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Ocean waves and their response to monsoon
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ABSTRACT. The arrival of southwest monsoon in the Indian seas, its onset over India, the

break and withdrawal phases reflect the manifestations of mechanical energy on the water surface. An
inverse relationship between sea surface temperature and swell heights has been explained. High period
swells appear over the Arabian Sea before monsoon onset which die down after onset. Height of south
Indian Ocean swells and the active monsoon over India have a direct relationship. And an attempt has
been made to predict the height of waves by use of a simple regression equation.

H 1. Introduction on oceanographic and meteorological

One of the important manifestations of mechanical
energy due to the interaction of winds over the oceanic
waters is the wave. It is a common property of fluids
that whenever two layers of fluid exist in close contact
and one moves faster than the other, the faster moving
layer throws the slower into waves,

Systematic study of waves really started during the
World War II when the allies suffered a heavy loss
in the surf. Eliot (1890) observed that the direction
from which swells are experienced on any part of the
coast of the Bay of Bengal outside the storm area
nearly coincides with the direction or bearing of the
storm centre. He also suggested that with a little ex-
perience it should be possible even to estimate the
intensity of the cyclone. Mukherjee and Sivarama-
krishnan (1976) observed a band of high swells appear
over the Arabian Sea beforc the onset of monsoon.
Mukherjee and Sharma (1979) observed an inverse
relation between sea surface temperature (SST) and
the height of swells over the Arabian Sea. But, pos-
sibly due to lack of data they could not make it apply
universally and hence could not provide adequate ex-
planation on this phenomenon. South Indian Ocean
swells have not been studied in depth so far for lack
of data. An attempt in this direction have been made.

2. Data and analysis

Monex and FGGE programmes during the summer
of 1979 have provided a wealth of authentic data

over the Arabian Sea, the Bay of Bengal and the
Indian Ocean. The area under analysis is bounded by
40 deg. E in the west to 110 deg. E in the east and
20 deg. S in the south and the Arabian Sea and the
Bay of Bengal in the north. The area has been divided
into 5-degree latitude-longitude squares. Fig. 1 shows
the number of observations during second week of
May 1979, Horizontal consistency checks have been
applied for quality control of the data. Inconsistent
data have been rejected. Analysis have been done on
the various raw as well as derived parameters for daily,
weekly and monthly averages.

The four month (May-August) period have been
divided into 7-day periods to facilitate closer analysis .
of the various parameters and their response to
monsoon,

byl.cinetic energy (K.E.) of an element in fluid is given
K.E = -22’5 g*dxdy dz (Lamb 1945) (1)

il thl’e, q"’zl u'f-l- V’ + w” u= %g s V= g—é_
)4
and w = 0 here,

Thus, K.E in a wave per unit width of crest is equal to :
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Number of swell observations for a week period

Fig. 1.
(5-11 May 1979)

Here y is the weight of unit mass of water= pg, p being
the density of water.

- yHL 3
. KE. = "¢ (3)
Thus, energy expressed per wave crest per wave length
- L
16

Since the waves are assumed to be created by energy
transfer in sity, we can write :

2
ot o vieH oty «cH ()
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Thus we see, there exists a direct relation between

wind speeds and the height of the waves.
Based on this relation a normal equation of the type

y=a-bx (5)
has been used to compute the heights of waves.

For determining the coefficients @ and b usual statis-
tical methods have been applied. Using the values of
a and b for the previous week, the heights of the
waves (y) . have been computed for the present week
with average values of wind speed (v) for the week.

3. Interpretation of results
3.1. Heights of swells and SST

An inverse relation between SST and swell heigh's
was observed over the central Arabian Sca by Mukher-
jee and Sharma (1981). The analysis of weekly charts
of SST and swell heights indicate that not only over
the Arabian Sca but over the rest of the oceanic arcas
this relation is valid. During the pre-onset phase of
the monsoon, when the SST was highest over the
central Arabian Sea, we find (Fig. 2) low swells (0.5
m) over the region and high SST over the western
Arabian Sea where SST is 4 deg. to 5 deg. C lower.
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Fig. 2. Sea surface temp. ( °C) and swell height (m)
during 29 May to4 June '

Fig. 2 shows the inverse relationship’s validity over the

entire area of analysis.

From Fig. 7 we sce that during the week 19-25 June
the swell heights over the western Arabian Sea and
south India Ocean, was of the order of 3 to 5 metres,
The next week we notice (Fig. 3) a fall in SST over
the area of the order of 1-2 deg. C. Moreover, we
notice — ahead of high swells we have warmer waters
and in the rear of high swells we have cooler waters.
This suggests that ahead of swells water is sinking
while upwelling is taking place in the rear. Thus, as
the swells move forward warm waters are replaced
by the cold waters. This observation is proved by the
fact that taller swells produce increased surface diver-
gence in the rear and stronger surface convergence
ahead. And surface divergence and convergence are
related directly to upwelling and sinking respectively
(Neumann and Pierson 1966). Evaporation also in-
creases with increase in height of the swells. This uni-
que relation between evaporation and swell heights
can be seen from Fig. 4. Thus, it seems more reason-
able to think that low SST is the result rather than the
cause of high swells. But, nevertheless, both the pheno-
menon are inter-connected. '

3.2. 88T and period of swell

Period of swells in gencral vary between 5 & 9
seconds during the season. But, during the pre-onset
phase periods as long as 13 sec could be seen off the
coast of east Africa, In general, swells in the north-
ern hemisphere are of longer period than those of the
southern hemisphere. Longest period swells can be
seen to occur two weeks before onset of monsoon
(over India) near the coast of east Africa and over
equatorial Indian Ocean. These long period swells
withdrew to the south as the monsoon appeared over
the Indian coast. Period of swells during active mon«
soon was of the order of 7-8 sec which reduced still
gurther dlérmg hthe b%eak-monsoon period (5-6 sec

ver southern hemisphere and 8 sec o
Arabian Sea). B o P
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Fig. 4. Evaporation (gm/cm?® /day) and swell heights (m) over
central Arabian Sea during May to August 1979

High period swells are found in the rear of warm
seas. This apparent anomaly can be explained thus :
at the rear of warm sea there must be upwelling result-
ing in cold SST as we have seen in the previous sec-
tion, Also a relation exists between swell height (H)
and the period (T) of the wave:

Log H-K log T, where K is a constant .

Thus, there must be a relation between T and SST.:
So, between patches of cold and warm waters we
should expect high period swells. This can be seen in
Fig. 5. Thus, behind every warm sea area and ahead
of cold sea area we have an area of high periods swells,

3.3. South Indian Ocean swells

Due, possibly, to lack ' of sufficient data, earlier
workers could not visualise a spectacular phenomenon
of southern heniispherical swells crossing equator and
approaching the central Arabian Sea. In fact, three
things happen before the onset of monsoon : (i) South
Indian Ocean swells strengthen in height and arca of
coverage, (#) a narrow band of high swell appear
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Fig. 5. Period of swells (-

Fig. 6. Migration of the southern hemispheric swells

over the equatorial Indian ocean and (ifi) a band of
very high swells (5 m) appears over the central Ara-
bian Sea. If one sees these three facts in a compo-
site chart as presented in Fig. 6 one can clearly visua-
lise the gradual migration of the band of high swell
from south east Indian Ocean, where they originate,
towards the equator before the monsoon onset over
India. This band of high swell then crosses the equator
and appear as a narrow band of extremely high swell
over the central Arabian Sea, Only the last pheno-
menon was observed earlier by Mukherjee and Siva-
ramakrishnan (1976). The migration of the band of
high swells have been shown by arrow heads. An-
other band of high swells (5 m) can be seen off
cast Africa coast south of the equator, west of Mada-
gaskér. During active monsoon this band also was
seen to cross equator and strengthen the Arabian Sea
swells.

During the weak or break monsoon periods high
swells almost disappear from the chart except for a
small pocket off Somalia coast. The southeast Indian
ocean high swells also reduce inl size during weak
monsoon - over northern hemisphere. This telelink



206 : T .K. RAY

13-25 Jun 1979 ‘ZN

Fig. 7. Observed swell heights during active rhonsoon, 18-25
June 1979

between the southern hemispheric swells and the in-

tensity of northern hemispheric monsoon is a very in-
teresting phenomenon observed throughout the four
month period of this study.

3.4. Computation of wave heights from surface winds

We have seen from Eqn. (4) that wind speed V is
directly related to height H of waves, Based on this
relation a simple regresssion equation of the type (5)
has been used,

We knc;w, Zy = na + bZx, nbeing number of cases
and Zxy = aZx + bZx?

Taking the average values of wind speed (x) and that
of wave heights (y) for a week, computation of the
coefficients @ and b have been done by use of Gaussian
reduction method for solving simultaneous equations.
These values of a and b for each S5-degree square,
thus evaluated, have been used for computation of
future wave heights for the next week by use of the
following simple relation :

H@+D=a@+b@®.V @+ (6)

where (t) and (r+1) denote the value of the parameters
at time ¢ and (¢r--1) respectively; H being the wave
height in metres and ¥ is the wind speed in knots.

The heights predicted by use of (6) are higher by
8-10 per cent for swells, But the analysis shows very
good agreement between the actual and predicted charts
so far as area of high and low swells are concern-
ed. These can be seen in Figs. 7 and 8. Predicted
heights for ‘Sea’ (wind waves) are found to be about
20 per cent higher than actually observed. This is ex-
pected as the average wind waves and average wind
speeds may not always represent actual conditions
at the sea at a given time whereas swells being beyond
the direct influence of the generating winds, the diffe-
rence between actual and predicted heights are margi-
nal. From Figs. 7 and 8 one also notes that the swells
over equatorial Indian Ocean are low while those on
either s'de of it are high.

Fig. 8.

in
4. Conclusions

ived swell heights during active monsoon
1979

From the above discussion we can conclude that
(/) The inverse relation between SST ang swell heights
is universal. An explanation on physical and thermo-
dynamical cause of this phenomenon has been offered,
(i) Before the onset of monsoon over India, high
period swells appear in the central Arabian Sea which
disappear after the onset. Between patches of warm
and cold waters high period swells generate and
sustain, (i) A teleconnection between advance of
monsoon into the north Indian Ocean and strengthen-
ing of southern hemispheric swells has been observed.
The band of high swells that is visible over the
central Arabian Sea before the onset of monsoon over
Kerala coast is actually the band migrated from south-
ern hemisphere. During weak monsoon or break mon-
soon southern hemispheric swells also reduce in size
and shape, and (iv) A simple regression equation can
predict upon a reasonable degree of accuracy the
heights of swells. This may be used as a rough guide
by sea going vessels.
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