3

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
to measure the subsurface temperature. These
thermameters record the temperature upto the accu-
racy of +0.02" centrigrade. With respect to tempera-
tre, there are three layers in the oceans fromsurface
to the bottom in the tropics Viz.

(i) The first layer represents the top-layer of
warm oceanic water and is 500m thick with tem-
perature ranging between 200 and 25°C. This layer
is present within the tropics throughout the year but
itdevelops in mid-latitudes only during summer. (i1)
The thermocline layer represents vertical zone of
oceanic water below the first layer and is character-
ized by rapid rate of decrease of temperature with
increasing depth. (iii) The third layer is very cold and
extends upto the deep ocean floor. The polar areas
have only one layer of cold water from the surface
(sea level) to the deep ocean floor.

The major source of the temperature of the
oceanic water is the sun. The radiant energy trans-
mitted from the photosphere of the sun in the form

25

TEMPERATURE AND DENSITY
OF OCEAN WATER

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 sea surface depends on the angle of sun’s rays,
length of day, distance of the earth from the sun and
effects of the atmosphere. The mechanism of the
heating and cooling of ocean water differs from the
said mechanism 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 sur-
face water are recorded at 2P.M. and 5 A.M. respec-
tively. The daily range of temperature is usually
0.39C 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 orinstability 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-
ture becomes a bit higher than under overcast sky

Scanned with CamScanner



390

PHYSICAL GEOGRAPHY
I S— —

and strong air circulation. The high density of water
below surface water causes very little transfer of
heat through conduction and hence the diurnal range
of temperature becomes low,

25.3 ANNUAL RANGE OF TEMPERATURE

The maximum and minimum annual lempera-
tures of ocean water are recorded in August and
February respectively (in the northern hemisphere).
Usually, the average annual range of temperature of
ocean water is -12°C (10'F) but there is a lot of
regional variation which is due to regional variation
in insolation, nature of seas, prevailing winds, loca-
tionof seasetc. Annual range of temperature is higher
in the enclosed seas than in the open sea (Baltic Sea
records annual range of temperature of 4.4°C 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 annual range of tem-
perature than the Pacific Ocean.

25.4 DISTRIBUTION OF TEMPERATURE

The distributional pattern of temperature of
ocean wateris studied in two ways viz. (i) horizontal
distribution (temperature of surface water) and (i1)
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
into account in the study of temperature distribu-
tion. The following factors affect the distribution of
temperature 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
and thus the amount of insolation decreases poleward
accordingly. The temperature of surface water be-
twetn 40°N and 40S is lower than air temperature
but it becomes higher than air temperature between
40th latitude and the poles in both the hemispheres.

(2) Unequal distribution of land and water-The
temperature of ocean water varies in the northern and
the southern hemispheres because of dominance of
land in the former and water in the latter. The oceans
in the northern hemisphere recejve more heat due to
their contact with larger extent of land than their
counter-parts in the southern hemisphere and thus the
temperature of surface water is comparatively higher

in the former than the latter. The isotherms are gy

and do not follow ]uliltudes in the norther,
S f the existence of both warp,
hemisphere because 0 ' v (isoth ‘
andmasses whereas they (1sotherms) are
and cold Iandma_s.,  titudes in the southern hemi.
regular and f‘o)llt}\’:l ¢ dominance of water. The tem.
sphere bgcuusu 0 | ]ed coqs in low latitudes becomes
perature in the enclosec Y ————
higher because of the in he average annua]
areas than the open seas e.g. th€ 5 2 703
temperature of surface water at the‘equator 15 26.70C
(80°F) whereas itis 37.8°C(1 00F)in the Red Seaand
34.49C (94F) in the Persian Gulf.

(3) Prevailing wind-Wind direction largely af-
fects the distribution of temperature of ocean water,
The winds blowing from the land towards the oceans
and seas (e.g. offshore winds) drive warm surf'face
water away from the coast resulting into upwelling
of cold bottom water from below. Thus, the replace-
ment of warm water by cold water introduces longi-
tudinal variation in temperature. Contrary 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 western
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.

regular

(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 raj

scs the
lemperature near the eastern Coasts of N. A

merica

coast of N. America. Similarly,
the eastern coast of Siber
Kurile cool current, It may
currents raise the temperat

arly, the temperature of
12 becomes Jow due to
be mentioned that warm
ure more in the nortern
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hemisphere than in the southern hemisphere which
is apparent from the fact that the 5°C isotherm
reaches 700 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 factors include (i) submarine ridges,
(ii) 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
(32°F) and open seas have 4.4°C 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
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Fig. 25.1: Horizontal distribution of temperature in the
Pacific Ocean (February).

the poles. The rate of decrease of temperature with
increasing latitudes is generally 0.59F per latitude.
The average temperatures become 22°C (73F) at
200 Jatitude, 149C (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
highest temperature is not recorded at the equator
rather it is a bit north of it. The average annual
temperature of all the oceans is 17.2°C (63°F). The
average annual temperatures for the northern and
southern hemispheres are 19.4°C (67°F) and 16.1°C
(619F) respectively. The variation of temperatures
in the northern and southern hemispheres is be-
cause of unequal distribution of land and ocean

water.

The decrease of temperature with increasing
latitudes in the northern Atlantic Ocean (figs. 25.5
and 25.6) is very low because of warm ocean cur-
rents. The average temperature between 50°0-70°N
latitudes is recorded as 5°C (41°F). The decrease of

temper ture with increasing latitudes 1s more
pronounced in the southern Atlantic Ocean. Ac-

cording to Krumel the highest temperature of sur-
face water of the oceans is at 5°N latitude whereas
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Fig. 25..2 : Horizontal distribution of temperature in the
Pacific Ocean (August).
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Horizontal distribution of temperature in the
Indian Ocean (August).
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Fig. 25.5: Horizontal distribution of temperature in the
Atlantic Ocean (February).

the lowest 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 89.96°F) 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 = 32.20C or 90°F and
Persian Gulf = 34.4°C or 949F). The average sea-
sonal temperatures (February and August) of surface
water of the oceans have been represented through
isotherms (figs. 25.1, 2, 3, 4. S and 6).

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
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Fig. 25.6 : Horizontal distribution of temperature in the
Atlantic Ocean (August).

influences the generation of oceanic circulation
mainly sea waves and ocean currents. It has been
observed that the air tempera ture at the height of
8m from the sea surface between 20°N and 55°S
latitudes in the Atlantic Ocean is cooler by 0.80°C
than the sea surface. There is a lot of variation in
the heat emitted from the oceans to the atmosphere
during winter and summer and this phenomenon
causes differences of air temperature over the
oceans and the continents mainly during winter
season. ‘The temperature for January is 22.2°C
higher over the oceans between 200 and 80°N,
while in July it is 4.8°C lower. The mean annual
temperature is 7°C higher over the water meridian’
(C.AM. King, 1975). The difference between air
and sea surface temperatures causes fogs over the
seas and the oceans. This happens when warm air
passes over a cold sea surface having the tempera-
ture below dew point of the air. Consequently 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 aircoming
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.

Table 25.1 : Surface Water Temperature of the Oceans (in 0°C)

N. Hemisphere

N. Hemisphere N. Hemisphere

Latitudes

70-60 5.60 2
60-50 5.74 8.66 -
50-40 9.99 13.16 -
40-30 18.62 20.40 -
30-20 23.38 24.16 26.14
20-10 26.42 25.81 2050
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
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30-40 16.98
40-50 11.16
50-60 5.00

60-70 -1.30

S. Hemisphere

N e ——————

S. Hemisphere
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16.90 17.00
8.68 8.67
.76 1.63
-1.30 -1.50

S. Hemisphere

25.2 VERTICAL DISTRIBUTION OF
TEMPERATURE

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. Conse-
quently, the temperature decreases from the ocean
surface with increasing depth but the rate of de-
crease of temperature 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 temperature is slowed down.

Depth in fathoms Temperature (0°F)

From this stand point the occans are vertically
divided into two zones. (1) Photic Or euphotic zone
represents the upper surface upto the depth of 200m
and receives solar radiation. (2) Aphoticzoneextends
from 200m depth to the bottom and does not receive
solar rays. The following are the salient features of
vertical distribution of temperature of ocean water.

>  Though the sea temperature decreases with
increasing depth but the rate of decrease of
temperature is not uniform. The change in sea
temperature below the depth of 2000m is
negligible. The following trend of decrease
.n temperature with increase in depth has

been reported by Murray during his Chal-
lenger Expedition.

Depth (fathoms)

Temperature (0°F)
100 60.7 1,000 36.5
200 50.1 1,500 35.5
500 45.1 2,200 35.2

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

The rate of decrease of temperature with
increasing depth from equator towards the
poles is not uniform. Though the surface
temperature of the seas decreases from equa-
tor towards the poles but the temperature at
the ocean bottoms is uniform from the equa-
tor towards the pole, which means that the
rate of decrease of temperature with increas-

ing depth is more rapid near the equator than
towards the poles. The result of German Ant-
arctic Expedition in 1911 revealed that the
temperature at the depth of 100m at 7.30°N
latitude equalled the surface temperature at
40°N latitude. Similarly, the temperature at
200m depth at 7.30%N latitude equalled the
temperature of sea surface at S0°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.

Table 25.3 : Comparison of Temperature at Sea Surface and Different Depths

Latitudes (N) 0-10 10-20  20-30 30-40  40-50  50-6060-70 RN
Surface Temperature (0°C) 26.88  25.60  23.90  20.30 12.94  8.94 4.26
Depth at 7.30°N (metres) 0 100 200 400 800 1000 — 4
Temperature (QC) 26.86 18.57 10.71 7.70 5.13 481 —

. o s RS
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>  The areas from where seq syr
driven away by offshore winds resulting into
upwelling of water from below recorg low
[empcruturF dt seasurface and thus the rate of
decrease of temperature with Increasine depth
hcg(mmes low. Contrary to this the areus;\vhere
there 1s pilling of sea water because of on-
shore winds, record relatively high tempera-
ture at sea surface and thus the rate of de-

crease of temperature with increasing depth
becomes rapid. i

face water is

> Insomeareashightemperature is recorded at
greater depths e.g. in Sargasso Sea, Red Sea,

Mediterranean Sea, Sulu Sea etc. The Medi-

terranean Sea records 24 .49C at the depth of

1.829m whereas the Indian Ocean has only

1.1"C temperature at the same depth. Such

anomalous conditions are noticed in the en-

closed seas of low latitudes. The enclosed
seas of high lautudes register inversion of
temperature r.e. the temperature of sea sur-
face 1s lower than the temperature below.

> There is clear-cut leyered thermal structure
of ocean water. Vertically the oceans are
divided into 3 layers from the stand point of
thermal conditions of seawater, in the lower
and middle latitudes as follows :

(1) The upper layer represents the top-layer
of warm water mass with a thickness of
500 meters with average temperature
ranging between 20°C to 25°C. This
lighter ocean water mass floats over the
thickest heavy water mass of the oceans
extending upto the ocean bottoms. This
layeris present within the tropics through-
out the year but it develops in middle
latitudes only during summer season.,

(2) The lower layer extends beyond 1000m
depth upto the ocean bottoms. This layer
is very cold and represents denser ocean
water mass,

(3) The upperand lower ocean water masses
are separated by a transitional zone of
rapid change of temperature with in-
creasing depth. This zone of ocean water
mass is called thermocline which extends
between 300m-1000m depth.

Besides, there are seasonal thermoclines be-
tween the depth of 40m and 100m.

These seasonal thermoclines are formed due
to heating of water surface through solar radiation
during summer season. There are also diurnal
thermoclines which form in shallow water depth
usually less than 10-15m. The polar seas have only
one layer of cold water mass from the ocean surface
(sea level) to the deep ocean tloor.

25.3 DENSITY OF OCEANS

Meaning and Significance

Density refers to the amount of mass per unit
volume of substance. It is usually measured in gram
(amount of mass) per cubic centimeter of volume
and is expressed g/cm?. The density of pure (dis-
tilled) wateris 1.00 g/cm? at the temperature of 4°C.
The density of pure water is taken as standard for the
measurement of density of other substances. Since
the scawater carries a few dissolved substances such
as saltin it, its density is slightly higher than that of
pure water. In fact, the average density of seawater
is 1.0278g/cm® (1.02677 g/cm’) which is 2 to 3
percent higher than the density of pure water (1.00g/
cm?) at 4°C temperature. The density of seawater
gradually increases with decreasing temperature
and highest density is recorded at the temperature
of-1.3°C.

It may be mentioned that it becomes cumber-
some and unpracticable to use density value upto 5
decimal points and hence sigma t (ot) value is
derived to simplity the density value as follows :

1.O2677¢/ em?
10000 g / em?

= 1.02677

Thus, the units (g/cm’) have been removed.
Inordertoderive ot(sigmavalue) first 1 is substracted
from 1.02677 and then the derived value is multi-
plied by 1000 as follows :

ot =(1.02677 - 1) x 1000

=26.77

The density is very important physical prop-
erty of seawater because it determines the dynamics
of ocean water i.e. whether the seawater will sink
(subsidence and hence downward vertical move-
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ment of seawater), or will float (expansion and
hence horizontal movement) depends upon its den-
sity. As per rule, relatively lighter seawater (less
dense seawater) floats and moves horizontally,
whereas heavier seawater (more dense water) sinks
(downward movement). This is the reason that a
person floats over seawater having high salinity
because salinity increases density of seawater.

Controlling Factors of Density of Seawater

The density of seawater is related to the fol-
lowing 3 factors in one way or the other :

> temperature — thermal expansion

> pressure — compressive effects

> salinity — addition of dissolved substances

(1) Temperature is the most significant con-

trolling factor of density of seawater. Temperature
and density of seawater are, on an average, inversely
related i.e. higher the temperature, lower the den-
sity, and lower the temperature, higher the density.
In fact, seawater is heated through insolation when
more insolation is received on the sea surface and
hence seawater expands. This phenomenon is called
thermal expansion due to insolational heating result-
ing into low density. On the other hand, low tem-
perature causes cooling of seawater and hence ther-
mal contractionresulting into decrease in volume and
increase in density of seawater.

Thus, warm water having large volume but
low density easily floats on cold seawater of less
volume and relatively more density. It is significant
to point out that the role of temperature in control-
ling seawater density is more pronounced in low
latitudes areas (tropical and subtropical oceans),
whereas the importance of temperature in control-
ling seawater density decreases poleward. *Thus, a
change in temperature of warm, low-latitude water
has about three times the effect on density of an
ec_]ual change in temperature occurring in colder,
high latitude waters’ (Thurman and Trujillo, 1999).

[tis also important to note that temperature of
seawater below freezing point cannot increase
seawater density because at O”C_ temperature water
starts freezing with the formation of ice erystalls
which do not allow the water molecules to come
closer and coalesce rather they are kcpt. apart and
hence few water molecules are present in per unit
volume (one cubic centimeter) of seu‘w:'iter. Thus,
the seawater becomes less dense. This is why ice
floats in water. It is thus apparent that cooling effect
on increase in the seawater density continues upto
49C temperature only. Since there is less variation in
temperature of seawater in polar areas, and hence
the role of temperature as controlling factor of
seawater density is minimised.

(2) Salinity is directly positively related to
seawater density i.e. on an average, seawater density
increases with increasing salinity and decreases
with decrease in salinity. This is because of the fact
that dissolved salt in the seawater becomes more
dense than pure water. It is also important to note
that salinity factor is sometimes offset by tempera-
ture factor. Similarly, sometimes temperature factor
is suppressed by salinity variable. As already de-
scribed that the density of pure water is 1.00g/cm?
whereas density of seawater of 4°C temperature and
carrying 35%e salinity is 1.028 g/cm?. This is why
fresh water floats over saline water. It may also
happen that water with high salinity may lie over
less saline water, if the temperature of high saline
water is much higher than the temperature of un-
derlying cold less salty water. This is the reason
that in some areas of tropical oceans and seas high
salinity warm water mas overlies low salinity cold
water mass. This is because of the fact that greater
evaporation of surface water of the oceans and seas
in tropical areas increases seawater salinity. Thus
such unique situation of high salinity seawater

above and low salinity water below is caused due
to evaporation factor.

Table 25.4 : Relationship between temperature and density of ocean water

Temperature i
0 10
) 20 25 30
Densi vm3
ensity (g/um?) 1.0281 1.0270 1.0248 1.0234 1.0217
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(3) Pressure is direcy]
ocean water density throy
seawater density increases
and decreases with decrease in Pressure of seawater
It may be mentioned that unlike ajy seawater (cvcnl
water) is not much compressible, rather ‘it is nearly
incompressible’, and hence it exerts negligible con-
trol over seawater density. Thus, pressure is consid-
ered as minor factor of seawater density. The effect
of pressure of thick water mass op density may be
observedonly indeep seamainlyin deepseatrenches
but here too the density of seawater at the bottom 01;

trenches is only 5 percent higher than that of the seq
surface area.

Y positively related 1o
g}! ItS compressive effects,
wnhlncreasing pressure,

Relationships Between Density, Temperature and
Salinity

As stated above, density of seawater and
temperature are inversely proportional i.e. if tem-
perature of seawater increases, its density decreases
and vice versa. It is apparent from fig. 25.7 that
temperature of seawater sharply declines from 200m
depth to 1000m depth in low latitudes areas (tropi-
cal and subtropical regions), and thereafter there is

<— Increasing density High 0 1'?,28 1'927 1'?26 1.025
Increasing temperature (°C) —» latitudes | S
0 4 8 12 16 20 24 ~ 300m
0 T T T T T T T—T1T SL S00¢ .
i ] : Pycnocline
laituces 30m 100
Thermocline f\
: Low
1000[_ 15001 latitudes
! Low
i = 2000}
1500 latitudes E
5
~ S 2500F
é 2000 r 8
g_ 2500 3000r AandB
a}
3500F
3000+
. AandB
L /
35001 4000 /
4000+
— Fig. 25.8 : Variation of seawater density with increasing

Fig.25.7:  Variations of Seawater temperature with in-
creasing depth in low and high latitudes areas.
Based on Thurman and Trujillo, 1999.

no variation in seawater temperature with increas-
ing depth (curve A in fig. 25.7). On the other hand,
there is no change in seawater temperature with
increasing depth in high latitudes areas (polar re-
gions, curve B in fig. 25.7). The zone of sharp
change of seawater temperature (decrease in tem-
perature with increasing depth upto 1000m) be-
tween 200m and 1000m is called thermocline.

Contrary to seawater temperature, the density
of seawater increases sharply with increasing depth
between 200m and 1000m in low latitudes areas
(curve A in fig. 25.8) but in high latitudes areas
(polar regions) there is no change in seawater den-
sity (fig. 25.8) as is revealed by curve B. This zone
of 200m to 1000m depth characterized by sharp
change in density of seawater (increase in seawater
density with increasing depth) in tropical and sub-
tropical regions is called pycnocline (pycno means
density, cline means slope or gradient). It is evident

Increasing temperature —>
<— Increasing density (g/cm3)

depths in low (tropical and subtropical re-
gions) and in high latitudes (polar) regions.
Based on Thurman and Trujillo, 1999.
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from figs. 25.7 and 12 that the density of seawater
and temperature are inversely proportional in tropi-
cal and subtropical oceans. It means zones of
pycnocline and thermocline are confined to the
depth zone of 200m-1000m in tropical and subtropi-
cal oceans (figs. 25,7 and 25.8).

The coincidence of thermocline and
pycnocline in the same depth zones denoting very
close relationship between seawater density and
temperature is clearly seen in fig. 25.9 wherein the
same curve (A) denotes decrease in seawater tem-
perature and increase in ocean water density with
increasing depth from 200m to 1000m depth.

Salinity decreases with increasing depth be-
tween the depth zone of 200m-1000m in the
low latitudes regions whereas it increases with

Density (g/cm3)
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| | | |
Temperature (°C)
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Fig. 25.9:  Nustration of the close relationship berween

Seawater temperature and density. Based on
Thurman and Trujillo, 1999,

Thermocline

Pycnocline

PHYSICAL GEOGRAPYy
—

. creasing depth in high latitudes areas. Thuyg the
depth zone of 200 m-1000 m of the oceans denotes
sharp change in ocean salmllly - decr_ease In salip.
ity with increase in depth in the tropical and syp.
tropical regions. This zoneof sharp dc::c_hne of seawater
salinity is called halocline (sharp salinity gradien), |f
we compare figs. 25.7, 8, 9 and 25.10 it becomes
evident that salinity factor has ll.ltle control oyer
seawater density atleastin the tropical and subtrop;.
cal oceans whereas seawater temperature emerges
as the most potent factor of seawater density,

4__——-—-—-——'-—_

Density Stratification of Oceans

It is evident from the above discussion that
there are 3 layered structures i.e. 3 strata of seawater
columns from sea surface to the ocean bottoms ag

follows:
> surface layer of lowest density,

> pycnocline layer of sharp density gradient,
and

> deep or bottom layer of highest but uniform
density.

(1) Surface layer represents the thin topmost
layer of the oceans ranging in thickness of 100 to
200m. This layer is also called as photic zone which
is directly penetrated by solar radiation and hence it
is illuminated layer. This surface layer carries 2
percent of total volume of ocean water. Because of
thermal expansion of seawater due to direct
insolational heating density becomes minimum in
this layer in the tropical oceans but due to more
evaporation in the subtropical oceans, density be-
comes a bit higher than the low latitude areas be-
cause of increased salinity consequent upon more
evaporation. Since this layer is subjected to tempo-
ral variations (diurnal, seasonal and annual) in the
temperature and salinity of seawater due to its (of
surface layer) direct contact with the atmosphere
and hence density in this zone is also liable to
temporal variations. This zone is very significant for
marine plants (phytoplanktons) because this is the
only zone where there is photosynthesis, through
which phytoplanktons prepare their food and be-
come source of food energy to zooplanktons. Ex-
trem_ely low temperature due to least insolational
heating of sea surface water in the polar regions
cause higher density than in the tropical and

=
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Fig.25.10: Relationships between ocean depth,

seawater salinity and seawater density, and
halocline. Modified from Thurman and

Trujillo, 1999,

subtropical regions, with the result dense water
sinks in the polar oceans. This is why there is no
sharp density gradient in polar oceans and hence
there is absence of pycnocline.

(2) Pycnocline layer represents a transition zone
of rapidly changing seawater density between low
density upper surface (sea surface) water layer (wa-
'er mass) ang high density deep seawater below. In
fact Pycnocline consists of two words, namely
Zf;""’ which means density, and cline, which means

et‘\’:eof gradient. The pycnocline layer is found
alreaden 300m-1009m depth of ocean water. As
eat [g Stated pycnoline, thermocline (thermo, means
ent,’stemperat“(e- and cline, means slope or gradi-
Seawateigl gradient of change of temperature of
salinjy » and halocline (sharp increase in salinity,

¥ gradient) occupy almost the same depth
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zones of 300m-1000m. Pycnoline layeris character-
1zedby sharpincrease in seawater density, thermocline
layer denotes sharp decrease in seawater tempera-
ture, and halocline indicates sharp increase in salin-
ity with increasing depth between 300m-1000m in
the tropical and subtropical oceans (figs. 25.7, 8, 9
and 10),

The Pycnocline layer carries 18 percent of
total volume of ocean water. It is interesting to note
that the pycnocline layer coincides with the
thermocline layer of the ocean water mass in the
tropical and subtropical oceans whereas it coincides
with the halocline in the middle latitudes. The
pycnocline layer having high degree of gravita-
tional stability stops vertical mixing of ocean water
masses lying above and below it. It is significant to
note there is absence of pycnocline and thermocline
in the polar areas of the oceans because of least
insolational heating of sea surface due to receipt of
minimum amount of insolation. In fact, temperature
of the surface layer remains very low throughout the
year, and hence thermocline and pycnocline are not
developed.

(3) Deep layer represents high density water
mass which extends from 1000m depth to the ocean
floor, and carries 80 percent of total volume of the
ocean water. Extremely low temperature in the polar
areas is responsible of contraction of water and
hence increase in seawater density. This leads to
sinking of high density water mass of polar regions
and causes still high density of deep water mass. The
sinking of high density seawater in high latitudes
causes undersea flow of water towards low latitudes
(tropical areas). Thus, the high density surface water
reaches deep water masses in the tropical regions.

25.4 IMPORTANT DEFINITIONS

Absorption, refers to the retaining of a portion of
incident energy (radiation) by a substance
and its conversion into heat energy (sensi-
ble heat).

Aphoticzone, represents non-illuminated portion
of the oceans extending between 200m depth
to the ocean floor.

Density, refers to the amount of mass per uqit
volume of substance, usually measured in
gram per cubic centimeter (g/cm?).
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