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Water (OcEANS)

This noit deals with

¢ Hvdrological Cvele

+ Oceangs — submaripe relief, distobution of temperature and
salinity, movements of oecan water-waves, Hdes and currents




WaTER (OCEANS)

an we think of life without water? Itis
said thar the water is life. Water is an
essenhsl composent of all iife forms that
exist over the surface of the sarth. The creaturss
oz the carth are Incley that it {= 3 water planet.
aotherwisewe all vould heve no sxstence. Wates
Isa r=re commnodity in our SolaT system, There
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solor svstem. The=arth, fortunstely has an
dbundant supply of water on its surface. Henice,
our planet iz called the Biie Planet.
Hyprovosicar Cycre

Waissis a oyvelic re=soures: It can beru=sad'and
re-used. Water also tmdergess a'cyele o
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the arean to iznd and land te aefan. The
byvdmolegicsl oyele-deseribes the movement of
wzter on. In and fBevethe sarth. Thewater
cycle Bas been working for billions- of y=ars:
and g11 the life ori esrth depends'on it Next to
zir, water is the most impeartant slement
reguired forthe oxistenece oflife ag-2arth. The
distridunton ol wateron earth isgnite vnneven.
Manyv Iocation="have olenty of water while
others bBave very Hmited gusntity. The
rdrajegie=] cyele is the eircuiation of water
within the garth’s hydrosphsre in different
formis i=. the liguid, solid and the gasecus
shases: It -alse r=iers te ths comtinuous
exchzngde of water between the ocesans,
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Figure 12,1 - Hydrolngical Cyole
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Tsblc 12.] ;: Components:- and Frocosses

of the Water Cyele
Eormpm et Froomsscs
iFEcran= Ersprt=anspiaation
FEEber i thie Condes==tin
Vot stm=scin St el
for 3od snorer i simsames
SanfEre ot Lrresmn fiow Se=hv=ter
=m=gr inhitr=remsn
Crmureier=try strrsge Gromrsteety
discharee springs

atmosphcre, landsurisce and subsurface and
the crganisms.

Azt 71 ner eent of the plansetary water
Is found in the soeans. The ematmng s held
25 freshwrster (s glaciers and loeeaps,
groundivater sources, lakes, soll moistise,
aftmosphere. streams and within life. Neaxiv
o8 pexr ce=t of the walss that Els o 3Iand
returss to the atmosphere through

evaporation Fom over the aceans as-w=llas

from ctherplices. The remairder ranscifon
e swefaee, efllizates it the ground esa piast
oi It becomes glakiéer

It is to be noted that thes renevable sater
oz the arth is coostent widle the demand is
Inecreasing temendonshy. Thhs lesds tow=mter
crisisin different parts of the world —Sspatially
and temperalls, The pollstion of river saters
has-furiher adfravatzd the cisfs: How éam
vou itervene In Tnmoving thesaterguality
and sugmenting the dvailable gquanhbty of
vwaier?

Rerier or 7 Oceay Floon

The ocezns afe cornfimed to the gre=st
depressions of the earth's cuter layer; In this
section. we shall see the oatire of the obeen
Basins of the éarth 554 their topograpiis. The
peeans: unlikesthe contineEnts, mergs 50
natorally mto tme soother that © 5 hard to
derssncate then. The gee@raphars Havre divaded
the oceanic part of the earth imto five Geeans,
namely the Pacifie, the Atlentic, the Infdian,
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Southern gcean snd the-Aretic. The various
sezs, bays, gulfs and other inlets are parts of
these four large oceans.

A major portion of the ocean flooris found
hetween 3-6 km below the sea level. The land’
under the waters of the orezns, that is, the
ocean. floor exhibits complex and vartjed
features as those observed over the land
[Figure 12 Z). The Boors of the oceans are
rudged with the world's lovges: moontain
ranges, degpest trenches amd the Jargest plans:
These featires are {ormed, like those of the
continents, by the factors of tectonic.volcanic
and depositional processes

Bivisions of the Ocean Floars

The oeeen floors can be divided inte four
mzjor divisions; (i] the Continenta! Shelf L}
thes Continents! Slope; (i) the Deep Sez FPlaimn:
v} the Oeeanic Deeps. Besides. these divisions
there are glsomajor and minor selefl feabures
in the ocean floors like Tidges. hills. ssa
moumnts, guysds Enches. canyons. €5

ContinentslShelf

The continental shelf is the extended meargin
of =sach continent ocoupied Dy relatively
shallow seas and gulfs. it is the shallowest
part of the peesn showing an averadge gradient
af 1 or even less: The sbelf fypically eads. st
= very steep siope. called the shelf break.

The width of the comtinental shelves vary
from one ocean to esother. The avergde widih
of continental shelves is sbout 20 km: The
shelhves are slmost absent or very mamow along
some of the margms like the coasts of Chile:
the west cogst of Sumatta . =te. O the tontrary,
th= Siberien shel in the ArscvHe Ocean, the
largest in the world, shetehes4e' 1,500 km in
width. The depth of the shelves sizo varies: It
may be == shallow 35 30 m in 3ome aress
while In seme areas it 1s as deep as 00 m.

Thecontmental shelrex are coversd =iath
variable thdcknesses of sedimernsts Brought
down by rivers. glbdciers, wind, fom the laad
and distributed by waves and currents.
Mzssive sedimentany depositseceivet over &
long time by the continenta] shelves, become
th= spures of =il hisls.
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Figure 1202 : Relief features of ore=n ficors

Continenta] Slope

The continental sinps connects the continental
shelf anrd the orran Desms. ifbegins where the
bottom of the continental sheif shaiply drops
off into a steep slope. The gradient of the slope
region varirs between 2-5 . The depth of the
siope region varies between 200 and 3,000 m.
The slope boundary indicates the end of the
oontinents. Canyunsand trenches are ghasrved
in this region

Deep Ses Plsin

Deep se= plains-are gently sloping areas of the
geedn basins, Thesesate the Hettest and
smocthest regions of 'the world. The depths

FENDAMENTALS 0F PEYTSICAL GREOCQLDHET

vary between 3,000 a=d 6. 0000, These plains
ars covered with fine-grained sediments like
clay and sili

Oceamic Dieeps or Trenches

These areas z1e ths despest parts of the
ocsans. The enches are telatively sieep sided,
nanow basns. They are some 3-5 koo desper
than the surrcunding ocean foor. They cocur
at the beses of continentsl siopes and alonyg
island ares znd are assoristed with active
valcances and strang sarthquakes: That is
why they are very sigoificant in the study of
plate movements. As many 25 57 deeps have
been exploted so far; of which 32 sr= m the
Pacific Oesar; 19 i the Atlantic Ogeanand 6
mn the Indian Ooean

Minor Relief Features

Aot bom the ‘aborésomerntioned major relief
festures of the oczan flocr, Some minor but
signitncant EShires predominsts n different
paris of th= sceans,

Mid-Qcearmic Kidges

A mvid-orsanic Tidge is composed of two chains
of mounteins ssparated by 2 large depression.
The mountzin rangescan have peal=sas khigh
a= 2 500 m and some sven reach ashovesthe
ofean’s ‘surface. Ieeland, s part of the md-
Atlatiic Hidde, is 80 exmmmple.

Sesmonnt

It is-a mountain with peinted suaninits. Ssing
from the seaflioor that does not reach the surface:
of the ceedn Seamountsars voleanic in origin,
These éan be 3,000-32. 500 m tail. The Emperor

s sEammint, 80 extension of the Hawaiian [siand=

In the Pacific Ocean, |52 good example.

Submerine Canyons

These giedesp valleys, Some comparahle o
the Grand Canvon of the Colorsta river. They
are sometimes found cutting acrra=ss the
contnental shelves and slopes, gftenextending
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from the mouths of Iarge rivers. The Hudson
Canyon is the best known submarine canyon
inn the worid.

Guypis

it 15 = Hat toppec seamount. Thev show
svidences of gradus! subsidence through
stages to become fiat topped submerged
mountzins: It 15 estimated that more than

10.000 seamounts and guyots exist in the
Pacific Oce=n alone,

Atail

These are low islands found in the tropical
oceans consisting of comml reefs sumonnding
= central depression. It may be = part of the.
sea {lagoon!, or sometimes foon snclesing a
body of fresh, brackish, grhighly saline yater

TemreRaTURE OF OCEARN WaATERS

This section dealswith the spatisl and veriirgl
variations of temperaturs in vadous ocsans,
Okrean waters get heated nphy the solar emergy
Just s land. The process of hestind and eopling
of the oceanic water is slower then land:

Factors Affecting Temperature Distribution

The factnrs whicrh affert the distribotion: of
t=mperatire of ooean Waler St

il Latitnde: the tempaatre of surfcs vatsr
decreases from the squator towerds the
poles because the amount of insaistion
derreasss puoleward.

() Unegusl distobotion of Jznd and watsr:
the oceans i the northern hemisphere
receive more heai due o their contact
writh lsrger extent of land than the coeans
in the southemy bernisphere,

fifil Preveiling wind: the winds blowing from
the land toww=ards the ocsans dive warnm
surface water @wsayv form the coast
resuitine in the upwelling of cold water
from below. Eresnii= inis the longitndins!
warfation i the tempershare, Contrary to
this, the onshore winds pile up warm
water near the cosst and this r=ises the
IS pDET=IinTe.
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fivl] Ccean cuprents @ wanm ocs=n curr=nts
rzise the temnesatitce in cold press while
the coild cuorrents dscrease the
ternperature Io warin ocezn areas. Gulfl
stream fwarmm currenfl raises the
ternperasture near the -sasters cosst of
Nortix Americe and the West Cosst of
Europe-while the Isbrador current [ooid
ounrent) lowers the tempesature mear the
north-sast coast of Norfh- America:

Al these factors influence the temperatore
of the oeesncurrents iocally, The enclosed =egs
in the iow latitndes record Teistively higher
temperature than the open seas: whereas the
enclosed seas in the high fatitudes have lowsr
texnperature than the open seas.

Horizontal and Vertical Distribution
of Temperature:

The temperature-depth profile or the oosan
waiter shows how the lemperdtnre decoeases
with the increasing depth. The piofilé shows &
boundary region between the surface waters
of the ocean and the deeper lavers. The
boundary usiially begms amund 100 - 20 m
below the sed siirface and externds seves:l
hundied of metres dowmasd ([Flgurs 12 33,
This boundsry region. fioin wheretheres 5 &
rapid deerezse of tempezatiire; i5 called the
thesmorline: About B0 per cent of the toial
wolume of water is found below the thermocline
In the deep ocear. In this rone, Eemperahares
appivach 0 C,

Thetemperaitre structase of ocssns trer
middle and low latitides can be deseribed as
siltmes-laver system fom surlece tothe bottmm

The firs? Eyer sepresents tiie top Imyer of
warm occarpc vater-and it Is about S00m
Hrxicekswith temperatizes ranging between 20
anid 25 C. This layer, witdlin the Bopicdl
reginn, IS present thmmighont theye=7 bulin
mid Iatitodes it develops only during summer,

The sfrond ver called the thermocline:
e liesbelow the st Eserand is charscisrised
by rapid decesse I temperahme with nctreasing
depth The thermoclins |5 500 -1 000m thick.

The thid lsver Is vy oold and ectends
upto the deep coezn Hoor In the Srctic and
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Figurs 13 3 - Thermaeline

Antarhc cucks, the suriscs waler tenperalanes
areclose to D C and so the temperatmmechangs
with the de=pth is very slight Here, only one
laver of cold walter exists, winich sxtends from
surface o decp ocean flson

The averagst emperature of surface watsr
of the oceans is about 27 C and it gradusily.
desgreasss rom the Eq‘uamr towards the
poles. The rete of decrease of temperaturs
with increasing latituds = gensrally 0,5 C
per latitude, The average =mperature is
around 22 € at 20 atitudes, 14 C at 4D
latitudes and 0 C n=ar polss. The cceans
in the northern hemisphere record relatively
higher temperature than in the scuthemn
hﬂmz_-.iphm The highest temperature is not
recorded at the squator but alightly towards
north of it, The averags annual
temperatures for the northern and southemn
hemisphers are arcund 19 C and 16 C
respectively, This variation is due o the
unsgusl distribution of land and water in
the northern snd ssuthern hemisphees,

FENDAMENTALS 0F PEYTSICAL GREOCQLDHET
Fipiurs 12 4 shows the spatis! pattesz of
surface temperature of the oceans.

Itis g well known fact that the maomom
tempesrsture of the opeans i5 always at ther
surfaces because they disectlv teceive the hent
from the s1m and the heat is fansmitted to
the lower sectinns of the peeans through the
proreEss GfEI}E‘E"EUJEEL ItrEEults tratey ﬂEﬂ‘EﬂEE:
the r=ie of ﬂEl:"‘EErE is mot ..:I.B.LfEII':I:I:L
throughout. The temperature falls very
rapidly up to the depth of 200 m and
thereafi=r. the rate of decr=ase of temperature
is sipwed dowm.

Saurty oF OcEany WaTERS

All waters in nature. whether mmin water or
ocean water: contain disselved mineral saits.
Salinmity is the tezm-used ts define the total
content of dissolved salis in sea water
(Table 12 4}, Itis calcnlated as the amount of
sait {m gm) dissoived in 1,000 gm (! k7| of
seawater, it Isusnally expressed as parts-per
thoussnd {';'m} arppt. Salimity is animportEnt
goperty of seasrater. Sahimity of 21.7°/__has
been com=ldered as the upper limit to
demareste “hreckish water

Fectars affecting ocean salimity are

m=ntioned below:

lll Thesshinity of waterin the surface layer
of ocsans ‘depend malanly on
svaporaiion and predpitation.

(il Surface salinity is greatlv influenced in
coastal regions by the fresh water flow
from rivers, and in poiar regions by the
processes of freering and thawing of

ice.,

{1 Wind; slsoinfluenices salinity of anisrea
by transfermng water to other areas.

=) The ocean oigrents cootribute to the
salinity vanations Salmity, temperature
and density of water are mterrelated,
Henre, any change in the tempessture or
dEuE;:t".nﬂummﬁ the salinity af water in
a5 SrEa.

Highest salmity in water bodiss
Laks Von in 1'1:.rl|:=-wr [@30=f_).
Dead S&a [2385%/ ).

Great Salt Lake {2207/ )

LA e
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Horizontar DISTRIBUTION OF Sarivioy

The salinity for normal agen desgan ranges
berween 335/  =nd 37 #f . In the land
locked Red Sea. it is &s high=s 41%/__ while
in the estimries-and the Arctic, the salimty
Puctmates from 0- 353 %/ _ . sedsonally. In hot
and div regions, where sevaporation is high,
thie salinity sometimss reaches 8 70 7 2 -

= mminly dus o is shape snd lerger areal
extent, Salinity derreases e 33 %7 - 315/
on thewest=n mﬂfﬁémm@hﬂﬁ
be=ise of the Infivx of melted watsr om the
Arctic reginn.  In'the same way, affer 15 -20

south, it decreases o 335/,

The averade salinitv of the Atlanbic
Ceean iz arcund 36 °/ The highest zalimiby
is regorded between 15 and 20 latstudes.
Mavimum salinity {37 ¢/_) 15 observed
between 20 N and 30 N and 20 W-=560 W.
It graduslly decreases towards the north.

The North Sea. in spite of its location in
higher latitudes, records highsr salinity due
to more saline water brought by the North
Atlantic Drift Baltic Sea recorés low sslimity
due to influx of river waters in large
guantity, The Mediterranean Sea records
higher sazlinity due to high evaporation.
Sslimity 15, however. very low in Black Ses
dne to enormoens esh water influx by rivers.
See the stlas to find out the rivers joiming
Black Sea.

Tie sverage salimity of the Indian Ccean
is 35 %/ The low salimity trend is cobserved
in the Sav of Bengal due to mflux of river
water, On the contrary. the Arabian Sea shows
higher salimity due to ngh evaporation and
low influx of fresh water. Figure 12.5 shows the
zalinity of the World's oceans

Vertical Distribution of Salinity

Ealinity: changes with depth, but the way it
changes depends upon the location of the
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Figurel2: s - Surfare s=lingty of the World's Oeeane

sea Salimity-at the surface increases by the
loss of water to ice or evsporation. or
decreased by the input of fresh waters such
a=s from the rivers. Salinity at depth s very
much fixed, because there s mo way that

watzris lest | arths salt i= ‘=sdd=d. Th=reis

= merk=d difference in the salinity betwesn
the surfare rones and the deep zones ofthe
oceans. [he lower salinity water rests-abore

the higher salinity denss water. Salinity,
generally, increases with depth and thereisa
distnct zome cslled the ‘Azlochne, where
salimity increases sharply, Otherfactors being
constant increasing salinity of seawater
cairses its density to increase. High salinity
seawater, generally, sink=-below the lower

s=alirity water: This leads to stratification B
‘salintty,

__ EXERLCISES

L Muidple‘chelce gquestdons

i Tdesmify the slemnent whicly is noc & part:of the hydrologics] orle

2} Evaporstian

! Frecipitation

b} Hedrsrion (d] Condenesticn

1) The sverage-depth of contnsntzl slbpe vares betwean
iz Z—20m [ I0-Z00mm
fb) 2002 O00m (dl Z,000—20.000m
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{th} ‘Which ane of the fallowing is not & minor relisf feanme in the oceans:

(v}

%

j2) SEamonnt (el Ceeante Tie=p
by Atall Id) Guyet

Salinity i3 expresssd as the amount of sali-in grams dis=alved in sea
WREIET par

Iz] 1G gm lch 100 gm

B) 1.000 gm (4} 10.000 gm
Which one of che nllowing 1s the smallgst ocean;
Iz} Imdtan Ocean (c} Atlantic Ocean
b} Arctic Ocsan id] Pacific Ocsan

2. Arnswer the following guestdons in zhout 20 wards.

1]

Why da we czll the s=rih 2 Bins Plans?

(1) “Whar &= 3 continenzal margin?
i) Liss gur the despest 'I'_IT:ILET_]..E'.S of varlsws oceasns
{iv) What 15 2 thermsciine?
¥ “When you move inte the otsan what tharmal Iavers would you sncounmar?
Why the semparetire vefies with depth?
fril What {5 salinity of 523 waer? |
3  Answer = fliowing questispe n abwe 150 words
it} How are varons slements of the hydrolagiedl eyele nterrelated®
(14} Esamine the factere that Inflitence the semperativre dieribitibn of the
STeRns;
Froject Waork
it}  Consult the atiss and shew doean feor reficf on the guiline of the world
map.
it Tdenttfy the sreas.of mid eceanic ridges from the Indlan Ocean
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