FORECASTING OF NOR'WESTERS IN BENGAL.
By S. K. Pramanig, Meteorological Office, Alipore, Calcutia.
(Read at Symposium, July 25-26, 1938.)

1. The Nor’westers or Kalbaisakhis (calamities of the month of Baisakh)
are severe thunderstorms which occur in Bengal during the summer months
March to May, some of which reach tornadic violence and cause considerable
damage to property and sometimes even loss of life. The wind in these
thunderstorms comes generally from some north-westerly direction and hence
they are called ‘ Nor'westers’. In some cases, funnel-shaped clouds charac-
teristic of tornadoes have been noticed.

2. In order to be able to forecast the occurrence of Nor'westers, it is
neeessary to have an idea of the mechanism of these phenomena and of the
conditions necessary for their occurrence.

3. This problem has been engaging the attention of Indian meteoro-
logists from a long time and Blanford,! Eliot,2 Normand,? Roy and Chatterjee,?
Sohoni,® Sen,® Das,” Desai and Mal,®8 and Sur and Chatterjee ® have
considered the question from different points of view. It is generally agreed
that the Nor'westers are not ‘local heat’ thunderstorms. This appears to
have been recognized by Eliot as early as 1876. They also do not occur when
the whole of mnorth-east India is overrun by one air-mass, ie., during
winter when west to north-west winds prevail and during periods of strong
mcnsoon when moist winds from the Bay prevail. They occur mostly during
the transition period from the winter season to the rainy season, i.e., when
two different air-masses, west to north-west winds of land origin and moist
winds from the Bay, co-exist over Bengal.

4. Different explanations of the generation of the Nor'westers have been
given by varjous authors. Roy and Chatterjee advanced the view that
Nor’westers originate through the overrunning of a warm moist southerly
or south-westerly current by a westerly or north-westerly cold air with a high
lapse rate. They arrived at this view by a study of some meteorograph
records obtained at Jhikargacha earlier in the same year. They found
that the conditions under which Nor'westers occurred in Bengal were similar
to those giving rise to tornadoes in the Mississippi valley of the United States
of America. They further suggested that the marked rise in the absolute
humidity of the southerly wind in the afternoon, which they found from the
ascents, was the cause of the more frequent occurrence of Nor’westers during
afternoon than during other times of the day. Sen suggested that Nor’westers
are due to the katabatic flow of cold air wedges from the eastern Himalayas
advancing along the valleys and undercutting moist southerly winds over the
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plains of Bengal. Sohoni described the weather types associated with Nor’-
westers. He found that Nor’westers occurred mainly when there was a passage
of a depression or low pressure wave towards north-east India from the west
and when there. was a strong west to east pressure gradient over Bengal.
Both these conditions, it might be mentioned, would be favourable for the
flow of southerly moist winds into Bengal from the Bay. He concluded that,
in the majority of cases, Nor'westers are caused by the overrunning of moist
warm air by a cold air with high lapse rate, which view had already been
advanced by Roy and Chatterjee. He thought that the occurrence of Nor'-
westers near and after sunset, some hours after the maximum insolation effect,
might be due to radiation. Das suggested a close analogy between the mecha-
nism of Nor’westers and that of cold fronts. He supposed that the cold
air was heaped like a mountain near the foot of the Himalayas which breaks
into two parts, one moving initially towards the east and the other towards
the west. Its further movement would then be influenced by friction, the
orography of the country including the slope of the ground, the temperature
contrast, the deflective force due to the rotation of the earth and the prevailing
wind. He thought that the cold air advanced in the form of a ‘ squall head ’
and calculated the velocity to be expected on certain assumptions. This year,
Desai and Mal have studied the mechanism of afternoon Nor'westers. They
agree that the condition just at the moment of starting of the Nor’westers
is the same as that visualized by Roy and Chatterjee. They do not, however,
agree with Roy and Chatterjee that the upper air is generally potentially
colder than the lower air, and think that the superadiabatic lapse rate is neither
the characteristic of the upper air nor does this high lapse rate occur except at the
time of starting of the Nor’wester. They start with certain assumptions of
lapse rate and distribution of temperature in air, and work out the effect
of insolation. They find an inversion in the morning near the separation
layer which would prevent occurrence of thunderstorms as long as this is
present. They also find that if the insolation is sufficient the convection
currents would move up and ultimately wipe off the inversion. At this stage
great instability would result at the separation layer, which would cause the
cumulus clouds and the moist air current to shoot up with explosive violence
causing a rapid descent of the upper air thereby generating a Nor’wester.
Recently Chatterjee and Sur have described the results of the ascents of Clown
Balloon and Dines’ meteorographs at Jhikargacha in April and May
1929. They found that in this season during the morning there was an inver-
sion between 0-5 and 1-5 km. (which Desai and Mal concluded should exist
on the premises they started with) with latent instability in the atmosphere
above. This inversion may persist in the afternoon but is often wiped off.
They found that the existence of latent instability was necessary for the
occurrence of thunderstorms but the converse did not hold. They also found
that the cooling in the majority of the cases could be attributed to the descent
of cold air from above, though in some cases they found that the air could only
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have come from some neighbouring region of thunderstorm. They also
thought that this cold air of a neighbouring thunderstorm could initiate a
thunderstorm. :

5. The mechanism suggested by Roy and Chatterjee and Sohoni appears
to require that the Nor'westers should occur at all hours of the day instead
of the majority of them occurring during the afternoon only, since the two air-
masses are present over Bengal throughout the day. Objection to Sen’s theory
of undercutting by cold easterly Himalayan air flowing down the valleys is that
Nor’westers often occur when there is practically no easterly or northerly
current flowing down the valleys and that there is also no time sequence in
the occurrence of the Nor'westers. It may, however, be mentioned that on
some occasions some of the Nor'westers can apparently be attributed to this
cold Himalayan air. Objection to Das’s theory that the phenomenon is similar
to that of cold wave of temperate latitudes is the absence of their oceurrence
along a front and the absence of time sequence in their occurrence which one
should expect from this. It may, however, be pointed out that we get north-
easterly winds in lower levels at Gaya in the morning on some days when
Nor’westers occur. Desai and Mal agree with Roy and Chatterjee as to the
mechanism at the moment the Nor'wester starts. They have explained how
this great instability is reached at that moment due to the effect of insolation
and did not exist before. They have also accounted for the temperature
changes on the ground on this basis. One will, however, have to see how far
their theory can explain the actual data of upper air collected by meteoro-
graphs. It is also doubtful if the late occurrence of Nor'westers can be attri-
buted solely or mainly to radiation as suggested by Sohoni and Desai and Mal.

6. Itappears that while some of the Nor’westers may be due to the action
of cold fronts or undercutting by cold easterly Himalayan air the majority of
those which occur in the afternoon depend on some insolation effect. In the
morning there is an inversion between 0-5 and 1-5 km. with moist air below
and dry air above, generally with latent instability. The effect of insolation
is like heating unequally a slightly inclined layer of liquid from below with the
result that convection currents rise irregularly over the country. With the
advance of day and greater heating, these currents go higher and higher, and
if the heating is sufficiently great they reach the inversion layer which is wiped
off causing marked instability at the boundary layer. Convection currents,
when they reach this layer, shoot up with explosive violence causing a rapid
down flow of the upper air thereby generating a Nor’wester.

7. It would seem, as a consequence of what has been stated above in
§ 6, that the occurrence as well as the intensity of afternoon Nor’westers would
depend upon the height of the inversion layer and the amount of insolation.
If the inversion layer is low, when it is wiped off by the convection currents,
the instability at the boundary will not be large and as such there will be
cumulus and cumulo-nimbus clouds which may even be accompanied by a
mild or a moderate thunderstorm. When the inversion layer is high and when
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the convection currents reach this layer, the instability produced will be
great and there will be a violent thunderstorm or Nor'wester. It may be
mentioned that the chances of the convection currents reaching the inversion
layer will be greater when this is low than when it is high; hence occasions of
occurrence of cumulus and cumulo-nimbus clouds, which may or may not be
accompanied by mild or moderate thunderstorms, will be more numerous than
Nor’westers. If this mechanism is correct, we may also have a sort of basis
of forecasting of Nor’westers if we could find out the height of inversion layer
in the morning and also form an estimate of the maximum temperature likely
to be attained in the afternoon. For in this case we may be able to form an
estimate -of the height to which convection currents will rise and whether they
will reach the inversion layer or not. If the inversion layer is not reached
there will only be some cumulus clouds, but if this layer is reached then there
will be mild thunderstorm or a Nor’wester according as the height of this layer
is low or high.

8. There is often a lag of some hours between the time of maximum
insolation and the time of occurrence of thunderstorm in the majority of the
cases. Some lag can be due to the fact that time is required for the effect of
maximum insolation to reach the inversion layer. The lag of some 4 or 5
hours or more cannot, however, be probably due to this cause or, except in
some cases, to radiation. Chatterjee and Sur found evidence that the flow
of cold air from a neighbouring thunderstorm could start another. There
may be a state of affairs when the inversion layer is high and the insolation
is not sufficient to raise the convection currents up to this height and wipe off
the inversion, but is sufficient to leave warm moist air up to a little distance
below this height. The cold air from a neighbouring region where a thunder-
storm has occurred earlier flows out and undercuts the air at the place and
raises it so that it reaches the boundary layer, causing sudden great instability
and generating a Nor’wester. As the height of the inversion layer in a case
like this will generally be high, there should be a tendency for the Nor'westers
in this case to be severe.

9. Sur and Chatterjee found that in all cases when thunderstorms occur-
red there was latent instability, but about two-thirds of these ascents relate
to a short period before or near the time of the thunderstorm; so it is possible
that some morning ascents may not show latent instability but with the
advance of day moist air may come in and give rise to latent instability and
thunderstorm in the afternoon. It may also happen that, as was actually
noticed by Sur and Chatterjee in one case, there might be latent instability in the
morning but no latent instability in the afternoon. Cases like this are,
however, likely to be few. Sur and Chatterjee also found in a few cases
that there was latent instability even in the afternoon but no thunderstorm
took place. In these cases it may be that the convection currents could not
rise high enough to reach the boundary layer. Namiasl® found that similar
cases occurred in America. He applied the method of isentropic analysis of
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the flow patterns in the free atmosphere, as he believes that a fairly complete
picture of the mechanism can be obtained by this, and he found that it held
out the hope that all such thunderstorms, if not all summer precipitation,
could be forecast with a much greater degree of accuracy. A network of
aerological stations taking daily readings of temperature and humidity
would be necessary for purposes of isentropic analysis and as such this method
cannot at present be applied to the problem of Nor’westers in Bengal.

10. The conditions which appear to be necessary for afternoon Nor’-
westers are given below:—

(i) Supply of moist southerly air from the Bay of Bengal. It should
be fairly thick, say from 1-5 to 2-5 km., but should not be too
thick; otherwise the resultant effect might be the same as if there
wags only the moist air-mass present when no Nor’wester occurred.
The surface conditions favourable for this flow of moist air are
a low and west to east pressure gradient over Chota Nagpur
or neighbourhood. It sometimes happens, however, though not
often, that the circulation at higher levels is considerably
different from what one would expect from the surface conditions.
In this case it. is the circulation in the upper air and not the
surface condition which is the determining factor.

(ii) There should be a westerly or north-westerly dry air with a fairly
high lapse rate flowing over the moist southerly air.

(iii) There should be latent instability.

(iv) Cold easterly Himalayan air down the valleys of north-east Bengal
and north-easterly winds at lower levels from north Bengal are
favourable but do not appear to be essential.

If the above conditions occur, Nor'westers are to be expected. The
forecast has, however, to be issued in the morning and for small areas and it
is difficult to anticipate the changes likely to occur during the day and to
estimate the conditions in the afternoon and as such it does not appear possible
at this stage to state definitely what conditions in the morning are sufficient
to give rise to Nor’westers in any particular part of Bengal.
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DiscUssION.

Mr. Doraiswamy Iyer: Has Dr. Pramanik made any attempt to forecast
weather 48 hours or more ahead with the help of the upper winds and, if so,
I would like to know the results obtained. Has the relation between the
strength of the upper winds and subsequent weather in north-east India been
worked out, in addition to the relation between the direction of the upper
winds and subsequent weather.

Mr. P. R. Krishna Rao: The time interval between the occurrence of
the Nor’westers and the time of maximum surface temperature may be due to
the time taken for the turbulence effect to extend upwards by eddy conduction
to the boundary layer between the two air-masses. The actual time interval
on any day would depend on the height of the boundary layer and the value
of eddy conductivity.

Dr. Roy: Hot weather local storms such as Nor’westers in north-east
India (Kal-Baisakhi) and duststorms in north-west India {(Andhi) are, I believe,
essentially thunderstorm phenomena. The difference between a Nor’wester -
and an Andhi is obviously due to the difference in the amount of mois-
ture that plays part in the two phenomena. The observations made by
Mr. Chatterjee during the Jhikargacha expedition have provided us with the
following valuable results:—

1. The free air in Bengal during the months of March to May is charac-
terized by the presence of an inversion in the morning and forenoon at heights
varying from 1-5 to 2-5 kms., which weakens or disappears in the afternoon
by heat convection.

2. The air-mass below the inversion is a southerly moist current from the
Bay of Bengal and that above it is a dry westerly or north-westerly current of
land origin. v

3. One essential condition for the occurrence of a Nor'wester type of
thunderstorm is the accentuation of the southerly moist current.

4. Superadiabatic lapse rates appear in the air-mass near the inversion
level during the occurrence of a Nor'wester.

5. Nor’westers are more common in the afternoon and evening.

The western disturbances which travel eastwards through the centre of
India as low pressure areas are usually the agents which are responsible for
the strengthening of the moist Bay current. A weakening or the disappearance
of the inversion is, however, essential before a thunderstorm phenomenon of
the Nor'wester type can occur and this is effected by heat convection due to
surface insolation. This fact probably explains why Nor’westers are more
common in the afternoon and evening than at any other hour of the day.

The appearance of superadiabatic lapse rates in the dry north-westerly
land air above the moist air is apparently responsible for the violent character
of Nor'wester squalls. It is, however, difficult to imagine that air-mass with
superadiabatic lapse rates could persist for any length of time. There is,
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therefore, little doubt that the occurrence of superadiabatic lapse rates in a
Nor’wester is a temporary phase and yet important in explaining the sudden-
ness of the phenomenon. It is conceivable that the initial heat convection
causes precipitation which evaporates in the free air and cools it. Such cooling
near the top of the moist air-mass would give rise to temporary superadiabatic
lapse rates.

Dr. Normand : The necessary conditions for Nor’westers, as summarized
at the end of the paper, are in agreement with the views of most other workers
on the subject. Perhaps too much stress has been paid to the inversion layer
and to the suggestion (in one of the diagrams shown) that the inversion layer
is converted without change of height into a layer of great instability. Once
you grant latént instability as the source of energy, it follows that during the
releage of that energy there must be an apparently unstable layer shown in
every record of ascent through, and at the top of, the developing cloud.

Dr. Pramanik: I have not made any attempt to forecast for 48 hours
or more with the help of upper winds alone, but I have made a few forecasts
based on the surface and upper air charts with a fairly reasonable amount of
success. Ihave not also worked out the statistical relation between the strength
and direction of upper winds and the subsequent weather in N.-E. India.
I may, however, mention that in issuing forecasts both the direction and force
of the upper winds are taken into consideration and that these forecasts are
generally borne out by the subsequent weather. The point mentioned by
Mr. Krishna Rao is implied in the paper. Dr. Roy’s views are in general
agreement with those mentioned by me. As regards the point mentioned by
Dr. Normand, I may say that there is a change in height of the inversion layer
during the course of the day but it appears unlikely that there is much change
in height when this layer is converted into one of great instability.






