MEDIUM-RANGE WEATHER FORECASTS.
By 8. Basvu, Upper Air Observaiory, Agra.

(Read at Symposium, July 25-26, 1938.)

I. Franz BAUR’S FORECASTS FOR 10-DAY PERIODS.!

1. TIntroduction.—The National Institute for working out scientific
methods of long-range forecasts, founded in 1929 and now attached to the
German Meteorological Service, first started working with the problem of
forecasts for a month; this period was chosen because the monthly meteorolo-
gical means were available already worked out for many stations. It was
soon found, however, that very few practically useful and reliable forecasts
could be issued by working with monthly averages. Weekly forecasts were
next tried; but after some preliminary studies it was decided that the choice
of 10-day periods was more workable for medium-range weather forecasting.

2. The Basis of Work.—The 10-day forecasts which were first published
in the summer of 1932 are based on a combination of statistics and synoptics;
accordingly the process of preparing the forecasts is divided into two entirely
distinet parts.

For the statistical study of weather history it is assumed that over a wide
region the weather of the next 10 days is essentially determined by the sequence
of atmospheric events in the preceding 10 days. The validity of this hypo-
thesis can only be tested by trial; and the results of the forecasts are claimed
to have demonstrated the general correctness of the assumption.

The second part of the work consists of the study and analysis of synoptic
weather charts of the fore-decade and the post-decade with due consideration
to the ‘broad weather situation’ of the day on which the forecast is to be made.
The term ‘broad weather situation’ requires definition. It is a condition of the
atmosphere which controls the weather for several days, remaining sensibly
unchanged during the period which includes a series of individual weathers.
The assumption that the direction and strength of the pressure gradient aloft
determine the general weather affords the starting hypothesis.

3. The Reality of Broad Weather Conditions.—The observations made
since Dines’ important paper?2 of 1912 have confirmed the existence of a
relation between pressure in the upper levels and the air temperature below.
In 1922 Mahalanobis 3 showed that the relations with the conditions at 4 km.
were closer than those found by Dines with the conditions at 9 km. Thus
the pressure gradients in the lower stratosphere and the temperature gradients
in most of the troposphere tend to be related. Working with the direction
of motion of regions of rise and fall of pressure (isallobars), the Frankfurt
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school found that, for the 24-hourly changes at ground-level, the control
by the pressure (isobars) at 5 km. is very complete; this control has been called
by them ‘steering’. (Four types of steering, viz., Northerly-, Easterly-,
Trough- and Double-steering were illustrated by slides.)

From figures given by Baur (figs. 1-4, pp. 244-245, Met. Zts., Band 53,
Heft 7, July 1936) we see that the motion of the pressure changes at sea-level
undergoes steering by the pressure at 5 km.; further, fig. 5 shows that the
regions of high pressure at 5 km. are also regions of large vertical heights
between the 1000 and 500 mb. isobaric surfaces which are therefore regions
of high temperature in the lowest 5 km. The use of the 5 km. pressure as a
substitute for the pressure in the stratosphere does not hold when the pressure
gradient in the lower stratosphere is feeble, with the winds in the stratosphere
and the upper troposphere essentially different. This is illustrated in the case
of the double-steering. Baur accepts that lows are due to waves on a surface
of discontinuity and remarks that double-steering can only be explained by
supposing that waves develop in the tropopause or the equatorial front as
well as on the polar front. That these examples of steering are representative
may be inferred from the fact that during the 15 periods of the first three
months of 1935, in 14 cases the steering obeyed the rule, while in the remaining
case there was no direction of motion. Examination of cases throughout
1935 and 1936, Baur states, beurs out the same conclusion. His experience
of these steerings is:—

l. The mean duration of a broad weather situation is 5} days.

2. On an average there are, in Central Europe, 5 of these situations
in a month, the intermediate days being transitional.

3. The longest durations are of West-steering when Central Kurope
is under a region of high pressure in the stratosphere and is
therefore not crossed by areas of rise and fall of pressure.

4. The most frequent directions of steering are W (189%,), NW and SW
(each 179%,), quite rare SE and very rare NE and E.

Since the pressure gradient in the lower stratosphere, the average gradient
of temperature in the troposphere, the general flow and the steering fit together
and last for some days, it is reasonable to regard them as constituting the
broad weather situation. In working out these medium-range forecasts, the
formation and breaking up of stratospheric highs and lows replaces the probem
of the surface highs and lows in daily weather work. It must not, however,
be concluded that because these are determinative of the broad weather condi-
tions they are the primary cause of the weather itself.

4. The Statistical Foundation.—The statistical work consists of computing
correlations, the choice of the elements and interpretation of the results being
based on physical-meteorological considerations. Till now, the statistical
foundations for the three July decades and the three August decades have been
worked out from 40 years’ observations from 1893-1932. The data used for
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this purpose are the pressure and temperature values for 26 stations extending
from Greenland to Kiev and Vardo to Algiers; in addition, the pressures at
certain points at sea were also used. To allow for short-period oscillations,
five-day means of observations were utilized.

To include the totality of all cases, overlapping means were used. Thus,
for example, for the second decade of July the working out of correlations did
not stop with correlating the data for 1-10th July or the changes between the
mean values for 1-5th and 6-10th July with the data for 11-20th July; but in
addition to these the corresponding pairs of values for June 26-July 5th and
July 6-15th, June 27-July 6th and July 7-16th, etc., were correlated with
July 5-14th and July 15-25th. So that 400 pairs of values were obtained for
each decade out of the 40 years’ observations (440 pairs for the decades with

11 days).
Correlations were worked out for the following factors :(—
Pre-decade. Post-decade (the period of forecast).
1. Mean pressure. 1. Mean pressure at Potsdam (near
2. Change of pressure, i.e., the differ- Berlin). ’

ence between the mean pres- 2. Mean pressure at Oslo.
sures of the first and the last five 3. Mean pressure at Treuburg (north-

days. east of Germany).
3. Change of temperature. 4. Frequency of precipitation in north
4. Change of pressure from the fifth Germany west of the Oder.

to the tenth day. 5. Frequency of precipitation in south
5. Inter-diurnal variability of pres- Germany (computed from the data

sure in the last six days. of several stations).

6. Pressure on the Jast morning
(sample day). :

The coefficients by themselves give no useful indication of pressure, but
gave values up to —0-4 for rainfall.

The computed values of the coefficients for all the 26 stations were then
plotted on charts. Baur states that, for the physical meaning of the statis-
tical result, the change in the aspect of the correlation picture (the shifting
of the centre of the greater positive or negative correlation from decade to
decade) is very important. Without discussing this aspect in detail, however,
he merely mentions that the correlation pictures change from decade to decade
in a very appreciable manner (as seen from figs. 1--3, p. 152, Bull. Am. Met.
Soc., Vol. 17, No. 5, May 1936); except that for all the summer decades the
correlations with the pressure distribution on the last day of the fore-decade
gave almost. the same picture (e.g., for rainfall, illustrated in fig. 4) which
‘repeats in the other July and August decades.

The next step was the computation of combined correlations in which
the values for the fore-decades for several stations were joined together by
addition or subtraction. Those combined quantities which were recognized
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as factors indicating the future weather were finally entered in multiple corre-
lation tables with one of the elements of the weather to follow. Such multiple
correlation tables, mostly with four variants of the fore-weather, were computed
—eight for each decade. The values of the multiple correlations computed
so far range up to 0-82 to 0-89. v

The multiple correlation tables also form the basis of comparison between
the broad weather situation of the forecast-day with other analogous situations.
By means of the simple device of attaching the date of each event noted in the
multiple correlation table, one can immediately search out all the events in
which the variables had about the same values as on the forecast day. Un-
fortunately, Baur has not explained more fully, nor illustrated by any example,
the multiple correlation table with all the entries. Hence an account of this
important step has to remain rather sketchy.

5. Synoptic Considerations.—In order to make a more detailed comparison
of these in certain respects similar events with the general weather situation
in hand, charts and tables of the fore-weather and of the post-weather are
made out for each single sample day. Thus for each single day of the six
decades of July and August for 4 years (2480 days) the following sets of maps
and tables (2480 sets in all) are arranged for purposes of comparison:—

For fore-decades in the Greater

European Region. For post-decade in Germany.

1. Map of the mean departure of 1. Map of the mean departure of

pressure from normal. pressure from normal for the
2. Map of the change in the mean first pentad.

pressure from the first to the 2. Map for the mean departure of

second pentad. pressure from normal for the
3. Map of the change in the mid-day second pentad.

temperature from the first to the 3. Map of the mean departure from

second pentad. normal of the daily mean tem-
4. Map of the change in pressure in perature of the first pentad.

the last five days. 4. Map of the mean departure from
5. Map of inter-diurnal variability of normal of the daily mean tem-

pressure in the last 6 days. perature of the second pentad.

2

6. Map of the distribution of pressure . Tables of the synoptic air mass
on the morning of the last day. types prevailing on each of the
10 days at Karlsruhe (in the
south-west), Potsdam and Treu-
burg (in the north-east).

6. Table of the daily maximum
temperature at characteristic
stations.

7. Table of the daily duration of sun-
shine at characteristic stations.
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8. Table of the daily precipitation
at 30 evenly distributed charac-
teristic stations.

The above statements of the fore-weather and the post-weather correspond-
ing to the 2480 sample days are arranged chronologically in suitable files so
that they can be easily referred to for purposes of comparison. ’

6. The Forecasts.—On the morning of the day on which the forecast
is to be issued the necessary observational data are collected and, by the
collaboration of four persons, the six charts of the fore-weather are completed
by 1 pm. By this time the combined variabilities have also been worked out
for the multiple correlation tables. Thus a rough idea is obtained of the
character of the weather to follow in the next decade by determining the
mathematical expectation of the average pressure of the post-decade at
Potsdam, Treuburg and Oslo, and also of the frequency of precipitation in north
Germany west of the Oder and in south Germany.

Now with the help of the multiple correlation tables all instances with
similar advance weather are isolated, and each of these single instances com-
pared with the advance weather of the day of forecast; those cases which are
not wholly comparable are rejected. Then, as a rule, there remain two or
three cases in which all the six charts of the fore-weather show, more or less,
pictures similar to the situation in hand. The ten weather maps of the post-
decade corresponding to the similar instances thus picked out are then studied
in all their detail, and synoptically analysed for judging as to which of these
possible developments of weather has the greatest probability of following
the general weather situation in band.

In addition, other points are considered. For example, any rhythms
appearing in the march of the meteorological elements up to the forecast day
are followed up and the possibility of extrapolation is given due weight; also,
the pressure distribution at 5 km. or its change, from the observations of the
weather airplanes, is studied. In this way, in close connection with the
statistical inference, a broad picture of the synoptic weather situation and
of the expected weather is obtained. While this process seems very elaborate,
in comparison to which the issue of the monsoon forecasts in India is simplicity
itself according to Sir Gilbert Walker, the 10-day forecasts are, nevertheless,
issued by 6 p.m. of the forecast day.

7. An Ewxample—An example of the predictions for the third July
decade of 1935 is given below:—

‘The fair prevailingly dry weather of the previous week changed
on the 15th to somewhat unsettled weather, but nevertheless on the
whole the weather, especially in south Germany, retained a friendly
aspect.

“This not unfriendly but, on the other hand, also not fully settled
weather with alternate clearing and short, partly thundery, rains will
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continue for the next few days. Then in the west and in south Germany
for a few days prevailingly clear and dry weather will come, while in north
Germany, especially in the coast region and east Prussia, a slight change-
ableness will remain. Following that, over the whole country there
probably will be another cooling and strongly unsettled weather with
frequent precipitation due to arrival of maritime and polar maritime air
currents.

‘In the first half of the last third of July the temperature as the
result of a sharp change will come to have a practically normal mean. In
the second half on the whole it will be cooler than normal. The number
of days with precipitation in the last third of July in central north Germany
and east Prussia will exceed 5 in most places though on many days the
showers will be merely insignificant. The duration of sunshine in south
Germany in the 11 days will exceed 70 hours.’

The above forecast materialised fairly well, although the number of
rainy days in central north Germany in many places was only 5 instead of
more than 5. KEspecially striking was the arrival of the forecasted cooling
from maritime and polar maritime air for the second half of the decade. The
statements in the above forecast by no means lack definiteness; the per-
centage or correctness in the statements that can be definitely verified in the
forecasts of the last five years is said to have been 68, 81, 80, 87, and 84, There
even seems to be independent evidence of a higher proportion of successes in
Baur’s forecasts, which seem to have won a reputation throughout the German
State.

8. Concluding Remarks.—The methods of medium-range forecasting
developed by Baur suggest that a search in India for suitable correlation
factors on somewhat similar lines may also lead to fruitful results. A4 priori it
would seem that the general considerations for believing in the reality of
broad weather situations may also have some validity for general weather
conditions in this country. If, therefore, aerological data of pressure and
temperature were to be available for the upper levels in India, a study might
be undertaken to find out whether any steering rules exist in the case of weather
in this country; and if they do exist, to what extent modifications are required
to be introduced in them. For this purpose it would be necessary to make a
choice of stations for establishing significant relationships, the choice being
based on our existing knowledge of physical and statistical meteorology. No
doubt, the daily weather forecasting sections and the climatological and statis-
tical sections could make effective joint efforts in this direction. Dynamic
climatology based on air-mass analysis would be a requisite for actually
applying the forecasting methods outlined above, and it is gratifying to see
that the India Meteorological Department has already given attention to this
aspect of climatological work. After the preliminary investigations and the
spade work are gone through, it would be possible to obtain a more definite
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idea regarding the applicability or otherwise of Baur’s methods of forecasting
for periods of 10 days to Indian conditions.

II. FoRECASTS FOR PERIODS BY THE RUSSIAN SCHOOL.4

1. Introduction.—At the Institute of Long-range Weather Forecasts,
established in 1912 at the Central Geophysical Observatory in Russia, B. P.
Multanovsky, the present head of the Institute, was entrusted with the deve-
lopment of long-range forecasting methods. The first attempt at such fore-
casting was made in 1915 for the Kara Sea region in connection with the work
of freeing an expedition held up by ice, and the attempt proved highly successful.
From 1919, forecasts for 10-14 days to 2-3 months began to be issued, at first
irregularly and then, from 1920, regularly as an experimental measure. From
1922 they were issued by the authority of the Central Geophysical Observatory
and, in time, they proved so successful that in 1930 the Institute of Long-range
Forecasting was made a full-fledged division of the Central Weather Bureau
of the U.8.S.R. Since 1932 long-range forecasts are being issued regularly
extending for longer periods in advance, sometimes for as much as 5 months
ahead. ‘

Inasmuch as the development of a synoptic process, which is a function
of a number of weather factors, varies with the season, the period for which
the forecast is issued is not determined by any calendar periods or seasons,
but by the period which marks the type of the synoptic process involved.

2. The Basic Principles.—The Multanovsky school utilised all the forms
of analysis available for examining synoptic situations, viz., statistical, kine-
matical and dynamical methods. Their method can be best named as the
‘Composite Map’ method. It differs from most of the other time-space
correlation long-range forecasting methods and is based on classical synoptic
considerations.

Disregarding the prevalent notion that the weather moves from west
to east along with the general circulation, Multanovsky started on the assump-
tion that the weather is made, at least in part, in the north sub-polar regions
where strong accumulations of heavy cold air are to be met with. For reasons
not yet completely understood, lumps or masses of air separate from these
regions every now and then. If the places from which these air-masses or
‘tongues’ of cold air start and the paths along which they travel could be
determined, perhaps conclusions regarding the weather in the adjoining regions
could also be drawn.

When Multanovsky began his work 25 years ago, the changes in the sub-
polar regions could only be judged, owing to the lack of direct observational
data therefrom, by indirect methods. Therefore, the classification of trajec-
tories of areas of high and low pressures was looked upon as a possible method
of attacking the problem. Detailed work showed, however, that, in general,
the pressure minima or maxima change paths so often and their variations
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are so great that a consideration of mean paths gave no hopeful results. It
then occurred to him that the complexity exhibited by the trajectories of
pressure systems even for a single season might perhaps be due to the fact that
‘they represent trajectories of pressure systems of different origins; and that
if grouped according to their origin, the picture might become simplér. Another
original idea was to restrict the choice of the trajectories to those of pressure
maxima, on the ground that the central part of a high forms the nucleus of
pressure ; so that the trajectory of the maximum can be taken, as a first approxi-
mation, as the trajectory of the nucleus or, in other words, as the trajectory
of the air-masses. No doubt at the base of this choice was the prevalent idea
that an anticyclone directs the weather in general.

In grouping the trajectories according to their origin, Multanovsky started
from the following consideration: all pressure maxima which enter Europe
move from the west with the general circulation, provided there is no in-
trusion of nuclei of high pressure from the sub-polar regions. The effect of
guch an intrusion is to endow the direction of the high with a meridional
component. It was also found that some of the trajectories had a component
directed from east to west, i.e. opposite to the prevailing circulation. He
thus obtained three groups of trajectories of pressure maxima: (1) directed
from the west, from the region of the Azores straight to the east—called the
‘Azores normal’ type; (2) directed from the north-west quadrant—called the
‘normal polar’ type; and (3) directed from the north-east quadrant—called
the ‘ultra polar’ type. An average axis called a ‘median’ or ‘normal’ was
determined for each of the above three groups from an examination of many
years’ records.

It was found that some of the axes are characterised by great stability
and the movement of an anticyclone along a single axis often continues for a
long time. The positions of axes over certain regions call for completely
determined types of weather in corresponding regions; so that a frequent
repetition of the same type of weather gives a definite climatic stamp to that
region. The axis should therefore reflect the actual weather conditions occur-
ring in that region. Evidence of this fact is afforded by the distribution
of the tree-types over the various regions in Central Europe and western
Russia. (This was illustrated by the two maps for summer and winter.)

Now, the passage of a pressure maximum along an axis is bound up with
a definite distribution of pressure centres over a large operating area, making
the process complicated. However, it is this complexity which makes it
possible to appreciate a series of very important situations, provided that the
map includes the entire operating area. (An operating area or natural region is
defined as a region which includes the entire system of axes taking part in the
. establishment of the weather over that region.)

To depict the distribution of all the subsidiary pressure areas during the
movement of a pressure maximum along a definite axis, the subsidiary areas
of high and low pressure (the crests of secondary high pressure areas and
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troughs of secondary low pressure areas) are entered symbolically on the map
showing the movement of the main pressure maximum. The maps are also
illustrated with the corresponding distribution of temperature, precipitation
and wind. The maps obtained in this way are called ‘Composite Maps® and
retain all the details of the life-history of the pressure regions. Multanov-
sky’s investigations have claimed to show that the pressure fields and the axes
are closely connected with each other; so that with the aid of the axes one can
determine the distribution of pressure-fields and, conversely, a change in the
orientation of the trajectory can be determined from the distribution of the
pressure-fields. .

The time interval which characterises the weather type and during which
the pressure centres continue to be situated in separate closed-in regions
forming definitely marked pressure-fields is called the ‘natural period’. This
is the statistical criterion of a natural period; kinematically expressed, there
is no intersection of trajectories during such a period. Thus it is seen that an
operation along any definite axis continues for 10-12 days, the so-called natural
period. The orientation of the process becomes apparent from the initial
direction of the trajectory of the anticyclone and from the composite map
of the associated pressure distribution during the initial stage of travel of the
anticyclone. Hence two or three days after the beginning of a new period
{as soon as the orientation of the process becomes apparent) it is possible to
determine the weather for the next 7-10 days.

Experience is said to have shown that a phenomenon or process mate-
rialises within a period not exceeding 30-35 days after the appearance of a
certain significant change—a sort of ‘flaring up’ of a new process, a ‘threaten-
ing situation’ or simply a ‘threat’. Within this time interval one can distin-
guish approximately five more ‘moments’. The pressure distribution corres-
ponding to these moments represents the ‘phases’ of the development which
culminates in the investigated weather phenomenon or leads to a ‘develop-
ment’ along an axis having a definite direction. The first of the moments
is called the ‘threat symptom’.

The length of a phase ranges from 6-15 days, there being 4-5 phases to
the period of 30~35 days. The determination of phases for various phenomena
is rendered difficult because one must not expect only such situations whereby
from the day of threat to the day of occurrence of the event itself one should
have the phases of only one given series. What ordinarily happens is that
sometime during the development of the process there appears a new threat
of the same event, and hence a new series has to be noted. Thus during a
season a certain event may repeat itself six to eight times; such combination
made the investigation more difficult. The principle of identification of phases
and threatening moments associated with them has been applied in a number
of investigations of various phenomena. A systematic introduction of phases
in forecasting practice, beginning with 1925, has somewhat widened the scope

of the forecasts for the periods,
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With regard to the question as to where the indicated phenomenon is
likely to occur, one should expect that the region where an event is to occur
would be subject to a definite set of recognisable changes. According to
Multanovsky the most pronounced indication appears on the 13th-14th day
after the appearance of the threatening nucleus, i.e. in the third phase. It
has not been made clear, however, as to what form exactly these indications
take. The day on which is indicated the region where an event is to occur
is called the ‘regional day’. It is said, for example, that the isobar and
isotherm of the regional day mark ‘sometimes very accurately’ the boun-
daries of the district where glaze is to ocour. No further clarification by way
of illustration is, however, available.

4. An Example.—A typical monthly forecast includes first a long encugh
discussion of the probable movements of areas of high. and low pressures over
Europe and the adjoining territories for the period in question; then the general
weather characteristics are indicated. All dates are pointed out as precisely
as permissible, the margin of tolerance allowed being 42 days.

Part of the forecast for August 1935:—

Region (1). Northern area.

Period August 2-8. Unsettled weather; cloudiness decreasing towards
end of period, then clear . . . passing rains . . . winds fresh to
moderate in the beginning of period, then decreasing . . . temperature
16° to 7° rising towards end (temperatures are given for morning observations).

Period August 16-22. First half, varying cloudiness without rain; great
increase in cloudiness in the second half of the period; rains light to moderate;
temperature range 14 to 7 degrees.

Then come forecasts for the other districts ranging in number from 40-80
depending upon the circumstances allowing greater or lesser number of divisions
to be dealt with for the particular period.

A systematic verification of the forecasts was made in 1931 by G. Wan-
genheim who examined 178 Jong-range forecasts issued during 1928-1930.
It appeared that the forecasts covering natural periods gave as much as 809,
verification for precipitation, 75%, for temperature and 679, for the combina-
tion of the two. He also found that ‘forced’ forecasts, that is, not for
the natural periods but for specified calendar periods, gave a much lower
verification.

5. Conclusion.—From what idea the above sketchy account gives us
of Multanovsky’s methods of forecasts for periods, it seems that there are
obvious difficulties in attempting to apply them to conditions in India, or for
that matter in any tropical country. Because, in these latitudes, anticyclones
are never such. well-defined entities as in Europe; so that to trace the move-
ment of their centres would lead to very doubtful results. To group together
trajectories of such indefinite systems therefore one should have to contend
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with very unsystematic and haphazard results. On the other hand, the low
pressure systems are quite well-defined and their paths too can be handled
with much more exactitude in general. Groups of cyclone-paths are already
exhibited in Eliot’s Climatological Atlas of India. While it may be possible
to foresee a certain type of weather to be operative over the region near
the probable located path of a low pressure area on our Indian weather
charts, yet it is doubtful if the grouped axes of the trajectories of lows are
likely to be useful in developing a method of long-range forecasting on the
lines of the Russian school, for the cyclonic fields have been handled by
Multanovsky and definitely abandoned as unyielding of valid results, although
the Buropean cyclones are as well-defined entities as they are in the tropies.
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Discussion.

Dr. L. A. Ramdas: 1 wish to supplement Mr. Basu’s description of the
work done on medium-range forecasts in Germany and Russia, by drawing
attention to work done in India during the past few years by the Agricultural
Meteorology Section at Poona. The forecasting of maximum and minimum
temperatures by using statistical methods was the problem first attempted,
as farmers and agricultural research workers were interested in such forecasts.
Kalamkar 1 found that during the clear season at Poona the mean daily maxi-
mum temperatures of successive months during a series of years were highly
correlated (e.g. October-November, November-December, December-January).
During these months it was found possible to express the mean daily maximum
temperature of a week as a function of the mean maximum temperatures of
the preceding four weeks; it was convenient to use these relationships for the
prediction of maximum temperatures in different weeks of the clear season.
In his next paper 2 Kalamkar worked out the intermonthly correlations for

1 A statistical study of the maximum temperatures at Poona, by R. J. Kalamkar,

Ind. Met. Dep. Sci. Notes, Vol. V, No. 59, pp. 133-139.
2 A study of correlation coefficients of mean maximum temperatures between succes-

sive months at a fow selected stations in India, by R. J. Kalamkar, Ind. Met. Dep. Sci.
Notes, Vol. VII, No. 70, pp. 15-19.
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successive months, throughout the year, for about 20 representative stations
in' India. This investigation showed that stations with high intermonthly
correlations group themselves in an interesting manner; the centres of high
correlation showing a definite movement with the march of the seasons. The
centre of high correlation is strong and lies over South India during winter;
it is feeble and is over Sind and adjoining areas in North-West India during
the south-west monsoon. Over the rest of the country the correlations increase
slightly during clear weather and decrease to low values during the wet months.
The movement of the centre of high correlation appears to be associated with
the movement of the sub-tropical belt of high pressure which exists in the upper
levels between 2 km. and 4 km. The results obtained show that the fore-
casting of maximum temperatures by means of the statistical methods employ-
ed would be possible only for the seasons and for the areas with high inter-
monthly correlation coefficients. The ideal condition for the high association
of the climates of neighbouring months is the persistence of clear skies, feeble
air movements and the absence of precipitation. Under these conditions
insolation has full sway and the accumulation of heat is localised. A

With regard to the prediction of minimum temperatures Narasimhan
and Ramdas?! have shown that the minimum temperature during a clear
day in winter may be expressed as a linear function of the maximum tempera-
ture and the vapour pressure of the preceding afternoon. Forecasting
formule using the above relation have been worked out for about 20 represen-
tative stations in India. The investigations referred to above represent some
of the work already done in India on the prediction of specified meteorological
elements by means of purely statistical methods. The work is being
continued. .

Dr. Savur: ¥. Baur’s ten-day forecasts are somewhat vague. As an
example, his forecast for the period 16th to 25th September, 1937, may be
considered (see Appendix 2 to my paper). Hence it is not easy to judge to
what extent the forecast has come out successful.

Again, a selection of factors out of a large number has been made. It
has not been stated whether suitable tests like Walker’s test or Normand’s
Performance-test were applied. This is quite an important point.

In any case, I agree with Mr. Basu that Herr Baur’s method is worth a
trial here,

Dr. Banerji: How is the success of a forecast, which involves a large
number of elements, determined when some of the elements turn out to be
correct and the others wrong ?

1 Agricultural Meteorology: The prediction of the minimum temperature on clear
days at selected stations in India, by M. Narasimhan and L. A. Ramdas, Ind. Journ.
Agric.’ Sei., Vcl. VIL, part V, October 1937, pp. 746-761; see also an earlier article on
‘Correlation between frost and preceding meteorological conditions’ by Barkat Ali and
Naqvi, Ind. Jour. Agric. Sci., Vol. I, part VI, December 1931.
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Mr. Basu: With regard to Dr. Savur’s question, I quite agree that in
the sample quoted by him there is some amount of indefiniteness. But I
don’t think that any method will, for some time to come, ensure that every
forecast issued will be equally definite and precise. It may be possible to be
very definite on some occasions and not so precise on others. But certainly
the German forecasts do attempt to localise the predicted occurrences in time
and space whenever this is warranted. As regards Dr. Banerji’s question,
I may say that each region is to be taken into account with regard to each
forecasted element in judging the verification or otherwise of the forecast
issued before the average is worked out.

President : 1t is not clear why F. Baur chose 10 days as the forecasting
period. The methods are interesting, although very complicated, and should
be tried in India.






