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TIDAL INFLUENCE ON THE SEASONAL VARIATION IN CURRENT
AND SALINITY AROUND WILLINGDON ISLAND*

P. UpAvA VARMA, ABRAHAM PYLEC AND V- S. RamA RAIU
Regional Centre of National Institure of Oceanography, Cochin-682 018

ABSRACYT

The general distribution of current and salinity of Mattancherry
and Ernakulam channels and the Cochin Harbour mouth is presented and
discussed in relation to the tide.

_ During monsoon season stratification is observed. The salinity
varies from 3°/,_ at the surface 10 25°/ . at the bottom during flood tide.

The flood and ebb currents are comparatively high in the Ernakulam
channel thapin the Mattancherry channel. The ebb currents are strong
in the surface layers and the Hood currents at the bottom layers,

During premonsoon season no stratification is observed from
surface to the bottom. The salinity varies from 32-0 to 36:5°%/ .. The
highest velocity of the ebb and flood currents is found at the surface
layers: The velocity of the currents directly depends on the range of the
tide- The highest velocities encountered in both the channels are found
to be of the same order, around 70 ¢m/sec.

INTRODUCIION

The brackish water around” Willingdon Island was made navigable in 1928 by
dredging the two channels- The sand bar, which existed about 1.6 km off the coast
and acted as asil, was also dredged- The opening of the offshore bar and the annual
dredging of the channels, to maintain a constant depth around 12 metres, had been
changing the entire circulation pattern of the harbour region with subsequent changes
in the sedimentation pattern. Recently many hydrographic studies of this region had
been made (Sankaranarayanan and Qasim, [969; Qasim and Gepinathan, 1969;
Qasim, Wellershaus, Bhattathivi and Abidi, 1969; Gopinathan and Qasim, 1971:
Haiidas and Madhupratap, 1973: Rama Raju, Pyles, and Anto, 1975; Anto, 1977).
These studies were fecussed mainly on physical and biological aspects of the waters
around Willingdon Island. Practically no detaited study on the variations of currents over
a complete tidal cycle had been made. The present study attempls to discuss the cutrent
patterns in the channels around Willingdon Island with respect to the tidal rhythm and

its effect on the salinity changes.

MATER[IAL AND METHODS

.The area studied (Fig- 1) included the Cochin Hairbcur in the middle of the
Kciala coast and is a part of an estuarine system having appicximaicly an avea of about
320 sq- km- Two majcr vivers, Peiiyar and Pamba open into the estuary. The former

" * Presented at the Symposium on “Environmental modelling of physical oceanographic para-
meters as applied to Indian Ocean’’ conducted at NPOL, Cochin, February 1978,
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Fig. 1. Chart showing the location of stations.

north of Cochin and the latter at the southern extremity of the estuarine system.
The Movattupuzha River and the Meenachil River join it arcund the middle. During
the SW monsoon heavy discharge of fresh water occurs fiom these rivers into the estuary.

The eight stations occup:ied during the vourse of this study are shown in Fig 1.
Allthese stations excepi Staticn 8, ave located in the navigation channels- Staticn 8is
lccated on the edge of the navigaticn channel. Cellection of salinity, temperaiuve and
current data were made for a continuous period of approximaicly two tidal cycles from all
these stations once in every season-mensoon, postmonsoon and premonsocn- At shallow
staticns the samples were collected at 1 m intervals and at decper stations with 2 m
intervals.

The vertical varviations cf salinity and current in the different channels are studied in
relation 1o the tide. For this the tide gauge data is made use of. The tide gauge is
located in the Mattancherry channel andis close to the stations.

RESULTS AND DISCUSSION
Tidal characteristics

A study of the tidal characteristics of this vegion using the spring tide data, show
that the tide is semidiurnal in character and has a maximum range of 1 m- The average
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range of the tide for the monscon, postmonsoon and premcnsocn seascns is 47.3, 43.10 -
and 46-08 cm respectively. There is 2 marked difference in the mean sea level from season
to season- Table I depict the seasonal mean sca level values. The MSL is normally
low during the monsocn seascn compared to post and premonsocn periods- These diffe-
rences in the MSL are obsevved in the predicicd tide data also-

Karl Bansc (1968) has carlier reported lower mean sea levels during monsoon
months for several stations on the west coast of India. He has attributed the same to the
divergence of the suiface layers of the sca and the consequent upwaid flow of the cool
dense water from deepei layers which over-compensate the effect of the low density
surface waters, due to fresh water influx during the SW menscon, on the mean sea level-
This lowering of mean sea level aid the quickes flushing of the estuarine water through
the barmouth.

At the bar mouth theie is an incursicn cf coastal water through the entive column
of the estuary during the flood tide and outflow duringtheebbtide- Hcowever, thisgeneral
tidal flow pattern is disturbed duving the SW monsoon season due to the heavy influx of
fresh water- During this season, at ceitain phases of the high tide, the sea watei that
cnters the estuary through the barmouth is vestvicted to the bottom layess of the channel
and fresh water cv low saline water is focund at the suiface layers ficwing out into the sea-
The cceusvence of this two layer flow appears tc depend mainly on the heavy fiesh water
influx.

Salinity distribution

Monsoon season: The saliniiy distribution during the monsoon are presented in
Figs. 2-5. It isclear from thesc figures that except in the case of Staticn 8, the isohalines
have move ¢ less the same trend as the tidal curve and they wun hovizental- This cleaily
shews that there is high stzatification frem tcp to bettom having salinity variaticns from
less than 5°/, at the suvface to mcic than 25°/,, at the bottom. Higher salinity giadients
occur during high tide than at low tides. At stations, which ave faither away from the har-
bour mouth, low salinity gradients occur and sc the waters appedr 10 have relatively lower
straiification. Thisisapparently due to the predominent influence of the fresh water inflow
over the tidal flow.

Table I. Average mean sea level at Cochin during postmonseon,
monsoon and premonsoon seasons.

Average mean sea level

S+ No. Season "Observed Predicted
1 Postmonsoon 70 cm 77 cm
(Dec. to May)
2 Monsoon 59 cm 60 cm
(May to Sept.)
3 Premonsoon 75 ¢m 73 cm

(Sept. to Dec.)
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At Station 8, the isohalines show more cr less vertical distribution revealing the
existence of a comparatively mixed layer during thisseason. The veason for this deviation
is apparently due to the factthatat the time of occupation of this staticn the influence of
the freshwater discharge or the monsoon has not been effective.

From the figures it can be seen that for the same phase of the tide, the vertical sali—
nity distribution depends on the range of the tide. Thus at the harbour mouth, the high
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Figs. 2-5. Distribution of salinity and current at the stations studied in
relation 1o the tide during the monsoon period.
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saline water is found to exist from nears surface to the bottemat the pzak of one cof the high
tides- But at stations away from the haibour mouth the influence of the high tide is not
felt at the surface layers-

Postmonsoon: The salinity distribution during the postmonsoon conditicns at the
stations studied is depicted in Figs- 6-9.- The distributicn in relation to the tide, more
or less conform to the monscon conditions with ieduccd vestical salinity gradients. The
isohaiines do not show horizental orientation as inthe case of salinily distribution in mon-
soon- During lcw tide water of salinily 10°/,, is pesent up tc depth of about 6 m
from the surface.- But the thickness of this low saline surfece Jayer depends on the
freshwater discharge into the backwaters. During high tide, high saline waters having
salinity up to even 34°/., is found to exist at the suiface laysis- As in ihe case of
monsoon season, the range of the tide determine the salinity variations at all the
depths with time during a tidal cycle. ,

Premonsoon: The salinity distributicn at different staticns during the premonsoon
conditions are presented in Figs. 10-13. It can be secn from these figures that the
isohalines are nearly vertical depicting a comparatively mixed layer ficm topto bottom.
However, during the high tide the salinity slightly increases and then decreases during
lowtide. Thisfact brings out that the salinity of Cochin backwaters is always lower than
that of the coastal waters thereby indicating that Ccchin backwatcers is a positive type of
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estuary. At all the stations the salinity varies from 32 1o 36.5°/,0- During the diflerent
phases of the tide the vertical salinity giadient is negligible showing the presence cf a
comparatively well mixed layes in the Cochin backwaterss.

Currents

Monsoon: The variaticn of cusvent velocity and divection with respect to the tide
isdepicted in Figs. 2-5.  "The positive sign befose the cusrent values denotes the ebb cur—
vents and the negative sign denotes flood cusients. Itcan be seen that there is a nesative
or positive gradient in velocity from susface to botiom depending upon the natuye :)fth R
tide- Duiing high tide a pesitive gradient is noticed and at low tide a negative gradient-
However at mid tide levels the gradient is compaiatively small.  The change ¢f the + iso--
lines to — isolines indicates that there is complete reversal in the divection of current in the
entive water column as the tide reverses.

However, the flow pattern during the monsoon is the resultant of the tidal influence
and the freshwater influx. During this seascen flood cusrents ave fivst noticed at the bottom
and gradually spreads to the suiface layeis. Also, the flood velocities are high in the layers
2-3 m above the bottom wheveas the ebb velocities are more in the susface, j.e. up1o2m
depth. There is no persistent two layer opposite ficw at any of the stations- But a two
layer flow is ncticed at the harbour mouth which exists only for a duration of 2-3 hrs
during the changing phase of the tide.

" Itis also observed that the flood and ebb velccities ave higherin the Ernakulam
channel compared to that in the Mattancheiry channel. While the highest flood velceity
in the Mattancherry channel is 70 cm/sec it is 90 cm/sec in the Ernakulam channel- So also
the highest ebb velocity in the Mattancheivy channel is cnly 90 cm/sec while that in the
Evnakulam channel is 110 cmyjsec. The highest flood velccity (90 cm/sec) at the hairbour
mouth section is found 1o be low compaied with the highest flood velocity in the Eina—
kulam chanrel. However, the highest ebb velccity at the harbous mouth (130 cmy/sec) is
high compared te the highest ebb velocities in both the channels.

Postmonsoon: The flow pattern (Figs. 6-9) mere or less follow the salinity distii—
bution pattein- The predominence of the tidai influence is evident- Mostly negative gra-
dient exists from top to bettom- In ceviain cases. during high tide, theve is a slight pesi-
tive gradient from suiface to midsuiface levels and then a negative gradient- This shows
that the intensity of the tidal incursicn is at the mid depth levels. Alsc duving flccd tide
there is not much difference in the highest secorded velccttics in the two channels cxcept
at the barmouth- The highest velocitics at the staticns 2, 3and 4 (Fig- 1) in the Mattap--
cheiry channel ave 70, 90 and 90 tm/ sec vespectively as against these ¢f 90, 70 and 110 em;
sec at the stations 5, 6 and 7 in the Emakulam channel- Similaily the highest ebb velocity
at the above three stations in the Mattancheiry channel is 90 cmy/sec. The staticns 3.6 and
7 in the Ernakulam channel have highest ebb velocities of 110, 90 and 130 cm/sec yves—
pectively. At the harbour mouth, comparatively high values cf the oirder of 170 cm/sec at
low tide and 150 cmy/sec at high tide ave vecoirded. Theve is a complete reversal in the divec—
tion of the cusrent from susrface to bottom with the change of the tide- However, there
is a time lag of 1 to 1.5 hys to have this reversal- ‘
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Premonsoon: Duringthe premonsoon season (Figs.10-13) the flow pattern mainly
depends on the tidal conditions- During high tide the flow is into the estuary ficm surface
to the bottom with a velocity not exceeding 70 cm/sec- The velocities are more or Jess of
the same order of magnitude near the harbour mouth and in both the channels- During
low tide while the highest velocity observed in both the channels separately are 70 cmy/sec
cach. the highest velccity recorded at the harbour mouth is 110 cm/sec-

From the figuves it can be seen that the reversal in the divection of the current takes
place from susface to bottom at about three hours after the occurrence of the high or low
tides- Another charactesistic feature of this season is that the highest velocities of both
flood and ebb cuirents are observed in the surface layess.

The variation of salinity with time and space is the result of the interaction of the
tidal flux and the freshwater discharge. In the monsocn months when the fresh water
discharge is move a salinity gradient develops from susface to bottem and the entire water
column remains stratified- This happens move prominently during the high tide period.-
At the bottont layess, high saline water having a2 maximum salinity of 33.0°/,, is found to
exist- As the tide starts ising the incursion of this high saline water is fiist noticed at the
bottomand it spreads to the mid layers, with the progress of the tide. As the tide falis
gradually this high saline water completely disappears and the backwater region is domi-
nated by water havingsalinity not exceeding 25°/ . at the bottom. Thus a permanent two
layer flow and the presénr:e of a permanent saline wedge during the monscon or other
seasons is not observed as reported earlier by other workers. The presence of a two
layer flow is transitory in nature and lasts for a brief peviod of the tidalcycle-
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When the fresh water influxisless, a comparatively well mixed column cf water
from surface to bottoem exist in this region- There is not much salinity variations from
surface to bottom and the salinity varies from 33 to 357/,,.
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The tlow pattern and the salinity distribution of this region of the estuary is
mere related to the tidal rhythm. It has been observed from these studies that
the general pattern of circulation m this segion can be desciibed as the incursion
of sea water into the estuary during high tide and the draining of this water during
the ebb- The direction of the flow from top to bottom during the two phases of the
tide gets completely reversed confosming to the flooding and flushing of the estuary from
top to bottom which is veiy impoitant frem the point of view cf pollution and siltaticn-
However, during the monsoon months this system of flow gets disturbed and the saline
water intrusion takes place only through the bottom layeis- Also then the velocity of
the cuirrent 1s more at the bottom than at the surface in conirast to the non-monsoon
months, when the velccity is move at the surface layers both for ebb and flood cuirents-
This is due tc the effect of the freshwater discharge which shows a tendency to oppose
the surface flood cusrents.
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