Symposium on Weather Prediction.

Under the auspices of the National Institute of Sciences of India, a sym-
posium on Weather Prediction was held in the Meteorological Office, Poona,
on the 25th and 26th July, 1938, under the presidency of Prof. M. N. Saha,
F.R.8. Various aspects of forecasting of weather were discussed at the
symposium, attention being focussed in most cases on the problem as it faced
the Indian meteorologist and was attempted to be solved by him. Papers
presented at the meeting concerned long-range forecasting for a whole season
as developed in India, medium-range forecasts for 10-day periods as developed
by the German and Russian Schools, short-range, i.e. day-to-day forecasting
in India with special reference to the application of air-mass analysis, the use
of upper air data for weather forecasts, thermodynamic studies of the atmos-
phere with special reference to latent instability, rainfall in north-west India
associated with winter disturbances, weather forecasting for aviation and the
application of kinematical methods to forecasting.

President’s Opeming Remarks.

Prof. M. N. Saha, President of the National Institute of Sciences of India,
in opening the symposium, expressed his thanks to all those who had responded
to the invitation of the Institute to take part in the discussion. He referred
to the fascination which the art of weather prediction had held out to man from
the earliest times, to the development of synoptic weather charts in this country
from the time of Blanford and Eliot and to the subsequent contributions made
by Indian meteorologists to the art and science of weather prediction, and
invited Dr. Normand to open the discussion.

Opening Address, by Dr. C. W. B. Normand, Director-General of

Observatories. .

Dr. Normand said: This meeting is under the auspices of the National
Institute of Sciences but owing to its location here in this office and my asso-
ciation with the India Meteorological Department, I claim the privilege of
offering, on behalf of the Meteorological Department, a hearty welcome to all
those who have come from a distance to this symposium.

It is a year and a half since the idea of a symposium on Weather Predic-
tion was first mooted. At one time the suggestion was made to include it
in the programme of the Indian Science Congress at the Jubilee Session at
Calcutta. You, Sir, told me that to the eminent scientists from overseas it
ought, at least, to prove amusing. To the eminent scientists, who are here
now, let us hope that the discussions that are to follow will be equally amus-
ing—and amusing in the good old-fashioned sense as well as in the modern.
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That is, may it make us muse over what we hear; may it lead us to ponder
upon the difficult scientific problems that a study of weather prediction brings
to our notice.

I have one regret about this symposium. There are no principal speakers
from outside this department. At one time we had the promise of two
from elsewhere, who however have not, in the end, been able to come. To
non-members of the Meteorological Department I would point out that here
is a monopoly to be broken and the first steps to do so may be taken to-day
in such time as our President may allow for remarks and questions and for
heckling the principal speakers.

To some people, a symposium on Weather Prediction may require justi-
fication. One high official in Government once asked why a meteorological
department should exist, when it would be so much cheaper to engage astro-
logers to forecast weather from the stars. In this symposium you will see there
is no speaker down to speak to us on forecasting weather from the stars, for
the simple reason that no astrologer has yet shown that his forecasting methods
are based on scientific principles or will stand the test of scientific criticism.
Every forecaster, amateur or professional or quack, finds some of his forecasts
turning out correctly, if he forecasts often enough; and it is a curious fact
(which Sir Gilbert Walker pointed out some years ago and many of us here
have learned by experience) that ‘while the forecasting efforts of charlatans
are judged by their occasional successes, it is the occasional failures of a
government department which are remembered ’.

In this symposium the main speakers start with a creed—a scientific
faith—that in weather we see the results of the ordinary laws of physics oper-
ating on the ocean of air. They have learned not to be downcast if they cannot
trace the physical cause of every connection. Our first speaker, Dr. Savur,
will probably tell us that abnormally high pressure in South America in April
and May is, more often than not, associated with a strong monsoon in India
in June to September. I don’t expect him to give you a reason, because I
don’t think he or anybody else knows. But he can show by means of satis-
factory statistical tests that the relationship is real and significant. There
must be a physical reason for that particular relationship just as there must
be a physical or chemical reason for the 11-year periodicity in sunspots and
solar activity. Some people criticise seasonal forecasts on the ground that
it is unwise to use a relationship, based on a smallish though significant corre-
lation coefficient, unless you know the physical causes behind the relationship.
I personally agree with the other view that if a fact is established with
reasonable certainty, we are at liberty to make use of it if we can. For
instance, if we could use the solar cycle in weather forecasting, surely we would
do so, although no astrophysicist can tell you why there is an 11l-year cycle
in the sun’s activity.

India is the country in which the subject of seasonal forecasting has been
most intensively studied. Sir Gilbert Walker carried it farthest, but the whole
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problem is so complex, that at the end of it all Sir Gilbert Walker advised
the use of the word °foreshadowing’ instead of ‘forecasting’ in order to
remind ourselves and everybody else that the utmost one can do at present is
to give a very general indication of the total rainfall over & large area for a
period of 2 to 4 months. The details of the fluctuations over the area and
through the season cannot be forecast. Hence, we aim in seasonal foreshadow-
ing to issue a statement that is brief, unambitious yet unambiguous in its
wording. :

The next question for consideration is: can forecasts be given for 10
days ahead with a fair amount of detail? Obviously these would be of great
use to many people in business, especially in India’s chief industry of agri-
culture. You will hear to-day of the attempt being made in Germany and
Russia to develop this medium-range forecasting. Here again, there are no
clear-cut physical causes and effects, but rather an arduous back-breaking
task of digging for empirical relationships out of vast heaps of data, with just
a few principles to guide one in the search. No intensive study has been
undertaken yet in India on this problem. In the U.8.A., it is said that the
German methods will be critically examined for the possibilities of their appli-
cation in America. Meteorologists in London indicate that these methods
are not yet thought applicable to British conditions.

When we conie to daily weather forecasting—forecasting for a half-day or
a day or for two days in advance, we come to an art or a science which has been
practised for sixty years or more in many countries. We must start with
some postulate. So we start with this: that if you have to forecast to-
morrow’s or the next day’s weather in the Deccan you must know now what
today’s weather is both over the Deccan and over surrounding regions as well,
because in 24 hours’ time part or even the whole of the air now over the
Deccan will have moved elsewhere. So, we postulate an up-to-the-minute
weather map for diagnosis of the present situation. From diagnosis we have
to pass to the next stage of prognosis or prediction. What principle, what
methods have we to use in this step ?

The ideal method is obvious enough. You write out the complete dyna-
mical and thermodynamical equations, enter the numerical values that represent
to-day’s situation, solve the equations and derive the subsequent weather
sequence as a function of time. Needless to say, the atmosphere is very much
too complex to be dealt with in this manner. The only real attempt to follow
this method was that by L. F. Richardson in his book ‘Weather Prediction’
published in 1922. He entered the discrete elements of present data,—
simplified the different equations where he thought it justifiable to do so,—
and solved them by the method of finite differences. The calculation is lengthy
and cannot be finished by an ordinary staff of computers until some days
after the period of forecast is over. Also, at the end of that long calculation,
the answer may not be right! Yet Richardson’s attempt, if it was a failure
from the practical forecaster’s point of view, was a glorious failure—the like
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of which any of us would be proud to be able to accomplish. Amongst other
things, it reminds us that a method to be successful in practice must be capable
of giving the answer quickly. The essential elements have to be selected,
analysed, and combined into a picture of the future within an interval of
half to one hour. :
, An alternative method to Richardon’s is to apply mathematics or graphical
methods to a selected body of the data. Thus Bjerknes, at one time, proposed
the careful preparation of each day’s stream lines and the careful examination
of the kinematics of the air flow. By that means he hoped to be able to map
out the areas of divergence and convergence. And let me warn you that you
may hear much about divergence and convergence from subsequent speakers.
The reason is this. The vertical movements are the important ones in produc-
ing weather. Rain is always preceded by upward movements,—and places of
upward movement appear on the surface charts as areas of convergence. Now
Bjerknes’ method of stream lines has never been followed up with accuracy
on a large scale, because of the difficulties of getting sufficient, accurate data
of wind. When tested intensively over a small area in Norway in 1917-18, it
led however to far-reaching results, which I shall mention in a minute or two.

There are other mathematical treatments available. For example, the
isobars or isotherms or any other isopleths may be treated as a function of time.
Knowing the change of pressure since 12 or 6 hours ago, along with the further
special information about the tendency of that change in the past hour or two,
you can imagine that for each station you have pressure described as a function
of position and time. Imagine the function to be continuous and you then
calculate what the isobaric field should be 6 hours later. Quick methods of
calculation have been devised. Later on Dr. S. K. Banerji will tell us how
they can be applied in meteorological practice.

Of course having only the picture of the field of pressure for 6 hours ahead
is not sufficient. We have to guess also the kind of weather that will be asso-
ciated with it. That guess is generally partly empirical and partly physical.
The empirical method is, I may remind you, eminently practical. You notice
the pattern of isobars on your latest weather map. You also have beside
you a catalogue of past isobaric patterns (as a policeman would of finger prints).
You look out those most similar to the isobars of to-day, and further weed
out the selection by making not only isobars but also isotherms and other
elements agree. You are then left (you hope) with a past example of what
is happening now and you forecast that what happened after that last example
will happen again. A great deal of daily forecasting is still done on that prin-
ciple. The complete list of past years’ charts may never have been cata-
logued in a form for publication, but the experienced forecaster carries the
memory of past weather maps in his head and is undoubtedly greatly influenced
by them.

Why doesn’t this practical, empirical method suffice? For one thing it
is more difficult to find a repetition of exactly the same situation in weather
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than it is in a deal of bridge hands. More important still, our knowledge of
the simultaneous upper air humidities and temperatures is so meagre that you
simply do not know which of all the past maps is the best likeness.

Let me mention just one more general method, one that has been de-
veloped out of Bjerknes’ original suggestion of drawing the stream lines. His
intensive study of stream lines in Norway had forced attention to disconti-
nuities in the general flow—and these discontinuities or ‘fronts’ came to be
recognized as the boundaries of more or less homogeneous air-masses; and
finally attention became particularly focussed on the identification of air-
masses themselves. The idea is briefly this. At this moment monsoon air
is flowing over the Western Ghats aud its properties are fairly homogeneous
day after day from Mangalore to Bombay. At Quetta, however, and in
Baluchistan generally, the air has quite different properties, being drier and
warmer, because it has had a different history and comes from a quite different
source. So you can divide a bit of your map into areas of fresh monsoon air
and of continental air, and you go on to picture how, according to simple
physical laws, these homogeneous air-masses should interact at their boundaries
and behave within themselves. This whole question of air-masses, their
recognition, their behaviour, is a very live one just now amongst meteoro-
logists. It invites approach from several aspects, and is a hopeful method
of analysis, especially for the present-day requirements which demand attention
to detail. At one time the practical forecaster could devote most of his time
to consideration of rainfall. Now airmen want forecasts of upper winds,
of height of cloud, of fog, duststorms, sudden squalls. There is this variety
of requirements and yet the decisions of the forecaster have to be made in quick
time; there is no opportunity for lengthy calculation. The symposium will
show how these problems are being apgroached.






