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ABSTRACT

THE seasonal variation of temperature, density'and transparency of the coastal waters off
Waltair has been studied with the help of the data obtained on the oceanographic cruises of
the Andhra University. The studies reveal the following results. . '

The surface temperature is lowest.in December and highest in September. The annual
range of temperature is not maximum at the surface but at some depth. In the surface layers,
positive temperature gradients occur during the winter months and negative gradients dur-
ing the remaining period of the year. The thermocline gets deeper and deeper during the
period September to-January and it beging to. move-up in February, N

The water undergoes large seasonal changes of density at the. surface with low values
in October and high values in Spring and Summer. The annual range of density decreases with -
depth in the top fifty metres. The vertical density gradients in the surface layers are small in
Spring and Summer and large in the Fall season. ’

The transparency of the waters changes with season and distance from the ‘coast. The
nearshore waters are less transparent than those offshore, throughout the year. The most
turbid waters for the year are encountered in April and May, a feature related to upwelling
near the coast, : » :

Sinking during the period September to December and upwelling in Spring and Summer take
place in nearshore regions. C : .

INTRODUCTION

The earliest studies on the temperature and density of the surface waters of the Bay of
Bengal are those of Dallast and Sewell2, Recently, Ganapati and Murty3 studied the salinity
and temperature of the surface waters off the Visakhapatnam coast LaFond4 investigated
the seasonal variation of surface temperatures, salinities, and densities in the nearshore
waters at four places on the east coast of Indiat. From the T-S plots at the surface and
subsurface depths, he assigned names and: o, limits to the water masses on the east coast

~of India for the purpose of discussing their distribution and circulation®. He gave an
account of the environmental factors affecting the vertical temperature structure of the
upper layers of the seal. Investigations by Varadachari” on the thermal structure of up-
welling in Spring in the coastal waters off Waltair?, by LaFond and Borreswararao® on the
thermal structure of the waters on the east coast of India, by La Fond and Bhavanarayana?
on the thermal features of the bottom waters during upwelling on the east coast of India,
have increased our knowledge of the temperature of the waters. Studies on the seasonal
variation of temperature and density of the waters at subsurface depths are quite meagre.

Our knowledge of the transparency of the waters of the Bay of Bengal prior to 1952
was almost nil. A brief reference to the transparency of the waters was made by
Raghu Prasad' in 1952. Studies by LaFond and Sastryl! and by Satyanarayanaraoi?
have increased our knowledge of the transparency of the waters on the east coast of India.

But these studies, by their v_éry nature, ¢annot be expected to give as much detail for
the physical features of the coastal waters off Waltair at the surface and subsurface
depths as the diagrams now presented by the author. : '
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DATA USED AND THE SCOPE OF STUDY

The data used are the observational material obtained on the oceanographic cruises of
the Andhra University during the period 1955 to 1957 and the data obtained by the
Zoology department of the University in nearshore regions. The water temperature was .
obtained by means of a bathythermograph of Spilhaus design'®. The salinity at different
depths was obtained by collecting water samples by Nansen bottles and titrating the
samplest4.  The temperatures at the depths of collection of the water samples were ob-
tained accurately by means of reversing thermometers attached to the Nansen bottlest
0,,,p Which is a measure of water density is obtained at different depths froma know-
ledge of temperature and salinity. The water transparency was studied qualitatively by
means of a Secchi disc of standard size. The Secchi disc readings are liable to be vitiated
by errors of vision of the observer, the wire angle deviation, Sun’s - altitude, weather and
conditions of the sea surface. Thus the readings could be used only for some general
studies. Only those observations that are obtaind in bright sunlight and clear skies are
considered for the present studies. The scope of the study is limited to the coastal waters
up to the edge of the continental shelf near Waltair.

DISCUSSION OF THE RESULTS :

(a) Seasonal variation of temperature at different depths _

The seasonal variation of temperature at different depths is shown in figure I, which is
prepared from the monthly average of temperatures at different depths for the coastal
waters. The data for the subsurface depths is available only for the period September to
May. The surface temperature shows a double rise and fall duringa year with maxima in
May and September. The maximum shifts from September at the surface to October at
twenty five metres depth and to November at depths below fifty metres. The winter mini-
mum shifts from December at the surface to January at subsurface depths. At depths
greater than hundred metres the minimum temperature does not occur in winter months
but in the month of March. The annual range of temperature is not maximum at the surface
but it occurs at a depth of hundred metres. This shows that the temperature changes at
different depths in these coastal waters are not mainly set up by heating and cooling at the
surface. The factors that may be considered as responsible for the variation of temperature
at subsurface depths are, the variation in the amount of solar radiation that is directly
absorbed at different depths, the effect of heat conduction, the variation of the currents
related to lateral displacement of water masses and the effect of vertical motion’s. Except
in the top layer of about ten metres, the temperature at different depths decreases during-
the period February to March. This decrease may be ascribed to the effect of upwelling. The
curves for the surface and ten metres depth do not show any fall of temperature during
this period. This shows that the surface layer is- subjected to intense seasonal heating which
masks the effect of upwelling. The effect of seasonal heating and the advection of warm
water into the area due to the northeasterly coastal current in the Spring and Summer
months mask the upwelling effect to some extent in the subsurface layers as well. The
northeasterly current ceases to flow over the area sometime in August and the upwelling
also ceases along with it 17, Consequently, a sharp rise in temperature probably takes place
from August at all depths in these coastal waters, ~ ' e

Vertical temperature gradients and their seasonal variation—Figure I shows that in the
top layer, positive gradients (i.e., temperature increasing with depth) occur during the
wintér - months and negative gradients during the remaining period of the year. In the
layer between twentyfive metres depth and fifty metres depth, positive gradients show
up & month later than in the top layer. The positive gradients are due to the cooling of the
sea surface by the northeast winds and the advection-of the cold water at the surface by
the southwesterly coastal current flowing over the area during this period. Seasonal heating
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‘anid the advection of warm water by the northeasterly coastal current’ contribute to nega-
tive gradients from February to September. At depths greater than fifty metres, the
‘ gradlents are all negative, Schott suggests!® that the thermocline should be defined as one
in which the temperature decreases by not less than 2:0°C (or 3-6°F) in a depth of
twentyfive metres. Following this definition, it may be said that the thermocline lies -
" below a depth of fifty metres in September and October and below hundred metres in
November. The subsurface water of strong negative gradients is pushed deeper and deeper
a8 sinking in the coastal waters continues in the Fall seasonl®. During January, the ther-
mocline is below hundred metres depth. This is due to the strong cooling at the surface and
mixing in the upper layers. The thermolcine moves upward from January to March which

is associated with upwelling.
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Fig 1—Curves showing Seasonal Variation of Temperature at Dnﬁ'erent Depths in the
Coastal waters off Waltair
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(b) Seasonal variation of density at different depths, . F O R
. Tigure 2 represents the density of the waters in different months and at different
depths. The surface density shows a large annual variation with high values in January and
" July and low values in October. The seasonal range of density decreases with depth up to
‘about fifty metres below which the range is practically constant. The surface® density rises
appreciably from December to January due to the reversal of the coastal current from
southwesterly to northeasterly. Similarly, an appreciable fall of surface density takes place
during the beginning of the Fall season when the coastal current changes direction from
northeasterly to southwesterly and large amounts of ‘northern: dilute water are advected
into the area. The subsurface data is available only for the period September to May. The
northern dilute water (os,,, >>19) extends to a depth of about twenty metres in September
and about fifty metres in November. The surface layer is highly stable with large vertical
gradients of density in the Fall season. In December, the northern dilute water is found
only in the top layer of about ten metres. The southern Bay of Bengal water (o4, 21 to
22) the upwell water (o5, 22 t6 23), the subsurface shelf water (0., 23 to 24) and the

Indian Equatorial water (0,4, >24) occur in the coastal waters near Waltair at different
depths in different months of the year. :

Density in Situ
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Fig 2—Curves showing the Seasonal Variation of Density at different depths

Vertical density gradients and. their seasonal variation—Figure 2, shows that the density
gradients are all positive as would be normally expected from stability considerations.



Seasohq,l Variation of Some Physical Features of the Coastal Waters off Waltaii‘ o181
" In the surface layer of ‘about twenty metres the gradients  are very high in Septémber

and October and decrease gradually to low values inFebruary. The northern dilute water"
floats over the denser water below giving rise to strong gradients in the Fall season: Seasonal
cooling and mixing in the winter months reduce the density gradients in the surface layers.
The flow of the southern Bay of Bengal water at. the surface coupled with upwelling lead
to small density - gradients near the surface in, the Spring season. Seasonal heating and up-

welling work in opposite directions in increasing and decreasing the density gradients in_
the top layers in Spring and Summer. The increase in gradients at subsurface depths from
February to March is due to upwelling. As the upwelling continues in Spring and Summer,
the upwell water spreads at the surface and sinks to greater depths offshore during April
and May. Hence, the gradientsin April are less than in March ‘up to a depth of about
eighty metres. ! LT t

(c) Water transparency -

Figure 3 shows the variation of the transparency of the waters with distance from the
coast in _different months. The nearshore waters are less transparent than the offshore
waters in all the months of the year. During the period September to November, the trans-
parency of the coastal waters gradually decreases as shown by the upward shift of the

" DISTANCE FROM THE COAST IN MILES .
° . s 10 s o0

T . T T - -

0k

80

70

80F

SECTHIDISC READING TN FEET

0>

1o

1201

130 |-

un

Fig 3—Curves representing the Tranéparency of the Coastal waters near Waltair in different
Months.

curves from month to month. This decrease in the water transparency in the Fall season
is associated with the flow of the northern dilute water which brings more and more inorga-
nic suspensoids into the area. From November to January, the transparency increases -
considerably as shown by the downward shift of the curves. During February to May, the
curves shift upward, indicating that the waters get less transparent with the progress of
Spring and Summer. The most turbid waters for the year are encountered not during the
Fall season when the southwesterly coastal current brings the turbid river waters from the
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- north, but during April and May when the northeasterly coastal current flows over the area
bringing clear oceanic water. The high turbidity during April and May is associated with
upwelling near the coast and the high production of plankton in the euphotic zone. As this
turbidity is due to upwelling near the coast, the waters fifteen or twenty miles offshore
are very transparent which is a feature of clear oceanic water.
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