SEASONAL FORECASTING IN INDIA.
By S. R. Savur, Meteorological Office, Poona.
(Read at Symposium, July 25-26, 1938.)

Introduction.—India is one of the few countries in the world which depends
almost entirely upon agriculture for its prosperity. Agriculture, in its
turn, is dependent upon rain, which should be sufficient and well distributed.
Hence it is but natural that from time immemorial, Indian agriculturists
should have tried to read signs in the sky with a view to discover the nature
of the ensuing rains. Many of their observations have come down to us in
the form of sayings, some of which show the extraordinary insight some of our
forefathers possessed in interpreting meteorological phenomena.l Coming to
recent times, H. ¥. Blanford 2 made the remarkable discovery that late and
heavy snowfall in the Himalayas is prejudicial to the June—September rainfall
in India. This observation has been made use of from the very beginning
in the seasonal forecasts issued by the India Meteorological Department. In
this note we shall trace the growth of this branch of Indian Meteorology from
its origin to the present day.

Forecasts of meteorological phenomena can be divided into two classes,
viz., short range forecasts and long range forecasts. Short range forecasts
are usually limited to a period of 24 hours, but on rare occasions they extend
to over 48 hours or a little more. Long range forecasts, as attempted in this
country, are for periods ranging from two months to four months. Since
these periods cover definite seasons, these long range forecasts are also called
seasonal forecasts.

Historical—H. F. Blanford was appointed Meteorological Reporter to
the Government of India in 1875. From 1882 to 1884 he made attempts to
estimate the prospects of monsoon rains. In 1885 it was decided that a mon-
soon forecast should thenceforward be given annually. The first of the
regular series was given on the 4th June 1886. It has been continued till now.

The first forecast was mainly based on snowfall in the Himalayas
and the Sulaiman range during the preceding January to May and on the
mean pressure over Bombay. The next year Sir John Eliot added conditions
over the whole of India, and a year later in 1888 he took into consideration
the conditions over the Bay of Bengal and the Arabian Sea.

In 1888 and 1889 the monsoon memorandum was issued in two parts:—
the preliminary memorandum in the third week of May and the final memo-
randum about the 9th of June. From 1890 onwards the preliminary portion
was dropped out. The memorandum which began with 3 pages swelled in
1892 to 22 pages.
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In that year an additional forecast for August-September was given.
This too has been continued till today.

In December 1893 the first forecast of winter rains in northern and central
India during January-March 1894 was given. This also has been continued
till now.

Since the monsoon winds come from the Indian Ocean, Eliot added in
1896 what he called ‘the local peculiarities’ there, namely the south-east
trades at Mauritius, Zanzibar and Seychelles. In 1897 he added data of South
Australia and the Cape Colony. As it included a detailed discussion of these
factors, the memorandum had swelled to 44 pages by 1900. In that year
‘Nile flood’ was used as a factor. It was believed that ‘low Nile’ meant
‘famine year’ in India.

In 1904 Sir Gilbert T. Walker gave his first forecast, namely that for
June-September rainfall. He soon found that periodicities did not pay. We
now know why periodicities are not nseful. This point will be discussed later
on.

The method used by Eliot to discover whether a factor had any influence
on the rainfall in India was by drawing s graph for that factor and seeing
whether it showed any parallelism with the graph of subsequent Indian rain-
fall. This method has much individual bias. Walker supplanted this method
by the correlation method developed by Karl Pearson and his school. This
new method not only eliminated personal bias to a very large extent but
simplified the selection of factors considerably. In 1907 a forecast formula
was calculated, but in that year and the next, this formula was used more or
less as a guide to the inferences drawn in the old manner. In 1909 the first
forecast using a regression equation was made. From this year onwards the
memoranda gradually diminished in size.

In 1906 was started the publication of memoranda comparing the fore-
casts with the actuals. These have been continued to this date.

The winter forecast, which used to be given in December till then, was

" given early in January in 1913, because some of the data on which it was based
could not be had before the end of December. This practice has been
continued till now.

Walker realized that India, being more or less a continent by itself, cannot
be considered as one homogeneous unit regarding the distribution of rainfall.
In 1914 he used the method of correlation to divide India into fairly homo-
geneous groups and selected the following four areas:—Burma, north-east
India, south Madras, and the rest called ‘India main’. These divisions were
used from 1916 onwards till 1924 with slight variations.

In 1924, just before he retired, Walker divided India into three groups
called the Peninsula, north-east India and north-west India. These are in use
at present. He also selected 28 factors out of a large number after applying
a test discovered by him in 1913 and which is now known as ‘Walker’s test’.
Using these factors he worked out 6 forecasting formulze.
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These formulse were in use till 1930 when they were revised using the same
factors * but including all the data up to 19303 . An examination of the
results showed that almost all the factors had diminished apparently in sig-
nificance to a greater or less extent, but the most remarkable thing was that
not more than 7 factors out of 28 had become quite insignificant, a fine testi-
mony to the keen insight of Sir Gilbert Walker. The tests that had been applied
were those in current use at that time. These tests are veally only applicable
to cases in which the factors have been selected at random, but not to a case
where a choice has been exercised in the selection of factors. Still one had
to be content with those tests as no better tests were then thought of.

The late Mr. J. H. Field, who succeeded Sir Gilbert Walker in 1924,
suggested in 1923 the use of upper air data at Agra during September and
October as a factor for the January-March rainfall in north-west India; the
data of 10 years, available then, had yielded a correlation coeflicient of
0-91£0-04. Walker, who also had this factor in mind as long back as 1917, did
not accept this correlation coefficient at its face value, probably because a
selection of the period was made after the examination of a number of coeffi-
cients, this selection increasing the probable error of the coefficient to an
extent that could not be easily determined. Mr. Field also must have shared
this view as he did not make use of this factor during his period of Director-
Gieneralship, although the possibility of the use of that factor continued to be
pointed out every vear. '

By this time the length of the memoranda had been cut down very much,
the length varying from 1 to 8 pages. This decrease in length was possible
because the use of the regression equation did not call for any lengthy des-
cription of the influence of the various factors. Since 1927, when Dr. C. W. B.
Normand succeeded Mr. Field, the length of the memoranda has been cut
down to 2 pages. Only on very rare occasions has the memorandum covered
two and a half pages,

Seasonal forecasts are always somewhat vague. Prior to 1931 they
were of the type ‘Rainfall is not likely to be far from normal’ or ‘Rainfall
is likely to be normal or in slight excess’. To the initiated the word ‘normal’
meant an interval of 209, on either side of the average. In 1930 tables were
computed with the idea of issuing slightly more definite forecasts, more
definite in the sense ‘of our being able to judge after the event whether they
were right or wrong. These tables were ready early in 1931 and were used in
drawing up forecasts from June 1931.

Three years previously, in 1928, Walker had suggested that no forecasts
should be given which have less than an 80%, chance of success. This very
reasonable suggestion has been generally followed in the issue of all forecasts
since January 1932.

* For factors now in use, see Appendix I.
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In October 1931 Dr. Normand began the use of a general test called by
him ‘The Performance Test’, which eliminated the personal element in-
herent in the old method of selecting factors. This test has helped us in the
following ways:—

(1) To test the significance of the factors,

(2) to test the significance of the regression equations,

(3) to select significant factors to replace the insignificant factors, and
(4) to arrange the factors in the order of reliability.

Naturally it took some time before all the above possibilities of this test
were grasped. This test has been in use since January 1932. It was only
when this test corroborated the significance of upper-air data in forecasting
winter precipitation in north-west India, that that factor was incorporated in
the forecasting formula from 1935.

Some elementary theoretical considerations.—Objections have been raised
off and on against the application of correlation methods to weather predie-
tion. The main objection is that we are using factors only on the strength
of the value of their correlation coefficients with our forecasted element al-
though there do not appear to be any physical reasons for a relation between
them. This objection is not so formidable as it appears and has been partly
answered by the researches of Sir Gilbert Walker ¢ on world weather, but the
greatest argument in favour of the correlation method lies in the accuracy of
the results as will be seen later on. .

Suppose a quantity X depends upon other quantities Y, Z,
etc. Then if we denote amounts by small letters we can write

z=¢(@y, 2, . . . .) where ¢ is some unknown function.

To a first approximation, we may take ¢ to be a linear function. We
thus get

=k y+k,z+

where k1, ks . . . etc. are constants, and «x, y, 2, ete. are departures from
their respective population means.

This is the assumption with which Sir Gilbert Walker started his series
of papers in which correlation methods were applied to weather prediction.

If X, Y, Z, etc. are distributed normally, the linear relation between them
follows at once. There is reason to believe that this assumption may not
be far wrong in the case of the factors used in seasonal forecasts.

Now, we do not know all the factors that affect our forecasted element,
X. We may therefore write

r=o-+p

where a=total contribution due to known factors and S that due to other
independent factors.

Since more than 60 corresponding values of x and o are known we may
take the observed values of the standard deviations of z and « and of the
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correlation coefficient between them as not far from their true (population)
values.

If we measure z and « from their respective sample means, which are
very nearly equal to their respective population means, we see that the mean
of the B population is zero. ~We thus know the distribution of 8 completely
and so can find out the limits beyond which the chance of a value of 8 occur-
ring is less than an assigned quantity. The calculation of such limits is very
much simplified if use is made of the tables computed by 8. R. Savur and
8. Gopal Rau.?

Suppose with 209, as the value of chance, the limits are 4-8;. Then
the chance of a value of B occurring between £, is clearly 809%. Similarly
with 409, as the value of chance let the limits be £8,. Then the chance is
209, for the occurrence of a value of B greater than 4§, or for the occurrence
of a value 8 less than —8,. :

Suppose in a year the value of o is «;. Then we can give one of the
following three forecasts, each of which has an 809, chance of success:—

(1) z will lie between «;—pB; and a;+f;.
(2) x will be less than ;- 8,.
(3) « will be more than o;—pBs.

The selection of one of these forecasts, assuming that the forecaster wants
a forecast having an 80%, chance of success, is, from the point of view of
theory, immaterial. However, certain other considerations have been used
by Dr. Normand in the selection of the particular type of forecast in any year.
They are briefly the following.

From a knowledge of the distribution of x alone, i.e. without using any
forecasting formula, we can calculate the chance of success of each of the
above forecasts.  This chance has been termed by Dr. Normand ‘ the intelligent
layman’s chance of success’. One of the criteria adopted by Dr. Normand
is that the forecaster’s chance of success should be appreciably greater than
the layman’s chance of success of the same forecast. Otherwise the forecast
is not useful. This is the criterion that should be satisfied by all forecasts
before their issue is considered.

Forecast (1) is preferred when «;=0 or a small positive or negative quantity,
forecast (2) when «;+fB, is either zero or negative, and forecast (3) when
o;—PBs is an appreciable negative quantity. It is no wonder that with such
restrictions there have been occasions when no useful forecast could be given.
Since June 1931, when the Performance Test began to be used, to the end
of January 1938, only 5 out of a possible number, 38, of forecasts were not
issued, this small fraction, about , being, no doubt, due to a lucky chance.
Ordinarily one might expect to find such occasions on about | or } of the total
number.

As a typical example of the method used in forecasting we may consider
the August-September forecast for the year 1936.
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For the Peninsula, the caleulated departure of rainfall from normal came
out to be +1-7. _

(A) 809, chance of success forecast based on the above is ‘That rainfall
will not be below 949/ of the average’.

(B) 80%, chance of success forecast made by an intelligent layman is
¢ That rainfall will not fall below 80Y%, of the average.’

Now the random chance of success of the forecast (A) is only 609%,, which
is much below 809%,. Again (A) is very different from (B).

Hence both the criteria are satisfied and it was therefore decided to issue
a forecast.

In a similar manner, it was also decided to issue a forecast for North- West
Indie. The full wording of the forecast was:

‘The monsoon rainfall of August and September will not be less than 949,
of the average in the Peninsula nor less than 83%, of the average in
North-West India.’

Actually the rainfall was 929, of the average in the Peninsula and 1049,
in North-West India, showing that while our forecast in respect of North-West
India was successful, that for the Peninsula was wrong although by a narrow
margin of 29,.

Justification of the method employed.—We have said already that one of
the best proofs of the utility of any method is in the accuracy of the results
predicted from it. Let us apply this test to our method.

Out of 33 forecasts given so far (January 1938) since June 1931, 27 fore-
casts were not wrong, and the ratio of 27 to 33 exceeds slightly the 809/
expected. To find out the significance of this result we may proceed as follows.
While the average chance of success of these forecasts according to the formula
is 789, the intelligent layman’s chance of success is only 649, The proba-
bility of obtaining not more than 6 failures in 33 forecasts on the intelligent
layman’s chance of success is 29%,, showing that the chance of only 6 failures
out of 33 would have been small for the layman.

The probahility for the same event on the forecaster’s chance as calculated
from the formule is 399,, showing that the actual success is within the limits
of variation due to random chance. Hence the formul» have performed up
to expectation.

We have said that the correlation methods are strictly applicable when
all the quantities are distributed normally in their respective populations.
The quantities that we have been using for our forecasts are mean monthly
pressures, mean monthly temperatures and total rainfall amounts over one or
more months. 1t is only in the case of rainfall that one might expect a big
departure from normality of distribution. This view is no doubt true in the
case of the rainfall at a single station, especially if the station is situated in
an arid or semi-arid tract. But when the rainfall is taken over a large area
like north-west India, the Peninsula or north-east India, and over a period of
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wo or more months, the distribution is likely to tend towards normality.
This point was tested in 1933 by D. Sankaranarayanan ® who found that
there was no appreciable departure from normality in the case of the rain-
fall data used by us in our forecasts. This may be considered a further
justification of the methods used in our seasonal forecasts.

Taking all these into account we see that, although the correlation method
may not be ideal for forecasting work, yet it is sufficiently good to yield results
having significance. Hence it is proposed to continue this method until a
better method is devised.

Sunspots and periodicities—It has been said previously that Sir Gilbert
Walker did not put much faith in sunspots or other periodicities. With
regard to sunspots he showed in 1915 that their influence could not be consi-
dered significant. The question of periodicities was examined by 8. R. Savur
in 1927 and again in 1935.7 Tt was found that periodicities were of little or
no use for the drawing up of useful forecasts in India. In fact, no proof has
been found anywhere for the belief that weather repeats itself at regular
intervals.

A few shortcomings.—It is fully realized that the kinds of forecast issued
now are far from perfect. They are given for big areas and for periods ranging
from two to four months, that is to say they do not indicate any local variation
or distribution from month to month or from fortnight to fortnight of rainfall.
These defects, although not small, are not as serious as one might at first
imagine.

Let us first take the local variation in the seasonal rainfall in any big
area, say the Peninsula. The smaller areas, which are political divisions,
such as Gujarat, the Konkan, etc., included under this big area, are such that
the rainfall amounts in the smaller areas have tolerably high correlation coeffi-
cients between one another. This means that the local variation, that is the
variation from one small area to another, is not much.

The variation from month to month of the average rainfall is already
known. When we had in any year an excess in the total rainfall during, say
June—September, it is found that there was in a majority of cases more than
average rainfall in each of the four months, although not by the same propor-
tionate amount. A similar remark holds good in the case of years of deficient
rainfall. Hence the drawback in giving the forecast for the whole season
instead of for the individual months is not very serious.

Attempts are being made to overcome these defects gradually. The first
improvement will be the issue of forecasts for smaller areas than are in use at
present, Some groupings of areas have been tentatively made and are being
tested by the Performance Test. If the result of the test is favourable the
smaller groups will be adopted. Only after this question is settled, will the
forecasting over smaller intervals of time be taken up.-

It has been said earlier that the method of correlation is strictly applicable
only when all the quantities that are correlated are distributed normally.
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Although the departure from normality has not been found significant, yet
one cannot assert that the quantities are distributed normally. If therefore
there is a departure from normality, it is difficult to see to what extent the
correlation methods are reliable. However, to overcome this defect some
general methods are being developed which are applicable to all cases irrespec-
tive of the frequency distributions. Although the theory is still in its infancy,
it is hoped that ere long it will have been developed to such an extent as to be
capable of useful application to seasonal forecasting.

It has been said above that attempts are being made to diminish the
period over which the seasonal forecast is issued. On the other side, an effort
is made to lengthen the period over which the day to day weather forecast
{(short-range forecast) is made. Is it possible to bridge this gap? In this
connection it should be noted that the method used in seasonal forecasting is
quite different from that employed in short-range forecasting. The former may
be termed °‘statistical method’ and the latter ‘dynamical method’ in that
the latter makes use of what is known as ‘frontal’ analysis. At present
‘frontal’ analysis is not expected to yield useful forecasts beyond about
two days, whereas the ‘statistical’ method of seasonal forecasting is not
used at present for a period of less than about two months. One would
imagine that a judicial combination of the two methods might enable us
to give forecasts for periods of fifteen days or less, which are short from the
point of view of seasonal forecasting but long from the daily forecasting view
point. That roughly is the method employed by Franz Baur in Germany
since 1932 for his forecasts over 10-day periods. The reason why a period
of ten days was selected by Baur appears to be that the variation during a
month of, say, temperature is likely to be big, whereas in a small period like
10 days only small variations may in general be expected. Hence Baur
considers that forecasts over a period of ten days are more useful than over a
month.

Tt will not be necessary to describe the actual method used by Baur, but
the forecasts were stated in somewhat general terms, though it must be added
that the latest forecasts (see sample at the end) are more definite than the
earlier ones. Baur says that during the years 1932-1936, the percentages
of success were 68, 81, 84, 87, and 84 respectively.

In this connection it is interesting to note that C. E. P. Brooks suggested
in 1926 the use of mean monthly anomalies of pressure to forecast the subse-
quent movement of ‘centres of excess or centres of defect’ of pressure. After
applying the method he found that ‘we should expect & reasonable amount
of success in spring but doubtful results during other seasons. Evidently
some improvement in the methods is required before long-range forecasting
from the movements of centres of pressure deviation can promise success’.
So far, no improvement appears to have been suggested.,

In applying methods of correlation to forecasts over periods of as short
as 10 days or so, there is a pitfall which is not easily recognized but which
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should be avoided. Correlation methods should be applied only to those cases
in which the frequency distribution is either normal or not significantly different
from normal. Tt is well known that the day to day variation of a meteoro-
logical element over a single place is generally far from normal, while the
variation of the mean of the same element over a number of days departs less
and less from normal as the number of days, over which the mean is taken,
is increased. The departure from normal becomes less marked when a big
area instead of a single station is considered. Hence before applying correla-
tion methods it appears necessary to test whether the element, the value of
which is to be forecasted, is distributed in a form which is not significantly
different from normal. Unfortunately this test appears to have been
overlooked in a number of cases where correlation methods have been applied.

In conclusion it may be said that efforts are being made to give seasonal
forecasts over smaller areas than those in use at present and also for periods
shorter than those over which seasonal forecasts are given at present. When-
ever any method for this purpose is discovered, its efficiency can be quickly
judged by the Performance Test so that it can be decided quickly whether the
method can be adopted immediately. Appended below is a table giving the
various factors used in foreshadowing Indian rainfall in the different seasons,
which may be found interesting even by the general reader.
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ArpENDIX 1.

Table giving the factors used in Indian seasonal forecasts.*

Division. Factors used.

June to September.

Peninsula Java rain South South Dutch Harbour
R=-63. (Oct.—Feb.) America Rhodesia temperature.
pressure. rain, (Dec.—Apr.)
(Apr. and = (Oct.—Apr.)
May.)
N.-W. India Equatorial South Dutch South Snowfall
R=-64. pressure, America Harbour Rhodesia accumulation
from Zanzi- pressure, temperature. rain. on the western
bar to Port  (Apr. and (Mar. and (Oct.—Apr.). Himaslaysas.
Darwin. (May.) (Apr.) (May.)
(Jan.-May.)

August and September.

Peninsula Mauritius Local Java rain,  South
R="64. pressure. pressure. (Oect.—Feh.)  Rhodesia
(July.) (July.) rain.

{Oct.—Apr.)

N.-W. India Mauritius South Local South
R=-64. pressure. Arnerica pressure. Rhodesia
(July.) pressure. {July.) rain.
(June and (Oct.~Apr.)
July.)

January to March.

N.-W. India South Western Port, Blair Sevchelles Agra west

R=-72. America rain, from rain. pressure. upper winds at
pressure. Persia to {December.) (Nov. and 5-8 Kms.
(December.) Baluchistan December.)  {Sep.-Oct.)
and Kashmir.
(December.)

R ="Total correlation coefficient of the forecasting formula.

* Savur, 8. R., Ind. Met. Dep. Sci. Notes, 4, No. 37, (1931).
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ArPENDIX 2.

Ten-day forecast by F. Baur.
(Translation.)

15th Forecast for 1937—ZForecast of weather in general for the period 16th-25th
September, 1937, issued on the evening of 15th September, 1937.

‘Unsettled, frequently windy, weather with changing cloudiness and frequent rain
is to be expected in the next 5-7 days. The temperatures will oscillate, but will for the
most part be below the normal of the season. It is only in Fast Prussia that the average
temperature of the coming 10 days will perhaps be nearly normal. The day temperatures
will only seldom, and in some places only, rise above 20°. The nights also will be often
cool, though frost need not be feared in the plains or in East Prussia.

In the course of the next week after the temporary increase of the unsettled character
of the weather a change of the general weather situation will probably take place; hence
towards the end of the period to which the forecast applies, more settled weather with
decrease of rain will set in.

Duration of sunshine in the ten-day period will not in general exceed 50 hours.’

DiscussioN.

Mr. V. Doraiswamy Iyer—The desire to foreshadow the monsoon, so
important to India, has been in existence for a very long time, even in ancient
India, and an attempt in this direction is indicated by some observations of
Varahamihira on the relation between conditions of the winter sky and the
rainfall of the subsequent monsoon.

The fact that India is the only country where long-range forecasting
or foreshadowing has been practised regularly for a long number of years
is due to the circumstance that India is one of the few countries where the
seasons, especially the monsoon, set in with almost clockwork regularity in
the beginning of June. Other countries which have a similar monsoonal
regime also lend themselves to a similar foreshadowing, and the speaker has
derived a foreshadowing formula for the monsoon rainfall of Upper Siam.*
Some attempts are also being made in China in this direction.

Among the attempts to foreshadow rainfall for smaller regions of India
should be mentioned the work now being done by the speaker and Mr. Sesha-
char to foreshadow the monsoon rainfall of the Maidan and Malnad portions of
Mysore separately.

We have so far attempted only to foreshadow the total rainfall of the
monsoon or of the latter half of the monsoon season. - We have yet to make
an attempt to foreshadow the date of onset of the monsoon to help the agri-
culturist in his tilling of the soil and sowing; we have also to make an attempt
to foreshadow the periods of breaks as well as periods of excessive rainfall

Es

* Ind, Mei. Dep. Sci. Noles, 4, No. 38, (1931).
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during the monsoon season, by making a more intensive study of the pulses
in the monsoon.

It should also be mentioned that the factors used in foreshadowing the
monsoon rainfall of India have their basis on large scale relationships of the
seasonal weather in different parts of the globe, although the relationship can-
not be directly traced in some cases. Thus South American pressure which
plays so important a part in all forecasting formule of Indian rainfall does
g0 by its being a member of the ‘Southern Oscillation’.



