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TEMPERATURE OF THE OCEAN WArgp

25.1 INTRODUCTION
The temperature of the oceanic water is im-
portant for marine organisms including plants
(phytoplanktons) and animals (zooplanktons). The
temperature of sea water also affects the climate of
coastal lands and plants and animals therein. The
study of both, surface and subsurface temperature of
sea water is significant. Standard type of thermameter
is used to measure the surface temperature while
reversing thermameters and thermographs are used
{0 measure the subsurface temperature. These
thermameters record the temperature upto the accu-
racy of +0.020 centrigrade. With respect to tempera-
ture, there are three layers in the oceans from surface
to the bottom in the tropics viz. (i) The first layer
represents the top-layer of warm oceanic water and
15 500m thick with temperature rangin g between 20°
~and 25°C. This layer is present within the tropics
~ throughout the year but it develops in mid-latitudes
- only during summer. (ii) The thermocline layer rep-
- Tesents vertical zone of oceanic water below the first
N} lo'igandischaracterized by rapid rate of decrease of
- lemperature with increasing depth. (iii) The third
 layer is very cold and extends upto the deep ocean
" e polar areas have only one layer of cold
the surface (sea level) to the deep ocean
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T source of the temperature of the
T is the sun. The radiant energy trans-

mitted from the photosphere of the sun in the fory, of
electromagnetic shortwaves and received at the ocean
surface is called insolation. Besides, some energy,
though insignificant, is also received from below the
bottom and through the compression of sea water.
The amount of insolation to be received at the seg
surface depends on the angle of sun’s rays, length of
day, distance of the earth from the sun and effecs of
the atmosphere. The mechanism of the heating and
cooling of ocean water differs from the said mecha-
nism on land because besides horizontal and vertical
movements of water, the evaporation is most active
over the oceans.

25.2 DAILY RANGE OF TEMPERATURE

The difference of maximum and minimum
temperature of a day (24 hours) is known as daily
range of temperature. The daily range of tempera-
ture of surface water of the oceans is almost insig-
nificant as it is around 1°C only. On an average, the
maximum and minimum temperatures of sea surface
waterare recorded at 2P.M. and 5 A.M. respectively.
The daily range of temperature is usually 0.3°C in
the low latitudes and 0.2° to 0.3°C in high latitudes.

The diurnal range depends on the conditions
of sky (cloudy or clear sky), stability or instability of
air and stratification of seawater. The heating and
cooling of ocean water is rapid under clear sky
(cloudless) and hence the diurnal range of tempera-
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re becomes a bit higher than under oy Ercacti
and strong air circulation. The high density of W:t y
pelow surface water causes very little transfer e;
heat through conduction and hence the diury, 0

of temperature becomes low. alrange

25.3 ANNUAL RANGE OF TEMPERATURE
The maximum and minimum anrual tem
ratures of ocean water are recorded in August an(;
February respectively (in the northern hemisphere)
Usually, the average annual range of temperature of
ocean water i§ -12°C (10°F) but there is a lot of
regional variation which is due to regional variation
. jn insolation, nature of seas, prevailing winds, loca-
tion of seas etc. Annual range of temperature is
nigher in the enclosed seas than in the open sea
altic Sea records annual range of temperature of
4.4C or 40°F). The size of the oceans and the seas
also affects annual range of temperature e.g. bigger
the size, lower the annual range and vice versa. The
Atlantic Ocean records relatively higher annualrange
of temperature than the Pacific Ocean.

25.4 DISTRIBUTION OF TEMPERATURE
The distributional pattern of temperature of
ocean water is studied in two ways viz. (i) horizontal
distribution (temperature of surface water) and (ii)
vertical distribution (from surface water to the bot-
tom). Since the ocean has three dimensional shape,
the depth of oceans, besides latitudes, is also taken
| intoaccountin the study of temperature distribution.
The following factors affect the distribution of tem-

- perature of ocean water.

(1) Latitudes-The temperature of surface wa-

ter decreases from equator towards the poles be-
 cause the sun’s rays become more and more slanting
andthus the amount of insolation decreases poleward
accordingly. The temperature of surface water be-
en 40°N and 40°S is lower than air temperature
becomes higher than air temperature between
latitude_and the poles in both the hemispheres.
* (2) Unequal distribution of land and water-The
ture of ocean water varies in the northern
uthern hemispheres because of dominance
the former and water in the latter. The
northern hemisphere receive more heat
- contact with larger extent of land than
rts in the southern hemisphere and
of surface water is compara-
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tvely higher i
; gher in the former than the latter. The

S
nolll:‘::::;z:z;ﬁ.gul;r and do not follow latitudes
CEEy e 1sphere because of the existence
i cold land
e masses xyhereas they
S hfu a; and follow 1amud-es in the
oy R temper arte ecause of the dommapcc of
e becom[;S hiulr]e n:) the enclosed.seas in low
B gher because of the influence of
ounding land areas than the open seas e.g. the
average‘annual temperature of surface water at the
equatoris 26.7°C (80°F) whereas itis 37.8°C (100°F)
in the Red Sea and 34.49C (94°F) in the Persian Gulf.
(3) Prevailing wind-Wind direction largely
affects the distribution of temperature of ocean wa-
ter. The winds blowing from the land towards the
oceans and seas (e.g. offshore winds) drive warm
surface water away from the coast resulting into
upwelling of cold bottom water from below. Thus,
the replacement of warm water by cold water intro-
duces longitudinal variation in temperature. Con-
trary to this, the onshore winds pile up warm water
near the coast and thus raise the temperature. For
example, trade winds cause low temperature (in the
tropics along the eastern margins of the oceans or the
western coastal regions of the continents) because
they blow from the land towards the oceans whereas
these trade winds raise the temperature in the west-
ern margins of the oceans or the eastern coastal areas
of the continents because of their onshore position.
Similarly, the eastern margins of the oceans in the
middle latitudes (western coasts of Europe and North
America) have relatively higher temperature than
the western margins of the oceans because of the
onshore position of the westerlies.

(4) Ocean currents-Surface temperatures of
the oceans are controlled by warm and cold currents.
Warm currents raise the temperature of the affected
areas whereas cool currents lower down the tem-
perature. For example, the Gulf Stream raises t.he
temperature near the eastern coasts of N. America
and the western coasts of Europe. Kuro Shivodrives
warm water away from the eastern coast of Asia and
raises the temperature near Alaska. Labrador cool
current lowers down the temperature near north-east
coast of N. America. Similarly, the temperature of
the eastern coast of Siberia becor_nes low due to
Kurile cool current. It may be mentaned that warm
currents raise the temperature more in the northern
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hemisphere than in the southern hemisphere which
is apparent from the fact that the 5°C isotherm
reaches 70° latitude in the northern Atlantic Ocean
whereas it is extended upto only 50° latitude in the
southern Atlantic Ocean. This is because of more
dominant effects of the warm Brazil current in the
southern Atlantic Ocean.
(5) Minor factorsinclude (i) submarine ridges,
(i1) local weather conditions like storms, cyclones,
hurricanes, fog, cloudiness, evaporation and con-
densation, and (iii) location and shape of the sea.
Longitudinally more extensive seas in the low lati-
tudes have higher temperature than the latitudinally
more extensive seas as the Mediterranean Searecords
higher temperature than the Gulf of California. The
enclosed seas in the low latitudes record relatively
higher temperature than the open seas whereas the
enclosed seas have lower temperature than the open
seas in the high latitudes (Baltic Sea records O°C
(329F) and open seas have 4.49C or 40°F).

25.5 HORIZONTAL DISTRIBUTION OF
TEMPERATURE

On an average, the temperature of surface
water of the oceans is 26.7°C (80°F) and the tem-
perature gradually decreases from equator towards
the poles. The rate of decrease of temperature with
increasing latitudes is generally 0.5CF per latitude.
 The average temperatures become 22°C (73°F) at
200 fatitude, 14°C (57°F) at 40° latitude, and O°C
(329F) near the poles. The oceans in the northern
hemisphere record relatively higher average tem-
. perature than in the southern hemisphere. The high-
est temperature is not recorded at the equator rather
it is a bit north of it. The average annual temperature
i(f'lﬂ the oceans is 17.2°C (63°F). The average
nnual ures for the northern and southern
es are 19.4°C (67°F) and 16.1°C (61°F)
sctively. The variation of temperatures in the
n and southern hemispheres is because of

equal distribution of land and ocean water.

he decrease of temperature with increasing
in the northern Atlantic Ocean (figs. 25.5
.6) is very low because of warm ocean cur-

e average temperature between 50°-70°N
ded as 5°C (41°F). The decrease of
increasing latitudes is more pro-
m Atlantic Ocean. According

st temperature of surface water
latitude whereas the lowest
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temperature is recorded between 80N and the north
pole and between 75°S and the south pole. The
average annual temperature of the Pacific Ocean is
slightly higher than the Atlantic Ocean (16.91°C or
60°F) and the Indian Ocean (17°C or 60.6°F). The
lowest (3.3°C or 35.94%F) and the highest (32.2°C or
89.96F) temperatures of the oceans are recorded
near New Scottland and in the western Pacific Ocean
respectively. The highest temperature of the Indian
ocean (25°C or 82.4%F) is recorded in the Arabian
Sea and Bay of Bengal but the enclosed seas of the
Indian Ocean record still higher temperatures (Red
Sea = 32.29C or 90°F and Persian Gulf = 34.4°C or
949F). The average seasonal temperatures (February '
and August) of surface water of the oceans have been
represented throughisotherms (figs. 25.1, 2,3,4,5and6).
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Fig. 25.1: Horizontal distribution of temperature in

the Pacific Ocean (February).

N
\

sk
pALa\

N

\2}—-—-‘

T S,

17 s —)
Lasos g
.—_o___1 h\\

Emmmm—

Fig. 25.2: Horizontal distribution of temperature in
the Pacific Ocean (August).
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TABLE 25.1: Surface Water Temperature of the Oceans (in O°C)
Latitudes N. Hemisphere N. Hemisphere N. Hemisphere
= z 5.60
60-50 5.74 8.66
40-30 18.62 20.40
30-20 23.38 24.16 26.14
20-10 26.42 25.81 27.23
10-0 27.20 26.66 27.88
Latitudes Pacific Ocean Atlantic Ocean Indian Ocean
0-10 26.01 25.18 27.14
10-20 25.11 23.16 25.85
20-30 21.53 21.20 22.53
30-40 16.98 16.90 17.00
40-50 11.16 8.68 8.67
50-60 5.00 1.76 1.63
60-70 -1.30 -1.30 -1.50

S. Hemisphere

S. Hemisphere S. Hemisphere

The temperature of the surface water of the oceans is
higher than the air temperature above the ocean
surface which means ocean surface gives off heat to

~ the atmosphere. This phenomenon influences the
generation of oceanic circulation mainly sea waves
and ocean currents. It has been observed that the air

~ temperature at the height of 8m from the sea surface
- between 20°N and 55°S latitudes in the Atlantic
Oceaniscoolerby 0.80°C than the sea surface. There
lot of variation in the heat emitted from the
ns to the atmosphere during winter and summer
this phenomenon causes differences of air tem-
ure over the oceans and the continents mainly
g winter season. “The temperature for January
higher over the oceans between 20° and
‘while in July it is 4.8°C lower. The mean
perature is 7°C higher over the water
AM. King, 1975). The difference be-
 sea surface temperatures causes fogs
‘and the oceans. This happens when
C cold sea surface having the

' dew point of the air. Conse-

quently the air over the sea surface is cooled from
below and sea fog occurs. Generally, sea fogs are
frequently formed during spring and early summer
because air coming from over the land is warmer
while the sea surface is still cold. Sea fogs are very
common in the high latitudes but are generally
absent in the tropics.

25.2 VERTICAL DISTRIBUTION OF TEMPERA-

TURE

It may be pointed out that maximum tempera-
ture of the oceans is always at their surface because
it directly receives the insolation and the heat is
transmitted to the lower sections of the oceans through
the mechanism of conduction. In fact, the solar rays
very effectively penetrate upto 20m depth and they
seldom go beyond 200m depth. Consequently, t.hc
temperature decreases from the ocean surface with
increasing depth but the rate of decrease of tempera-
ture with increasing depth is not uniform every
where. The temperature falls very rapidly upto the
depth of 200m and thereafter the rate of decrease of
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ature is slowed down. From this [

t::‘:;cans are vertically divided into f:::dzggcl’,m

" photic OF euphotic zone represents the upp:;

face U to the depth of 200m and receives solar

radiﬂtion' (2) Aphotic zone extends from 200m depth

» bottom and does not receive solar rays. Th
ng are the salient features of vertical dist.ribu‘3

QI
folloWl 4
f temperature of ocean water.

tion ©

pepth in fathoms Temperature (0°F)
0 60.7

20 50.1

0 45.1

(2) Diurnal and annual ranges of temperature
cease after the depth of 5 fathoms (30 feet) and 100
fathom$ (600 feet) respectively.

(3) The rate of decrease of temperature with
increasing depth from equator towards the poles is
pot uniform. Though the surface temperature of the
seas decreases from equator towards the poles but
the temperature at the ocean bottoms is uniform from
the equator towards the pole, which means that the
rateof decrease of temperature with increasing depth
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i (1) Though the sea temperature decreases
increasing depth but the rate of decrease of
temperature is not uniform. The change in sea tem-
peratur‘e below the depth of 2000m is negli gible. The
_f°“0Wlng trend of decrease in temperature With
Increase in depth has been reported by Murray dur-
ing his Challenger Expedition.

Depth (fathoms) Temperature (0°F)
1,000 36.5
1,500 3555
2,200 352

is more rapid near the equator than towards the
poles. The result of German Antarctic Expedition in
1911 revealed that the temperature at the depth of
100m at 7.30°N latitude equalled the surface tem-
perature at 40°N latitude. Similarly, the temperature
at 200m depth at 7.30°N latitude equalled the tem-
perature of sea surface at 50°N latitude and the
temperature at the depth of 700-800m was the same
as it was at the surface at 60°N latitude. Table 25.3

reveals these trends.

(4) The areas from where sea surface water is
venaway by offshore windsresulting into upwelling
from below record low temperature at
ce and thus the rate of decrease of tempera-
n il_!ming depth becomes low. Contrary (0
eas where there is pilling of sea water

onshore winds, record relatively high
sea surface and thus the rate of de-
2¢: with increasing depth be-

: Table 25.3 : Comparison of Temperature at Sea Surface and Different Depths
Latitudes (N) 0-10 10-20 20-30  30-40 40-50 50-60 60-70
ace Temperature (0°C) 26.88 25.60 2390  20.30 12.94 8.94 4.26
epth at 7.30°N (metres) O 100 200 400 800 1000 =5
mperature (O°C) 26.86 18.57 1071 0 513 A 8L

areas high temperature is re-
corded at greater depths e.g. in Sargasso Sea, Red
Sea, Mediterranean Sea, Sulu Sea etc. The Mediter-
ranean Sea records 24.49C at the depth of 1,829m
whereas the Indian Ocean has only 1.1°C tempera-
ture at the same depth. Such anomalous conditions
are noticed in the enclosed seas of low latitudes. The
enclosed seas of high latitudes register inversion of
temperature i.e. the temperature of sea surface is

lower than the temperature below.

(5) In some

e <




