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CONTINGENCY TECHNIQUE APPLIED TO MEDIUM RANGE
FORECASTING OF RAINFALL DURING THE MONSOON: SEASON IN INDIA®

by P. Jagannathan and K. M. Ramamurthi
India Meteorological Department,
Poona, India

Abstract: In India daily weather forecasts for the use of farmers
are being issued since 1945. The utility of these forecasts will

be considerably enhanced if dependable forecasts can be issued

5 to 7 days ahead. Investigations have been initiated for the
development of atechnique formedium range forecasting of rainfall.

The paper reports the pilot study made for predicting the
rainfall during the ''standard pentads'' of the southwest monsoon
months.

Contingency tables have been prepared with 5-day rainfalls
over Bombay classed as ""Normal' '"Abnormal" or ''‘Subnormal'"
against similarly classified ""antecedent weather factors'' one
or two pentads prior to the pentad:to which the rainfall relates.
The factors were chosen on the basis of the flow patterns revealed
in composite 5-day mean charts relating to the pentad 5 or 10
days prior to the regime of abnormal or subnormal rainfall. )
This technique provides a method of selecting significant factors
without making a search for them indiscriminately and also
suggests some physical meaning. Further, composite charts
for different levels (850, 700, 500 and 400 mb ) when prepared
provide a ready method of checking for comparative suitability
of the different levels for forecasting purposes.

The contingency technique developed has been tested on .
independant data and "skill scores'' calculated on the basis of
‘marks allotted to '"correct forecasts', "forecasts wrong by one

stage' and "forecasts wrong by two stages''.

5-day mean composite charts corresponding: to the period of
onset of the southwest monsoon over Bombay have revealed
certain interesting changes in circulation patterns and these are
also discussed.

1. INTRODUCTION

In a predominantly agricultural country like India the success or failure of the crops
in any year is closely linked up with the behaviour of the seasonal rairis. A large percentage
of the annual rainfall over most parts of the Indian subcontinent occurs during the Southwest
Monsoon season. The monsoon starts establishing itself over the country usually by about the
beginning of June, holds sway over practically the whole of the céuntry by the énd of the month"
and withdraws by the end of September. In spite of this systematic invasion, the vagaries of
the monsoon as regards time of onset, duration, as also the nature and amount of rains and
its distribution in the different parts of the country, are so well known. The India Meteoro-
logical Department has been preparing by objective means long range forecasts of the monsoon
rains over wide areas of the country and issuing such forecasts in general terms like 'rainfall
of June to September over the Peninsula will be normal or slightly above norral', 'rainfall of
August-September over the Northwest India will be appreciably below normal'.

* Presented at the Symposium on Monsoon Meteorology, TENTH PACIFIC SCIENCE
CONGRESS, Honolulu, September 1961 (see page 21). :
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Forecasts of rain over periods ranging from 5, 7 or 10 days ahead during the rainy
season are of considerable value for a wide range of interests: notably for planning of effective
agricultural production, in the effective utilization of irrigation, hydroelectric and flood control
facilities, as also in planning military operations. Many countries, notably the United States
of America (Namias and his collaborators, 1943, 1947 and 1953) have already developed
methods of Medium Range Forecasting suited to their individual needs as a result of concerted
research spread over a number of years. Results of a preliminary study regarding the feas-
ibility of the application of these techniques in an attempt at preparation of forecasts of precip-
itation over 5-day periods of the monsoon season when an active cyclonic storm developed at
the head of the Bay of Bengal, were reported by Lal and Rai Sircar (1960).

The present paper is.-a pilot study in an attempt by the authors to examine the
feasibility of application of objective methods to Medium Range Forecasting. Forecasting the
total rainfall of Bombay during each of the pentads of the monsoon season is the problem here.

2. METHODS OF ANALYSIS

As our knowledge of the physics of large scale weather phenomena is still rudimentary
and imperfect, it is natural that recourse is taken to the statistical approach to this problem.
In an objective forecasting attempt, the forecasting problem has to be specific — the problem
is defined objectively by specifying the weather element to be forecast, the locality or the area
under consideration and the duration to which the forecast is intended. The problem of increas-
ing the accuracy of forecasts is one of discovering newer and more exact relationships between
the observed parameters and the subsequent weather.

If there is any statistical relationship between the occurrence of a meteorological
phenomenon of certain magnitude over a place and certain antecedent meteorological variables,
the existence and the degree of such a relationship can be established by suitable statistical
techniques. Whether such a'relationship is real and steady can also be determined by testing
the results on independent data. The variables which come out as significant parameters on
the basis of statistical tests, can be chosen as predictors and combined into a forecast scheme
for the prediction of the meteorological element in question.

It was Brier (1945) who first presented a method of combining a number of variables
by means of scatter diagrams to produce a weather forecast. In connection with a study of the
relationship of temperature and ; recipitation:over the United States to the circulation aloft,
Martin and Hawkins (1950) have found composite charts very useful in the choice of parameters
for graphical correlation. Wahl et al. (1952) described a system of using contingency tables
in the development of obJectwe forecasting schemes in the field of long range forecasting, and
such technique s operationally important in short range forecasting were brought out by Lund
and Wahl (1955). In a preliminary study of the behaviour of the Indian southwest monsoon in
relation to the westerly jet stream, Ramaswamy (1958) has brought out that the ‘most effective
way of unravelling the mechanism of the monsoon rainfall was to compare and contrast the
flow-patterns at corresponding levels in two diametrically opposite situations, viz. one of
active monsoon and the other of weak monsoon. A composite of the various techniques involv-
ing in the first instance the use of two types of composite charts, one corresponding to spells
of excessive rainfall and the other to very little rainfall over Bombay during each of the mon-
soonh months, has been adopted in the present study for .the preliminary selection of suitable
parameters for further graphical correlation. Finally contingency tables have been prepared
indicating the relative frequency of the jojnt occurrence of the antecedent weather — the pred-
ictor, and the subsequently realised weather — t'he predtctand The important advantage of
these methods is that it is not necessary to assume a priori the form of the relationship between
the predictor and the predictand; as usually happens, this relationship is not known, and
further even nonlinear relationships between meteorological variables can also be taken into
account. :

For the evolution of suitable statistical techniques and ensuring necessary stability
and reliability of the relationships, a sufficiently large and unbiased sample of data should be
selected and used. No discrimination should be used:in the selection. Further, for practical
purposes although rigorous statistical methods are useful in guiding the selection and processing
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of data, it is not ofteh possible to make valid tests of significance and we have to depend upon
an independent sample of data to indicate the reliability of the forecasted relationship.

Upper air (radiosonde) data, on which attention is concentrated in this paper, for a
fairly representative number of stations over the Indian region are available for about only
12 years. Hence, data for the period 1950 to 1957 are used for the preparation of contingency
tables and the results are tested independently on data for the years 1958 to 1960. Prior to
April 1957 there was only one ascent at most of the radiosonde stations in India and that was
at 1500 GMT. Hence, only the data of evening ascents are utilised throughout in this study.

The rainfall at Bombay (Colaba) in the 24 pentads from 31st May to 27th September
in the different years 1950-1960 were classified as abnormal (A), normal (N} and subnormal
(S). In respect of each pentad the lower limit 'a' of abnormal rainfall, the upper limit 's' of
subnormal rainfall have been first determined utilising the data for the 30 year period 1921-50
such that a third of the frequency occur above 'a', a third below 's' and the remaining third
between 'a' and 's'. The prediction technique is intended to indicate in which of three classes
A, N or S that the rainfall of a particular pentad is going to lie. The classification of Bombay

(Colaba) rainfall during each of the pentads from 31 May to 27 September are given in Appen-
dix II.

As the upper air data are available for a short period only as mentioned above, a

graphical method was adopted for suitably classifying these for the preparation of contingency
tables.

3. COMPOSITE CHARTS

The procedure adopted to decide the prospective upper air predictors was by bring-
ing out the salient difference in the circulation patterns antecedent to the pentads in which a
high abnormal rainfall and those in which a low subnormal rainfall was recorded at Bombay.

For this purpose composite 5-day charts and composite 1-day charts were prepared.
For the preparation of composite charts corresponding to abnormal rainfall epochs in each
month, six spells were chosen during the years 1950-1957, one for each pentad when rainfall
during the pentad was in large excess over Bombay. Spells which were associated with a
monsoon depression were avoided as far as possible so that the basic features of circulation
patterns could be studied without being vitiated by the complicating effect of a depression.
However, such a procedure could not be followed in the month of September as most of the
occasions of large excess of rainfall during the period under study were in association with
depressions. In a similar manner, for studying conditions associated with subnormal rainfall,
six occasions were chosen for each month, one for each pentad when there was only very little
or no rainfall over Bombay.

Two series of composite charts were prepared, one representing five day mean
circulation patterns and the other the mean of the circulation patterns prevailing on days just
prior to the selected rainfall periods.

The rainfall pentads and the corresponding periods for composite 5-day and 1-day
charts are given in Table 1.
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Table 1. Periods for composite charts

Month 5-day periods to 5-day periods to Date to which upper
which rainfalls which upper air air data relate for
relate data relate the preparation of

composite 1-day
charts

June 31.5to 4.6 25.5 to 29.5 29th May

5.6to 9.6 30.5to 3.6 3rd June
10. 6 to 14. 6 4.6to 8.6 8th June
15.6 to 19. 6 9.6 to 13. 6 13th June
20. 6 to 24. 6 14. 6 to 18. 6 18th June
25.6 to 29.6 19. 6 to 23. 6 23rd June

July 30.6to 4.7 24.6 to 28. 6 28th June

5.7to0 9.7 29.6to 3.7 3rd July
10. 7to 14. 7 4.7t0 8.7 8th July
15.7to 19.7 9.7to 13.7 13th July
20.7 to 24. 7 14. 7 to 18.7 18th July
25.7t029.7- 19. 7 to 23. 7 23rd July

August 30.7ta 3.8 24.7 to 28.7 28th July

4.8to 8.8 29.7to 2.8 2nd August

9.8to 13.8 3.8t0 7.8 7th August
14.8to 18. 8 8.8to 12.8 12th August
19. 8 to 23. 8 13.8to 17. 8 17th August
24.8t0 28.8 18. 8 to 22. 8 22nd August

September 29.8to 2.9 23.8to 27.8 27th August

3.9to0 7.9 28.8to 1.9 1st September

8.9 to 12.9 2.9to 6.9 6th September
13.9to 17.9 7.9t0 11.9 11th September
18.9 to 22.9 12.9 to 16.9 16th September
23.9t027.9 1779 t0 21.9 21st September

The composite charts were prepared for the isobaric levels 850 mb, 700 mb,
500 mb and 400 mb. As the data of a large number of grid points are not readily available, the -
scrutinized data of available radiosonde stations only could be used for the preparation of these
charts.

The average 5-day mean pressure heights of all the available radiosonde stations at
the particular level corresponding to the 5-day period (the actual periods are shown in Table 1)
prior to the selected spells of rainfall as also the average departures from normals were worked
out separately and plotted in a chart. Isopleths of mean heights were drawn at intervals of 20
metres and those of anomaly at intervals of 10 metres. Similarly, charts relating to periods
one pentad prior to occasions of very little rainfall over Bombay were ‘prepared. In a similar
manner composite 1-day charts were also prepared.

It is realised that the procedure of averaging the station data instead of the values
at the grid points is somewhat crude; nevertheless, it has been found that in general the flow
patterns are consistent and particularly composite anomaly charts relating to 700 and 500 mb
levels show distinctly contrasting patterns on occasions of excessive and scanty rainfall res-

pectively.

It is presumed that the patterns thus obtained should typify the circulation or at
least the main features of the circulation that portend such extremes of rainfall over Bombay.
Obviously this procedure will have maximum usefulness if there is only one basic circulation
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A - 700 mb 5 day composite angmaly chart of Pressure height antecedent to Excessive rainfall over Bombay.
a - 700 mb 5 day composite anomaly chart of Pressure height antecedent to Deficit rainfall over Bombay.

B

+10 +20

D

B - 500 mb 5 day composite anomaly chart of Pressure height antecedent to Excessive rainfall over Bombay.
b - 500 mb 5 day composite anomaly chart of Pressure height antecedent to Deficit rainfall over Bombay.

Fig. 1 Composite wet and dry charts for Bombay for the month of August
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0

C - 700 mb 1 day composite anomaly chart of Pressure height antecedent to Excessive rainfall over Bombay.
¢ - 700 mb 1 day composite anomaly chart of Pressure height antecedent to Deficit rainfall over Bombay.

+20 D

+10

D - 500 mb 1 day composite anomaly chart of Pressure height antecedent to Excessive rainfall over Bombay.
d - 500 mb 1 day composite anomaly.chart of Pressure height antecedent to Deficit rainfall over Bombay.

»Fig. 1 (cont.')_ Composite wet and dry charts for Bombay for the month of August
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pattern associated with each extreme.

As an example, composite 5-day and l1-day mean anomaly charts for 700 mb and
500 mb levels corresponding to 'excessive rainfall' and 'very little rainfall' for the month of
August are given in Fl.g 1. The importantfeaturesrevealed by the 5-day and 1-day mean
anomaly charts in the different months June to September are given in Table 2.

The composite maps described above have been used as a guide in the selection of
parameters to be graphically related to the precipitation. While the anomaly charts are very
useful in distinguishing the circulation patterns associated with extremes of rainfall, these are
not available to the field forecaster as anomaly values are not included in the TEMP messages.
“Thérefore the information obtained from the study of anomaly charts was interpreted in terms
of contour values at the respective levels over the selected stations. Before proceeding ahead
with the parameters selected, it is necessary to pause to examine how much reliance can be
placed on the contrasts exhibited. For each of the parameters, the range of values amongst
the six members of each group was utilised to estimate the standard deviation in the group.
The significance of the difference between the mean of the two contrasting groups, one corres-
ponding to excess rainfall and the other to deficient rainfall, are tested by the usual t-test.
The parameters which showed significant difference at the 5% level were selected for further
consideration. However, in the case of June this prmcxple had to be relaxed slightly to take
in at least 3 parameters.

4. GRAPHICAL CORRELATIONS

Next, graphical methods similar to those followed by Martin and Hawkins (1950)
and Beers and Colson (1960) were used in the selection of prospective predictors.

If X; and Y, are two predictors and W; the value of the element which is to be pre-
dicted, W; is entered at the point indicated by (Xl, Y. ) Asg already stated, the pentad rain-
falls are classtfted as A, Nor S, and W; will take one of the walues A, N or S.

It may be noted that while for the preparation of the composite charts, only the data
‘corresponding to the gélected:occasions were utilised, for the preparation of these scatter
diagrams, the entire data for the period 1950-57 were used. As an example, in Fig. 2 (g).
the ordinate is the 500 mb level 5-day mean height value over Allahabad and the abscissa is
the 5-day mean height value over Madras at the same pressure level. The entries in the
scatter diagrams are the rainfalls «clagsified as A, N or S during the 5-day period subsequent '
to the period to which the pressure heights refer. It will be seen from this that the scatter of
values A, N and S in the (X Y. ) field could be easily separated into plots &«, ¥ and o . It
may be stated that only those para.meters mﬂi_éh showed such a stratification were selected;
others which do not permit smooth separation into suitable classes were rejected. Many var-
iables were tried but the best results were obtained with some of them. As these scatter dia-
grams are to be used in the selection of the classification of the predictors they are given in
‘Figs. 2(a) to 2(1).

5...CONTINGENCY TABLES AND FINAL SELECTION OF PREDICTORS

Using the classification obtained from the scatter diagrams, contingency tables were
constructed with the selected pair of parameters on the one hand agd: the rainfall of the follow-
ing pentad on the other.

The Shannon Information Ratio as adopted by Holloway and Woodbur (1955) was used
to determine the information communicated by this technique. Symbolically the calculated
'information ratio' is given b\i(

1
Z £, log f. - Z Z fi' log fij Lo (1)
. iwl i=1lj4=1 "
I.=1- T
NlogN - . £, log f..
stl i) )
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In each of the figures [a] to [I] the pressure height level and composite period are indicated by 700/ 5
i-ed. 700 mb 5 day mean height.
o Abnormal e Normal x Subnormal rainfall at Bombay during the pentad.
The classification of the Predictors are shown as @€, %/ and &'

Fig. 2 (cont) Scatter diagram -






