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ABSTRACT. An attempt has been made to develop a Stochastic dynamic model that could be used for fore-
casting monsoon rainfall, June to September, in the larger sub-division of India, viz., Peninsula. For building such
a model the atmosphere has been considered as a linear dynamic system that converts various inputs into the out-
put, say the rainfall. In this study the 500 mb mean April sub-tropical ridge position along Long. 75° E has
been used as input to the atmosphere. The input and output data for the recent 38 years (1939-1976) have been
utilised for developing the model which utilises the dynamics of the atmosphere and also that of the ARIMA
process to forecast the rainfall.

The performance of the model has been found good during the sample and the test (1977 to 1980) periods.
Even in rank drought and excess rainfall years the closeness of the predicted and realised values stands out well,
In terms of seven categories currently being used by the India Meteorological Department for describing its long
range forecasts, the skill score of the model forecast for the test period has been found equal to one which is the

est that a forecast formula can have. This suggests that the Stochastic Dynamic Model developed here can,
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TABLE 1

Final estimates of 3’y and o',

0 1 2 3 L

; — —0.8986 —0.5319 —0.3459 —0.2007
w; 10,0554 —0.0520 —0.0385 —0.0197 —0.0056

TABLE 2
Values of white noise a for recent 21 years (1960-1980)

i a; j a; J a;

0.1333 —0.0151
0.1025 75 0.0116
—0.0893 76 —0.0752
0.1787 77 0.0642
—0.2190 78 —0.0430
—0.0765 79 —0.1396
0.1028 80 —0.0208

1960 —0.2721
61 0.1555
62 —0.1500 69
63 —0.0166 70
64 —0.2308 |
65 —0.1197 72
66 —0.0504 73

been developed by regarding the output as linear
aggregate of a series of super-imposed impulse
response functions scaled by the input. By follow-
ing this usual identification procedure, the dynamic
transfer function can be expressed as follows :

4 4

b
Y = wo Xy + (—1) wixe - +23" y— (9

i=l1 i=1
where,
yi = log (R R 1),
x =X;— X (10)

R, is monsoon rainfall in centimetres over Penin-
sula and X, is the position of the 500 mb April
sub-tropical ridge in degrees latitude along Long,
75° E. The values of 6's and «’s are given in
Table 1.

Eqn. (9) gives the exact mathematical expression
for the dynamic transfer function of the forecast
model for Peninsula. For representing the com-
plete Stochastic dynamic model, however, the
mathematical expression for the noise transfer
function is also required. The procedure for identi-
fying the noise transfer function has been des-
cribed in detail by the author (Thapliyal 1981 a)
elsewhere and it may be sufficient to mention that
the noise transfer function has been developed by
using the dynamics of the ARIMA process which
postulates that a time series can be usefully re-
presented as an output from a dynamic system to
which the input is a white noise. By following

this usual identification procedure, the noise
transfer function can be expressed as follows :

a=n—.52a, — 15a.4 — 28,43 (11)
Here
m=v N (12)

Ny = ()a— (Wr (13)

where (y;)4 is the actual rainfall defined in Eqn.
(10) and (y)r is the forecast rainfall obtained
f;lom Eqn. (9) and a’s represent independent
shocks.

For recent 21 years (1960 to 1980), the values
of a’s have been obtained from Eqn. (11) and are
given in Table 2.

On using Eqns. (9) and (11) in Eqn. (8) the
dynamic (dynamic transfer function noise) model
for Peninsula can be expressed as follows :
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+[é‘,_ .52a,_1 — 154, 4 — .28a, .m[ (14)

where &, represents the residuals.

In Eqn. (14), the expressions in the first and the
second brackets represent, the dynamic and the
noise transfer functions, respectively. The former
accounts for the dynamic relatonship between
the April ridge position over India and the mon-
soon rainfall in Peninsula while the latter takes
into account the effects of all those inputs which
have not been considered while developing the
dynamic transfer function of the model.

By studying the behaviour of the auto and
partial correlation functions of the residual g,
along with that of the cross correlation function
between input, x; and the residual, &, it has been
found that the dynamic and the noise transfer
functions of the model are adequate and need no
further refinements. In addition, Portmanteau
lack of fit test (Box and Jenkins 1970) has also
not revealed any adequacy of the model. From
Eqn. (14) we thus obtain the long range forecast
dynamic model for Peninsula as follows :
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Fig. 4. Performance of model during recent 8 years
(1973—1980)

where R, is the amount of monsoon rainfall in
centimetres for the year ¢ over Peninsula, X,
is the position of the 500 mb April sub-tropical
ridge in degrees latitude for the year ¢ along 75°E
meridian. The values of &s and «’s are given
in Table 1 and that of «’s are calculated from Eqn.
(11). However for ready reference its values for
recent 21 years (1960-1980) are given in Table
2. It is, therefore, possible from the model, given
in Eqn. (15) to obtain an optimal forecast in ear-
ly May for the monsoon rainfall in Peninsula.
From the dynamic model, the amount of mon-
soon rainfall in Peninsula could thus be forecast
a month earlier than the start of the season.

5. Performance and superiority of the model

In the previous section the Stochastic dynamic
model has been developed for forecasting the
monsoon rainfall in Peninsula. To assess the per-
formance of the model, the forecast rainfall
amounts for recent 8 years (1973-1980) have
been calculated from the model and are shown in
Fig. 4. In the same figure the actual rainfall amounts
have also been presented so that the accuracy
of the forecasts can be examined. It is seen from
the figure that the forecast rainfall amounts
are quite close to those realized. Even in the rank
drought years, like 1974 and 1979, the closeness
of the prediction and realized values stands out
remarkably well. In addition, during extreme years
such as 1975 and 1974, the model has correctly
indicated the excess and deficient monsoon rain-
fall in Peninsula, The Root Mean Square Error
}RMSE) for the recent 8 years (1973-1980) has been
ound equal to 4.4 cm. Considering the fact that
the significant fluctuations in the Indian monsoon
rainfall have occurred (Thapliyal 1981 b) during
these years, the amount of the RMSE for the
forecast is significantly small. In view of this it
can be concluded that the performance of the
model forecast during the recent period is good.

By utilizing the new model, experimental fore-
casts have been prepared for recent 4 years (1977-

1980). The data of these years were not utilized
to formulate the model and hence the accuracy of
the forecasts during this test period would indicate
the degree of confidence which could be placed in
the model forecasts. In Fig. 4 the forecast and the
actual rainfall amounts for the test period have also
been presented. It is seen from the figure that the
amounts of rainfall predicted by the model
are quite close to those actually realized in the
Peninsula. This indicates that the performance of
the model is good during the test period (1977-
1980) also and more confidence can, therefore, be
placed in the forecast obtained from the dynamic
model.

As mentioned above, the forecast model develop-
ed here utilizes the dynamics of the system and also
of the ARIMA process and hence the accuracy of
the model forecast must be higher than those
obtained from the conventional long range fore-
cast methods because the techniques that are
currently being used for preparing the operational
forecasts do not use the dynamics of the system.
In arecent study, this aspect has been examined by
the author (Thapliyal 1981 a) in detail. He has
reported higher forecast errors for the regression
equation than for the dynamic model considered
here. In fact, during recent 8 years (1973-1980)
the RMSE for the regression has been found nearly
twice to the model and it can, therefore, be inferred
that the performance of the dynamic model is
better than that of the regression technique.

Presently the India Meteorological Department
prepares long range monsoon forecast by using the
regression equation given below :

R= —58.1595-4-2.42I7+1.1274 p—0.2965,

where, R is rainfall in inches, Iz is Indian tem-
perature (mean minimum March temperature of
Jaisalmer, Jaipur and Calcutta), Ap is April ridge
positionand S is South American pressure of April
and May. The Department describes its long
range forecasts in seven categories such as
large defect (below 50 percent of the normal),
moderate defect (50-74), slight defect (75-89),
normal (90-110), slight excess (111-125), moderate
excess (126-150) and large excess (above 150).
The figures given in the brackets represent the
percentage of the normal rainfall for the forecast
area. During the test period (1977-1980) the
multiple regression equation used by the Depart-
ment gave correct forecasts on 75 per cent occasions.
When expressing the model forecasts in terms of
the above categories, it has been found that the
model gave correct forecasts on all occasions during
the test period (1977-80). This indicates that the
model has skill score for the test period equal to
one which is the highest that a forecast formula
could have. This suggests that the Stochastic
dynamic method can provide more accurate
forecasts as compared to multiple regression
technique which itself is considered to be superior
to many of the other conventional long range
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weather forecast methods. It can, therefore, be
concluded that the Stochastic dynamic models
provide better predictions and can be termed as
superior to other long range forecast methods,

6. Concluding remarks

It is possible from the Stochastic dynamic model,
developed here, to forecast in early May the mon-
soon rainfall in Peninsula. The model utilizes the
dynamic relationship associating the input and
the output and also the noises that account for the
effects of numerous other inputs of the atmosphere.
For formulating the model, the atmosphere has
been considered as a linear dynamic system that
converts various inputs into the rainfall. The input
used in this study is not a direct input but is an
indicator of a large number of inputs of the at-
mosphere. The interaction among the prevailing
winds, heat sources and sinks results in the for-
mation of the anomalies whichin turn produce some
typical synoptic patterns like ridges and troughs
at different levels of the atmosphere. Since the
500 mb level separates two different circulation
regimes of the upper and lower troposphere, parti-
cularly in the tropics, it may be reasonable to
assume that the locations of the trough and the
ridge are governed by a large number of inputs of
the atmosphere. Besides, the location of the ridge in
the month of April has shown a positive correlation
with the monsoon rainfall in India. It can, therefore,
be assumed that more northerly location of the
ridge indicates a good degree of organization of
monsoon circulation ahead or vice-versa. All
these considerations suggest that the input selected
here does not represent a single factor but a
resultant of a large number of direct inputs of the
atmosphere. Thus, it is obvious that the model
developed here may provide more accurate
forecasts than those obtained from a single input
forecast model,

The Stochastic dynamic model developed here
has provided more accurate forecasts than those
obtained from the regression and the multiple
regression techniques which are considered to be
superior to many of the other conventional long
range forecast methods, currently being used in the
world. During extremely deficient and excess rain-
fall years, the model has provided correct forecasts
for the monsoon rainfall in Peninsula. Even in
rank drought years, the closeness of the prediction
and realized values stands out remarkably well,
In terms of the seven categories currently being

used by the India Meteorological Department

for describing its long range forecasts, the skill

score of the model has been found equal to one

;’vhich is the highest that a forecast formula could
ave.

It is thus possible from the new model developed
here to issue more accurate long range monsoon
rainfall forecasts, about a month ahead of the
season, for the Peninsula. This would provide
sufficient time for planning the strategies for
mitigating the disastrous effects that are pro-
duced by large vagaries of monsoon over India.
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