RAINFALL DUE TO WINTER DISTURBANCES AND THE
ASSOCIATED UPPER AIR TEMPERATURES OVER AGRA.

By S. P. VENKITESHWARAN, Upper Air Observatory, Agra.
(Read at Symposium, July 25-26, 1938.)

During January to April 1931, sounding balloon instruments were let off
from Agra almost every day. The instruments retrieved gave a few sets of
records of upper air temperatures and pressures for consecutive days. On a
preliminary analysis ! of the data so obtained, it was observed that during
these months the day to day changes of temperature over Agra worked in
opposite directions above and below the 12 km. levels; so that while tempera-
ture fell from one day to another up to the 12 km. level, above this height
the temperature rose, and an inversion or a reduction in the lapse rate occurred
in the region of 12 km. This type of temperature change was associated with
a fall of pressure at all heights. On the other hand, while temperature rose
from one day to another in the lower levels up to 12 km., above this height
the temperature decreased, and the lapse rate of temperature at the 12 km.
level increased. This type of temperature change was associated with a rise
of pressure at all levels.

While the day to day changes of temperature at different levels between
5 or 6 km. and 12 km. were correlated with each other, the corresponding
changes at levels below 5 km. did not show any definite relationship with the
changes above.

However when the dry and wet bulb, etc. temperatures at levels below
6 km. were plotted from day to day on i-¢ gram paper, they showed a more
or less regular sequence which was repeated in all the four disturbances which
were investigated.

The available data can be grouped into four sets:—

1. 30th January to 2nd February,

2. 5th February to 8th February,

3. 12th February to 18th February, and
4. 19th February to 23rd February.

It is observed from these sets that the day to day variation of the wet and
dry bulb curves up to about 6 km. is similar in each of these sets (fig. 1). The
air over Agra on the first day represented by each of these sets is dry up to
6 km. On the second day it is observed the air at the top levels has become
more humid; and on the third day the thickness of this humid layer has
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increased downwards.  On the fourth day there is a tendency for drier air again
to replace the humid current in the higher layers.

During these winter months the weather over N. India is mainly controlled
by the passage of western disturbances. These four sets of similar temperature
variations were therefore examined to see if the changes correspond to the
different phases in the passage of western disturbances. For this purpose,
the rainfall recorded every day at all the provincial rainfall stations within
the area marked in fig. 2(a) ! was plotted. It was observed that the maps
of day to day rainfall distribution can also be divided into different sets;
and the day to day distribution of rainfall during the period covered by each
of these sets showed a general similarity. Each of these sets of rainfall maps

1 The shaded areas in fig. 2 represent the regions in which rainfall occurred during
the 24 hours preceding 8 a.m. on the date given on the diagram.
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represents the passage of a western disturbance. It is interesting to note the
daily variation of distribution of rainfall (fig. 2). The rainfall associated with
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the western disturbance occurs first over the Baluchistan hills. Thereafter
it occurs first on the plains of the west U.P. with slight rainfall also in the
western Himalayas. Then the rainfall in the west U.P. extends towards a
northerly or north-westerly direction, and the rainfall over the western Hima-
layas also extends westwards on the plains of the Punjab. The rainfall next
decreases over the plains of the Punjab and becomes confined practically to
the western Himalayas. The distribution of rainfall seems to occur in two
systems, one over west U.P. and the other over the Punjab. The westward
extension of the rainfall with the passage of a western disturbance is note-
worthy; because ordinarily one would expect rain areas to extend from west
to east with the eastward movement of the western disturbances.

It will also be seen that the distribution of rainfall in the west U.P. is
similar on those days on which the soundings in the 4 series show similar
distribution of temperature. It also appears that the temperature distribu-
tion over Agra is an indication, to a certain extent at least, of the rainfall
distribution over the western Himalayas and the Punjab. This is natural
to expect as both the day to day distribution of temperature over Agra and
the day to day rainfall distribution due to the passage of western disturbances
have already been shown to be similar in each disturbance.

If therefore sounding balloon data are made available every day over
Agra during the winter months, either by radio-sondes, aeroplane ascents or
clown balloon ascents, it may be possible to predict with fair accuracy the
rainfall over west U.P. and even over east and north Punjab and the western
Himalayas.

It may be useful to mention in this connection whether in the absence
of sounding balloon data being available, the pilot balloon data can be utilised
to indicate the properties of the air over a place by drawing trajectories for
stations in and around the area under consideration. It is observed that in
general the temperature distribution over the station agrees fairly well with
the history of the air as indicated by the pilot balloon trajectories. When
moist air is indicated by the temperature diagram at 2 km. level or higher
over Agra, the trajectories also show that the air at or near about that level
had travelled over the Arabian Sea. One can therefore attempt to predict
the oceurrence of rainfall with the help of the pilot balloon trajectories also,
but this method has the handicap that the winds at all the levels may not be
available when the weather is disturbed.

Discussion.

The President: This paper is now open for discussion.

Dr. Ramanathan: 1t is interesting to see the areas of rains extending to-
wards the western side of the Punjab-Kumaon Hills. Although we had vague
ideas about this, it is good to have brought it out so clearly. In the upper
levels, the air movement is always from some west; then how is it that the rain
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area spreads westwards? I wonder whether the rain-cooled air flows kata-
batically and is responsible for the necessary lifting which causes the rainfall,
or the air which comes in the later stages of the depression has more moisture
at lower levels.

I would also like to ask what is the conclusion of this study regarding
the moisture content of the atmosphere below 6 km. and the temperature
distribution above that level.

Mr. Venkiteshwaran: There does not seem to be any connection.

Mr. Basu: It seems to me that one point of interest to the practical fore-
caster has been brought out in this paper by the sequence of rainfall with
approaching western disturbances in north-west India. 'We know that between
Agra and Delhi, the upper winds are sometimes very divergent. The difficulty
of extrapolating Delhi winds from Agra winds has been felt since the pilot
balloon observatory at Delhi was closed during the retrenchment of 1932 but
Delhi continued to be the aerodrome and we had to supply the winds for
Delhi. The rainfall area near Agra branches into two, one towards the east
and one towards the north-west. The moist air, whether it comes from the
Bay of Bengal or from the north Arabian Sea or from any other source, and
whatever its origin, arrives at about Agra in winter mainly as a south-westerly
current. Here it diverges into two branches one going towards the east and
the other going towards the north-west. The current over Baluchistan and the
south-easterly current from Agra may meet and coalesce somewhere in the
Punjab.






