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ABSTRACT. The present investigation is an attempt to evolve a technique for forecasting weekly rain-
fall anomaly over central India (east and west Madhya Pradesh and Vidarbha). Composite circulation
anomaly charts for conditions antecedent to active and weak monsoon spells were used as guides to pick
up parameters of predictive value, like the zonal wind shear over Peninsula in the lower and middle tro-
pospheres. A relationship using contingency technique has been used to prepare a forecast scheme.
Testing of the scheme on independent data yiclds encouraging results.

1. Introduction

Fluctuations in rainfall activity during the south-
west monsoon period are well known. The need
for predicting in advance fluctuations on the time
scale of five to seven days has long been felt.
This is the aim of medium-range forecasting. Till
the time numerical prediction models in the tropics
can be used with reasonable success on this time
scale, there is an urgent need for developing statis-
tical and synoptic techniques.

2. Method

Circulation features antecedent to spells of ex-
cessive and deficient rainfall over central India
(east M.P., west M.P. and Vidarbha) were studied.
Composite charts were prepared to select crucial
parameters which had some predictive value.
Scatter diagrams showing weekly rainfall anomaly
over central India and various parameters were
prepared. The selection of parameters was not
restricted to one level as has been done by several
earlier workers. The significace of the parameters
was further tested by x2 test against the null hypo-
thesis of no association. Subsequently the rela-
tionship between the predictor and predictand
is worked out on the basis of contingency techni-
que. It may be emphasised here that the predic-
tors which are chosen are taken from the wind
data and are more reliable in the tropics as
compared to the height values. Earlier workers

Jagannathan and Ramamurthy (1961), Sajnani
(1964) and others using a similar technique have
taken the height values of the constant pressure
surfaces for their prediction scheme. The scheme
was developed by using the data from 1965 to 1970.
The forecast scheme thus evolved has been tested
on data for seven years which are not included
in the evolution of the technique (1961-1964;
1974-1976).

The salient features of the composite anomaly
charts for strong and weak monsoon situations
have been presented by Alexander* et al. (1978)
earlier and are not discussed here again. The
crucial predictors which showed some predictive
skill and were statistically significant in giving the
weekly rainfall forecast are given in Table 1.

3. Statistical analysis of the predictor

From the scatter diagrams, contingency tables
were prepared using the ranges of predictors which
were associated with a particular range of weekly
rainfall anomaly (either excess, normal or deficient,
scanty). Significance of predictors could be
evaluated by calculating the ‘Shannon Informa-
tion Ratio’ given by,
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TABLE 1

Predictor

LUE)
(at 95%)

(Calcutta-Bhubaneswar) Surface pressure gradient anomaly, two

days before

0-0551

(Jabalpur-Nagpur) Surface pressure gradient anomaly, three days

before

00514

(Allahabad-Jabalpur) Surface pressure gradient anomaly, one day

before

00507

(Allahabad-Jabalpur) Surface pressure gradient anomaly, two days

before

(Allahabad-Jabalpar) Surface pressure gradient anomaly, three days

before

(Madras-Nagpur) Zonal shear anomaly, one day before 700 mb

(Trivandrum-Bombay) Zonal shear anomaly, one day before, 700 mb

(Madras-Nagpur) Zonal shear anomaly, one day before, 850 mb

(Port Blair-Calcutta) Zonal shear anomaly, one day before, 850 mb

0-0507

00507
00606

0:0542
(at 90%)

00617

00574

(Visakhapatnam-Calcutta) Zonal shear anomaly, one day before

850 mb

1 N. component anomaly, New Delhi, two days before, 200 mb

00569

00551

where fis is the observed frequency in the ith
row and jth column of a table composed of k
rows and / columns of predictor and predictand
class respectively. N is the size of the

sample.

For an infinite size of the sample the ‘Information
Ratio’ tends to zero, if there exists no relationship
between the predictor and predictand. To test the
significance of relationship revealed by the table, it
is often suggested to compare the value of I with
the ‘Expected Information Ratio’ I as defined by
Grigorton. If I, is greater than the value of I at
95 per cent confidence limit, it is assumed that
there exists significant relationship between the
predictor and the predictand.
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where %2 is taken for (k—1) x (/—1) degrees of
freedom at 95 per cent confidence limit. The values

of I. and L (I;) for various pairs of predictors
which were finally chosen are shown in Table 2.

4. Predictors chosen

The final choice of predictors from the possible
factors mentioned earlier was done by a process of
elimination. The values of /. and values of L([&)
were taken into consideration for finally selecting
the predictors. However, some predictors like
(Allahabad-Jabalpur) surface pressure gradient
anomaly, one and two days before and (Calcutta-
Bhubaneswar) surface pressure gradient anomaly,
two days before did not perform well and were
dropped out from the list of predictors. Similarly
zonal shear anomaly at 700 mb, between Bombay
and Trivandrum and (Jabalpur-Nagpur) surface
pressure gradient anomaly, three days before were
given up due to low valnes of J..

Therefore the six predictors in Table 2 were
used to verify forecasting scheme (Figs. 1-6).
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Fig. 1. U anomaly at 700 mb for Madras-Nagpur vs % of
rainfall anomaly one day before the week
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Fig. 2. Zonal shear anomaly
850 mb, U component
rainfall anomaly

between Madras-Nagpur
one day before vs weekly
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Fig. 3. Zonal shear anomaly between Port Blair and Calcutta
850 mb, U component one day before vs % rainfall

anomaly.
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Fig. 4. Zonel shear anomaly between Visakhapatnam and
Calcutta 850 mb, U component one day before
vs % rainfall anomaly
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Fig. 5. 200 mb New Delhi (N component anomaly) two
days before vs % rainfall anomaly
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Fig. 6. Allahabad-Jabalpur three days before surface
pressure gradient anomaly vs % rainfall anomaly
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TABLE 2

Predictor

c

L (Ip)

(Madras-Nagpur) Zonal shear anomaly, 700 mb, one day before
2 (Madras-Nagpur) Zonal shear anomaly, 850 mb, one day before
(Port Blair-Calcutta) Zonal shear anomaly, 850 mb, one day before

(Visakhapatnam-Calcutta) Zonal shear anomaly, 850 mb, one day

0-0631
0-0853

00787

00606
00612

00574

- two days before

before 00619 00569
5 N. comp. anomaly, New Delhi 200 mb, two days before 00742 00551
6 (Allahabad-Jabalpur) Surface pressure gradient anomaly, three days
before 0-1438 0-0507
TABLE 3
Values of (10.000+4log R;;) based on data for 1965-1970
Predictor Class Pred-tf-land

e
EN DS
1 (Madras-Nagpur) Zonal shear anomaly, =—50 mps 100829 9-8906
700 mb, one day before < —5'0 mps 9-8489 101241
2  (Madras-Nagpur) Zonal shear anomaly, -] 0 mps 10'1160 9-8277
850 mb, one day before < 0 mps 9-8534 10-1160
3 (Port Blair-Calcutta) Zonal shear anomaly, >—50 mps 10-0984 98534
850 mb, one day before < —50 mps 9-8377 10'1366
4 (Vishakhapatnam-Calcutta) Zonal shear >—0'5 mps 100813 9-8759
anomaly, 850 mb, one day before <—0'5 mps 9-§395 10-1283
5 N. comp. anomaly, New Delhi, 200 mb, > 0 mps 9:8420 101334
< 0 mps 10-1009 9-8495
6 (Allahabad-Jabalpur) Surface pressure >—10 mb 101582 97144
gradient anomaly, three days before <—1'0 mb 97874 10°1534

5. Forecast scheme

If fi is the observed frequency in the (. j) cell
and f3° is the frequency expected on the hypothesis
of independence, then

_ Si X 8y
fﬂ St N

where S; and S; are the marginal totals.

The contingency ratio Ry is given by Ry = fi/
fi®. However, if the sample size in the various
contingency tables is not the same than Ry the
‘normalised contingency ratio’ is to be calculated.

1/2
Ry =1+ (Ru—l)[fu".x %— ]/
(1]

where Nj is the largest value of N in the difle-

rent contingency tables.

Finally, if the forecast is to be made out from%a
series of such tables, the product of the ‘normalised

contingency ratio’ is to be taken to represent the
integrated effect.




PREDICTION OF WEEKLY RAINFALL ANOMALY

The class of predictand having largest log sum
is selected as the forecast. The value 10 is
added to log Riy’ to avoid negative values. The
values are given in Table 3.

6. Verification of forecast

Using the six predictors, the scheme of forecast
was tested for working out the skill score on seven
years data. Out of 66 cases verified, it yielded cor-
rect forecast on 47 occasions. The results are
shown below.

Predicted class

Observed class ————A e — i
EN DS Teotal
EN 27 7 34
DS 12 20 32
Total 39 27 66

If T is the total number of forecasts and C is the
number of correct forecasts then the skill score
S is given by
_ (C—=E)
>4 (T—E)
where E is the number of correct forecasts on cli-
matological basis.

The skill score for this scheme works out to be
0-42.

It may be mentioned here that cases of extreme
failure were very few. In only two cases when the
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7. Some additional factors

As a further refinement, it was attempted to
select predictors which will give a three class fore-
cast scheme, i.e., Excess, Normal and Deficient/
Scanty. The combinations of following predictors
were used.

(1) Tashkent 300 mb height anomaly and
(Madras-Nagpur) 850 mb, zonal shear

anomaly, one day bzfore.

(2) Tashkent 300 mb height anomaly and (Port

Blair-Calcutta) 850 mb, zonal shzar
anomaly, one day before.
(3) (Madras-Nagpur) 850 mb, zonal shear

anomaly and (Port Blair-Calcutta) 850 mb,
zonal shear anomaly, one day before.

These predictors were tried on a sample ofa few
years and it was observed that they could be used as
supplimentary factors. Further tests are necessary
to arrive at conclusive stage regarding the use of
these predictors.
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