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LECTURE 6 and 7 — OCEANOGRAPHY

» Oceanography is the scientific study of the world's oceans, encompassing submarine relief,
physical and chemical properties, and marine biodiversity.

» The oceans form a single, vast body of water, covering approximately 71% of the Earth's
surface and playing a critical role in regulating global climate, weather patterns, and water
balance.

CLASSIFICATION OF MAJOR OCEANS
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Pacific Ocean i ocean OCEANIA
e Largest ocean, covering more
area than all continents
combined.
¢ Contains the deepest trench,
the Mariana Trench.
® The Pacific Plate is the

Earth's largest tectonic plate AETARCTICA

Southern Ocean Indian Ocean
* Fourth-largest ocean, also known as the ® Third-largest ocean, named after India due to its
Antarctic Ocean. historical trade significance.
e Formed when South America separated ® The opening of the Indian Ocean began 156
from Antarctica, creating the Drake million years ago when Africa separated from
Passage. East Gondwana

MARGINAL SEAS

» A marginal seais a partially enclosed body of water, located near a landmass, often bordered
by islands, peninsulas, or archipelagos. These seas are distinct from open oceans due to their

shallower depths and greater exposure to land-based influences such as climate, river runoff,
and human activities.
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MARGINAL SEASDIFFER FROM OPEN OCEANS IN THE FOLLOWING WAYS:

Proximity to Land: Closer to coastlines, influenced by river runoff and human activities
Depth: Generally shallower than open oceans

Water Circulation: Influenced by freshwater inflow, evaporation, and salinity variations
Ecological Sensitivity: More vulnerable to pollution, climate change, and overfishing

BIOMASS PRODUCTION AND PRIMARY PRODUCTIVITY

Primary productivity in marginal seas is driven by sunlight availability, dissolved
nutrients (nitrates, phosphates), and water mixing.

Highest productivity: Found in coastal upwelling regions where nutrient-rich deep
waters rise.

Intermediate productivity: Occurs in marginal seas.

Lowest productivity: Found in open ocean waters due to nutrient scarcity.

BAYS, GULFS, AND STRAITS

1.A bay is a water body surrounded by 1.A gulf is a larger water body, often 1.Straits are narrow water channels
land on three sides, with an open with a narrow opening, that is that connect two larger water
connection to a larger water body. surrounded by land. bodies.

a.Examples: Bay of Bengal, Hudson a.Examples: Gulf of Mexico, Persian a.Examples: Strait of Gibraltar,
Bay, New York Bay Gulf, Gulf of California Strait of Hormuz, Bosporus
b.Importance: Ports, fisheries, and b.Importance: The Persian Gulf is Strait
estuarine ecosystems thrive in bay vital for global energy trade due to b.Strategic Significance: Choke
regions its oil reserves. points controlling oil shipments.,
key maritime routes.
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e An isthmus is a narrow strip of land connecting two
larger landmasses, often separating two water bodies.
¢ Examples:
o Isthmus of Panama: Connects North and South
America, hosting the Panama Canal.
o Isthmus of Suez: Connects Africa and Asia, hosting the
Suez Canal, a crucial global shipping route.

HYDROLOGICAL CYCLE m The hydrological cycle describes the

movement of water on, in, and
above the Earth.
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Ce~ - Table 12.1 : Components and Processes
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Figure 12.1 : Hydrological Cycle

WATER DISTRIBUTION ON EARTH

WATER DISTRIBUTION ON EARTH

Saline Atmospheric water
ground- Surface water / 0.22%
water "\ Freshwater r _~Biological water

and other
093% /\’ 25% freshwater \ 0.22%

Saline,/ 1.3% \ Rivers 0.46%

lakes | 'Swamps and
0.07% \  marshes

2.53% .
'soil moisture FOrms of Freshwater (in

352%  decreasing order of
proportion):

1.Snow caps, Icebergs, and
Glaciers (largest portion)

2.Groundwater

3.Freshwater Lakes

4. Atmosphere

5.Rivers (smallest portion of
freshwater)

Total global Freshwater Surface water and
water other freshwater

L4 L]
Total Water Composition
e Oceans and Seas (Saline Water): 97.5%
¢ Freshwater: 2.5% .
']
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OCEAN RELIEF FEATURES

" OCEAN
RELIEFS

Major Ocean Minor Ocean

Relicts Reliefs

Mid - Oceanic Ridges
The continental shelf, Seamount
The continental slope, Submarine Canyon
The continental rise, Guyots
The Deep Sea Plain Ridges
or the abyssal plain. Hills
Island arcs
Atolls
Coral reefs
Submerged volcanoes and
Sea-scarps

Gently sloping seaward extension of
continental plate.
Shelf typically ends at a very steep
slope, called the shelf break.
The continental shelves are covered with
. coastal P variable tlficknesses 'of sediments brought
submarine shoreline plain PP down by rivers, glaciers
canyon A Massive sedimentary deposits received
7 Y \ over a long time by the continental
shelves, become the source of fossil fuels
[Petroleum].
The shelf is formed mainly due to
© submergence of a part of a continent
o relative rise in sea level
© Sedimentary deposits brought down
by rivers
The average width - 70 - 80 km.
- Conti I The shelves are almost absent or very
: . ontimenta narrow along some of the margins like
* Flattest and B AN Continental the coasts ofgChHe, the west coa.gst of
smoothest gl ==/l Shelf .
- N ; Slope Sumatra, etc. [Ocean - Continent
Deep Sea g - 2 p Convergence and Ocean - Ocean
Plains ~ N\ ~37 Continental verg
¢ Depths vary Abyssal
between Plain
3,000 and

6,000 m.

Convergence].

continental shelf sharply drops off
into a steep slope.
s Steeper than Continental Shelves
¢ The depth of the slope region
varies between 200 and 3,000 m.
Continental slope boundary
indicates the end of the continents.

e They are potential sites for economic
minerals

f}{ise Begins wher2 the bottom of the « Richest fishing grounds;

* Continental slope gradually
loses its steepness with
depth and pave way for
Continental Rise
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Configuration of acean floors; modified from Thurman and Treijillo, 1999.

Features of the Ocean Floor

Sea-floor mountain
system formed
along the
Divergent Plate
Boundaries

An underwater
mountain
formed by
volcanic
activity.
Seamount does
not reach the
surface of the
ocean

Known as a Table
Mount, is an
isolated
underwater
volcanic mountain
with a flat top
more than 200 m
below the surface
of the sea.

Submarine Canyon

Steep-sided valley cut into
the seabed of the
continental slope,

sometimes extending well

onto the continental shelf

* Relatively steep sided,
narrow basins
(Depressions). These
areas are the deepest
parts of the oceans.
Tectonic origin and are
formed during ocean -
ocean convergence and
ocean continent
convergence.

Run parallel to the
bordering fold
mountains or the
island chains.

SALINITY OF OCEANS

> Salinity refers to the total concentration of - G e T L A AN R N )

dissolved salts in seawater.

» Itis measured in grams of salt per 1,000
grams (1 kg) of seawater and expressed
as parts per thousand (ppt).

» Water with a salinity level above 24.7 ppt
is classified as saline, whereas levels

below this threshold indicate brackish water.

Sodium chloride
Magnesium chloride
Magnesium sulfate
Calcium sulfate
Potassium sulfate

77.7
10.9
4.7
3.6
2.5
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Habitat distribution
for marine
organisms

Ocean T Density and
currents temperature
and é “~ regulation
circulation
Salinity influences

various oceanic
properties

Evaporation rates Thermal
and atmospheric expansion and

humidity ! compressibility

Absorption of
solar
radiation

FACTORS AFFECTING SALINITY

FACTORS EFFECTS ON SALINITY
Evaporation » Where the evaporation is greater, the salinity is higher, for

example, Mediterranean sea.
Freshwater Influx » Where the freshwater flow into the oceans Is greater, the

salinity is lower. Example — Mouths of Rivers or Melting of

Glaciers

Freezing of Ocean water leads to increase in Salinity

Temperature and Regions with high temperatures are also regions with high
Density salinity (Sub-Tropical Regions)

Ocean Currents Play role in the spatial distribution of dissolved salts in ocean

waters.

The warm currents near the equatorial region push away

the salts from the eastern margins of the oceans and

accumulate them near the western margins.

Gulf Stream in the North Atlantic Ocean increases the salinity

of ocean waters along the western margins of the Atlantic

Ocean.

Atmospheric Pressure Anti-cyclonic conditions with stable air and high

temperature increase salinity of the surface water ofoceans

Winds help is redistribution of salinity, as they drive away

saline waters to less saline areas resulting into decrease of

salinity in the former and increase in the latter

Precipitation Regions with higher levels of precipitation have lower levels

of salinity. (Equatorial Regions)

HORIZONTAL DISTRIBUTION OF SALINITY

» Onanaverage, salinity decreases from equator towards the poles.
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On the basis of latitudinal distribution of salinity four zones of oceanic salinity may be
identified

o Equatorial zones of relatively low salinity (due to excessive rainfall),

o Tropical zone of maximum salinity (due to low rainfall and high evaporation),

o Temperate zone of lowsalinity, and

o Sub-polar and polar zone of minimum salinity.
On an average, the northern and the southern hemispheres record average salinity of 35%o and
34%o respectively.

» The openocean generally has salinity levels between 33 and 37 ppt

» The Red Seahas a salinity of 41 ppt due to limited freshwater inflow and high
evaporation.
Landlocked water bodies in hot, arid regions can reach 70 ppt or more.
Estuaries and Polar Regions — Salinity fluctuates between 0 and 35 ppt,
depending on seasonal freshwater inflow from melting ice and river discharge.

VERTICAL DISTRIBUTION OF SALINITY

«— Decreasing density

Increasing salinity (%) —>
The highest salinity levels are M 34 35 36
0‘1 T SAL

37
generally found in the upper
layers of ocean water. 300/ \ )l

Salinity at the surface can { Halocline (Transition
increase due to evaporation and 500
ice formation or decrease due to : : Zone)

1000

freshwater influx from rivers and o A distinct transition layer,
precipitation. /a known as the halocline,
1500+ High Low separates the surface zone of
Iatitudes latitudes high salinity from the deeper
zone where salinity is lower.
High Latitudes This layer experiences a sharp
change in salinity with depth.
Salinity increases with depth
from about 300 meters to
1000 meters.
Beyond 1000 meters, salinity i
stabilizes and remains nearly Salinity decreases between
constant. 300 meters and 1000
meters due to the presence
of less dense, fresher water.
Similar to high latitudes,
salinity becomes relatively
uniform beyond 1000 meters.

g

Depth (m)

Low Latitudes
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REGIONAL DISTRIBUTION OF SALINITY

Mediterranean Sea

_High salinity due to
2 excessive evaporation

Salinity variations

are influenced by

the large size and o

irregular shape of
the ocean. s

w1
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Biscay N <) N

AMERICA

Low salinity due to
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Mexico

Canbbean
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The average salinity is around 36-37 ppt.
Near the equator, increased rainfall and
humidity reduce salinity to about 35 ppt.
Polar areas experience low salinity (20-32 ppt)
due to melting ice and limited evaporation.
The highest salinity levels (37 ppt) occur g
between 20°N-30°N latitude and 20°W-60°W ~~ "

ANTARCTICA

ARCHIC
o)
8eaufort Sea Bay - wf Baents  Kg

lack Sea

Lower salinity
o because of
significant river
in discharge. m

st S ,

South  philippine
Chine See
Sea

S~€elebes Sea

- Flores
Indian eo

Ocean $ ay

vuEaw

Arafute
«—5co

AUSTRALIA & OCEANIA

* Average salinity is 35 ppt.

® The Bay of Bengal has lower
salinity due to river inflows,
particularly from the Ganga
River. bl

The Arabian Sea has higher
salinity due to intense
evaporation and limited
freshwater input.

longitude.

> North Sea: In spite of its location in higher latitudes, it records higher salinity due to more
saline water brought by the North Atlantic Drift.

> Inland seas and lakes: The salinity of the inland Seas and lakes is very high

> Highest Salinity: Lake VVan Turkey (Highest) > Dead Sea > Great Salt Lake (USA)

TEMPERATURE DISTRIBUTION

RANGE OF OCEAN TEMPERATURE

» The oceans and seas get heated and cooled slower than the land surfaces.

» The process of heating and cooling of the oceanic water is slower than land due to vertical
and horizontal mixing and high specific heat ofwater.

FACTORS AFFECTING DISTRIBUTION OF TEMPERATURE

FACTORS
Latitude

EFFECTS
» Surface temperature of the oceans declines from the equator
towards the poles
Direction of the prevailing winds such as the Trade Winds,
Westerlies etc., determines the surface temperature of ocean
waters at a point.
For instance, eastern edges of the ocean along the trade wind
belt have cooler waters due to the pushing of the warm
waters by the trade winds away from the coast causing the

Prevailing Winds >
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upwelling of bottom waters.

Unequal distribution of The Northern Hemisphere has more land area than that of the
Land and Water Southern Hemisphere. Consequently, the oceans of the

Northern are warmer than that of the Southern Oceans.

Ocean Currents The presence of warm water increases the temperature and

consequently the rate of evaporation. Consequently, the

region records more rainfall

The cold current reduces the temperature of the moisture-laden

wind.

The coast along which a cold water current flows records more

fog, but less precipitation.

Enclosed Seas The enclosed seas (Marginal Seas — Gulf, Bay etc.) in the low

latitudes record relatively higher temperature than the open seas

Whereas the enclosed seas in the high latitudes have lower

temperature than the open seas.

Other Factors Submarine ridges, local weather conditions like storms,

cyclones, winds, fogs, cloudiness, the rate of evaporation, lapse

rate, condensation, and precipitation

HORIZONTAL TEMPERATURE DISTRIBUTION OF OCEANS

General Temperature Pattern:
o The average surface temperature of ocean water is approximately 27°C.

o Temperature gradually decreases from the equator towards the poles due to reduced

solar radiation.
Variation in Temperature Across Hemispheres:

o The highest ocean temperature is not found exactly at the equator but slightly north of
it due to the influence of ocean currents and land distribution.

o The northern hemisphere records higher average ocean temperatures compared to the
southern hemisphere because of greater landmass, which absorbs and retains heat
more effectively.

Impact of Ocean Currents: Inthe northern Atlantic Ocean, the decline in temperature
with increasing latitude is relatively slow due to the presence of warm ocean currents that
transport heat towards higher latitudes.

Isothermal Lines: The horizontal distribution of ocean temperature is represented using
isothermal lines, which connect locations with the same temperature ona map.
Formation of Sea Fogs:

o Seafogs occur when warm air passes over cold ocean waters that are below the
dew point of the air. This leads to cooling from below, resulting in the condensation
of moisture and the formation of fog.
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VERTICAL DISTRIBUTION OF TEMPERATURE

VERTICAL DISTRIBUTION 90 ne basisclihe

temperature, the ocean is

OF TEMPERATURE divided into

The temperature decreases from the ocean surface with
increasing depth but the rate of decrease of temperature
with increasing depth is not uniform

In this layer, the
Oceans are vertically temperature and salinity
divided into Neritic Intertidal are relatively constant,
I i A
* Photic or euphotic zone Oceanic zone zone | zone
(upper surface) up to the Upper Layel"
depth of 200m and § — R -
receives solar radiation. T i (Photlc Zone) i
* Aphotic zone extends
from 200m depth to the 200 metres
bottom and does not

receive solar rays. & There is a
Thermocline SeR
temperature

in this zone.

Pelagic realm =
1000 metres

The
temperature
in this zone
remains

constant and
very cold.

Temperature

Increasing Temperature (°C}—>

4 8 12 16 20
T T T T ™7
)

/

. A
" Thermociine i The rate of decrease of temperature with

1000

depths is greater at the equator than at the
1500 pO'eS.

In the Arctic and Antarctic circles, the
surface water temperatures are close to 0° C
2500 and so the temperature change with the
depth is very slight. Here, only one layer of
cold water exists

adnd The enclosed seas like Sargasso Sea, Red Sea
record higher temperatures at the bottom due
4000 to high insolation throughout the year and
lesser mixing of the warm and cold’ waters.

2000

3000

Increasing Depth (m) ——>

4500 1 L 1 1

Figure 13.3 : Thermocline
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" MOTION OF
OCEAN WATER

-——

HORIZONTAL VERTICAL
| |

] 1 |

CURRENTS TIDES UPWELLING

HORIZONTAL MOTION

OCEAN WAVES

» Ocean waves are a dynamic phenomenon resulting from the transfer of energy across the
water's surface, primarily driven by wind.

» These waves involve rhythmic, oscillatory movements that cause the rise and fall of the
water's surface, but it’s important to note that the movement of water itself is not the primary
transfer; rather, it is the energy that propagates across the ocean.

Waves are a form of horizontal movement of ocean water. The energy for these waves is
supplied by the wind, which creates friction with the water surface. As the wind's velocity
increases, the wave's wavelength, height, and period all grow as well.

KEY CONCEPTS

a) Waves of oscillations
The @ This is half

highest Q |‘— Wavelength —)‘ of the wave
point of Crest height,
the wave. representin
./ AmpliTude)’"b th'; venica?
distance
from the
midpoint to
the crest or
trough.

The number of ~ % of wavelength
(LRI Neoligible wave movement below % wavelength
(or oscillations)
that occur in a Wave propagation s
given period, .
usually (b) Waves of transitions
measured in :
cycles per Deep water Approacl}lng shiors Surf zone
second. waves touches bottom R

5

% wavelength [~ @ S 2
ﬁ g _E/J’ Shallowing water

Sea floor d -
Amplitude increases and wavelength decreases
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WAVE MOTION:

» Water particles move in an orbital patternas a wave passes. The shape of the motion varies
with depth, with particles moving in increasingly smaller circles as they go deeper beneath the
surface. The diameter of these orbits increases with the wave size and decreases with depth.
This orbital movement is crucial in understanding how waves propagate.

motion

-— - ————————— -

negligible water movement
below / wavelength

WAVE BREAKING:

As waves travel closer to shore and encounter friction with the ocean floor, they slow down.
This causes the crest to advance faster than the trough, bringing the crest and trough closer
together. Eventually, the wave "breaks,” where the crest topples over and crashes into the
shore.
Wave Types:
o Wind-generated Waves: The most common type, caused by the wind's friction with
the water's surface.
o Wave Types Based on Speed and Formation: Vary depending on wind speed,
duration, and fetch (distance over which the wind blows).

WAVE CUT ACTION:

Waves can also erode coastal areas through a process known as wave cut action, where the
force of the breaking waves erodes the land, often creating features like cliffs and shore
platforms.

OCEANS CURRENTS

Ocean currents are the massive, continuous, predictable, directional movement of
seawater.
Ocean water moves in two directions: horizontally and vertically.

o Horizontal movements are referred to as currents.

o Vertical changes are called upwelling or downwelling.




Samyak

An Institute For Civil Services

They bring cold water into
warm water areas [from

) ) high latitudes to low
They bring warm water into cold latitudes).

water areas [low to high latitudes)
and are usuvally observed on the
east coast of continents in the
low and middle latitudes (true in Types of
both hemispheres).

These currents are usuvally
found on the west coast
of the continents in the
/ N low and middle latitudes
- Currents )J/ <-4 (true in both hemispheres)
In the northern hemisphere, they based on - " and on the east coast in
are found on the west coasts of the higher latitudes in the

continents in high latitudes, L% % | Temperature Northern Hemisphere

l abr 1dor nunhrd

Jmfh Attantic . f\
Dl ift A
lrmmger Lo Oyashlo \

North Atlantlc ¢ ; ‘ North
Drift vy N \ Pacific
Gulf Stream

Kuroshio

NortHEquatoraaI North Equatorial 3
-—

-t North Equatorlal
Equatorial Counter Equatoria} Counter

South Equatorial South Equatorial A
oA AT — 30utthuator|a!

: West Australia
Benguela
East

Brazil /
ustrdlm /

Agulhas

South /

/
South Pacific ‘ South Atlantic : South Indian Pacific
e

—_—_——— _.
/

Antarctic Circumpolar o Antarctic Circumpolar Antarctic Circumpolar /

\ Antarctic Subpolar 5 Antarctic Subpolar Antarctic Subpolar ///

CAUSES EXPLANATIONS
Prevailing Winds Drag the surface water due to the force offriction. This leads to
the formation of ocean currents.
Equatorial currents - flow westward under the influence of
northeast and southeast trade winds.
The North Atlantic Drift in the Atlantic and the North Pacific
current in the Pacific move in the northeast direction under the
influence of westerlies.
Monsoon winds are responsible for the seasonal reversal of ocean
currents in the Indian ocean.
Temperature Higher Temperature leads to expansion of volume of water and
thus decreases in density. This leads to formation of Ocean
Currents. Example — Equatorial Regions
Salinity Ocean currents on the water surface are generated from the areas of
low salinity (Low Density) to the areas of high salinity (High
Density)
Rotation The earth rotates on its axis from west to east.
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The Rotation is the cause of deflective force known as Coriolis
force which deflects the general direction of the winds and that of the
ocean currents.
For example, the currents flowing from the Equator towards the
North and South Poles are deflected to their right in the Northem
Hemisphere and towards their left in the Southe rn Hemisphere.
Configuration of Have influence on the direction and movement of the ocean

the coastline currents.
For example, the equatorial current after being obstructed by the
Brazilian coastis bifurcated into two branches. The Northern Branch
is called the Caribbean current while the Southern branch is called
the Brazilian current.
In the Indian Ocean, the monsoon currents closely follow the
coastlines.
Precipitation High Rainfall leads to decrease in density and thus results in
formation of currents.
Example — Equatorial Regions

low evaporation

— I — s
highrainfall o, 0% Salinity * density * — water*

d gt rises
044"

high evaporation

low rainfall

— Salinity * — density* — water*

sinks

high iahmty density‘ water *

sinks

/ low temp

less heat from . water
Sun near the 4 —— Temperature — density * — cinks
poes . o

more heat from % 2 water
iyt v —_— Temperaturef —— density * —* rises *

tropics

Ocean Gyres: Large rotating ocean current systems formed by wind, coriolis force and
landmasses.
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EFFECTS OF OCEAN CURRENTS

DESERT FORMATION

» Cold ocean currents have a direct effect on desert formation in west coast regions of
the tropical and subtropical continents.
» Thereis fog and most of the areas are arid due to desiccating effect (loss of moisture).

RAINS

» Warm ocean currents bring rain to coastal areas and even interiors. Example: Summer
Rainfall in British Type climate.

MODERATING EFFECT

» They are responsible for moderate temperatures at coasts. [North Atlantic Drift brings
warmness to England. Canary cold current brings cooling effect to Spain, Portugal]

FISHING

» Mixing of cold and warm ocean currents bear richest fishing grounds in the world.
» The mixing of warmand cold currents help to replenish the oxygen and favour the growth
of planktons, the primary food for fish population
» Example: Grand Banks around Newfoundland, Canada and North-Eastern Coast of Japan.

DRI1ZZLE AND FOG

v" Mixing of cold and warm ocean currents create foggy weather whe re precipitation
occurs in the form of drizzle [Example - Newfoundland].

TROPICAL CYCLONES

v They pile up warm waters in tropics and this warm water is the major force behind tropical
cyclones.

NAVIGATION

v" Ships usually follow routes which are aided by ocean currents and winds.

PACIFIC OCEAN CURRENTS

ng_shjp_c_utmn&(&n_d = .
Okhotsk current (Cold b p ¢ - i
Currents): Along the coast \iike y Clrrrent - ] C°“"‘ézrf::;‘°ﬂal
of Japan Sea s Curren The conver

o . gence of both
Subpolar Gyre 3 Equatorial Currents
raises the water level in
the Western Pacific.

Kuroshio current (Warm
Currents): The north
equatorial current turns k. This creates a counter-
northward off the Philippines : , equatorial current which
to form the Kuroshio current. North Paciﬁcg.‘Gyre Ccaijli(r)erm ~: Zl;):;st:::rizr:r(::: r::'r;h
the south equatorial

North Pacific Current

North and South -
Equatorial Current / NorthEquatorial Current
(Warm); Produce under the Equaterial. Countercurrent

influence of Trade Winds South EQUAtGHal Current

current in west-east
direction.

East Australian current ‘ 1 > A Peru current or Humboldt
(Warm) 1 » Peru Current(Cold)

* The south equatorial current \ . Current * South Pacific Current
flows from east to west and East South Pacific Gyre after reaching the south-
turns southwards as the East = Australia western coast of South
Australian current. . /Current America, turns northward

¢ It then meets the South b’ as the Peru current.
pacific current near f
Tasmania which flows from
west to east.

Antarctic Circumpolar Current
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ATLANTIC OCEAN CURRENTS

Gulf Stream and North Atlantic Drift

¢ North Equatorial Currents gets
bifurcated by Brazilian Coast to form
Gulf Stream (Warm) which moves
Northward
Near the Grand Banks, the Gulf
Stream mixes with cold Labrador and
East Greenland currents and flows
eastward across the Atlantic as the
North Atlantic Drift.
Here, westerly movement of North
Atlantic Drift is due to the influence
of westerlies.

‘Yorke

Brazilian Current

* South Equatorial Current gets
bifurcated by Brazilian Coast to form
Brazil Current (Warm) which flows
southward
The south flowing Brazil current swing
eastward at about latitude 35°S (due
to westerlies) to join the West Wind
Drift flowing from west to east.

¢ A small branch of West Wind Drift
splits and flows between Argentinian
coast and Falkland Islands and this
current is called as Falkland cold
current.

<6<§‘ ‘\Q e The North Atlantic Current
:J \, 0 G j breaks up into two branches on
(\\3 A

reaching the eastern part of the

o‘q N o - .
AN .d » The main current, continuing as
St JOhnS. anic O on on the North Atlantic Drift, reaches
o«

/z
(

Norwegian Current

ocean

the British Isles from where it
flows along the coast of Norway
as the Norwegian current and
enters the Arctic Ocean.
Norwegian current is very
important as it keeps ocean to
the north of Norway partly free
from ice

S. quatona,

(*A

South
Atlantic
Gyre

— 7

Benguela Current
A branch of the South
Atlantic splits at the southern
tip of Africa and flows along
the west coast of South
Africa as the cold Benguela
current, which joins the south
equatorial current to
complete the circuit.

SARGASSO SEA

The Sargasso Sea is entirely within the Atlantic Oceanand is the only sea without a land

boundary.

Named after Sargassum, a type of golden drift algae that forms extensive floating mats.
It is an open-ocean ecosystem surrounded by currents in the North Atlantic subtropical

gyre.
Boundaries:

o Western Boundary: Defined by the Gulf Stream.
o Northern Boundary: Defined by the North Atlantic Current.
o [Eastern Boundary: Defined by the Canary Current.
o Southern Boundary: Defined by the North Atlantic Equatorial Current.
Supports a variety of flora and fauna, providing habitats, spawning areas, migration

routes, and feeding grounds.

INDIAN OCEAN AND ITS CURRENTS

» The currents in the northern portion of the Indian Ocean change their direction from season to

season in response to the seasonal rhythm of the monsoons.
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The currents in the northern portion of the Indian Ocean change their direction
from season to season in response to the seasonal rhythm of the monsoons.

k“

: -x;-:;;:*)“—;\

<-—-—- h.
Counter Equatoribl C.

/'anm C.
\‘\

A5

= = == Cold Current
e Warm Current

WINTER CIRCULATION

Under the influence of prevailing trade winds [easterly trade winds], the north equatorial
current and the south equatorial current start from the south of Indonesian islands, moving
from east to west.

This raises the level of western Indian (south-east of horn of Africa) ocean And this creates

a counter-equatorial current which flows between the north equatorial current and the south
equatorial current in west-east direction.

The north-east monsoons drive the water along the coast of Bay of Bengal to circulate in

an anti-clockwise direction.

Similarly, the water along the coast of Arabian Sea also circulate in an anti-

clockwise circulation.

SUMMER CIRCULATION —NORTH EQUATORIAL CURRENT COUNTER-
EQUATORIAL CURRENT ARE ABSENT

» In summer, due to the effects of the strong south-west monsoon and the absence of the north-
east trades, strong current flows from west to east, which completely obliterates the north
equatorial current. Hence, there is no counter-equatorial current as well.

» Thus, the circulation of water in the northern part of the ocean is clockwise during this
season.
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| SOUTHERN INDIAN OCEAN CURRENTS |

The general pattern of circulation in southern part of the Indian Ocean is quite similar to that
of southern Atlantic and Pacific oceans. It is less marked by the seasonal changes.

RIS

One of the
branches of this
cold current turns
northwards along
the west coast of
Australia. This
current, khown as
the West
Australian current,

The south equatorial »

current flows from .
east to west. b
s
—
&/ -~
A 3

-~

It splits into two
branches, one flowing to
the east of Madagascar

wes!
egareiin” ¥
e ——r =
-
-— s
——>  wine O _ ¥

—— wgsi—__ar

flows northward to
feed the south
equatorial current.

= = == Cold Current

— —

known as Agulhas i

current and the other
between Mozambique
and Western
Madagascar coast
known as Mozambique

current. W

p—

i Warm Current

—

At the southern tip of
Madagascar, these two branches
mix and are commonly called as

the Agulhas current. It still
continues to be a warm current,
till it merges with the West Wind
Drift.

The West Wind Drift,
flowing across the ocean in
the higher latitudes from
west to east, reaches the
southern tip of the west
coast, of Australia.

VERTICAL MOTION

TIDES

' Tidal Range

the tidal range..

flood tide

The time between
the low tide and
high tide, when the
tide is rising_,

ebb tide

The periodic
. short term rise
| and fall in the
. sea level

high tide

t
tidal range
low tide

The time be!

the high tide an
tide, when the water
level is falling

] It is caused by the
combined effects of

® The gravitational force
exerted on Earth by the
Sun
The gravitational force
exerted on Earth by the
Moon
Centrifugal Force

The Highest

The highest tide in the
World occurs in the Bay
of Funday (Canada).
The highest tide in India
is recorded at Okha,
Gujarat.

The greatest tidal range
in the world is found at
Bay of Fundy in eastern
Canada.
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Tidal bulge

GRAVITATIONAL FORCE
Tidal bulge

>

CENTRIFUGAL FORCE
Two resultant tidal bulges

(&

Gravitational and Centrifugal Forces

\

Gravitational Force

1.The Moon's gravitational pull attracts
Earth's water, causing a tidal bulge on the
side of Earth facing the Moon.

2.Water is pulled towards the Moon due to its
stronger gravitational attraction on the
near side.

_Centrifugal Force

1.The Earth-Moon system revolves around a
common center of mass.

2.This motion generates a centrifugal force that
acts outward, causing another tidal bulge on the
opposite side of Earth (away from the Moon).

3.This force is strongest on the far side of Earth,
where the Moon's gravitational pull is weakest.

Combined Effect

1.The combination of gravitational force
(pulling water toward the Moon) and
centrifugal force (pushing water outward on
the opposite side) results in two tidal
bulges.

2.These bulges cause high tides at two
locations on Earth: one facing the Moon
and one on the opposite side.

3.The areas perpendicular to these bulges
experience low tides.

TYPES OF TIDES

BASED ON FREQUENCY

Two high tides and two low tides each day

Although tides occur twice a day, their interval is not exactly 12 hours. Instead,
they occur at regular intervals of 12 hours and 25 minutes.

This is because the moon revolves around the earth from west to east, and each
day it moves a bit to the east if observed from the same place on earth at the
same time on two consecutive days.

Diurnal » Thereis only one high tide and one low tide during each day

Tide

BASED ON THE SUN, MOON AND THE EARTH POSITIONS

Spring
Tide and
Neap Neap Ti
. p Tide
Tide ' ) <
\ First

quarter moon

/ Third quarter
moon
Spring Tide A D \

* When the sun, the
moon, and the earth
are in a straight
line(a configuration
known as a syzygy),

= N the height of the
Spring Tide tide will be higher.

These are called
spring tides and
they occur twice a
month, one on the
full moon period and
another during the
new moon period

* When the Moon is at first quarter or
third quarter, the Sun and Moon are
separated by 90°

than twice as strong as the sun’s, is
diminished by the counteracting force
of the sun’s gravitational pull.

* At these points in the lunar cycle,
the tide’s range is at its minimum

2 e The Moon’s attraction, though more
Neap Tide m I
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TIDAL BORE

. A tidal bore is a large wave or bore
Tidal Bore caused by the constriction of the
spring tide as it enters a long,
narrow, shallow inlet

* When a tide enters the narrow and
shallow estuary of a river, the front
of the tidal wave appears to be
vertical owing to the piling up of
water of the river against the tidal
wave and the friction of the river
bed.

The steep-nosed tide crest looks like
a vertical wall of water rushing
upstream and is known as a tidal
bore.

EXAMPLES

» There are exceptions — the Amazon River is the largest river in the world. It
empties into the Atlantic Ocean.

» The mouth of the Amazon is not narrow but the river still has a strong tidal
bore. A tidal bore develops here because the mouth of the river is shallow and
dotted by many low-lying islands and sand bars.

» In India, tidal bores are common in the Hooghly River.

UPWELLING

The process where winds push surface water away, causing
deeper, colder, and nutrient-rich water to rise to the surface.

’ surface winds %
push surface water away from an area.
| -

UPWELLING

Characteristics of Upwelling 3 Significance
® Occurs in open oceans and along coastlines. * Upwelling zones are crucial for global
® Brings cold, nutrient-rich water to the fisheries.

surface. ’ UpWELLING ‘ e [nfluences climate patterns and marine

* Enhances biological productivity, supporting biodiversity.

marine ecosystems. ® Plays a role in oceanic carbon and nutrient
* Creates good fishing grounds due to nutrient cycles.

availability.




Samyak

An Institute For Civil Services

CORAL REEFS

» Coral reefs are unique marine structures formed by the accumulation of calcium carbonate

secreted by coral polyps, tiny marine organisms related to jellyfish and anemones. These
ecosystems are among the most diverse and productive on Earth, supporting a wide range of

marine life.

“ WHAT MAKES A CORAL REEF?

Corals are living, ocean-dwelling animals. Each individual coral
exists as a colony consisting of multiple small, identical coral
polyps. Wherever corals make up the foundation of an underwater
habitat, a coral reef occurs. Coral reefs are complex marine
ecosystems that include diverse collections of colorful fish and
other sea creatures. But what is it that allows corals to grow and
support so much wildlife? [

1. ONE CORAL IS
MADE OF MANY POLYPS
g

3. CORAL REEFS
PROVIDE FOOD AND
SHELTER

2. CORALS BUILD
CORAL REEFS

CORALBLEACHING [corac

BLEACHING?

HEALTHY CORAL STRESSED CORAL BLEACHED CORAL
Coral and algae depend on 2 Mstresed,sgae eaves 3 Coral s feft bleached and

each other to survive

‘Conls have a symbitic reatonship weh e he syebiot oy o o

EVOLUTION OF CORAL REEFS (DARWIN’S THEORY OF CORAL
REEF DEVELOPMENT)

Volcanic island Fringing reef

Barrier reef

Atoll

ST P

e Develop directly along
coastlines, forming a narrow

MAJOR belt (1-2 km wide). and

remain attached to the shore

CORAL REEF with a shallow lagoon

separating the reef from the

RELIEF beach.

The seaward slope of the
reef descends steeply into
FEATURES deeper waters, limiting

outward coral growth.

e These reefs develop further
from the shore and are
separated by a deep lagoon.
They form extensive linear reef
systems parallel to the
coastline, often extending for
hundreds of kilometers.

The Great Barrier Reef
(Australia), the largest coral
reef system in the world, is an
example of this type.

¢ Atolls are ring-shaped
coral formations that
enclose a central lagoon,
often in deep oceanic
waters.
They form around
submerged islands or
volcanic cones that
provide a foundation for
coral growth.
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» Charles Darwin proposed a three-stage evolutionary process for coral reefs,
explaining their transformation over time:

o Fringing ReefFormation: Coral reefs begin to develop in shallow coastal
waters around an emerging volcanic island.

o Barrier Reef Formation: As the island subsides, coral growth keeps pace
with the changing water level, resulting in a barrier reef that moves away from
the original landmass.

Atoll Formation: With continued subsidence, the island completely
submerges, leaving only a ring-shaped coral reef enclosing a lagoon.

FORMATION OF LAKSHADWEEP ISLANDS (HOTSPOT THEORY)

The Lakshadweep Islands are an example of atoll formation driven by volcanic
hotspot activity.

The Indian Ocean Hotspot led to the emergence of volcanic islands.

As these islands gradually submerged, coral reefs developed into atolls.

Over time, sedimentation and wave action transformed these atolls into coral islands.

UNITED NATIONS CONVENTION ON THE LAW OF THE
SEA (UNCLOS)

» The United Nations Convention on the Law of the Sea (UNCLQOS), also referred to as the
Law of the Sea Treaty, serves as a comprehensive legal framework governing the use of the
world's oceans.

» It outlines the rights and responsibilities of nations concerning maritime activities, ensuring
peacefuland lawful utilization of oceanic resources.

» The convention also facilitates international cooperation and dispute resolution regarding
marine boundaries, resource exploitation, and environmental protection.

KEY FEATURES OF UNCLOS

|
Exclusive Economic Zone

|

|

/

/
limit of the EEZ

-
L

I
\
\
1

\
*————Contiguous Zone

limit of the contiguous zone
\ ; \/ (24 nautical miles)
Internal
Waters [

Territorial Sea

limit of the territorial sea

I—PI—/T-”I (12 nautical miles)

Baseline ——
(low-water line)
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Exclusive Economic Zone (EEZ):
o Nations have special economic rights within a 200-nautical mile zone from their
coastline.
o Countries can explore and exploit marine resources, both living and non-living, in
this designated area.
Territorial Waters and Contiguous Zone:
o A 12-nautical mile zone from the baseline where the coastal state has sovereignty.
o Beyond this, the Contiguous Zone extends another 12 nautical miles, allowing limited
jurisdiction over security, taxation, customs, and immigration.
Continental Shelf Rights:
o Coastal nations can claim natural extensions of their landmass up to 200 nautical
miles or more if geological conditions support it.
o This allows countries to exploit seabed resources, including oil and gas reserves.
Freedom of Navigation and Innocent Passage:
o Foreign vessels can pass through territorial waters under the "right of innocent
passage."
o Military activities such as weapon exercises or espionage are restricted in these
waters.
Environmental Protection and Sustainable Use:
o Encourages responsible exploration and exploitation of marine resources while
ensuring environmental protection.
o Supports conservation of marine biodiversity and sustainable fisheries management.

MAJOR INITIATIVES UNDER UNCLOS

Following the adoption of UNCLOS, several international bodies were established to ensure
its effective implementation:
International Tribunal for the Law of the Sea (ITLOS): Established in 1994 to resolve
disputes related to UNCLOS provisions.
International Seabed Authority (ISA):

o Regulates deep-sea mining beyond national jurisdictions.

o Ensures equitable sharing of marine resources among nations.
Commission on the Limits of the Continental Shelf (CLCS): Helps nations define their
extended continental shelf claims beyond 200 nautical miles.

UNCLOS AND INDIA

India played an active role in the negotiations leading to the adoption of UNCLOS in 1982
and ratified the treaty in 1995. As a maritime nation, India benefits from UNCLOS in several
ways:
Strategic and Economic Importance
o India enjoys sovereign rights over EEZ spanning approximately 2.37 million square
kilometers.
Has exclusive access to oil, gas, and polymetallic nodules in its continental shelf
region.
Actively involved in deep-sea exploration for rare minerals and hydrocarbons.
India has initiated projects in deep-sea mining for polymetallic nodules, cobalt-rich
crusts, and hydrothermal sulfides.
Developing technological capabilities for sustainable exploitation of marine
resources.




