer 1947),
while the inversion over lower Sind 18 betwein
about 1-0 and 2-0 km as shown by Karachi data.

Similarly the statement of Bryson and Baerreis
(1967) that if the source of the dust is the desert
itself, the desert would appear to ba self-sustain-
ing, would also not appear justified. From the
foregoing discussions it would be clear that the
desert of northwest India is the result of peculiar
climatic and topographical features. Presence of
vegetative cover would certainly inhibit the raising
of dust by wind and affect micro-climate of the
surface layers, but it will not be able to change
either the topographical features or the nature of
airmasses or depth of the moist current over the
area.

It is difficult to appreciate the statement of
Trewartha (1961) that the northeastern and
northwestern extremities of the sub-contfnent
exhibit impressive contrasts regarding rainfall
amounts in spite of the two regions having so many
similar climatic controls, As discussed eatlier, the
depth of the moist current over the desert arca 13
only 1-0 to 1:5 km and there is a stable layer
above, while its depth over the eastern area 1s
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about 6+0 km and there is ordinarily no stable
layer. Further, over the eastern area there is
considerable convergence due to nearness of the
trough axis, while such convergence does noto ceur
over the northwestern area. The former area is sub-
jected to the activity of a large number of depres-
sions from the Bay of Bengal or those which form
over land, while only a few such disturbances affect
the desert area west of the Aravalli range. The
southwesterly to westerly moist monsoon air is
deflected northwestwards by the Arakan and
Assam mountains and the Himalayas; this infl-

uence is absent over the desert area. Thus the
climatic and topographical controls for rainfall
are substantially different in the northeastern
and northwestern extremities of the sub-conti-
nent.

In view of the foregoing discussions it can be
stated that it 18 not pm\'n‘"-h' to increase rainfall in
the semi-arid regions of 1{2\jil$l]1:lll by reducing
quantity of dust suspended in the atmosphere,
although the same may affect the micro-climate
of the surface layers so vital for the crops.
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