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STUDIES ON UPWELLING AT THE TURN
OF THIS CENTURY

A V.S, Murty
Central Marine Fisheries Resssrch Institute. Cochin

ABSTRACT

Upwslling in the waters around India and the transformation of physical proparties of the neritic
waters thereof with a stress on thermal front and the potentist utility for fish production in the ses are
described. The necessity of obtaining the snapshot plctures with high grade resclution of locations and
intensities of upwellings and thermal fronis is stressed for effective management of marine fisheries,
The only means of futfilling this objective is by switching over the observations from the time-consuming
ship-borne observetions to satellite produced imegery system  Therefore, by the turn of this century,
the softwars suitable for localised conditions should be developad and perfectsd so that the present
day sea truth data collection system by ships would be used only as occasional checking peints,

INTRODUCTION

Of all the coastal upwellings, the Peruvian
upwelling is woild famous because of its
tremendous and wide.-spread influence coupled
with El Nipo effect on anchovy fishery fluctuat-
tons extended to bird-migration (Ceusing, 1982,
Breaker and Christopher, 1986; wooster and Reid
Jr., 1863). Though the phenomenon of upwell-
ing actually means the vertically upward drawn
currents from mid-depths towards the surface,
the phenomenon is well understood by its
effects on the surface and subsurface waters.
The impact of southwest monsoon coupled with
coastal currents is to generate upwelling along
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the coast of India. The entire west coast,
particularly the southwest coast, and the northern
half of east coast expsrience upwselling in
different degrees during the southwest monsoon
period (summer). Under the influence of the
offshore winds of the northeast mdnsoon with
the least opposition by the weaker northerly .
currents, upwelling is generated off Bombay
region during winter (Carruthers et &/, 1969;
Banse, 1968; Murty, 1281).

Watars of the southwest and central west
coast of India (between 7°N to 17°N) are
explored with regards to upwelling and thermo-
cline over a long number of years (Murty, 1965;
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Narayana Pillai, 1982; Ramamirtham and Rao,
1873; Ramamirtham and Jayaraman, 1860;
Sastry and D, Souza, 1972; Sharma. 1988:
Lathipha and Murty, 1978: Anonymous, 1980,
Johannessen, Subbaraju snd Blindheim, 1981).
Studies on upwelling in the waters off east
coast were very limited in space and time
(LaFond, 1954, 1958t Murty and Varadachari,
1968: Ramasastry and Murty, 19568).

From the predominant commercial fisheries
point of view, turbidity and temperaturg of the
neritic waters and the temperature of the offshore
waters play a dominant role in determining the
species distribution and abundance. In a limited
sense, the boundary, the region of transition,
between the mixed layer and the thermocline
below it may be treated as a ‘thermal front”,
tha first order discontinuity in temperature.

The effects of the phenomenon of upwelling
are manytold. The upwelling waters are
productive with enrichment of nutrients. Thers-
fore they serve as green pastures or nursary
grounds of young fish. The locations of thermal
fronts sre controlled by upwelling. Fish con-
gregations areé known to be associated with
frontal regions (Teivo Laevastu and limo Hela,
1970; Cushing 1982). Hence the locations of
thermal fronts indicate where to fish and a what
depth to lower the fishing gear.

The negative effect of upwelling is to replace
aerated waters (4-6 mij1 of dissolved oxygen)
with oxygen depleted waters {(oxygen content
1 ml/t or even less), Adult fish may perhaps
require normally aerated waters: therefors it
migrates away from the oxygen depleted
upwelled waters. This is observed in the
northwest bottom  fishery (Carruthers af a/ ,
1969; Banse, 1968). The bhottom fishes were
found to migrate either nearer to the coast orto
the far off region in their effort to svoid the
wide belt of upwelled region along the coast
with the result that the bottom fishery was not
profitable within the belt of upwelling atea,
Therefora the negative effect of upwelling serves
as a precaution in selecting the fishing ground.

Ditferent species of tuna prefer different
locations of temperature conditions: the ysllow-
fin tuna prefers the warmer (upper side) of the
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thermal front associated with the thermocline,
whereas the bigeye tuna prefers the colder
(lower) side of the front, while albacore tuna is
much deeper (colder)-water-living (Laevastu
and Hma Hela, 1970).

It is evident, therefors, for economic exploit.
ation of fishery resources of the sea. identifica-
tion of exact location of upwelling, its intensity
and extent are required to be known without
delay. Charting out the details of upwelling by
making ship.board observations involve a lot of
time. And such information is useful mainly to
hind-cast the fisheries .

Satallite as QOcean Information Centre

Satellite-borne radiometric techniques werg
developed for ocean use. Radiation amitted by
the surface of the earth or sea which is in the
infrared range of wavelengths is a function of
surface temperature itself. The emitted radiation
is absorbed, chiefly by highly variable water
vapour in the atmosphere. before it reaches the
height of the satellite where it is detected and
measured by radiometer. Nevertheless, from
the measurements made from the several
atmospheric-window channels with the aid of
space-borne high resclution radiometer, it was
not only made possible to correct for the
stmospheric attenuation, but also to attain
spatial resolution as close as 1.1 km locally
(Paul Mc Clain, 1985).

The productivity of the waters is determined
by optical radiometer - blue colour representing
low productivity and green cclour high producti-
vity. Turbidity of the waters is determined by
reflectometer. Procedures for ocean surface
wind vector retrievals from scatterometer data
are being developed.

A sateilite-oriented study of albacors tuna
catch disiributions off the west coast of North
America showed clearly that the distribution
and availability of albacore tuna are closely
related to oceanic fronts.  Significant albacore
aggregations in nearshore regions were found
near fronts associated with upwelling and with
shoreward intrusions of oceanic water. Bluefin
tupa catch in the Gulf of Maxico was well
correlated with the proximity of the surface
thermal front which was determined by visible
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and infrared satellite imageries, Squid jigging
within ten nautical miles of the shelf slope
front of the northwest Atlantic was of much
higher catch rate than the catch rate of other

areas {Paul McClain, 1985),

Remote sensing in Marine Fisheries in Indis

Cushing (1969) feels that the intermittent
halts in upwslling process actually sustain
greater levals of production. As ynonsoons and
upwellings in Indian waters are closely linked
up, breaks in monsoons may lead to such
sustained production by resumed upwellings.
This view again supports the need for monitoring
of upweiling systems of Indian waters by quick
and accurate methad 7 6. by remote sensing.

India has started gaining experience in
remote sensing of coastal zone and marine
respurces through chlorophyll mapping with
ocean colour scanner and sea surface temperature
estimation from infrared radiometer {Pranav Desai,
1985). Regionally spplicable software is being
developed by !ndian Space Research Organi-
sation (ISRO) at its centres at Bangalore and
Ahmedabad and also by National Remote Sen-
sing Agency (NRSA) at Hyderabad, The geo-
stationary Indian national satellite, Insat-IB,
has successfully completed 100 days of its
continuous operation by 7th May 1987, its
very high resolution radiomster has given
thousands of meteorclogical images useful for
flood control in specific catchment areas of
rivers in the colntry.

Howaver, the monsoons and their associated
thick ¢cloud cover and breaks in monsoon make
the problem of atmospheric cotrection of satellite
data more serious. The hinderances posed by
the unique climatic conditions of Indian sub-
continent and of the seas around it have to be
sorted out for their elimination from the remote
sensing data. Empirical solutions may not
stand the test of time. Nevertheless, various
models based on multichannel system have to
be evolved in this direction,

It may be pointed out that our Indian space
applications to sea conditions are still at the
initial stage of having sea truth data to function
as yard-stick to calibrate the satellite imagery
data every time. It means that we have to wait

BULLETIN 44

for a long for the results, as the sea truth data
wihch is nothing but ship-barne instrumental
data takes time for its final results. Therefore
this system should be made perfact for our
waters so that by the turn of this century the
function of sea truth data reduces to checking
points only Then the satellite imagery perfected
in its calibration gives synoptic picture like the
bird's eye-view, of what is happening in the
surface and subsurface waters, what is needed
is consistent quality of monitoring data on
locations of upwellings, their breaks and changes
of fronts with time (frontogenesis and frontolysis)
which are all essential for effective forecasting of
fisheries for augmentation and judicious fishing
from the ssas around India.

REFERENCES

ANONYMOUS, 1980, Oceanographic investi-
gations along the southwest coast of
India (1976-78). FAO Field document
5, Fl ; DP,IND/76/038, pp. 51.

BANSE, K, 1963. Hydrolagy of the Arabian
Sea Shelf of India and Pakistan and
effects of demersal fishes. Dsep-sea
Res., 16 : 45.79,

BREAKER, L. C. AND N. K. CHRISTOPHER
1986. QOceanic variability off the

Central California coast Prog. Oceancg.,
17 :61-135,

CARRUTHERS. J.N.. $.5. GOGATE, J.R. NAIDU
AND T. LAEVASTU 1959 Shorewards
upsliope of the layer of minimum oxygen
of Bombay. its influsnce on marine
biology, especially fisheries, Nature,
7183 : 1084-7.

CUSHING, D. H. 1939, Upwelling and Fish
Production . FAQ Fisheries Technical
Paper No. 84 : 40 p.

CUSHING, D. H.1982. Climate and Fisheneas.
Academic Press, New York, 373 p.

ISRO 1985. Remote Sensing in India.
Technical Report No. 57-85, 64 p.

ISRO

JOHANNESSEN., 0. M., G. SUBBARAJU AND
J. BLINDHEIM 1981, Seasonal variat-

ions of the oceanographic conditions off
the southwest coast of India  Fisk Dir.
skr, Ser, Hav Unders, 78: 247-261,

178



LAFOND, E.C. 1954. On up welling and sinking
off the East coast of India.
Univ. Mem. Ocesnogr., T: 117-122,

LAEVASTU, T. AND ILMA HELA. 1870.
Fisheries Oceanograpiny. Fishing News
{Books) Ltd. 238 P.

LAFOND, E. C. 1958. On the circulation of the
surface layers off the east coast of
India Andhra Univsrsity Memoits mn
Ocesnography, Series 62 : 1-11.

LATHIPHA, P. N. AND A.V §. MURTY 1978.
Studies of upwslling along the west

coast of India using geopotential
anomaly. /ndis J. Mer. Sei., 7: 219-
223,

MURTY, A. V. 8. 19656, Studies on the surface
mixed layer and its associated thermo-
cline off the west coast of India and
the inferences thereby for working out
a prediction system of the pelagic
fisheries of the region. /ndian J Fish.,
72:118-134.

MURTY, A. V. 8, 198t. Observations of
coastal water upwelling around India.
In: Lighthill, J. and R. P. Pearse (Eds):
Monsoon dynamics, Cambridge Univer-
sity Press, pp. 523-528.

MURTY, C.S. AND VARADACHARI, V. V. R.
1968, Buw/l. Natn. Inst. Sci. Indisa 38 :
80-86.

NARAIN, A., R. N. JADHAV, K. L. MAJUMDER,
G. P. SHARMA, K, M. JOSEPH, E.G.
SILAS, P. V. R NAIR, G. SUBBARJU,
V. K. PILLAl, A. G, PONNIAH AND
V. K. BALACHANDRAN. Remote
Sensing of Ocean Colour and Targeting
of Fish Schools from Airborne sensors.
Proc Seminar on Remote Sensing in
Marine Rasource held at Cochin, (Eds)
A. K. S. Gopalsn and E. G. Silas, April
1985, pp. 65.1-5.8.

NARAYANA PILLAL V. 1982, Physical cha-
racteri_stics of the coastal waters off the
southwest coast oflndia with an attempt
to study the possible relationship with

176

Andhra

sardine, mackerel and anchovy fisheries
Ph. D Thesis. University of Cochin,
107 p

PAUL McCLAIN, E. 1985 Applications of
Multichanne! sea surface temperatures
in physical and biological oceanography.
Proc. US - India Symposium- cum-work-
shop on Remote Sensing Fundamentals
and Applications held in March 1885 at
Space Applications Centre, Ahmedabad,
pp, 89-97.

PRANAV S. DESAl 1985. An overview of some
Indian Experiences in Remots Sensing
of coastal zone and Marine Resources,
Proc. US.iIndia Rymposium-cum-work-
shop on Remole Sensing Fundamental
and Applications held in March 1985
at Space Applications Centre, Ahmeda-
bad, pp. 109-114,

RAMAMIRTHAM, C. P, AND R. JAYARAMAN
1960. Hydrographical features of the
continental shelf waters off Cochin
during the year 1958.59. . mar. biol.
Ass. Indis, 1 :198-207.

RAMAMIRTHAM, C, P, AND D. 8. RAO 1973,
On upwelling slong the west ccast of
India. J. mar. biol. Ass. Indis, 15:
308-317,

RAMASASTRY, A. A. AND C. B, MURTY 1958,
Proc. Indian Acad. Sci., 468: 293-323.

SHARMA, G.5 1988. Seasona! variation of
some hydrographic properties of the
shelf waters off the west coast of India.

Bull. Nat. inst. Sci., India, 38: 263-
276,

SASTRY, J. S. AND D'SQUZA, R. §. 1972
Upwelling and upward mixing in the
Arabian Sea. /ndian J. Mar. Sei, 1 :
17-27.

TAIVO LAEVASTU AND ILMO HELA 1870.
Fisheries Oceanography. Fishing News
(Books) Ltd., London, pp. 238.

WOOSTER, W. 8. AND REID, Jr. 'L, L. 1963.
Eastern boundary currents. ln ; Tha sea
(ed ) M. N. Hill John Wiley and Sons.
Vol. 2 ; 2563-80,

CMFRI



