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ABSTRACT. Empirical Orthogonal Functions (EQF), associal=d with the parameters for long rangs fore-
casting of Inoian summer inonsoon onset and seasonal rainfall have bzzn discussed. 1t was found that ihe
perceniage of variancs explainad was 77 and 67 respectively through the first four EOF. The highsst correla-

tion coefficien! wi.h the onser dats was found for tha

first Junclion which showed the maximum influence of

Cobar (Australia) and Darwin (Australia) zonal winds on the onszi dais. 1 was inferesting to note that for
vainfall prediciion pradominani 21Tect on the first FOF was noticad of S0 hPa ridg= over northern hemisphere,
Eurasian snow cover, Argantina pressure (negatively correlated) and 50C oPa ridge, 10 hPa Balboa wind, north,

cxiral Invia and ess: cozs! mintmum t2mp

ures, and northern hemisphers tempers ure.

However, the

inlluence of 77 Mjua. 2quatorial arassure and Darwin pressure (including Tabiti Sowae Darwin) and Himalavan

snow covar was almos n

Thz cizgen ind2x for the cns2t Jdatz supassis a complemaniary method for

its applica‘ion in fong ran:= pradiciion of summar monsoon on.2t daie,

Koy words — Long range forecasi, Empirical Orihogonal funciions (EOF), Principal component analysis,

Shrurthwest monsoon, Mansoon, onset

1. Introduction

The southwest monsoon which is the principal rain
bearing season in India from June to September has
attracted the attenticn of the meteorologists to devise
methods for long range forecasting during the past
100 years. Two types of predictions are made namely:
forecast of the date of onset of rains and the total
quantum of rainfall during the entire season. These
predictions are needed for the agriculturists and deci-
sion makers. Siatistical techniques have been de-
vised for forecasting the rainfall and its onset over
Kerala coast starting with Blanford (1884), Walker
(1910) and more recently by Bhalme and Mooley

(1980), Verma (1980) and others. Kung and Sharif

(1980, 1982) attempted to forecast the onset date and
the total quantum of rainfall based on regression equa-
tions. Shukla and Paolino (1983) found Darwin pres-
sure tendency from winter to spring as a good indi-
cator of monsoon rzinfall. It was found that the
relationship between the monsoon rainfall and some
of the predictors either ceased to exist or showed
considerable decline with the passage of time. The need

has, therefore, always been felt for developing a suit-
able model which could be validated over a long period
of time. Thapliyal (1982) developed a stochastic trans-
fer model which showed 5°, more accuracy compared
with the multiple regression model. More recently a
parametric znd power regressicn model has been
developed by Gowariker er al. (1989, 1991) which has
shown promise to provide forecast of monsoon rains
well in advance and has been validated during the

last four years.

India Meteorological Department is regularly issuing
long range forecast for the onscet of monsoon over
the Kerala coast based on a few local and global para-
meters making use of the regression equation. The
object of this paper is to discuss empirical orthogonal
functions (EOF) of long range forecasting parameters
predicting the onset of summer Indian me nsc . n eng
rainfall (June to September). Results have been com-
pared by making use of the cigen index to arrive at
the long range prediction of onset of monsoon over
Kerala and the seasonal rainfall over the country during
this season.
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TABLE |

Parameters used for long range forecast of southwest monsoon

(a) Onset (b) Rainfall
(1) Cobzr (Australia), November zonal wind (500 hPa) (1) 10 hPa westerly winds over Balboa (January)
(2) Thiruvananthapuram-Madras, February wind (200 hPa) (2) Darwin pressure (April)
(3) Darwin (Australia), January zonal wind (200 hPa) (3) Eurasian snow cover (previous December)
(4) Delhi, January wind (300 hPa) (4) El-Nino in current year (October of previous year to May
of current year)
(5) Forrest (Australia), January wind (200 hPa) (5) Equatorial pressure (January to May)
(6) Thiruvananthapuram, November kinetic energy (200 hPa) (6) Himalayan snow cover (January to March)
(7) Fukuoka (Japan), February kinetic energy (1) Location of 500 hPa ridge over India (April)
(8) Mean January zonal wind over Darwin (Australia) (300 hPa) (8) Central India minimum temperature (May)
(9) Mean meridional December wind (previous year) over (9) 50 hPa ridge-trough extension over northern hemisphere
Calcutta (200 aPa; (January and February)

(10) Kinetic energy of January over Darwin (Australia) (200 hPa) (10) North India minimum temperature (March)
{11) East coast minimum temperature (March)
(12) Northern hemispheric temperature (January and February)
(13) El-Nino in previous year
(14) Argentina pressure (April)
(15) Tahiti-Darwin pressure (March to May)
(16) Northern hemispheric pressure (January to April)

TABLE 2

Eigen vectors for long range prediction of summer monsoon onset

FOF Figen vector of parameter Variance Cor. coef.
FamR e . e S ; - explained with the on-
meters*® | 2 A 4 ] 6 ] N V] 10 set dates of
W mon-
soon over
Kerala
coast
I 0.46 0.17 0.43 0.17 0.33 0.20 0.13 0.37 0.35 0.35 3.3 0.79
2 0.15 0.45 0.33 0.53 0.34 0.15 0.06 0.13 0.26 0.38 20.45 0.31
3 0.15 0.29 0.2% 0.Co 0.04 0.12 .70 -0.09 0.40 -0.37 13.75 0.11
4 0.04 0.13 0.09 0,27 0.48 0.79  0.00 0.08 0.05 0.18 .70 - 0.21
*Same sequence as in (@) of Table 1.
TABLE 3
Figen vectors for LRF of summer monsoon rainfall
EOF, Eigen vector of parameter Vari- Cor. coef
& i 5 4 BT : : — ance with the
1;::‘*:“' o 2 3 4 5 6 7 R 9 10 I 12 1} 14 15 16 ex- wr:ltafalltllzf
Plain- Sw mon-
ed  soon over
country as
a whole
| 0.32 -0.14 -0,37 -0.12 0.14 0.07 0.30 0.27 -0.37 0.26 0.30 0.19 0.12 0.32 0.05 0.29 30.47 0.83
2 0.07 0.48 0.03 0.17 0.48 0.35 0,07 0.04 0.04 0.09 0.22 0,29 0.20 0.04 0.44 0.02 16.68 -0.05
3 0.16 U.M .05 0.46 -0.05 -0.42 0.25 0.23 0.35 0.30 0.13 0.36 0.04 0.00 0.21 -0.23 10.67 0.22
4 0.i8 -0.09 0.00 0.44 0.00 0.10 0,19 0.3 0.05 0.16 022 0.06 0.58 0.29 0,28 0.15 9.29 (.17

*Same sequence as in (b) of Table |.
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It may be mentioned that Paranjpe and Gore (1991)
examined the probability of a normal rainfall using
the parasiomonious logistic regression model to
examine which of the variables out of 15 can best
describe the rainfall over the Indian region. Com-
pared to this study, the method adopted in this paper
employs a better approach of using empirical orthogonal
functions which is the most standard technique pre-
sently available to work out the inter-dependence cf
the parameters. The results have also been extended
to include 16 parameters (Gowariker er al. 1991) in
the study presented in this paper.

2. Methods of analysis

The principal component analysis provides a simple
means dueto its restrictions to linear functions of the
original variables expressing a linear functions of the p
variable of the form given by :

z = ayx, Xy — e = a,x,

where, a;, as....... . a, are constants.

As we change ay, a5 .......... a, we pget different
linear functions and we can calculate the variance of
any such linear function. The first principal compo-
nent (PC) is that linear function which has the maxi-
mum possible variance: the second PC is the linear
function with maximum possible variance subject to
being uncorrelated with the first PC; the third PC is the
linear function which maximises variance subject to
being uncorrelated with the first and second PCs, and
so on. Thus, it is easy to construct p principal com-
ponents providing optimal m-dimensional represen-
tation of the data for each m= 1, 2,........ , p for
various different definitions of optimality. In particular,
at each stage the sum of the variance of the PCs is as
large as possible. In other words, with PCA we get
for each m =1, 2, ...., p the m linear functions
1s X2, « o oo o ooy X, Which account  for the maximum
possible proportion of the original variations. Ex-
pressing in more general terms, the kth principal compo-
nent is given by :
I = g WaXs + oL, (27
for k=1, 2, ...., p. Here a, are vectors consisting of
the weights to different variables. We compute eigen
vectors of the (p < p) covariance matrix.

Thus the empirical orthogonal function (EOQF) is the
set of coefficients ay; , @, appearing in the first PC,
Similarly subsequent EOF consist of coefficients of x,
Xa,....s X, in each successive PC. The first eigen value
is the variance of the first PC and so on. To define the
principal components uniquely the normalisation
constant is imposed. Method of normalisation used in
this paper is given by :

i=1

which gives Var (z,)=1 for all k=1,2,... .. p.

The primary advantage of the principal component
solution is its ability to compress the complicated
variability of the original data set into a relatively few
temporally uncorrelated components. However, the
spatial orthogonality of the eigen vectors is a strong and
often undesirable constraint imposed on the principal
component solution. While the first principal compo-
nent and its eigen vector are not influenced by this
constraint, the remaining eigen vectors often bear
predictable geometric relationships to the first eigen
vector.

3. Predictive parameters and data

A number of predictors have been used from time
to time to predict the date of onset of the monsoon
over the southern tip of India and also the total quantum
of rainfall during the period between the first of June
and September end. A few of these have been reported
by Das (1986) in WMO publication on Monsoon
which are constantly under revision as and when high
correlation with new parameters is established. Gowari-
ker et al. (1989, 1991) have adopted 16 parameters to
develop parametric and power regression model for
prediction of seasonal rainfall. These parameters are
broadly divided into four main groups related to tem-
perature, pressure, wind and snow cover keeping in
view their possible physical linkages with the monsoon
rainfall (Tablel).

Empirical orthogonal functions have been com-
puted to the two sets of observations, namely, the onset
date over Kerala and the monsoon rainfall based on
the data available in the India Meteorological De-
partment.

4. Results and discussion

The results based on the computation of empirical
orthogonal functions are given in Tables 2 and 3 along-
with the period for which the data has been analysed.

It may be seen from Table 2 that the first four empiri-
cal orthogonal functions explain more than 76 A
variance. The first EOF gives the highest correlation
coefficient of 0.79 with the onset date and explain 31 %
variance. The influence of Cobar (Australia) and
Darwin zonal winds is maximum on this EOF though
oppositely correlated while the effect of Delhi and
Thiruvananthapuram-Madras winds and Fukuoka
(Japan) kinetic energy is least. The second EOF
explains about 209 variance with a correlation coe-
fiicient of 0.31 with the maximum influence of Delh;
wind followed by Thiruvananthapuram-Madras
wind. The third EOF explains about 149 variation
with correlation coefficient of 0.1 showing least in-
fluence of Darwin, Delhi and Forrest zonal wind di-
rections. The influence of Thiruvananthapuram kine-
tic energy is maximum in the fourth EOF which ex-
plains about 129 of the variance.

Table 3 shows that the first four empirical orthogonal
functions explain 679, variance with reference to rain-
fall over country. The first EOF which explains 31 o
of the variance has the. highest correlation coefficient of
0.83 with the monsoon rainfall, Among the 16
parameters used in the model, the 50 hPa ridge over
northern hemisphere, Eurasian snow cover and Argen-
tina pressure were negatively correlated. The pre-
dominant influence was noted for Balboa 10 hPa




(%]
557

TABLE 4

Comparison of eigen index with the parametric model for
predicting the onset dates of southwest monsoon
over Kerala

Year Onset depar- Predicted dates in terms of depar-
ture from the ture from the normal (I June
normal (1 in days)

June - in days) .————A———————
P. C. analysis  Parametric
method

1966 0 4(—0.23) (60" )

1967 8 (=144 (70°.)

1968 7 (-0.64) 1702,

1969 7 —(2.99) (30°,)

1970 —6 —(0.33) (30°,)

1971 -5 —(0.52) (50°,)

1972 17 L(—5.12) (100" )

1973 3 L(—1.06) {709 )

1974 —6 {3.78) —-(30°.)

1975 —1 =—(—9.2) (80° .1

1976 —1 -(0.34) (70° 3

1977 ~3 -(1.50) (30",)

1978 —4 {1.28) (40",

1979 -10 (—0.63) (50°))

1980 0 (—0.11) (50")

1981 2 —(0,36) (50" )

1982 . —(1.1¢) (30° )

1983 12 (—2.51) (100" )

1984 —1 —(1.51) —(20°,)

1985 —4 {1.34) (o)

1986 3 (—0.1 (aoe)

1087 ) | (0.61) (60",)

1988 f —(0.99 (30°))

1989 -2 -(—1.506) (50",

1990 —1 e (—1.,99) (702

Probability of success 92" RO

wind. 500 hPa ridge. Eurasian snow cover, north and
central India and east coast minimum temperatures,
and northern hemispheric temperature. Of these. the
influence of the Eurasian snow cover and 50 hPa ridge
was found to be the largest. The influence of E/-Nino
in the current year, El-Nino in previous year. Darwin
pressure (April), equatorial pressure (January 10 May)
is relatively small. The influence of the Himalayan
snow cover and Tahiti minus Darwin pressure is the
least on the first EOF. This is an interesting obser-
vation because monsoon circulations are largely deter-
mined by the intensity of Walker and Hadley cells,
affecting the pressure and wind parameters. The
result is nevertheless supported by the fact that during
the period 1951-1987 when moderate and severe
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TABLE §

Tropical cyclones in Bay of Bengal vis-c-vis onset date
(1901 to 1990)

Cyclone May (4th week) May

onset r——P e o, e —— A ————

Storm No Storm No
storm storm

1 ate 10 16 | 25
(15.5) (10.5) (6.1) (20.9)
Early 21 5 11 15
(15.%) (10.5) (5.9) 20.1)
yécal =1l {2 x*cal 9.66%

Note - Figures within brackets are the expected frequencies.

=Significant at 12, level of significance.

El-Nino were observed on 7 occasions, the monsoon
was normal during the subsequent years except during
1966.

The influence of the second EOF on monsoon
rainfall is relatively small and accounts for about 177,
variance with the Darwin pressure, equaiorial pres-
sure and Tahiti-Darwin  pressure (negatively corre-
lated) followed by Himalayan snow cover, northern:
hemispheric temperature and east coast minimum
temparature besides El-Nino in previous and current
year. The third EOF gives correlation coefficient
of 0.22 and brings out greater influence of El-Nino
in current year and Himalayan snow cover followed
by 50 hPa ridge and northern hemispheric temperature.
Fou-tl. EOF. however, shows the greatest influence of
El-Nino of previous year followed by the El-Nino of
the current year, central India minimum temperatures,
cast coast minimum  temperature and Argentina
pressure and Tahiti minus Darwin pressure. The analy-
sis enables to get an insight about the behaviour of
the parameters and their inter-dependence.

5. Fieen index as predictant

A comparison ol the onset of monsoon na mely, early,
normal (first June) or late over Kerala for the year
1966 to 1990 is given in Table 4. The composite value
derived from the first EOF is defined as eigen index
for the onset date. Early onset is expressed as.nega-
livé while late onset as positive for the eigep index
based on principal component analysis. The parametric
method is expressed as percentage taking 50°, for
the normal onset date. in general, there is a good agree-
ment between the two with 929, and 807, accuracy for
eigen ‘ndex and narametric  method respectively.
During the year 1980, the onset of monsoon was I June
and the index was nearly zero (0.1) according to the
principal component analysis while it was 507 as
per parametric model.  When the percentage was more
than 50 and the cigen index positive, the onset was
lite over Indiz, Both the eigenindices as well as para-
metric method showed agreement in 17 cases with
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Comparison of PC model with the parametric model for

predicting  the

southwest monsoon rainfall

Rainfall % Predicted rainfall in terms of

departure departure from normal
Year from b —A -

normal P, C. model Parametric

model

1958 10 +(1.50) +(64%)
1959 +14 +(3.11) +(18%)
1960 1 +(0.30) + (5722
1961 {22 +(3.02) (64%)
1962 — 3 —(—1.29) —(43 %)
1963 — 2 —(—0.12) +(64 %)
1964 10 +(2.27) +(71%)
1965 —18 —(—4.76) —(0%)
1966 —13 —(—2.22) H(57%)
1967 L0 —(—0.51) —(47%)
1968 —10 —(—2.79) —(20%,)
1969 =0 +(0.60) +(60%)
1970 12 1(1.32) £(67%)
1971 - 4 1(0.62) -+(60%)
1972 —24 —(=—3.03) —(209%)
1973 | 8 (1.23) £(60°)
1974 —I12 —(—2.06) —(40%;)
1975 15 +(2.43) +(80%
1976 2 +(0.00) +(60%)
1977 -4 +(0.68) +(60%)
1978 L9 —(—1.18) —(40%)
1979 —I19 —(—3.08) —(13%)
1980 4 4 +(2.21) +(60%)
1981 + 0 ~(0.49) +(53%)
1982 —15 —(—3.02)  —(20%)
1983 +13 1 (0.56) +(60%)
1984 — 4 —(—0.48) —(40%,
1985 ~ T F(2.68) +(67%)
1986 —13 £(0.24) —(40%)
1987 —19 =239 —@33%)
1988 +19 +(2.19) +(87%)
1989 + 1 +(0.42) (732
1990 6 £(1.06) +(53%)

o

Note : (I) Figures given in brackets under column 3 are the
eigen indices based upon the parameters,

(2) Figures given in brackets under column 4 are the

percentage of parameters favoura

monsoon,

ble for the good

the onset date. During 1990, eigen index as well as
parametric method suggested late onset but the mon-
soon arrived four days earlier. This was attributed
to the formation of a tropical cyclone in May which
affects the onset date in medium range (Table 4).
During 1979, when the monsoon was late, the para-
metric model suggested almost normal onset while
the eigen index gave better results. Thus the eigen
index provides a complementary method for long range
prediction of onset date of southwest monsoon over
India using the same set of parameters.

In order to study the influence of the formation of
cyclonic storms during May over the onset date of mon-
soon over Kerala, the data for the period 1901 to 1990
was examined. It was found that during the year, when
a cyclonic storm formed over the Bay of Bengal, there
was, in general, an early onset of monsoon. The re-
sults were found to be significant using chi-square
test at 19 level (Table 5). The inclusion of this para-
meter for long range prediction alongwith the other
parameters was, therefore, examined. It was found
that the probability of success decreased to 849 as
compared to 9297 for the eigen index suggesting the
exclusion of this parameter to compute the onset
date. However, the probability of success remark-
ably increased in the medium range when the cyclone
formed in the Bay during fourth week of May (Table 5).

It may be noted that out of 33 years, the eigen index
as well as parametric method (taking 509 parameters
for normal rainfall) give identical results on 25 occa-
sions bringing out normal, below normal, or above nor-
mal rainfall correctly (Table 6). During the years 1967,
1978 and 1985 both the methods could not predict
the actual rainfall. However, during the years 1963
and 1966 the parametric models showed 64% and
579, of the parameters being favourable but the mon-
soon was on the negative side. The eigen index,
however, showed negative index validating deficit rain-
fall over the country. The eigen index, however, did
not correlate with the rainfall during 1986 when the
parametric model showed 409, parameters being favour-
able implying deficit rainfall. ~The percentage accuracy
works out as 889 and 85% respectively for both the
methods and suggests that the eigen index could
also be used to provide additional weightage to
the conclusions based on the parametric model.
During the years, when the parametric model and eigen
index show opposite results, greater caution is needed
to interpret the results. It may be mentioned that
Prasad and Singh (1988) have tried to associate eigen
vectors with northern hemispheric surface temperatures
(January, February and average for January and Feb-
ruary), storm and hurricane frequencies in west At-
lantic, El-Nino events off the west coast of south
America, Darwin sea surface pressure tendencies (May-
June), Arctic region (65 to 85°N) surface and teme
perature (January) and southern hemisphere (2.5°S to
62.5°S) sea surface temperature (January). They found
that the strongest association is that with Darwin pres-
sure tendency which is the best predictor of the Indian
monsoon fluctuations among the variables examined.
The present study has shown negligible influence of the




Darwin pressure on the first EOF, if we consider only
15 parameters. It, however, increases slightly to 0.05
by considering all the 16 parameters (Gowariker er al.
1991) suggesting the need to include all of them for
operational long range forecasting.

6. Conclusions
The study has brought out the following re-
sults :

(i) The first four empirical orthogonal functions
derived from the parameters for the onset date of
monsoon explains more than 77°%, variance. The
influence of Cobar and Darwin (Australia) zonal
winds is maximum on the first eigen vector which
shows the highest correlation coefficient. The
eigen  index suggesls a complementary method
for long range prediction of onset date.

(ii) The first four empirical orthogonal functions
derived from the 16 parameters for monsoon rainfall
explain 679, of variance. Of interest is the small
influence of El-Nine and Darwin pressure on the
first eigen vector which shows the highest correla-
tion with the rainfall.
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