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ABSTRACT. Monsoon is a complex system. As such it is not yet possible to develop a deterministic
model for long range forecasting of monsoon rainfall. An attempt has been made here to develop a parametric
and a power regression model to predict monsoon rainfall by utilising signals from 15 paramsters known to be
relatedp:,vith the Indian summer monsoon rainfall. Some of the parameters are global and others are regional
in nature.  These parameters also have physical links with the Indian summer monsoon. Some of these para-
meters are inger-related, The parametric model, which analyses the monsoon rainfall vis-a-vis the 15 parameters
for the last 37 years (1951-1987), shows encouraging results. It is ohserved that whenever more than 709
parameters showed favourable signals, the monsoon rainfall in Inaia was not only normal (percentage
of rainfall +-10% of normal), but it was towards the positive side of the normal. In 1988, a larce number
(87Y%) of parameters were favourable, Based on this analysis the long range forecast for monsoon 1988 was
estimated towards the positive side of the normal and actually the monsoon rainfall in 1988 was above normal

(+ 199 of the normal)

This parametric model is purely a qualitative decision making tool where equal weightage has been given to
all the 15 parameters. However, the relationship of monsoon rainfall with individual predictors exhibitsa non-
linear relationship. To take care of this non-linearity, a curvilinear relationship has been determined by fitting
the equation cf different degrees. The best fit degree of relationship with all the 15 parameters has been com-
bined and a power regression model has bsen developed. The forecasts from this power regression model have
been found encouraging both during the sample period (1958-1980) on which the model is developed, as well
as during the independent test period (1981-1988). The power regression model has correctly predicted the
drought and large excess rainfall during the sample and independent test periods.

The performance of the power regression model has been compared with that of the multiple linear re-
gression model, formed by utilising exactly the same set of data which was used for formulating the powar
model. Comparison of two models shows that the performance of power regression model is better than that
of the multiple regression model.
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1. Introduction

Year to year variation of Indian summer monsoon
(June-September) rainfall (hereafter referred to as
monsoon rainfall) generates profound socio-economic
impact on many spheres of national activities. Several
attempts have, therefore, been made in the past to
develop long range forecast models for estimating, in
advance, the total quantum of rainfall during the mon-
soon season over India. Theseefforts have mainly been
concentrated in developing empirical models. This is
because the monsoon is a complex atmospheric system
and difficult to be represented by deterministic models.
Based on the Himalayan snow-cover analysis, the first
long range forecast of monsoon rainfall over India and
Burma was issued in 1886 (Blanford 1884). In the
beginning of this century, Walker (1923) introduced
an objective technique of correlation for long 1ange
forecast and identified a few predictors from different
parts of the world. Subsequently, several antecedent
meteorological parameters were identified and used for
prediction. A review of these attempts was made by
Jagannathan (1960) and Thapliyal (1987). In al! these
attempts a limited number of parameters were used,
utilising mulfiple linear regression technique. The
accuracy of such models is not always very satisfactory.
Recently, a dynamic stochastic transfer model has been
developed by Thapliyal (1982) with some improvements
noticed in forecast accuracy. Though two types of models
are available in India Meteorological Department for
long range operational forecasting, the need for a better
model is felt, which may provide the forecasts as early
as possible, before the monsoon season.

An attempt has now been made to develop a paramet-
ric and a power regression models which use signals
from a large number of parameters that appear to be
physically linked with monsoon circulation, for predic-
tion of monsoon rainfall over India. The parametiic
model gives a qualitative forecast whereas the power
regression model gives a quantitative forecast of mon-
soon rainfall over India. Although the parametric
model gives qualitative forecast, it appears to be very
useful as a decision making tool, sufficiently in advance,
whenever the factors are favourable/unfavourable
beyond a certain percentage.

2. Parameters

For long range forecasting of monsoon rainfall, the
parametric qualitative model utilises signals from 15
regional and global meteorological and oceanic para-
meters. All the parameters along with their relationships
with the monsoon rainfall are listed in Table 1. Inthe
table, the parameters are divided into 4 main groups
related to temperature, pressute, wind and snow-cover.
Long period (1951-1987) data have been used to
examine the relationships between the monsoon rainfa!l
vis-a-vis each one of the parameters. Direct and inverse
relationships are respectively indicated by positive and
negative signs shown at the top of the table. These
patameters havc been selected on the basis of their
possible physical linkages with the monsoon rainfall
over the country. Some of the parameters arc inter-
related.

3. Physical linkages

The physical linkages of the various parameters with
the monsoon rainfall are elucidated in the following
discussion :

3.1. It may be seen from Table 1 that temperatures
over east coast of India, central India and northern
India (Thapliyal 1982)as well as of northern hemisphere
(Verma er al. 1985) indicate direct relationship with
monsoon rainfall. This shows that the warmer tempera-
tures are conducive to good monsoon rainfall over the
country. This supports the physically tenable relation-
ship that the strength of monsoon is directly related to
the differential heating between the land and ocean.

The presence of the £/ Nino (appearance of abnormal
warm water ofl Peru coast) creates an adverse physical
condition for the normal development of monsoon
circulation (Sikka 1980). Thisis because E/ Nino creates
a low pressure system over equatorial south Pacific
and disturbs the normal low pressure system over the
Indonesian-Indian monsoon area

3.2, The second group in Table | consists of four
pressure related parameters which are connected with
the Southern Oscillation Index (SOI), discovered by
Walker (1924). Southern Oscillation is a sea-saw of
pressures between the equatorial central Pacific and
the equatorial southeast Asia (Monsoon area). SOl is
defined as the difference of normalised pressure anomaly
between Tahiti (south central Pacific) and Darwin
(Australia). It may be mentioned that monsoon circu-
lation is depicted as a vast low pressure area and the
lower the pressure in the monsoon circulation, the better
it is for good rainfall over the Indian subcontinent.
Thus, the SOI is one of the measures to monitor inter-
annual fluctuation ol pressure over the monsoon area.
If the SOl is positive, it is conducive for good monsoon
rainfall. The reverse is true when the SOI is negative,

3.3. All the wind parameters given in Table | would
appear to be physically connected with monsoon through
various dynamical processes of the atmosphere. The
location of 300 hPa sub-tropical ridge over India,
which shows adirect relationship (Banerjee ef al. 1978)
with the monsoon rainfall, is indicative of the transition
of atmospheric circulation from winter type to summer
type. This is also a parameter to judge the lag period of
the progress of the season. 1If the position of sub-
tropical ridge at 500 hPa is to the south of its normal
position, it is an indication that setting-in of the summer
conditions over the Indian subcontinent is slow and
build-up of the ensuing monsoon conditions may lag
behind. This is also an indicator of the development
of adverse conditions in the flow patterns, immediately
north of Indian subcontinent, during the monsoon
season. The other two wind parameters, namely, 50
hPa ridge-trough extent over northern hemisphere
(Thapliyal 1984) and westerly windat 10 hPa (Bhalme
et al. 1987) are connected with the easterly and westerly
phases of Quasi-Biennial Oscillation (QBO) in the
lower stratosphere. For good monsoon, the easterly QBO
phase in the lower levels of stratosphere generates
favourable dynamical forcings while the westerly QBO
phase generates unfavourable dynamical forcings.
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3.4. In Table 1 there are two snow-cover parameters
Himalayan (Blanford 1884) and Eurasian (Hahn and
Shukla 1976) which would appear to show inverse
relationship with the monsoon rainfail. The extent of
snow-cover determines the net solar radiative heating
due to the albedo factor. The large extension of snow-
cover may lead to less sensible heating on the continental
scale which is considered detrimental to good monsoon.

4. Analysis of parameters for formulating parametric model

For the past 38 years (1951-1988), signals from all
the 15 parameters are shown in Table 1. F and U in
the table indicate favourable and unfavourable signals
respectively for normal monsoon rainfall over India,
Year to year behaviour of monsoon rainfall has been
indicated by N and D. where N indicates normal mon-
soon rainfall (= 90% of long term normal rainfall)
and D stands for deficient rainfall (< 90 9% of the normal)
for the country as a whole. The normal monsoon rain-
fall of the country, as a whole (including hilly regions),
based on long period data of 1901-1970 is 88.1 cm.

In the first stage, signals from individual parameters
have been studied. For example, during past 37 years
(1951-1987), there were 7 moderate and severe El Nino
years and on all these occasions, except in 1966, the
monsoon was normal on subsequent years. Similarly,
when period of analysis was extended to past 87 years
(1901-1987), there were 7 severe EI Nino years and
monsoon was normal on all the subsequent years. For
the same period, there were 8 occasions when moderate
El Nino occurred and monsoon was normal on all
subsequent years except in 1966. In 1987. moderate
El Nino was observed. Based on this factor alone, the
monsoon rainfall in 1988 would have been normal.
Similar results are found when signals from other indi-
vidual parameters are studied,

In the second stage, an attempt has been made ‘o
study signals from combinations of two paramefers.
Out of all possible combinations, it is observed that the
combination of two wind parameters, viz.,, 50 hPa
ridge and 10 hPa zonal wind gives very goed indication
about the subsequent monscon rainfall. During the past
30 years (1958-1987), for which data are available,
there were 14 occasions when both the wind parameters
were favourable for good monsoon and on 13
occasions monsoon rainfall was normal. Qut of 9
occasions, when both the factors were unfavourable
for good monsoon, rainfall was deficient on 7 occa-
sions and normal on 2 occasions. In 1988, both
the paramcters were favourable. This suggests that
in 1988 the monsoon was expected to be good (normal).

TABLE 2

Inferences based on signals from 15 parameters
(Period : 1951-1987)

Percentags of No. of Subsequent monsoon
parameters occasions condition
favourable — Ay .

Normal Deficient
=90 1 1 0
(11 out of 12)
>80 2 2 0
>70 6 6 0
>60 18 18 0
>50 21 20 1
<50 16 7 9
<40 12 3 9
<30 T 1 6
<20 6 1 5
10 2 1 1
0 1 0 1

Subsequently, all the 15 parameters have besn tested in
different combinations and results from these combina-
tions have been analys:d. It is found that the level of
confidence on forecast for good monsoon increases as
the number of favourable parameters increases.

5. Parametric model

For the first time, a detailed analysis of such a large
number of parameters, all taken together, has been made.
In the last column of Table I, number of parameters
favourable for good monsoon rainfall are indicated.
Detailed analysis of the number of parameters and the
behaviour of subsequent monsoon rainfall have been
given in Table 2. In addition, the percentage number of
parameters favourablein each year, since 1951 are shown
in Fig. 1. It may be noted that during the past 37 years
(1951-1987), whenever 60 %, or more factors were favour-
able, subsequent monsoon rainfall was normal on all the
occasions. However, whenever less than 50% factors
weie favourable, the monsoon was not deficient on all
occasions.  During the past 37 years (1951-1987),
there were 18 occasions when 609 or more parameters
were favourable, and on all these occasions except two
the monsoon rainfall was not only normal but was on
the positive side of the normal. On the other hand,
there were 7 occasions when 30% or less factors
were favourable and the’monsoon was normal on one
occasion and deficient on the remaining 6 occasions.
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Fig. 1. Year to year variation in number of favourable parameters and monsoon rainfall over India

During the period under study, there were two ex-
tremes — the year 1955 in which the maximum number of
parameters (92 %) were favourable and the monsoon was
in excess (111 % of normal); and the year 1965, in which
none of the parameters was favourable and the mon-
soon rainfall was highly deficient (79 % of the normal).
The analysis, however, shows indifferent relationship
for the year 1957 when only one parameter was favour-
able and the monsoon was normal. It may be inferred
that one is talking here in terms of “sufficient condition”
and not “necessary condition” and this is the main
feature of the model.

The model was put to opeiational use in May 1988,
when 879% of the parameters were observed to be fa-
vourable, as a qualitative decision making tool for the
forecast of the 1988 monsoon season. This led to the
conclusion, with good degree of confidence, that the
monsoon rainfall in 1988 would be normal, in fact
towards the positive side of the normal. The actual
monsoon rainfall in 1988 was 119% of the normal,
which validated the utility of the model as a decision
_ making tool.

6. Power regression model

The parametric model, developed above, is purely
qualitative and enables us for decicion making, in

advance, for foreshadowing the subsequent monsoon
rainfall. The above model can further be improved either
by including more predictors, like northern hemisphere
pressure anomaly (Raman and Malickal 1985) etc or
by making it quantitative. However, it may be mentioned
that no single parameter exhibits one to one relation-
ship with the monsoor. The analysis reported above,
gives equal weightage to all the 15 parameters. It is
known that the influence of parameters on monsoon
varies from one parameter to the other, as can be noted
from the fact that in 1957 the 500 hPa ridge was the
only parameter out of 12 (available at that time) which
was favourable and still, subsequent monsoon rainfall
was normal. In view of this, the above study has been
extended further. We have determined the magnitude
of influence of each parameter and formulated a power
regression model which has the equation of the type :

15
= B )
R—cu—F-Zc.X. %)
=1
where R is monsoon rainfall over India, Xy, X,. .. .. » Xig

are different parameters and c¢s and ps are modcl
constants.
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For determining the model constants, 23 year ; ; -

. N T A The power regression model given in Egn. (2) has been
(1958-1980) data have been used. The valves of c¢s . ; . ;

; ; : developed by arranging the parameters in order of their
and p s have been determined by using step by step itera- . ; - ;
. . decreasing correlation coefficients with the monsoon
tion together with the usual method of least square : X - . ‘ :

g y . 2 p rainfall over India. Similar exercise has been carried
fitting. The iterations have been performed with an - : . .
X . . . o out by arranging the parameters in order of their avail-
increment of 0.1 which has been found eflective for . . L :

Fo g ; abilitv. The parameter available earliest in a particular
determining the model constants. The resulting equa- ; ; . Y od
ion for th del is gi vear. before monsoon, has been designated as X in
ion for the power model is given as : .y

PO e model. Similarly, all the other parameters have been
arranged in order of their availability. Forecasts from

15 both these models have been obtained and compared

R =621.0 z ¢ X ) with the realised monsoon rainfall over India. The ana-
- lysis shows that the performance of the power regression

i=1

model using parameters in order of decreasing corre-
lation is better. Therefore, the results obtained from the
power regression model, using parameters in decreasing

where X's are defined in Table 1 and cs and ps are model i . : , .
order of correlation, have been discussed below in detail.

constants.
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Forecasts for a few years of the sample period (1975-
1980) and for all the years of independent recent test
period (1981-1988) have been obtained from the power
regression model, expressed in Egn. (2). For all these
years, the forecast monsoon rainfall amounts, alongwith
the corresponding realised rainfall amounts, are shown
in Fig.-2. It is seen from the figure that during the de-
pendent sample and the independent test periods, the
forecast amounts are quite close to the realised rainfall
amounts. During the independent test period, droughts
have occurred in 1982, 1986 and 1987. On all these
three occasions the power regression model has correctly
predicted the drought. It is seen from the figure that the
model predictions are quite close to the realised rainfall
during both the excess and normal rainfall years. For
independent test period (1981-1988), the root mean
square error is 5.6 cm which is nearly 6%, of the normal
rainfall. Thus the performance of the model has been
found encouraging during sample and test periods.

It may be interesting to compare the performance
of power regression model with that of a multiple
regression model. For this purpose, the same set of
data which was used for developing the power regression
model has been used for formulating the multiple re-
gression model which has multiple correlation coeffi-
cient of 0.94. This suggests that the multiple regression
model developed here accounts for higher percentage
of variance as compared to other similar models reported
in the literature. For the sake of comparison, the fore-
casts obtained from multiple regression and power
regression models have been shown in Fig. 2. It may be
seen from the figure that the power regression forecasts
are closer to the actual, as compared to the multiple
regression forecasts. In the recent two consecutive
drought years 1986 and 1987 the forecasts obtained
from the power regression model are found in close
conformity with the actual while the forecasts obtained
from the multiple regression model differ substantially
from the actual.

The above discussion indicates that the performance
of the power regression model is superior to that of
multiple regression model. Since the power regression
model utilises some kind of non-linearity, its performance
is expected to be better as compared to that of the
multiple regression model which utilises only the linear
relationship. This analysis suggests that the power
regression model is superior to multiple regression model
not only on account of its better performance but also
on account of its capacity to utilise some part of the
non-linear relationship for prediction. The develop=

ment of the power regression model, thus, provides one
more technique to the operational forecaster. It may,
however, be mentioned that like any other statistical
technique, the power regression technique has also its
inherent limitations. However, it is felt that the inherent
limitations of this technique may, perhaps, be a little
less as compared to other known operational techniques.

7. Conclusions

Parametric and power regression models developed
in this paper have been found very useful. The parametric
model, which utilises signals from 15 different regional
and global weather and oceanic parameters, provides
qualitative forecasts. The set of the parameters used
in the model appears to be physically linked with the
summer monsoon. The forecasts obtained from the
model are very useful for a decision maker as they pro-
vide the level of confidence to the forecasts. When
more than 609 parameters were favourable during
last 37 years, the monsoon rainfall was normal on all
occasions. Based on this model the forecast for normaj
or above normal rainfall during June to September 1988
was made public. The realised rainfall during monsoon
1988 proved the utility of the model.

In parametric model all the parameters have been
given equal weightage as linear relationship between
different parameters and monsoon rainfall has been
assumed. However, when relationships of all the 15
parameters with monsoon rainfall are analysed, different
non-linear type of relationships have been found. For
all the parameters the power of relationship varies from
4.0 to —4.0. This indicates the curvilingar or non-
linear type of relationship of the individual parameters
and rainfall exists. By using these different degrees of
relationships, the power regression model has been
developed. The performance of this model has been
found encouraging during sample and independent test
(1981-1988) periods. It appears that the performance
of power regression model is particularly encouraging
during drought years. This increases the utility of the
model. On comparing the performance of power regres-
sion model with that of the multiple regression model, it
has been found that the new model developed here is
superior to that of multiple regression. The developments
reported here are expected to provide two more tools
in the hands of an operational forecaster. It may,
however, be mentioned ihat like any other statistical
technique, the paramctric and power regression techni-
ques also have inherent limitations. However, it is
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felt that these limitations of the new techniques reported
in this paper may be less than those of the other techni-
ques. By forming a set of larger number of parameters
and also by using some portion of their non-linear
relationship in the model, the accuracy of prediction is
expected to increase. The model could be used as yet
another operational tool for long range forecasting
of monsoon rains.
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