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ABSTRACT. The relationships between the El Nino phenomenon and the planetary-scale waves, and the
interannual variations in the Indian monsoon (June-September) rainfall have been analysed to investigate as to
how SST in the equatorial castern Pacific associated with the £/ Nino can produce reduced monsoon rainfall over
India which are at widely separated parts of the globe, In terms of the observed relationships, a plausible
mechanism for linking £/ Nino with the reduced Indian monsoon rainfall is discussed. The relationships noted
suggest that large warm SST anomalies associated with E/ Ninoinduce eastward shift in the planetary waves

which in turn reduce the Indian monsoon rainfall,

1. Introduction

The intercorrelation between SST in the equatorial
eastern Pacific and central Pacific and“the Indian mon-
soon rainfall is addressed by many researchers (Bhalme
1985, Elliott and Angell 1987). They 1eported the in-
verse relationship. A strong association between
El Nino events over the equatorial eastern Pacific
and dsficient Indian monsoon rainfall was first sugges-
ted by Sikka (1980). This finding receives support from
several other fpescarchers who found significant asso-
ciations betwegn .stron® to moderate Ef-Nino events
and deficient #hdian monsoon™ rainfall or droughts.
However, thes#wesearchers have not addressed to the
problem as to how SST in the cquatorial eastern
Pacific associated with E/ Nino can produce varjations
in the Indian monsoon ramfall which are at#widcly
scparated parts of the globe. In this paper we report
on the possible coupling between El Nino €¥ent and
planetary waves of 200 mb. height ficld to: produce
interannual variations in the Indian “monsoon ‘rhinfall.
Potentiality for long-range prediction of droughts/floods
during Indian monsoon from planefary wavés of 200
mb height ficld is also highlighted= -

")

2. Northern hemispheric contour field &

The dominant circulation event in the northern hemi-
sphere  summer scason is the establishment and
evolution at upper tropospheric levels of the high
pressure system and corresponding strong easterly
jet over the low latitudes of tropics. This feature is
strongly connected with the progress of thz Asian
and Indian summer monsoon.

-y

A number of studies (Joseph 1978, Bhalme and Moo-
ley 1980, Verma 1982), have drawn attention to the
changes that take place in the upper tropospheric
levels particularly at 200 mb in the month of May
and performance of Indian monsoon. Many investi-
gators (Kanamitsu and Krishnamurti 1978, Arkin 1982),
showed that the global tropical motion field at 200
mb during 1972, the El Nino year, was quite anomalous
on planetary scale.

The Indian monsoon rainfall is inversely related to
SST in the eastern equatorial Pacific. In Rasmusson
and Carpenter /(1982) composite anomaly of SST
at Puerto Chicama (7.7° S, 79.5° W), anomalous war-
mth appears abruptly in Fcbruary (Fig. 1) of the
year of E/ Nino occurrence and 1caches a peak in May
immediately preceding a monsoon season, suggesting
a basis for seasonal forecast of Indian monsoon rainfall.

*In the light of above, we have examined USSR

“northern hemisphere mean monthly synoptic maps

“of 200 mb for May from 1971 to 1975 to investigate
the coupling between E/ Nino and planetary scale waves,
and the Indian monsoon droughts/floods.

2.1.7 Climatology

Contour map of average (1950-69) height of the 200
mb pressure level in May over the northern hemis-
phere is shown in Fig. 2. The prominent features of 200
mb pressure level are three cellular high pressures
systems in the tropics. The intense high over the Ind-
ian region is cast-west oriented, extending between
70° E & 110° E longitudes with the centre around 15°N,
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Fig. 1. (a) Composite £/ Nino SST anomaly at Puerto Chicama
[After Rasmusson and Carpenter (RC)). E(O) indicates year of
occurrence of El Nino, E(—I1) year prior to El Nino and
E(+1) year following EIl Nino.

(b) Observed SST anomaly at Puerto Chicama for indicated
years, The period of Indian monsoon is marked across zero,
anomaly line by rectangles, Unshaded rectangle indicates nor-

mal Indian monsoon year, dotted rectangles are drought and
shaded flood years over Indja, ¢ :

TABLE 1

Percentage area of India with monsoon rainfall excess (> 207,
of the normal) and deficient (< —209; of the normal)
for the period 1971-75

Year Excess

Defici en

16.5 17.3

0 60.3
31.8 4.5
8.1 39.1
57.0 2.9

TABLE 2

Correlation coefficients among the Indian monsoon rainfall (IMR),
200 mb May ridge location (Long. E) and SST
standardized anomaly at Puerto Chicama (SST)

IMR Long. (E) SST

IMR 1.00 —.95%%* —0.90*
Long. (°E) 1.00 0.93%*
SST 1.00

#xx w% & ¥ indicate coefficient of correlation significantat 99.
98 and 96 per cent confidence level respectively.

Fig. 2. Contour map of normal (1950-69) height (dam) of the 200 mb pressure level in May over the

northern hemisphere
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90°E. The other one over the eastern Pacific ext-
ends between 90" W & 130° W longitudzs with its
centre around 15° N, 105 W which is weaker in inten-
sity than that over the Indian region. The third one
is over Africa. Any persistent anomalies in the inten-
sity and location in thes: large scale divergent high
pressure systems are likely to affect organised convec-
tion and hencz. monsoon rainfall over India.

2.2, Year to year variations

The five-year period 1971 to 1975 was characterized
by a large year to vear variations in the Indian monsoon.
Fig. 3 presents maps of monsoon rainfall deficiencies
and excesses for the various meteorological sub-divisions
of India for these five years. Large scale failure cf mon-
soon rainfall, i.e., drought occurred over India during
the years 1972 and 1974. In contrast, 1973 and 1975
were excess monsoon rainfall (flood) years, and 1971
a no:mal monsoon rainfall year for India (Tablz 1).

Contour maps of mean height of the 200 mb pressure
level in May over the northern hemisphere for the
5-year period 1971-75 were examined. The noteworthy
features are : (i) presence (absence) of marked cellu-
lar feature in the tropics for monsoon flood (drought)
years and (i) weaker intensity and eastward shift
of quasi-permanent high over Indian region for monsoon
drought years. An objective quantitative method
for determining the shift in location of highis discusszd
in the following section.

3. Planetary scale quasi-stationary waves

The weather in the tropics is mainly seasonal which is
controlled by quasi-stationary waves of different
scales. In the lower troposphere, synoptic-scalz waves
appear dominant but in the upper troposphere, small-
scale waves disappear and only planztary-scale waves
are discernible. The principal mechanisms  for
forcing planetary-scale quasi-stationary waves in-
volves orography and zonal variations in atmos-
pheric heating. Seasonal and interannual variations in
the amplitudes and phases of these waves, cause
lagre-scale anomalies in the weather over the (tropics
as well as extra-tropics. It seems appropriate, there-
fore, to study planetary-scale waves for possible use
in long-range forecasting of monsoon.

In order to determine the characteristics of plane-
tary waves in geopotential height field of tropics, we
used contour maps of mean height of the 200 mb
pressure level in May over the northern hemisphere
as presented in Fig. 2 and for the years 1971-75. The
grid point values were picked at interval of 10-degree
longitudes along a latitude circle of 15°N, the latitude
of highest pressure of cellular high pressure systems.
The picking out grid point values involves some subjec-
tivity. We have carried out some experiments to ensure
that the subjectivity in picking out the grid point values
is not much. The 36 grid point values along 15° N
latitude circle were subjected to harmonic analysis for
1 to 18 waves numbers. We have, however, presented
wave numbers | to 10 in Fig. 5 because of negligible
contribution to the variance of geopotential height by
the wave numbers beyond 10,

A zonal harmonic analysis of geopotential height
field along 15° N latitude circle reveals that wave numbers
| to 3 are prominent and contribute a large proportion
of variance in geopotential height field (Fig. 5). The
integrated effect of the first 3 wave numbers were
considered to determine locations of troughs and ridges
(Fig. 4). The noteworthy features are :

(i) A prominent ridge is located along 100° E, i.e.,
over the Indian region, while detectable ridge is along
80° W, ie., over the eastern Pacific, in the climatolo-
gical normal geopotential height field of 200 mb level in
May.

(i) In the years of drought, decrease in amplitude and
eastward shift by about 30°-36° longitudes of the ridge
over the Indian region is remarkable. In a major
drought of 1972 the ridge is located along 136° E and
in 2 1974 drought year the ridge is along 130° E.

However, the ridge over the eastern Pacific shows
marked increase in amplitude and westward shift by
about 10° longitudes in the case of severe drought
vear.,

(iii) In the years of flood in 1973 and 1975 ridge
is located along 94°E and 100°E respectively, The
ridge over the eastern Pacific is, however, not detec-
table.

4. Relationships between SST in the equatorial eastern Pacific,
200 mb ridge and the Indian monsoon rainfall

In order to investigate as to how SST in the equatorial
eastern Pacific associated with £/ Nino influences the
Indian monsoon rainfall, we analysed the relationships
between SST standardized anomaly in May at Puerto
Chicama, longitude of ridge location in the integrated
first 3 wave numbers along 15°N latitude circle and the
Indian monsoon rainfall.  As stated earlier, in the data
of Rasmusson and Carpenter (1982) composite SST
anomaly of SST at Puerto Chicama (Fig. 1), anomalous
warmth appears abruptly in February of the year of
occurrence of E/ Nino and ieaches a peak in May.
Therefore, May SST standardized anomaly data at
Puerto Chicama for the years 1971-75 were used in the
analysis. Data for the location of ridge used are
those obtained by the method of integrated effect of the
first 3 wave numbers along 15° N latitude circle in the
geopotential height field of 200 mb pressure level in May
which were identified in the previous section.

Table 2 gives correlation coefficients between the
Indian monsoon rainfall and longitude of 200 mb ridge
in May, and SST anomaly in May at Puerto Chicama.

(i) The longitude of the May ridge location is signifi-
cantly (r=0.93, significant at 989 CL) related to the
May SST anomaly at Puerto Chicama. This implies
warmer (colder) SST anomalies are associated with
castward (westward) longitude of the ridge location.

(ii) The highest (—0.95) and statistically significant
(at 99% CL) correlation is found between the Indian
monsoon rainfall and the longitude of the ridge location in
May over the Indian region. The variations in the ridge
location appear to be highly inversely related to the
Indian monsoon rainfall, with rainfall tending to be less
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Fig. 5. Per cent variance as a function of zonal wave number of geopotential height field at 200 mb pressure level
in May along a latitude circle of 15 N for climatological normal map and for different years 1971-75

(more) than normal during eastward (westward) longi-
tude of the ridge location. suggesting soms predictive
value for the Indian monsoon rainfall.

(iii)) The Indian monsoon rainfall and May SST
anomaly at Puerto Chicama is inversely related (r—=
—0.90, significant at 96, CL). The close relationships
between SST anomaly in May, longitudz of the 200 mb
ridge in May, and the Indian monsoon rainfall are
clear in Fig. 6. It may bz noted that the data sample
is small. There is no guarantee that high correlations
would be stable if we had a longer sample. However,
the analyses suggest a strong physical link between the
El Nino phenomenon and the planstary-scale waves,
and the Indian monsoon rainfall activity. Although
statistical analyses make no claim for cause and effect,
the relationships noted suggest that May SST variations
associated with E/ Nino inducz shift in planetary waves
which in turn effect the convective activity and Indian
monsoon rainfall, '

5. Summary and conclusions

. The relationships betwezn SST standarized anomaly
in May at Puerto Chicama, longitude of ridge location
over Indian region of the integrated planctary-scale
waves (numbers 1-3) along 15° N latitude circle in
geopotential height field of 200 mb pressure level in May
and the Indian monsoon rainfall (June-September)

have been analysed for the years 1971-75 for linking
El Nino with reduced Indian monsoon rainfall activity.

The study suggests the following :

(1) The noteworthy features of contour maps of mean
height of the 200 mb pressure level in May over the
northern hemisphere are : (i) the presence (absence) of
marked cellular features in the tropics for monsoon
flood (drought) years and (ii) the weaker intensity of
quasi-permanent high over the Indian region and its
eastward shift for monsoon drought years.

(2) The longitude of ridge location over the Indian
region of the integrated planetary waves (numbers 1-3)
along 15° N latitude circle of 200 mb height field in May
is significantly (r=0.93, significant at 989, CL) related
to the May SST anomaly at Puerto Chicama. This implies
that warmer (colder) SST anomalies are associated
with eastward (westward) longitude of the ridge | ocation

(3) The variations of the ridge location in May
appear to be highly inversely (r=-—0.95, significant at
999 CL) related to the Indian monsoon rainfall, with
rainfall tending to be less (more) than normal during
eastward (westward) longitude of the ridge location,
suggesting some predictive value for the Indian monsoon
rainfall. The planetary-scale waves seem to play an
important role on the variations of the Indian monsoon
rainfall activity.
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(4) The Indian monso~n rainfall and Muay SST
anomaly at Puerto Chicama are inversely related (¢
—0.90, significant at 96", CL).

(5) The enormous heat storage capacity of the oczans
and obvious energy exchangs which takes place bztween
atmosphere and oczans make air-sza interaction
likely causz of climate variability. Sza surfuce 2mpara-
ture (SST) anomaly in the tropics is one ol the most
important decisive factors of the intcrannual variability
of the tropical monsoon circulations. The influence of
SST anomaly on tropical circulation is mostly determined
by the changes in moisturc and rainiall.

We have already presentad the evidence for significant

relationships between SST in the eastern  equatorial
Pacific 200 mb ridge location and the Indian monsoon
rainfall. The fundamental question centres on the
problem as to how SST in the equatorial castern Pacific
associated with £/ Nino can produce reduced monsoon
rainfall over India which are at widely scparated parts
of the globe. In tzrms of the obszrved 12lationships the
plausible mechanism for linking £/ Nino  with the
reduced Indian monsoon may bz the following

(i) A large warm SST ancmaly in Muay associated
with the E! Nino in the equatorial castern Pacific can
increasc the sensible heating, evaporation and moisture,
giving rise to enhanced rainfall m the castern Pacific

{7i) As a conszquence. the planctary-scale waves (inte-
grated wave numbezis 1-3) in the height of 200 mb pres-
surz level in May  alter  the position and amplitude.
Th: markzd castward shift in ridgz location by 30° to
367 longitudes over the Indian region can lead to massive
displaczments of rainfall regions, bringing reducad
monsoon rainfall (droughts) over India. This mechanism
reczivaes some supporting evidznez from Keshavamurty's
(1982) studizs with GFDL  modzl in which he found
largz warm SST anomaly over central and  western
Pacific induced an castward shift of the Tibetan high
and reducad rainfall. i

ity On the contrary, when the SST in the equatorial
Pacific is coldzr than the normal. 200 mb ridge comes
towards 1ts normal position over the Indian 1egion,
lzading to enhanczd monsoon rainfall over India.
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