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maize o011l which can be used for soap-making
and other purposes.

THE EXISTING STARCH FACTORIES CAN BE USED FOR
THE PRODUCTION OF PRrocessep Maize Foobp

oome years ago, a number of starch factories
were started in different parts of the country
to meet the increasing demand for starch from
textile and other industries. There are now
about twenty fair-sized factories in India with
a capacity for handling hundreds of tons of
maize per day. These faclories were working
very actively during the war, but, recently
they have been thrown mostly out of commis-
sion because of the necessity for distribution all
available maize as an article of human food. As
already mentioned, thz results of this change
have not been as happy as was originally ex-
pected. While the siarch factories have been
mostly idle, maize is not finding much favour
as human food and quite large quantilies are
perishing in different parts of the couniry.

A modern starch factory has the necessary
equipment for the steeping, efficient removal
of the skin, separation of the germ and other
processsing of maize. These operations form a
part of the process comnected with starch manu-
facture. 1t appears very desirable, therefore,
that instead of keeping the starch factories idle,
their equipment could be utilised for process-
ing the maize in such a way that they will turn
out acceptable articles of human food. It
should be possible for an avsrage starch fac-
tory to turn out a flour that would exclude the
skin and the germ, but includz the rest of the
grain as a fine flour. This flour would be
attractive and can be used for® a variety of
purposes. There is strong justification for pre-
paring bulk specimens of the finished products

and conducting consumer tests with them over

different parts of the country.
THE MAIZg GRIT

The ahove would be a wet method of pro-
cessing the grain. That would necessitate the
drying of the final product. There is also some
risk of a part of the maize oil. being carried
along with the maize glutzn which would form
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a part of the flour. There are also dry methods
which could be used for the removal of the
skin and the germ. The remaining part of the
grain could be. converted into a form which is
commercially known as maize grit and which
can be used for a variety of purposes. The
cquipment for the manufacture of maize grit is
avallable and can be easily obtained from
abroad. If some maize grit could be prepared
in India or imported from America, some con-
sumer-irials could be carried out with it and
the public given the benefit of demonstrations
i regard tfo its varied wuses. Arrangements
could then be made for the importation of the
necessary machinery.

THE INDUSTRY CAN BE EASILY STARTED AND
EXTENDED

Some of the manufacturing firms in ths
country are already familiar with the methods
of producing processed maize flour and also
maize gril. They could obtain the required
equipment and set them up if the necessary as-
sistance is given. Once maize products could be
made popular to the average rice and wheat-
eating sections of the population, s future
would be quite assured, and there will be enor-
mous demand for maize products all over the
country. The wvarious factories in the countiry
will have also have plenty of work {o do; in
fact many more new factories will be needed.
The Government can investigate the matter
through its Food Technical Panel and plan
the organisation through its appropriate Food
Industirial Panel.

Any important process successfully applied
in the case of maize would also be.generally
applicable in the case of jowar and other
coarse cereals. By suitable processing both
human food in popular forms and also con-
centrated animal food out of the coarser frac-
tions can be obtained. In this manner a halan-
ced system of food production can be evolved
with increasing benefit” both fo man and {o

Y
Neteo—"1 he cost of priantiog this article has heen met
from a generous grant-in-aid from thelmperial Council
of Agricultural Research, New Delhi.

AIR MASS INTERPRETATION OF SEN’S VORTEX METHOD OF

WEATHER FORECASTING

By S. I. MALURKAR
(Poona 35)

IN his review of Indian Weather in Koppen

Band, Normand!l pointed out that the con-
cept of different air masses is old and implicit
in the terms usually employed by the weather
forecasters in India, but lacked the pictorial
appeal of the theories which had then recently
become common in the extra-tropical lati-
tudes. A deep coist of monsoon current and a
dry current were the main distinctions employ-
ed. Simpson and earlier workers? ponmdered
the monsoon stream as the continuation of the
S E. Trades of the southern hemisphere, Many
workers tried to find out the different sectors
and air masses that were required in the period
of SW. monsoon and for the cyclonic storms
at other periods.3 Roy and Roy# found that the
monsoon depressions c¢ould be considered as

congisting of three sectors with the following
air masses; (g) fresh monsoon alr, (b) mon-
soon air deflected by the hills in N.E. India and
(¢) the dry continenial air. The very nomen-
clature restricted the scope of enquiry into the
ultimate origin and properties of the air mass-
es. Due to various reasons the origin of the
air masses was left vague by other workers
also. The position could not be described as
satisfactory. Many forecasters including. the
suthor were content to find facts whl_ch could
be used as simple criteria and sometimes use
the concept of air mass when the signs for
the latter were definite, The analysis of ex-
tensive weather  charts and a technique of
uniquely drawing isobars,® even when pressure
gradients were weak and the number of oh~
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servatiouns few and far, showed that taking sc-
count ol the sequence of the isobaric situation,
weather and upper winds, the Indian weather
could  probably be attributed to three air
masgses . b
Equatorial Maritime Air (Em)~During
the B.\W. monsoon and in the pre- and post-
MONZooNn months Iresh maritime 20 crogses
the equator from the south, at intervals de-
pending on other meteorological conditions.
Il crosses the equator in a spurt (in a small
interval of {ime) and there is a goad inter-
val of & few days before the next Crossing
can occur. To indicate this discontinuous
and short-period crossing, the word ‘PLlse’
of Iresh maritime air has been employed.
Before crossing the equator the character of
the air mass is not -the same throughout ifs
bistory. It starts from one of the high
pressure cells in the southern hemisphere
as almost a dry continental stream (Te) and
in s westward travel gradually picks up
moisture and some further additiohs of dry
continental air. Later, due to the moistyre
content, it can be detected as a ‘shallow’
(in the sense of parometric defect at the
centre and nof as the height to which it
exiends) low pressure area moving in an
almost west or west-north-west direction.
The air corresponds to the far~eastern tran-
sitional or mixed air (see below). "When
just about te cross and certzinly after ergzs-
ing, its properties would be Em. It can be
made easily unstable and thunderstoems
occur all along its path and weather over
the sea would be squally. The diurnal
variation of temperature in its mass is Very
small or even negligible as shown by ob-
servations at hill-stations. The tempera-
ture at sea-level is about 80°F. The air is
not hot, but due to its becoming easily un-
stable it can release energy and act as a
‘source’ among {the air massest
Far-Eastern Transitional or Mixed Tropi-
cal Air—This contains a mixture of tropical
maritime aiy and {ropical continental air in
varying proportions depending on the loca-
lity and scason of the year. Though it may
be hotier in some seasons {(e.g. northern sum-
mer) than Em, it is more stable. Near the
hills of N.E. India it can, however, cause
thunderstorms, Its properties are descriped
elsewhere® ‘The monsoon ‘pulse’ (much
before it crosses the equator to the other
side) would resemble this air mass and this
was the reason why the name transitional
(transition from the Tc¢ to Em in the course
of the {ravel from one of the high pressuyre
arcas in the southern hemisphere to the
northern hemisphere and reciprocally from
the northern hemisphere 'to the southern
fiemigphere} was given and put as Tr,
Tropical Dry Air—It has mostly a land
ofigin and- ¢an be usually described as Te
with an occasional mixture of Pe. Ite humi-
dity “is small and it shows a large diurpal
range of temperature on the groynd. It
brings in unusually hot or unusually cold
days over the region it passes over accord-
ing as it is summer or winler period. For
depressions forming In Bay of Bengal or in
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Arabian Sea the air gefs slightly modified

dus to its partial Sea travel.?

The three air miasses could be separated,
their effects and characters can pe studied.

In the height of northern winter (January or
February), the first air mass rarely enters the
Indian ar:a and few tropical cyclonic storms
(with a westward motion) form. Recently,
the existence of the three air masses has been
verified by thes use of temperature and humid-
1ty data over the region 8. China to N.E. India
and Ceylon to Peninsular India.1°.

Sen and Puri worked a simple air mass tech-
nique for daily weather forecasting.!l Later
Sen discarded the method and introduced a
theory of “Vortex Method”.!2 With a weather
chart which was limited in extent, the last
method sometimes gave successful results,
more sq in detailed forecasting. There have
ceen crities. A8 much thought has been spent
to evolve the ideas and positive success attain-
ed, 11 is necessary to look deeper inio the
m:thods., As idea of air masses cannot be dis-
carded, Sen’s method must' esséntially be a
part of a more complicated analysis wWhere air
majses are implicit and dominant. The restric-
ted nature of Dr. Sen’s analysis must cater to
the finer details of weather €or eCasting,

It is, perhaps, usefu] to digress here, why the
air mass coneept becomes ‘unconvineing’ to
many weather forecasters in the tropics when
working with limited number of ohservations.

In the northern winter, the shallow low pres-
sure areas or ‘pulses’, that cross inty the south-

ern hemisphere to feed inio the tropical cyclo-

nic storms or depressions there, are in the wind
field of the “N.E. Trades”. The winds are
moving towards the equator and due to lati-
tudinal divergence are gaining in stability, and
the lines of partition bhetween this {(Tr) and
other air masses are getting obliterated. (Just
as in the case of cold fronts getting diffuse due
Lo subsidence in the cold sector.y The NE.
Trades are passing over the sey before crossing
the equator and would be absorbing moisture
and getting heated. They cross as ‘pulses’ thete-
after to the southern hemisphere. At this stage
the air is unstable. This can only be unmistak-
ably noticed within five or six degprees of ihe
equator, a region generally ignored as ‘dol-
adrums’ or as outside the area of many working
charts. QOccasionally this instability may be
detected uplo ten degrees or more in lafitude,
but it can be euasily missed;  as one is not out
to look for it. The wesiern disturbgncss ingi-
cate fronts on some occasions, but jf the air
13 traced, it often happens that the partition
is between sections of tropical air which had
very ncarly the same origin in the high pressure
cf west Asia but wilh different travels. (Both
approximalely eastwards, one over the land
and the other partly over sea.y Qccasionally,
th: N.F. Trades feed into the maritime part of
the tropical air?™ byt may be missed duc to
the limited extent of the chart of a forecaster
catering for N.W. India, The latitudinal con-
vergence of air with a northward travel and
the orography would seem to explain all his
doubts.

In ths monpsoon months, the most important
air mass Fm is the most elusive gne.  The
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S.E. Trades are towards the egquator and the
‘vulses’ or shallow low pressure areas that
bring in the {resh monsoon air 10 the north
hecome very diffuse as they approach the equa-
tor, The pressure changes near the eguator
are very small and may even be less than the
diurnal wvariation of it, so that its importance
waonld be missed.” The direction of wind would
be disposed of as ‘light and variable’. The
tims» of crossing and the criterion of Crossing
wauld need very careful study of observations
over a wide area on either side of the equator.l4
The trajectories drawn with the help of pilot
balloon observations from stations situated at
great distances from one anoOther can give Immis-
leading ideas (e.g., the S.E Trades or.‘'pulses’
go as far as Africa and then CWrve across the
equator to feed into the Arabian Sea—the time
sequence, the weather and winds at higher
levels are all against it).

As for the far~eastern air Tr, it is partly
N.E. Trades displaced northwards due to the
shift of the seasonal lows and highs and has
a slight equator-ward motion. It tends to gain
In stability in the gitr mass and to make the
partition with other air masses diffuse. Except
in the neighbourhood of hills, thunderstorms are
hot common. But for the changing geomelry
of carefully drawn isohars and the sequence of
rain in N.E, India, this air mass can be easily
missed or i1gnored. '

The third air mass is the continental dry
air—its need is known. Its significance was
missed, as with only one air mass which can
be {ollowed nothing exailng ¢an resuii,

It is smzll .wonder, if a forecaster in the
tropics, handicapped with a limited chart and
more Hmited number of observalions and with
air masses whose differences in temperature
were much smaller than in the temperate lati-
tudes, bhecame sceptical of routine air mase
technique In his area. _

Consider now the winter conditions over
India. Just north of the equator, in the lower
levels of the atmosphere, there is an easlerly
or east-northeasterly flow of alr due to the
N.E. Trades. At higher lafitudes, there 1s a
westerly or west-southwesterly stream (the
hisher levels can be considered later). The
easterly winds strengthen when ‘pulses’ or law
pressure areas travel from the east and Cross
into the South Indian Ocean to feed the south-
ern tropical cyclonic storm or depression. The
westerly winds at higher latitudes feed nto
one or the other secondary low bpressure areas
of the western disturbances and themsélves
strengthen (see Fig.). When there 1s such
a juxtaposition in the mnorthern hemisphere,
and easterly fow at a lower latitude and a
westerly one at a higher latitude, the high
pressure belt, in between, divides itself Into
cells of high pressure or a series of anticyclones.
When there is no disturbance to the south or
north of it, the aniicyclone may be described
as ‘stationary in intinsity and approximate posl-
tion. The subsidence would be small and the
air in it generally stable. The getalls ©f this
configuration are given elsewher2.1s The anti-
cvclone develops or intensifies when elther
the easterly or wesferly siream sirengihens,
i.e., when the infeed of the Tr to the southern
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depression (and sometimes to a secondary low
of a western disturbance) or when the infeed
mio the western disurbances takes place. As
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the shallow low pressure area representing the
‘pulse’ appreaches the particular anticyclonic
cell, the latter continues to developn. The
‘pulge’ may now cross the equator with a spurt
(in a cowparatively short period of time) and
then the anti-cyclone will definitely weaken tifl
the next low pressure area or ‘pulse’ ap-
proathes it. In the case of monsoon depressions
in Indian areg, Sen calls this sort of thing
which occurs in the southern hemisphere as a
sirong aniicyclogenesis which gives rise to
¢yclogenesis in Indian area. This may also
be compared with the ldea of strong surges of
nigh pressure in the Mozambique channel giv-
Ing rise tp depressions In the Indian seas (com.
Pendell and others). The main fact is that a
‘pulse’ of fresh monsoon air crossed the equator
to feed into g tropical cyclonic storm or de-
pression. The concomitant circumstance was
the high pressure area pr the development of
the anticyclonic cell and its later recovery. The
author has pointed out that (Forecasting Weaq-
ther, etc., pp. 36 & 88) “At the time of crossing
Fhe equator (the ‘pulse’) the value of the morn-
ing pressure is generally above 1020 mbs. and
shows a good rise from the value on the pre-
vious day. The pressure rise is almost con-
temporaneous with the crossing of the equator
by the pulse” and “Just before the firansport
of the fresh maritime air across the equator,
fairly strong pressure gradieni may be abserv-
ed south of the equator and sometimes the
sieep pressure gradient may be observed {o
extend as far as Mauritius ...7 As the high
pressure area or the anticyclone s further
away from the equator, it can be observed
better hut it would naot justify to designate it
as the cause.

If on the cther hand, the “pulse’ did nol Cross
the equator and moved weslwards further, the
next anticyclonic cell would develop and may
release itself suddenly if now the ‘pulse’ cross-
ed inte the scuthern hemisphere. Otherwise,
the anticyclone would ralease jtself slowly and
the next anticyclonic cell to the west of it will
begin o develop.

It the ‘pulse’ or far-egstern air fed into the
maritime part of air of the secondary low of an
extratropical disturbance the anticyclohe would
gradually develop and would be displaced
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eastwards as a northward travel of Tr would
need a southerly stream to the west of an anti-
cyclonic cell. The release would still be
gradual. The recovery of the position by the
anticyclonic cell would depend on the motion
of the low pressure area to the north of it. The
shape of the anticyclonic cell would depend on
the relative position of Tr and the secondary
low pressure areas of the exira-tropical depres-
sion.

If on the other hand, due {o the secondary
of the extra-tropical depression, the westerly
stream  strengthened, the anti-cyclonic cell
would once again be developing. As the
secondary low Dpressure areas travel almost
EN.E.-wards, one anticyclonic cell affer an-
other gets developed in an eastward progres-
sion. Some of the developed anticyclonic cells
may allow Tr to feed inta the secondary while
in others such a contingency may not happen.
While the movement of the complex low of
the western disturbance is large and erratic,
the development and recovery of the almost
stationary cells of anticyclones in the seasonal
high pressure belt can be observed more
closely. If the complex low pressure area of
the western disturbance is broken up into a
series of distinct low pressure areas each of
which is.moving EN.E.-wards and has a sepa-
rate existence the problem of following the
wesiern disturbances would be very greatly
simplified!¥ and here again thig series of secon-
daries is the cause and the change in the anti-
cyclonic cells a concomitant. When the extent
of a2 weather chart is small, a fast-moving west-
ern disturbance can be detected by the chang-
es in the anticyclones. During winter it is
possible to hazard a guess that a western dis-
turbance is approaching Iraqg when the surface
and the lower upper winds at Bahrein become
more northerly or northeasterly and no ob-
cervations from west of Bahrein are avail-
able.l” Similarly even though. with the ob-
servations on the chartis no low pressure area
cann be drawn, the development of the anti-
cyclonic cell can indicate an approaching dis-
turbance. In the first case the seasonal high
is getting narrowed, displaced and intensified
due fo the approach of a western disturbance
and the wind at Bahrein becomes more north-
easterly than 1its wusual north-westerly, The
footsteps of a camel on a desert allow onhe to
deduce the movement of a camel, as a result
of past experience regarding the shape and
direction of its footsteps.

In the northern monsoon, the casterlies are
shifted northward in latitude {say about 20 to
35°N.) and the westerlies still further north.
in the high pressure belt, the anticyclonic cells
can still form and the development of the cell
would depend on the far-eastern Tr feeding
the monscon depressions or fto some weslern
disturbance travelling at a higher latitude.
As the western disturbances at a higher lati-
tude ‘pull” up’' the monsoon depressions and
allow i1 o recurve s {his would again be indi-
cated in the displacement of the anticyclonic
cell, and is a useful orientation in actual prac-
tice. To draw the anticyclonie ¢tll or 1o see
its displacerment, it may not alway:;' he neces-
cary to have winds all round, as with practice
and experience ohe can judge if,

In the monsoon nearer the equator and south
of it there is again a general high pressure
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area with wvariations, Further down in south-
ern hemisphere the high pressure area breaks
up into cells, It is possible ‘toc imagine that
with the anticyclonic cells to the north of the
monsoont low and with the high pressure cells
to the south of it; we have a street of vortices,
and whose displacements and wvariations indi-
cate weather, not easily deducible otherwise,
with limiled observations.

It follows, therefore, that the main thing is
the movement of low pressure areas and the
alr masses connected with them as far as
weather forecasting is concerned: and the anti-
cyclonic cells (or vortices) are the indicators
of the movement of air masses and low pres-
sure areas.. When this limitation is clarified,
the Indicative value of the anticyclonic cells
can be iully exploited. This is specially useful
to a forecaster whose chart is limited. 'The
distance between two successive anticyclonic
cells is determined from large dynamical consi-
derations and the variation of the position and

. configuration of these anticyclonic cells is small

from day to day so that patterns can be drawn
and followed closer. If any cannot be drawn,
due to lack of observations, it is possible to
make a fair guess, and fill up the lacun=. A
quick and unique way of drawing these anti-
cyclonic cells,r whether the wind field is strong
or weak and variable, and the cataloguing of
the variation in the cell due to types of distur-
bances that may be passing about it would be
highly desirable.
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