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ABSTRACT. The ship’s data eollected over the oceanic region bounded by 30°N to 40°S and 20°E to 140°E
during International Indian Ocean Expedition (ITOE) period have been machine processed for the computation of
various eaergy paramsters of the heat budget across the air-sea interface. An attempt is made to evaluate the
evaporation over tho region for the months of January, April, July and Ootober 1963 and 1964. Comparison with
climatological values of cvaporation as well as with earlier studies by other authors show that the evaporation

computed for 1963 as well as 1964 is higher.

1. Introduction

Work on estimating the evaporation over
Indian Ocean based on climatological data has
been done by Venkateswaran (1956) and Privett
(1959). Examining the water vapour flux data
across the boundaries of the Arabian Sea during
the SW monsoon of July and August, Pisharoty
(1965) concluded that a large amount of the water
vapour carried by the monsoon current over India
is derived through evaporation over the Arabian
Sea. The present study is attempted to assess the
evaporation over the Indian Ocean based on a
single year's collection (1963) and to compare
them with the results of 1964 and the mean evapo-
ration data.

9, Formula used for computation of evaporation

The following form of equation suggested by
Jacob (1951) and Sverdrup (1951) has been used
for the computation of evaporation ( Q)

Q‘ZK(GS_'GQ)V (1}
where ¢, and e, are the vapour pressures at the
sea surface and at 10 metres above the sea sarface
respectively and V is the wind speed and K is the
evaporation coefficient. K is, however, dependent
upon the height, the wind speed and the roughness
parameter etc. As is well known, computations
of evaporation based on the above formula leads
to certain uncertainties as strict theoretical con-
siderations demand the eixstence of hydro-dyna-
mieally smooth sea surface. This constraint puts a
serious limitation on the use of the equation and
therefore the results obtained by different workers
are often at variance in detail.

The value of K used in the present study is 81-9
where V is measured in knots and e, and ¢; are
measured in inches of mercury. This value of the
constant corresponds to 1:62 X 10—% when the

variables in (1) are expressed in C.G.8. units, It is
well known that K may differ from area to area,
depending upon the prevailing winds, roughness of
the sea ete. For south Indian Oceanic region
Venkateswaran (1956) and Privett (1959) used
2:0%10~% and 1-4x10~% respectively for K.
Privett (1959) evaluated K for different oceanic
areas and used an average value in his work. The
value of the constant computed by him for the
Indian Ocean belt (20-30°S and 70-90°E) is,
however, 2/3 of his average value for the world
ocean. The value of K used in the present study
lies in between the values determined by Privett
and Venkateswaran for the south Indian Ocean
tropical belt.

From the consideration of wind stress on water
surface K can be expressed as :

K = C].'p (2)

where C; is a constant analogous to drag co-
efficient at a height A above the sea surface and p is
the density of the moist air. Assuming p in C.G.S,
units to be 1:2x 102 the coefficient €, works
out to be 1-353¢ 103 for the value of K used in
this study. Several empirical relationships between
the coefficient C; and the wind speed have been
suggested by different workers (Deacon 1962

Deacon and Webb 1962, Sheppard 1958, 1963).
The value of the coefficient (1-35x10-3) falls
within the range of wind speeds 5 to 12 mps, The
average prevailing speed throughout the year over
the region under study lies within this range and
hence the constant used in this study is considered
to be suitable. However, it is noted that during the
the southwest monsoon period wind strength
exoeeds this limit over parts of the Arabian Sea.
As such the evaporation computed for July over
the western Arabian Sea may be an underestimate,
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3. Proeessing of the data

At the International Meteorlogical ('entre. Bom-
bay all efforts were made to collect ships’ data from
all possible sources which resulted on an average
over 9000 reports per month from the Indian Ocean
region, between 20°E to 140°E and 30° N to 40° §.
The computer was programmed for checking of
the format and all meterological parameters such
as air, sea and dew point temperatures, wind and
pressure ete. The checking was doae against ap-
propriate climatological values. The values which
fell outside the acceptable range of the mean were
printed out and later individually examined with
regard to their acceptability. The checked data
are suhjected to final computations which include
the monthly averages of the various quantities for
each 5-degree latitude/longitude block. The pro-
gramme then computes the evaporation. To esti-
mate the evaporation from the climatological data,
the various meterological parameters for each
block were picked up from the Duteh Marine
Climatological Atlas. The evaporation maps were
prepared for the representative months of January,
April, July and October for the years 1963 and 1964
as well as for the climatological data. The
maps have not been shown to restrict space. The
following discussion highlights the chief features.

4. Diseussion of resulis

The broad pattern of the evaporation over the
Indian Ocean computed in this study agrees
generally with the earlier studies of Venkateswaran
(1956) and Privett (1959). The prominent features
are : (i) the centres of maximum evaporation over
west central Arabian Sea and Bay of Bengal
during January and July and (#7) broad maximum
region over the tropical helt of the south Indian
Ocean between 10°S—20°S and a minimum near
the equator. The maxima occur in all the menths
over the regions of trade winds or monsoonal
winds and the minima near the equatorial region
where the winds are weaker. There is a seasonal
oscillation in the position of the centre of maxi-
mum over the south Indian Ocean which is due to
the oscillations in the position of the subtropical
anticyclone.  As in the case of other oceanic
regions, the maximum value of evaporation over
gouth Indian Ocean also occurs in winter (July).
The seasonal variation of the maximum evapora-
tion isopleth is small over the south Tndian Ocean,
whereas it is quite large over the Arahian Sea and
the Bay of Bengal. The maximum values over the
Arabian Sea and Bay of Bengal are considerably
smaller in autumn and spring in comparison to the
values of the double peaks in July and January.
Such seasonal variations over south and north
Indian Ocean are chiefly determined by the varia-
tion in the wind speed and to a lesser extent by

SURYANARAYANA

Axp D. R. SIKKA

the variation in the moisture gradient near the sea
surface. Over the south Indian Ocean the seasonal
variations in the strength of the SE trade wind is
not much whereas over the Arabian Sea and Bay of
Bengal the winds in autumn and spring are much
weaker ill (:mnpariwn to \\'infpr and summer,

The double peak in the seasonal values over
the Indian Seas is a well known feature, Whereas
the winter maxima are explained by dry trade
winds and are connected with a considerahle satu-
ration deficit under the subsidence zone of the
sub-tropical high pressure belt the summer maxima
peculiar to the north Indian Ocean, are associa-
ted with the predominent effect of the strong
southwest monsoon wind system which more
than offsets the effect of reduetion in the evapora-
tion due to higher cloudiness and moisture content.
The evaporation values over the Arabian Sea
both in Janvary and July were considerably higher
than those over the Bay of Bengal whereas small
differences occur between the western and eastern
portion of the south Indian Ocean along the same
latitudes, The existence of a zone of maximum
evapora ion with highest values in July over the
western Arabian Sea suggests that the SW mon-
soon picks up a considerable amount of water
vapour while traversing the Arabian Sea.

The meridional variation of evaporation over
the tropical parts of the Indian Ocean along the
longitudinal block 60°65°E during different
months in 1963 is shown in Fig. 1. This block is
selected on account of excellent data coverage.
The peak evaporation over Arabian Sea during
winter (January) occurs along about 17°N where-
as it occurs further south (along 12°N) during
summer (July). Over the south Indian Ocean
the peak in winter (July) occurs along 22°S and
in summer (January) along 12°S. In the transi-
tion months of April and October only one peak
occurs in the meridional distribution which is
found in the hemisphere progressing from winter
towards the summer regime. The peak also
oceurs about 8-10°N/8-10°S in  April/October
respectively; the October peak being. however
higher in magnitude.

Comparison of the evaporation charts for 1963
with the evaperation computed with the clima-
tological data shows that the evaporation values
for all the four months over almost all parts of
the Indian Ocean are generally higher hy 20 30
per cent in 1963. The regions of the maxima in
1963 also cover generally greater areal extent than
in the climatological patterns. The data for the
vear 1964 also suggest somewhat higher values
than the mean and greater agreement with 1963
results, Fig. 2 shows month to month variations
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Fig.1
Meridional distribution of Qe (cal/om?®/day) along the

block 60-65°E during Jan-Dee 1963

in evaporation for the block centred at 17-5°N
and 72-5°E in the Arabian Sea for 1963 as well as
its comparison against normal evaporation in
the same block.

Year to year variations in all the energy
exchange parameters are well known in other
oceanic areas. These variations may be due to
the wvariations in the atmospheric general
circulation features over the sea areas. In order
to examine this aspect further over the Indian
Ocean for our study, the average scalar wind speed
distribution for the representative months of
1963 were compared with the climatologically
derived values. The comparison indicated that
the wind speed during January and July 1963
were generally 5—7 kt stronger than the clima-
tological values whereas they were more or less
the same during the other two months. Whereas
it may be possible to explain the higher evapo-
ration of January and July 1963 due to the higher
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Monthly variations of @, (cal/em?/day) for the 5-

degree square centred 17.5°N, 72.5°E. Numbers in
brackets indicate the number of observations on which
the averages are based for the 5-degree block

wind speed, the higher evaporation in April
and October is probably due to the variation
from the mean of the other two factors controlling
evaporation, i.e., humidity content of the surface
and air-sea temperature difference. Jagannathan
and Ramasastry (1964) have also found some-
what higher values for evaporation in specified
zones of the Arabian Sea and the Bay of Bengal
as compared to the values of Venkateswaran.
Though they could not attribute this to any
definite change of the climate during the recent
years, it only showed that large variations from
year to year could occur. Comparing the charts
of the present study with those of Venkateswaran
we find that our values are about 2030 per
cent higher even though the constant K
used by us is about 20 per cent lower. The feature
being common to both the climatic data as well
as for 1963 suggests that the difference may be
due to longer period averaging (three months)
done by Venkateswaran.
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