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 � Richard Hartshorne: Geography is concerned with the description and explanation of the areal differentiation 
of the earth’s surface.

 � Hettner: Geography studies the differences of phenomena usually related in different parts of the earth’s 
surface.

 � Early Theories:

Gaseous Hypothesis 
  [Gas Cloud]

Immanuel Kant, 1755 Earth formed from a hot, rotating 
cloud that reached Earth through com-
ets, meteoroids, and gas that gradually 

condensed.

Nebular Hypothesis  [Gas Cloud→ Disc] Marquis de Laplace and 
Pierre-Simon, 1796

Similar to Kant’s theory, but restructured 
that the cloud flattened into a disc due to 
gravity, with the Sun forming at the center 
and planets accreting from the remaining 
material.

Planetesimal Hypothesis  [Collision → De-
bris → Planet]

Chamberlain and 
Moulton

Earth formed from the collision of a small-
er body with a larger one, with debris from 
the collision coalescing into our planet.

 � Modern Theories:

Big Bang Theory (Aka Expanding 
Universe Hypothesis)

Georges Lemaitre, 1920’s
Edwin Hubble, 1920 
provided evidence 

that the Universe is 
expanding.

Origin of the universe suggests that Earth 
formed from the gravitational collapse of a 
cloud of gas and dust left over from the Big 

Bang.
[Distance Between Galaxies- Increasing]

Theories of origin of Earth

01 BASIC
CHAPTER

 CONCEPTS OF GEOGRAPHY
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Giant Impact Hypothesis
  [Collision → Earth & Moon]

Hartmann and Donald R. 
Davis, 1980’s

This theory proposes that a Mars-sized object 
collided with Earth early in its
formation, ejecting a large amount of material 
that eventually formed the Moon. The remaining 
debris coalesced into the Earth we know today.

1. Initial State: The early universe had uneven distribution of matter and energy, leading to gravitational 
variations.

2. Formation of Nebula: Large clouds of hydrogen gas, known as nebulae, formed due to these gravitation-
al differences.

3. Formation of Star: Within these nebulae, localized clumps of gas developed. These clumps, growing dens-
er over time, eventually led to the birth of stars. This process is estimated to have begun around 5-6 billion 
years ago.

4. Early Development: Stars formed lumps within a nebula, with gravitational forces creating a core sur-
rounded by a rotating disc of gas and dust.

5. Planetesimal Formation: As the gas cloud condensed, matter around the core formed small, rounded 
objects through cohesion, known as planetesimals.

6. Planetary Accretion: These planetesimals underwent collisions and gravitational attraction, leading them 
to coalesce into larger bodies, eventually forming planets.

 � Comprises the Sun and various orbiting celestial bodies.
 � The eight major planets include four rocky ones closer to the Sun (Mercury, Venus, Earth, Mars) and four gas 

giants beyond the asteroid belt ( Jupiter, Saturn, Uranus, Neptune). 

 � Planets – Key Facts

 ♦ Hottest Planet → Venus (≈ 475°C)
 ♦ Highest Density → Earth
 ♦ Sister Planet of Earth → Venus

Star Formation

Formation of Planet

Solar System
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 ♦ Density → almost same
 ♦ Surface area → almost same
 ♦ Red Planet → Mars (Note: The image shows Mercury, but the correct red planet is Mars)
 ♦ Highest Inclination (Retrograde Rotation) →
 ♦ Venus (≈ 179°)
 ♦ Uranus (≈ 90°)
 ♦ Both revolve around the Sun from east to west (retrograde spin).

 � Formed about 4.5 billion years ago through a giant impact with Earth.
 � Approximately 1/6th the size of Earth.
 � Orbits Earth in an elliptical path, taking about 27.3 days to complete both an orbit and a rotation.
 � Gravitational force is about 1/6th that of Earth, making it easier for spacecraft to land and take off.
 � Lacks an atmosphere, resulting in no weather and exposure to space conditions.
 � Gravitational pull influences Earth's tides, creating high and low tides.

 � Occurs when one celestial body moves into the shadow of another, creating a temporary blocking or obscuring 
of the light from the first body.

Solar Eclipse Lunar Eclipse 

 � Happens when the Moon passes between the 
Earth and the Sun, blocking all or part of the 
Sun's light.

 � Occurs when the Earth comes between the Sun 
and the Moon, and the Earth's shadow falls on 
the Moon.

 � Related Key terms:

1. Blue Moon: Second full moon in a calendar month with two full moons.
2. Supermoon: when a full moon coincides with the moon's Supermoon closest approach to Earth in its ellip-

tical orbit, appearing larger and brighter in the night sky.
3. Blood Moon: During a total lunar eclipse, the Moon can take on a reddish hue.

 � Earth formed from a nebula consisting of gas and dust.
 � Heavier materials formed Earth's core due to melting by space rocks' impact, while lighter materials formed 

the crust.
 � The cooling of Earth led to the formation of oceans from rain and the atmosphere.
 � Blue Planet- From outer space, the Earth appears blue because its two-thirds surface is covered by water.

 � Origin of Life:  

 � Life began in the oceans with simple organisms like bacteria.
 � Simple life forms evolved into more complex ones like algae and plants.

The Moon

Eclipse

Formation of Earth
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 � Animals evolved from early organisms.
 � Earth's diverse life forms resulted from evolu-

tion and adaptation.
 � Latitude:

 � Measures angular distance in degrees from the 
Earth's center to a point on its surface.

 � Parallel to the equator.
 � Decrease in size towards the poles.
 � Parallels for latitude are drawn at an interval on 

one degree.
 y Important Markers:

 h Equator: 0°
 h Tropic of Cancer: 23.5°N
 h Tropic of Capricorn: 23.5°S
 h Arctic Circle: 66.5°N
 h Antarctic Circle: 66.5°S
 h North and South Poles: 90°N and 90°S

 � Longitudes:

 � Measures angular distance in degrees east or 
west of the Prime Meridian.

 � Semi-circles running from pole to pole, passing 
through the equator are also known as meridi-
ans.

 � The zero meridian (Prime Meridian), established 
by international agreement in 1884, passes 
through Greenwich, London, marking the start-
ing point for measuring longitude.

 � Longitude extends from 0° at the Prime Meridi-
an to 180° east and west.

 � The length of a degree of longitude is longest at 
the equator and decreases polewards.

 � Degrees of longitude are not uniform in length 
making them less useful for distance measure-
ments.

 � Longitude is crucial for determining local time.

 � Each 15-degree interval of longitude corre-
sponds to one hour of time difference. So, every 
15 degrees east or west represents a one-hour 
time zone shift.

 � International Date Line: 180° longitude 
 � The International Date Line in the mid-Pacific 

curves from the normal 180° meridian at the 
Bering Strait, Fiji, Tonga and other islands to 
prevent confusion of day and date in some of 
the island groups that are cut through by the 
meridian.

 � Standard Time:

 � Official time set for a specific time zone or re-
gion, aligning with a standard meridian.

 � Greenwich Mean Time (GMT) is the mean solar 
time at the Royal Observatory in Greenwich, 
London, located along the Prime Meridian (0° 
longitude).

 � Mean Solar Time Basis: It's typically based on 
the mean solar time of a specific meridian,

 � offering a consistent reference for activities and 
events.

 � India Standard Time (IST):

 � IST is set at UTC+5:30, meaning it's 5 hours and 
30 minutes ahead of Coordinated Universal 
Time (UTC).

Mean Solar Time Basis: It's typically based on the 
mean solar time of a specific meridian, offering a 
consistent reference for activities and events
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 � The entire country of India, as well as Sri Lanka, 

follows IST.
 � India does not observe Daylight Saving Time 

(DST), so IST remains constant throughout the 
year.

 � IST is based on the 82.5°E meridian, which runs 
through the city of Allahabad.

 � It passes through the following Indian states:

 �  Heat Zone of the Earth:

Torrid/Tropical Zone Temperate Zones Frigid Zones

Between the Tropic of Cancer 
(23.5° N) and the Tropic of Cap-
ricorn (23.5° S). Direct sunlight 
year-round, with average tem-
peratures above 20°C (68°F).

Between the Tropic of Cancer and the 
Arctic Circle (66.5° N) and the Tropic of 
Capricorn and the Antarctic Circle (66.5° 
S). Experiences distinct seasonal varia-
tions.

Regions beyond the Arctic and 
Antarctic Circles.
Coldest zones on the Earth, 
with average temperatures be-
low 0°C.

Features: Lush rainforests, 
Scorching deserts, Vibrant coral 
reefs.

Features: Diverse ecosystems include 
forests, plains, mountains and coast-
lines.

Features: Permanent ice and 
snow, Arctic Tundra, Antarctic 
ice sheets.

 � 1. Rotation:

 � Continuous spinning around an imaginary line 
called the axis, which connects the North and 
South Poles.

 � Earth completes one full rotation approximately 
every 24 hours.

 y Consequences:

 h Day and Night: Different parts of Earth 
face the Sun at different times, leading 
to the alternation of day and night.

 h Time Zones: Different longitudinal sec-
tions experience different local times.

 h Variable Rotational Speeds: Speed of 
Earth's rotation varies by latitude. It's 
fastest at the equator and decreases 
poleward.

Earth Motions

 y Other Effects:
 h Coriolis Effect: This phenomenon re-

sults from Earth's rotation and deflects 
moving
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 h (66.5° S) in objects like winds and 
ocean currents.

 h Gravity and the Bulge: The centrifu-
gal force created by the spin causes the 
planet to bulge slightly at the equator. 
This bulge affects the gravity and ocean 
current distribution.

 � 2. Revolution:

 � Earth’s orbital movement around the Sun, trac-
ing an elliptical path.

 h It takes approximately 365.25 days to 
complete, 

 y Consequences:
 h Seasons: The combination of Earth's 

tilted axis and its revolution results in 
the four seasons: spring, summer, au-
tumn,and winter.

 h Varied Climate Impact: During summer 
Earth is tilted towards the Sun, receiving 
more direct sunlight and longer days. 
In contrast, during winter, it tilted away, 
leading to indirect sunlight and shorter 
days.

 h Year Definition: The completion of one 
full orbit around the Sun marks one year.

 � 3.Tilt of the Axis

 � Earth is tilted at 23.5° from the vertical 
 y Causes:

 h Different seasons in different places
 h Sometimes places get longer or shorter days
 h Leads to Solstices & equinoxes
 h 6 months day/night in polar regions 

Important Terms:
Solar Time: Solar time is a timekeeping system based 
on the position of the Sun in the sky.
Comet: A small celestial body composed of ice, dust, 
and volatile gases.They mostly come from Kuiper Belt 
or Oort Cloud, far beyond Neptune. It forms a glow-
ing tail when they get close to the Sun and ice starts 
to vaporize.
Asteroid: A small rocky body that orbits the Sun, pri-
marily found in the asteroid belt between Mars and 
Jupiter. Asteroids don’t develop a visible tail.
Meteoroid: A small particle from a comet or asteroid 
orbiting the Sun. They are significantly smaller than 
asteroids.
Meteors (Shooting Stars): Small particles or meteor-
oids that enter Earth's atmosphere and burn up due 
to friction with the air.
Meteorites: Remnants of meteoroids or asteroids 
that survive their journey through the Earth's atmos-
phere and reach the Earth's surface
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 � Made up of several concentric layers.
 � Temperature and pressure increase as we go deeper towards the centre (Because of presence of radioactive 

materials).
 � Sources to study the interior of the earth: 
 � Direct- surface rocks, volcanic eruption, Deep ocean drilling project etc. 
 � Indirect- mining activity, meteors, gravitation, magnetic field, and seismic activity.

Crust Mantle Core

Solid and brittle outermost layer. It extends from Moho’s discontinuity 
to a depth of 2,900 Km.

It starts at a depth of 2,900 km.

Continental Crust: Thickness - 30 Km, 
Density - 2.7g/cm3, Rock type - Granite, 
Minerals - Silica + Aluminium = SIAL.

Asthenosphere: Upper portion, main 
source of magma.

The outer core is liquid: because of 
its high temperature.

Oceanic Crust: Thickness - 5 Km, Density 
- 3g/cm3, Rock type - Basalt, Minerals - 
Silica + Iron + Magnesium = SIMA.

Density is higher than Continental 
crust.

The inner core is solid: despite even 
greater temperatures due to the 
immense pressures at this depth.

Oceanic crust is thinner than Continen-
tal crust.

Lithosphere: Solid layer comprises 
the crust and the uppermost part of 
the mantle. Thickness - 10 km to 200 
km.

Predominantly made up of heavy 
materials i.e. "nife" layer (Nickel 
and Iron)

Rocks in the Oceanic crust are much 
younger than Continental crust.

The lower mantle is solid. Gutenberg Discontinuity is the 
transition zone between lower 
mantle and outer core.

Conrad discontinuity is the boundary be-
tween upper and lower crust.

Lehmann Discontinuity is the tran-
sition zone between outer and in-
ner cores.

Structure of the Earth’s interior

02 STRUCTURE
CHAPTER

OF THE INTERIOR OF THE EARTH
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 � 98% of the total crust of the earth is composed 
of eight elements: 

 ♦ Oxygen (O)
 ♦ Silicon (Si)
 ♦ Aluminium (Al)
 ♦ Iron (Fe)
 ♦ Calcium (Ca)
 ♦ Sodium (Na)
 ♦ Potassium (K)
 ♦ Magnesium (Mg)

 � Minerals:

 � Naturally occurring substances that have an or-
derly atomic structure and a definite chemical 
composition & physical properties.

 � Composed of two or more elements. Some-
times, single element minerals like sulphur, cop-
per, silver, gold, graphite etc. are found.

 � The basic source of all minerals is hot magma.
 � Major Minerals:

Composition of the earth

Geological Time Scale:

Feldspar Half of the earth's crust 
is composed of feldspar; 
used in ceramic and glass 
making.
Common elements: Sili-
con & Oxygen

Quartz Components of sand and 
granite; consists of silica.

Pyroxene onsists of calcium, alumin-
ium, magnesium, iron and 
silica; commonly found in 
meteorites

Amphibole Major elements- alumin-
ium, calcium, silica, iron, 
magnesium; used in the 
asbestos industry

Mica Comprises potassium, alu-
minium, magnesium, iron, 
silica etc; commonly found 
in igneous and metamor-
phic rocks; used in electri-
cal instruments

Olivine Major elements- magnesi-
um, iron, and silica; used 
in jewellery industry; often 
found in basaltic rocks

Metallic Minerals Non-Metallic Minerals

 y Contain metal content
 y Precious metals: Gold, Silver, Platinum 
 y Ferrous metals: iron and other metals often mixed 

with iron to form various kinds of steel.
 y Non-ferrous metals: Copper, lead, zinc, tin, alumin-

ium etc.

 y Do not contain metal content.
 y Eg: Sulphur phosphates and nitrates. Cement is a 

mixture of non-metallic minerals
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 � An invisible magnetic shield surrounding Earth.
 � Protects Earth from solar wind and cosmic radi-

ation.
 � Generated by movement of molten iron & nickel 

in the outer core.
 � Heat sources:

 � Radioactive decay
 � Residual heat of Earth’s formation
 � Convection currents + Earth’s rotation → electric 

currents → magnetic field.
 � This self-sustaining process is called geodyna-

mo.
 � Magnetic axis is inclined (~11°) to geographic 

Earth’s Magnetic Field

axis.
 � Magnetic poles do not coincide with geographic 

poles.
 � Field strength is strongest at poles, weakest 

near equator.
 

 � Magnetosphere

 � Region around Earth dominated by its magnetic 
field.

 � Extent:
 h ~60,000 km on sunward side
 h Stretches into a long tail (millions of 

km) opposite the Sun
 � Acts as a protective magnetic bubble.

 � Importance / Significance

 y Navigation
 � Compass needles align with Earth’s magnetic 

field.
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 � Reliable direction reference.

 � Protection from Solar Wind

 � Deflects charged particles from the Sun.
 � Prevents direct atmospheric erosion.

 � Auroras

 

 � Solar wind particles interacting with magneto-
sphere →

 � Aurora Borealis (North)
 � Aurora Australis (South)

 � Atmospheric Protection

 � Helps retain Earth’s atmosphere.
 � Prevents stripping by solar wind.

 � Geological Importance

 � Past magnetic reversals recorded in rocks.
 � Helps study plate tectonics and Earth’s history.

 � Communication

 � Influences radio wave propagation.
 � Impacts long-distance communication & naviga-

tion systems.
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 � 1.Continental Drift Theory:

 � 1915 - Alfred Wegener
 � Movement of continents across the ocean bed over millions of years.
 � All continents were once part of the supercontinent "Pangaea," surrounded by the mega ocean "Panthalassa."
 � The breakup of Pangaea into Laurasia and Gondwanaland eventually formed the smaller continents seen to-

day.
 � Laid the foundation for the contemporary plate tectonic theory.
 � Continental Drift influenced the evolution of organisms.

 

Various Theories Explaining Distribution of Continents and Ocean:

03 DISTRIBUTION
CHAPTER

OF OCEANS AND CONTINENTS

 y Drifting Forces:
 h Pole Fleeing Force: Due to rotation of 

Earth.
 h Tidal Force: Due to the attraction of the 

moon and the sun.
 y Evidence of theory:
 � Jigsaw Fit - Matching of Continents
 � Rocks of the same age across the oceans.
 � Tillite ( Sedimentary rocks found out of deposits 

of glaciers).
 � Placer deposits: Similar in Ghana Coast and 

Coast of Brazil.
 � Distribution of Fossils: Occurrence of lemurs 

across India, Madagascar And Africa.
 � 2.Convectional Current Theory:

 � 1930s - Arthur Holmes
 � convection currents in the mantle to heat differ-

entials caused by radioactive materials.

 � The intense heat generated in the mantle seeks 
an outlet, resulting in convection currents.

 � Movement leads to the emergence of oceanic 
ridges where rising currents diverge lithospher-
ic plates and trenches where falling currents 
converge lithospheric plates.

 � Lithospheric plates' movement is propelled by 
the magma flow in the mantle, forming a dy-
namic process of seafloor spreading.
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 � 3.Sea Floor Spreading:

 � 1961 - Harry Hess
 � New oceanic crust is formed through volcan-

ic activity and gradually moves away from the 
ridge.

 � Occurs at mid-ocean ridges.
 � Seafloor including continents, moves as it 

Spreading expands from a central axis.
 � Volcanic eruptions are common and they bring 

huge amounts of lava to the surface in the area 
of Mid Oceanic ridges.

 � The rocks on either side of the crest of mid oce-
anic ridges show remarkable similarities like 
age, chemical composition and magnetic prop-
erties.

 � The ocean crust rocks are much younger than 
the continental rocks.

 � The sediments on the ocean floor are unexpect-
edly very thin.

 � The deep trenches have deep seated earth-
quake occurrences while in mid oceanic ridges, 
the quake foci have shallow depths.

 

 � 4.Plate Tectonics:

 � 1962 - Harry H. Hess
 � Elaborated by thinkers like Morgan, Mckenzie, 

Parker, and Holmes.
 � Coined by JT Wilson in 1965, it builds upon and 

refines Wegener's Plate continental drift theory.
 � Explains the extensive movements of the Earth's 

lithosphere.
 � A tectonic or lithospheric plate is a vast slab of 

solid rock.
 � Comprising both continental and oceanic lith-

osphere, these plates glide over the astheno-
sphere as cohesive units. 

 � A plate's classification as 'continental' or 'ocean-
ic' depends on which type of plate dominates it. 
Eg: Pacific plate- Oceanic; Eurasian plate- Conti-
nental

 � Most recent and widely accepted theory that ex-
plains:

 h Origin of continents and oceans;
 h Formation of mountains;
 h Occurrence of earthquakes and
 h Eruption of volcanoes.

 � Major and Minor plates:

 � Earth's lithosphere is partitioned into seven pri-
mary plates and several minor ones.

 

Major Plates Minor Plates

 � Antarctica and its adjacent oceanic plate; 
 � North American plate; 
 � South American plate;
 � Pacific plate; 
 � India-Australia-New Zealand plate;
 � African plate; 
 � Eurasia plate

 � Cocos Plate: between Central American and the 
Pacific Plate; 

 � Nazca Plate: between South American and the 
Pacific Plate; 

 � Arabian Plate: Primarily the Saudi Arabian land-
mass; 

 � Philippine Plate: between the Asiatic and Pacific 
Plate; 

 � Caroline Plate: between the Philippine and Indi-
an plate (north of New Guinea); 

 � Fuji Plate: northeast of Australia.
 

 � Plate Movement: Plates have been constantly moving over the globe, driven by forces such as mantle con-
vection. This movement is not limited to the present but has been a continuous process throughout Earth's 
history.
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 y  Divergent Boundaries: Where plates move 
apart, new crust is formed (e.g., Mid-Atlantic 
Ridge).

 y Convergent Boundaries: Where one plate dives 
under another, leading to subduction and often 
associated with volcanic activity and the forma-
tion of mountain ranges. Located where sinking 
of a plate occurs.

 h O – O → Island Arc.
 h O – C → Volcanic Mt. → ‘Subduction’ → 

Volcanic Activity.
 h C – C → Fold Mt. → No Subduction → No 

volcanic peak
 y Transform Boundaries: Where plates slide 

horizontally past each other without creating 
or destroying crust (e.g., San Andreas Fault). No 
mountain formation but seismic activity occurs.

 � India, once a vast Southern Hemisphere island, 
separated from the Eurasian plate around 225 
million years ago.

Types of Plate Boundaries

Indian Plate Movement:

 � Its northward journey, starting 200 million years 
ago after Pangaea's breakup, brought it as far 
south as 50° S latitude approximately 140 mil-
lion years ago.

 � The convergence with the Eurasian plate about 
40-50 million years ago led to the swift uplift of 
the Himalayas, challenging traditional mountain 
formation theories.

 � The process is continuing, and the height of the 
Himalayas is rising even to this date.

 � The northward movement of the Indian tectonic 
plate pushing slowly against the Asiatic plate is 
evident by the frequent earthquakes in the re-
gion.

 � During the movement of the Indian plate to-
wards the Asiatic plate, a major event that oc-
curred was the outpouring of lava and forma-
tion of the Deccan Traps (shield volcano).
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 � Natural forces and mechanisms that shape and alter the Earth's surface features and landforms.
 � Running water, groundwater, glaciers, wind, waves and currents are geomorphic agents.

04 EARTH'S MOVEMENT
CHAPTER

(GEOMORPHIC PROCESSES)

 � Land building forces occur due to the energy 
emanating

 � from within the earth’s surface.
 � Diastrophism:

 � Slow movement, elevation or building up por-
tions of the Earth’s crust.

 � Movements, including warping (bending of the 
Earth’s crust), folding (bending of rock layers), 
faulting (breaking and displacement of rock 
layers), and uplifting or subsiding of the Earth’s 
crust.

 � These dynamic processes induce changes in 
pressure, volume, and temperature (PVT), sub-
sequently causing metamorphism in rocks.

 

Endogenic Processes  � 1.Orogenic processes: (Horizontal)

 � Formation of mountains through intense fold-
ing, impacting elongated zones of the Earth's 
crust. It operates in a horizontal manner (tan-
gential forces).

 � It is called tensional force when it operates in 
opposite directions and creates ruptures, frac-
tures, cracks and faults in the crustal parts; also 
called divergent force. 

 � When forces operate towards each other face 
to face, they are called compressional forces or 
convergent forces.

 � 2.Epeirogenic processes: (Vertical)

 � Involves upliftment (emergence) and subsid-
ence (submergence) of large parts of the earth’s 
crust (continental masses) through vertical up-
ward and downward movements. It is a conti-
nental building process. 

 � Major Mountain Ranges – Type, Location & For-
mation:
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 � Exogenic Processes

 � Land Wearing Forces that originate at or near 
the Earth’s surface, are influenced by solar ener-
gy and tectonic gradient, and draw energy from 
the atmosphere.

 � Slow and gradual forces are also known as den-
udational/ destructional/ exogenetic processes.

 � Gradation- wearing down of relief variations 
through erosion.

 � Denudation- General term for all the exogenic 
geomorphic processes (weathering, mass wast-
ing/movements, erosion and transportation).

 � Temperature, precipitation, insolation, wind pat-
terns, etc. affect exogenic processes.

 � Mechanical disintegration and chemical decom-
position of rocks influenced by various elements 
of weather and climate.

 � In-situ (on-site) process occurs without signifi-
cant movement of the weathered materials.

 � Factors Influencing Weathering: Geology, 

Weathering

weather and climate, topography, and vegeta-
tive factors.

 � Types of Weathering Processes:

1. Chemical Weathering: Chemical breakdown of min-
erals in rocks. Includes solution, carbonation, hydra-
tion, oxidation and reduction. 

 y Factors: Requires the presence of water, air, and 
heat.

 y Solution: Minerals like calcium carbonate dis-
solve in water, especially when carbonic acid is 
present.

 y Carbonation: CO₂ in the air reacts with water to 
form a weak acid that dissolves feldspar and car-
bonate minerals. 

 y Hydration: Minerals absorb water and swell, in-
creasing volume and causing weakening, exfoli-
ation, and disintegration. 

 y Oxidation & Reduction: Oxidation adds oxy-
gen and weakens minerals; reduction occurs in 
low-oxygen areas like waterlogged zones.
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2. Physical or Mechanical Weathering: Relies on ap-
plied forces.

 � Breakdown of rocks by physical forces without 
chemical change.

 � Caused by thermal expansion and pressure re-
lease. These forces could be gravitational forces, 
expansion forces, and water pressures.

 � Unloading & Expansion: Curved surfaces devel-
op arched fractures, forming large exfoliation 
sheets. Rounded exfoliation domes result from 
this process.

 � Temperature Change & Expansion: Strong in 
dry, high-altitude areas with large day–night 
temperature differences.

 � Freezing, Thawing & Frost Wedging: Common in 
mid-latitude highlands where freeze–melt cycles 
occur.

 h Freezing: water → ice
 h Thawing: ice → water
 h Frost wedging: repeated freeze–thaw 

breaks rocks.

3. Biological Weathering: Involves both the physical 
breakdown and chemical alteration of rocks by bio-
logical factors.

 � Organism Activity: Burrowing by animals such as 
rodents, termites, and earthworms loosens soil 
and exposes new rock surfaces.

 � Decay of Organic Matter: When plants and ani-
mals decompose, they release acids (like humic 
and carbonic) that enhance chemical breakdown 
of minerals.

 � Root Action: Growing roots exert pressure, forc-
ing cracks to widen and breaking the rock apart.

 � Salt Weathering: Salt expands due to heat, hy-
dration & mainly crystallisation, causing rock 
disintegration.

 � Exfoliation: Not a process itself, but a result of 
various physical weathering processes causes 
reduction in pressure as overlying materials are 
removed due to temperature changes.

 � It results into:
 h Exfoliation Domes: Smooth, round-

ed surfaces formed by flaking off of 
rock layers.

 h Tors: Rock outcrops resulting from 
unloading and thermal expansion.

Erosion Deposition

 � Involves the breaking down and removal of rock 
debris by various geomorphic agents.

 � Agents: Running water, groundwater, glaciers, 
wind, and waves.

 � Weathering breaks down rocks, and erosional 
agents transport these fragments.

 � Aids in erosion through the grinding action by 
the debris carried by these agents.

 � Leads to the degradation of relief, wearing down 
landscapes.

 � Controlled by kinetic energy; different agents 
represent different states of matter (gaseous for 
wind, liquid for water, solid for glaciers).

 y Factors Influencing Erosion:
 h Climate: Controls how strongly agents like 

wind, water, and ice operate.
 h Location: Coastlines or river valleys deter-

mine the extent of wave or river erosion.
 h Rock Type (Lithology): Nature of rocks af-

fects groundwater action and landforms 
such as karst.

 � Occurs when erosional agents lose velocity and 
deposit carried materials.

 � Coarser materials are deposited first, followed 
by finer ones.

 � Leads to the filling up of depressions and leve-
ling of the landscape.

 � Agents of erosion also act as agents of deposi-
tion.
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 � Mass Movements 

The transfer of rock debris and soil down slopes due to gravity.
Unlike erosion, mass movements are not driven by agents like water, ice, or wind but solely by gravity.
Debris may carry air, water, or ice with it, but these elements do not transport the debris.
Can range from slow to rapid and affect both shallow and deep materials.

Slow Movements Rapid Movements

 � On moderately steep, soil-covered slopes.
 � Extremely gradual and imperceptible material 

displacement.
 � Creep: On moderately steep slopes; movement 

of material is extremely slow; material involved 
can be soil or rock debris.

 � Solifluction: Form of creep consists of slow 
downslope flow of saturated soil or fine-grained 
rock debris; occurs in moist temperate areas due 
to surface melting of frozen ground and pro-
longed rainfall.

 � Prevalent in humid climatic regions and occur 
over gentle to steep slopes.

 � Earthflow: Movement of water-saturated clayey 
or silty materials down low-angle terraces or hill-
sides.

 � Mudflows: Heavy rainfall saturates thick layers 
of weathered materials, flowing slowly or rapidly 
down the channels like a stream of mud.

 � Debris avalanches: Fast-moving mass move-
ments occur in narrow tracks on steep slopes, 
resembling snow avalanches and can be much 
faster than mudflows.

 � Landslides:

 � Rapid and perceptible movements; the materials involved are relatively dry earth materials.
 y Types of Landslides-

 h Slump: Downward slipping of rock debris with backward rotation.
 h Debris Slide: Rapid, non-rotational sliding of earth debris.
 h Debris Fall: Near free-fall of debris from vertical or overhanging faces.
 h Rockslide: Sliding of rock masses down steep surfaces.
 h Rock Fall: Free falling of rock blocks from superficial layers of a steep slope.

 � Factors in the Himalayas and Western Ghats:

Himalayas: Frequent occurrence due to tectonic activity, sedimentary rocks, steep slopes.
Western Ghats and Nilgiris: Though tectonically stable and composed of hard rocks, landslides occur due to steep 
cliffs, mechanical weathering, and heavy rainfall.
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 � Dynamic geological process that illustrates the 
continuous transformation of rocks through var-
ious stages.

 � Begins with the formation of igneous rocks from 
the cooling of molten magma or lava.

 � Igneous rocks can be changed into metamor-
phic rocks. The fragments derived out of igne-
ous and metamorphic rocks form into sedimen-
tary rocks.

 � Sedimentary rocks themselves can turn into 
fragments and may be a source for formation of 
sedimentary rocks.

 � The crustal rocks once formed may be carried 
down into the mantle through the subduction 
process and may turn into molten magma.

 � Aggregates of one or more minerals that do not 
have definite chemical composition.

 � Science of rocks: Petrology

ROCK CYCLE

05 ROCKS
CHAPTER

AND ROCK CYCLE

 � Types of Rocks:

1. Igneous Rocks:
 � Solidified from magma and lava (came on sur-

face and solidifies)
 � Ex.: Granite, gabbro, pegmatite, basalt, volcanic 

breccia and tuff.
 � Molten material is cooled slowly at great depths 

(intrusive igneous rocks), mineral grains may be 
very large (Granite). 

 � Sudden cooling at the surface (extrusive igne-
ous rocks) results in small grains (Basalt). 

 � Intermediate conditions of cooling would result 
in intermediate sizes of grains.

 y Features:
 h Hard, granular and crystalline
 h Do not contain fossils.
 h Do not allow water to percolate through 

them
 h Less affected by chemical weathering
 h No layers like sedimentary rocks
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 � Types of igneous rocks based on location of magma solidification:

Intrusive Igneous Rocks Extrusive Igneous Rocks

 � Solidification of magma below the Earth’s sur-
face.

 � Cools slowly and solidify 
 � Develop large minerals 
 � Ex.: Granite, Gabbro, Pegmatite, Diorite, Rhyo-

lite, Andesite, Komatite, Diabase.

 � Magma reaches the surface and emerges as 
lava.

 � Cools rapidly on surface & Ocean
 � Develop crystals of microscopic size
 � Ex.: Basalt, Andesite, Rhyolite.

 � Types of igneous rocks based on chemical composition:

 � Depends on the kind and amount of minerals present within the parent magma.

Acidic rocks(80%Acid) Basic rocks

 � High silica content
 � Light colour
 � Low specific gravity
 � Example: Granite

 � Low silica content &More Fe, Mg
 � Dark and heavy
 � Example: Basalt

2. Sedimentary Rocks:
 � Formed by deposition of fragments of rocks by 

exogenous processes.
 � These deposits through compaction turn into 

rocks and this process is called Lithification.
 � Preserves a historical record of Earth's surface 

and climate changes over millions of years.
 � Provide evidence of the evolution of life through 

time.
 � Features:

 � Always stratified (have layers)
 � Formed by the hydrological system and contain 

fossils
 � Most sedimentary rocks are permeable and po-

rous

 � Types: 

 � Mechanically formed – Sandstone, Conglomer-
ate, Shale, Loess, Mudstone, Claystone.

 � Organically formed – Geyserite, Chalk, Lime-
stone, Coal, Peat, Lignite, Coal.

 � Chemically formed – Dolomite, Rock salt, Chert, 
Halite, Potash, Gypsum.

3. Metamorphic Rocks:
 � Formed under action of PVT (Pressure, Volume, 

Temperature) changes.
 � Formed out of existing rocks that undergo 

recrystallisation.
 � Ex.: Gneiss, Slate, Schist, Marble, Quartzite, 

Granite, etc.
 y Features:

 h Smooth in texture 
 h Consists of layers sometimes
 h Wide range of colours 
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 h Contains fossils rarely 

 

 � Metamorphic rocks are classified into two major groups: 

Foliated Metamorphic Rocks Non-Foliated Metamorphic Rocks

 � Have a layered or banded appearance
 � Formed due to heat and directed pressure
 � Examples: Gneiss, Phyllite, Schist, Slate

 � Do not have a layered or banded appearance
 � Examples: Marble, Quartzite

 � Metamorphism: Already consolidated rocks undergoes recrystallisation and reorganisation of material within 
original rocks.

 � In metamorphism, some rocks, grains or minerals get arranged in layers or lines known as foliation or linea-
tion.

 � Sometimes minerals or materials of different groups are arranged into alternating thin to thick layers, light 
and dark shades appear called banding and rocks show banding are known as banded rocks.
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 � Vent in the crust of Earth or another planet or 
satellite, from which eruptions of molten rock, 
hot rock fragments, and hot gases.

 � Source of Magma- Asthenosphere 
 � Magma on Earth’s surface - Lava
 � Lava contains - Pyroclastic debris, volcanic 

bombs, ash, dust and gases like nitrogen, sul-
phur, etc.

 � Types of Volcanoes:

1. Based on Shapes:
 

 � Shield Volcanoes: 

 � Large, gentle slopes (not very steep), formed 
from fluid basaltic lava

 � Less explosive unless water interacts.
 � Ex.: Hawaiian volcanoes

 � Composite Volcanoes:

 � Cooler, more viscous lavas than basalt
 � Explosive eruptions 
 � Layers of lava, ash, pyroclastic materials
 � Ex.: Mount St. Helens, Mount Fuji

 � Calderas: 

 � Extremely Explosive eruptions 
 � Collapse of volcano forming depressions
 � Large near-surface magma chamber
 � Ex.: Yellowstone Caldera, Crater Lake

 � Flood Basalt Provinces:

 � Extensive basalt lava flows covering large areas
 � Spreading of highly fluid lava over great distanc-

es
 � Ex.: Deccan Traps in India

 � Mid-Ocean Ridge Volcanoes:

 � Along oceanic mid-ocean ridges
 � Frequent eruptions along the central part of the 

ridge system
 � Ex.: Atlantic MOR

06 VOLCANICITY
CHAPTER

AND VOLCANOES
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2. Based on Frequency of Eruption:

Type of Volcano Characteristics Examples

Active Volcano  � Currently erupting or on the 
verge of eruption.

 � Approx. 500 active volcanoes on 
Earth. 

 � Annual eruptions: 50 to 70, con-
centrated around the Pacific "ring 
of fire."

 � Mount Etna (Italy),
 � Hawaiian Islands (Pacific Ocean), 
 � Mauna Loa (Pacific Ocean), 
 � Mount Vesuvius (Italy), 
 � Barren Island (India)

Dormant Volcano  � Not erupting now but has erupt-
ed in the past and expected to 
erupt again.

 � Differentiation from active volca-
noes can be challenging.

 � Some can remain inactive for 
thousands of years.

 � Mauna Kea (Pacific Ocean

Extinct Volcano  � Considered dormant and unlikely 
to erupt again.

 � Kohala, the oldest volcano on 
the Big Island of Hawaii, hasn't 
erupted in 60,000 years and is 
not expected to erupt

 � Kohala (Pacific Ocean),
 � Aconcagua (Andes)
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 � Type of Volcano 

Basic Lava Acidic Lava

 � Dark-Dense
 � Hottest
 � Fe, Mg = High
 � Silica = Low
 � Highly fluid - Spread 

more
 � Ex.: Shield Volcano 

 � Low dense
 � Light coloured 
 � Silica = High
 � Slow - Steep
 � Explosion should

 � Volcanic Landforms:

 � Batholith: Large magnetic material cools in deep-
er depth of crust. Formation of large domes.

 � Laccoliths: Large dome shaped bodies connect-
ed by a pipe-like conduit. Ex.: Karnataka Plateau 

 � Lapolith: Horizontal movement of lava. Develops 
into saucer shape, concave to the sky body.

 � Phacolith: Rocks found at the base of synclines 
or at the top of anticline in folded igneous coun-
try.

 � Sill: Horizontal bodies of intrusive igneous rocks
 � Dykes: Solidifies perpendicular to the ground. 

Feeders for the eruptions led to development of 
Deccan traps.

 � Hot Springs 

 � Natural outlets where groundwater is heated by 
underlying magma or hot rocks and emerges at 
the surface. 

 � Indicate geothermal or volcanic activity beneath 
the Earth’s crust. 

 � Water in hot springs usually rises gently without 
much force, releasing heat as steam.

 � Geysers

 � A type of hot spring that ejects water and steam 
periodically due to high underground pressure.

 � Water trapped in deep channels gets heated, 
builds pressure, and bursts out forcefully at in-
tervals. 

 � Relatively rare and require specific geological 
conditions to form.
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 � Earthquake 

 � Natural phenomena that occur when there is a 
sudden release of energy in the Earth's crust, re-
sulting in seismic waves.

 � Release of energy is typically caused by the 
movement of tectonic plates beneath the Earth's 
surface.

 � Waves radiating in all directions.
 � All natural earthquakes arise within the litho-

sphere (up to 200 km from surface).
 

 � Key Terms:

 � Seismic Waves: Vibrations that travel through 
the Earth as a result of an earthquake.

 � Seismic Gaps: Some areas along tectonic 
plate boundaries have not experienced sig-
nificant earthquakes for a long time.

 � Seismograph: An instrument that detects 
and records seismic waves

 � Types of Earthquakes:

Tectonic 
Earth-
quakes

 � Resulting from the movement of 
tectonic plates

 � Predominantly along plate bound-
aries

 � The 1906 San Francisco earth-
quake occurred along the San An-
dreas Fault

Volcanic 
Earth-
quakes

 � Triggered by volcanic activity
 � Proximity to volcanoes
 � Notable instances include earth-

quakes associated with the erup-
tion of Mount St. Helens in 1980

Collapse 
Earth-
quakes

 � Arising from the collapse of under-
ground structures such as mines 
and caves

 � Common in underground mines 
and caves

 � Mining-induced seismicity in re-
gions with extensive underground 
mining activities.

Induced 
Seismicity

 � Resulting from human activities 
such as reservoir-induced seismic-
ity and fluid injection/extraction

 � Influenced by specific human ac-
tivities

 � Notable instances involve the in-
jection of fluids during hydraulic 
fracturing (fracking) inducing seis-
mic events

 � Types of Earthquake waves:

1. Body Waves: 
 � Originate from the focus and trans-

verse through the earth. 
 � Types- Primary or P-waves, Second-

ary or S-waves 

2. Surface Waves:
 � Generate from the interaction of 

body waves with Earth’s surface.
 � Moves along the earth’s surface.
 � More destructive 
 � Types- Love or L-waves, Rayleigh or 

R-waves

 � Seismic Waves
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Type of Wave Nature Speed Mediums Trav-
elled Through Arrival Time

Primary Waves 
(P-Waves)

Longitudinal or Compressional waves, Body waves,
Particles vibrate parallel to wave direction (To and 
Fro)

Fastest Solid, Liquid 
and Gas

First to 
Arrive

Second-
ary Waves 
(S-Waves)

Transverse or Shear waves, Body waves,
Particles vibrates perpendicular to wave direction

Slower 
than 
P-waves 

Travel only 
through solids

Arrive after 
P-waves

Surface Waves 
(Cause signifi-
cant Damage)

Love Waves
(Horizontal Motion)

Slower, 
Travel 
along with 
the Earth’s 
surface

Solid Follow 
P-waves and 
S-waves

Rayleigh Waves
(Horizontal & Vertical Motion)

Solid (Faster), 
Liquid (Slower)

 � Concept of Shadow Zone:

 � Area on the Earth's surface where certain types 
of seismic waves are not directly detected. 

 � Occurs due to the interaction of seismic waves 
with the Earth's interior structure, specifically 
the outer core.

 � P-waves and S-waves are responsible for the for-
mation of shadow zones.

 � The existence of these shadow zones provided 
critical evidence for the layered structure of the 
Earth's interior.

1. P-wave shadow zone: 

 � P-waves travel through solids, liquids, and gas-
es, when they encounter the liquid outer core of 
the Earth, they undergo a significant change in 
velocity and direction. 

 � It creates a shadow zone where P-waves are not 
detected.

2. S-wave shadow zone:

 � S-waves cannot travel through liquids, when en-
countered with liquid, they are absorbed entire-
ly resulting in formation of a shadow zone.

 � It is significant because there is no detection of 
S-waves beyond 105 degrees.

 � Distribution of Earthquake:

1. Global Earthquake Zones:
 � Earthquakes are primarily concentrated along 

tectonic plate boundaries, where Earth's litho-
spheric plates interact.
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 � The major seismic zones include:

 � Ring of Fire: In the Pacific Ocean, frequent earthquakes and volcanic activity due to subduction zones.
 � Himalayan Region: Indian and Eurasian plates collision, causing seismic activity in the Himalayas.
 � Mid-Atlantic Ridge: Divergent boundary in the Atlantic Ocean, earthquakes and seafloor spreading.
 � East African Rift: Continental rift zone in East Africa where the African plate is splitting.
 � Alpide Belt: Extending from the Atlantic through southern Europe and Asia, associated with the convergence 

of plates.
 � Transform Faults: Linear features like the San Andreas Fault, where plates slide past each other, causing earth-

quakes.

2. Distribution of Earthquakes in India:
 � India is seismically active due to its location at the convergence of the 

Indian and Eurasian tectonic plates.
 

 � Himalayan Seismic Zone (Zone IV) covers the Himalayan region, prone 
to powerful earthquakes due to the ongoing collision.

Indo-Gangetic Plain Seismic Zone (Zone III) encompasses the Gangetic plain 
regions, with significant seismic activity transferred from the Himalayan colli-
sion region.
North-Eastern Seismic Zone (Zone V) includes northeastern states, experienc-
ing moderate to high seismicity.
Kachchh and Saurashtra Seismic Zone (Zone II) covers Kachchh region in Guja-
rat and parts of Saurashtra, associated with tectonic activity along the western 
margin.

 y Tsunami:
 � Series of massive ocean waves caused by abrupt water displacement, often triggered by earth-

quakes, volcanic eruptions, landslides, or meteorite impacts.
 � Long wavelengths, high wave heights (exceeding 30 meters at the coast)
 � Travel at speeds over 500 miles per hour.
 � Common triggers include underwater earthquakes, volcanic eruptions, underwater landslides.
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 � Diverse physical features that shape the Earth's surface, ranging from towering mountains and expansive 
plains to winding rivers and deep valleys.

 � Result of various natural processes, including erosion, deposition, tectonic activity, and weathering.
 � Defining the topography of regions, influencing ecosystems, climate, and human activities.

 � In areas with heavy rainfall, running water is a key geomorphic agent for land degradation.
 � Components of Running Water
 � Overland Flow: Sheet-like flow over the general land surface.
 � Linear Flow: Flow through streams and rivers in valleys.
 � Landforms formed due to running water develop in three stages: Youth, Mature and Old.

Stage Features

Youth  � Poor integration of streams
 � V-shaped valleys
 � Gorges due to vertical erosion
 � River capture with headward erosion
 � Waterfalls, Rapids, Cataracts and Interlocking spurs.
 � May develop meanders 

Mature  � Good integration of streams 
 � Deeper V-shaped valleys; wider floodplains
 � Meanders, Incised Meanders, Terraces, Point bars, River cliffs and Slip off slopes.

Old  � Few smaller tributaries with gentle gradients
 � Extensive flood plains; Meanders and Oxbow lakes
 � Braided streams, Levees, Point bars, cliffs and Deltas

Erosional Landforms Depositional Landforms

1. Valleys: 
 � Begin as small rills, developing into gullies, 

and eventually forming valleys.
 � Types:
 � V-shaped Valley: Typically found in youthful 

stages of river development.
 � Gorges: Steep sides and are equal in width at 

top and bottom; formed in hard rocks.
 � Canyons: Steep, step-like slopes; wider at the 

top than at the bottom; formed in horizontal 
bedded sedimentary rocks; found in dry areas. 
Ex.: Grand Canyon

 � Gorges and canyons differ in shape and width 
at their top and bottom; canyons are a vari-
ant of gorges, often based on rock type and 
structure.

1. Valleys:
 � Occurs when 

mountain 
streams carry 
heavy coarse 
sediment when 
they reach 
low-gradient foot 
slope plains.

 � Broad, cone-
shaped deposits 
with varying slopes.

 � Channels often shift, forming multiple distributaries.
 � Humid Areas: Low cones with gentle slopes.
 � Arid/Semi-Arid Climates: High cones with steep slopes.

RUNNING WATER

07 LANDFORMS
CHAPTER
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2.Potholes:
 � Circular depressions formed on rocky beds of 

hill-streams due to stream erosion and abra-
sion by rock fragments.

 � Enlargement of depressions due to the rota-
tion of pebbles and boulders.

 � Series of potholes → Deeper stream valleys
3.Plunge Pools:

 � Large, deep holes at the base of waterfalls 
due to the force of falling water and rotation 
of boulders.

 � Typically quite deep and wide.

4.Incised or Entrenched Meanders:

 � Occur in streams flowing rapidly over steep 
gradients

 � Loop-like channels; Due to low kinetic energy 
water changes its course

 � In gentle slopes, streams develop sinuous or 
meandering courses due to active lateral ero-
sion.

 � Very deep and wide meanders can also be 
found cut in hard rocks.

 � Develop loops → converted into ox-bow lakes
 � Formed due to: Gentle gradient; Coriolis force 

& irregularities along the river.

2.Deltas: 
 � Triangular depositional feature at river mouths en-

tering lakes or seas.
 � Occur where rivers deposit their load upon enter-

ing a sea or ocean, leading to the accumulation of 
sediments.

 � Composed of well-sorted, stratified deposits
 � Coarser materials- Settle near river mouth; Finer 

materials (clay & silt)- carried into sea.
 � Ideal conditions for formation: Shallow sea/lake 

shores, long river courses, stable coastal/oceanic 
conditions.

3.Floodplains:
 � Formed as river channels transition to gentler 

slopes
 � Consist sand, silt, and clay deposited by slow-mov-

ing waters in gentler channels.
 � Comprising an active floodplain (river bed area) 

and an inactive floodplain (above the bank).
 � Inactive Floodplain: Contains flood deposits and 

channel deposits. Finer materials deposited during 
flooding.

 � Delta plains = Floodplains within deltas

4.Natural Levees:
 � Along the banks of large rivers
 � Linear, parallel ridges of coarse deposits formed 

from overflowing river waters
 � Often segmented into individual mounds
 � Steep near the banks

5.Point Bars (Meander Bars):
 � Linear sediments deposited by flowing water on 

the convex side of meanders.
 � Cut-off bank is the concave bank of a meander; 

slip-off is the convex side.

Braided Channels:
 � Due to discharge is less → sediment load more in 

the valley, channel bars and islands of sand, gravel 
and pebbles develop on the floor of the channel→ 
Flow of water divided into multiple threads.

5.River Terraces
 �
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 � Old valley floors or floodplain levels marked 
by flat surfaces alongside rivers.

 � Result from a river's vertical erosion and re-
ceding water after a peak flow, change in hy-
drological regime due to climatic changes, tec-
tonic uplift of the land, and sea level changes.

 � Multiple terraces at different heights indicate 
former river bed levels.

 � Paired Terraces: Terraces at the same eleva-
tion.

 � Unpaired Terraces: Terraces present at one 
side only or present at different elevations.

6.Rapids: 
 � Fast-flowing, turbulent water
 � Abrupt elevation changes
 � Found in steep or mountainous section

 � Thread-like streams rejoin; subdivide repeatedly → 
braided pattern formation

Ox-bow Lakes: 

 � Deep meander loops may get cut off from the main 
river due to erosion at inflection points, forming 
ox-bow lakes.

 � Meanders 

 � Not landforms but types of channel patterns 
typically found in rivers.

 � Common in large flood and delta plains where 
rivers seldom flow in straight courses.

 � Characterized by loop-like patterns
 � Deposition: Concave bank; Erosion: Convex 

bank
 � Formed due to: Gentle gradients, Unconsolidat-

ed alluvial deposits, Impact of coriolis force.
 � Meanders cut off → evolve into oxbow lakes

 � Groundwater

 � Impact of groundwater on erosion and the formation of landforms, rather than its utility as a resource.
 � Ideal regions: Rocks of limestone and dolomite (Calcium carbonate rich)
 � Karst Topography: Distinctive landform formed by groundwater activity in limestone or dolomite regions. 

(Named after the Karst region in the Balkans)
 



PRAYAAS EDUCATION Page 31

GEOGRAPHY

Erosional Landforms Depositional Landforms

 � Solvent (Rainwater + CO2) → Disintegrates 
carbonate rocks.

 � Rate of dissolution influenced by → Temper-
ature of groundwater, Joints in rocks, Contact 
time (solvent & rocks)

 � Karst landscapes → Rugged terrain → Fea-
tures: solution holes, ravines, gullies, clefts, 
narrow valleys, caves, stalagmites, and stalac-
tites.

 � 1.Pools and Sinkholes:

 y Swallow Holes: 
 � Small, round depressions (shallow) formed on 

limestone surfaces due to solution.
 y Sinkholes:
 � Circular openings, funnel-shaped, varying in 

size and depth.
 � Surface water percolates down, dissolving the 

limestone and creating voids.
 y Types:
 � Solution Sinks: Formed purely by the solution 

process. Limestone dissolves → Creates de-
pressions.

 � Collapse Sinks (Dolines): Occur when the roof 
of an underground void or cave collapses.

 � 2.Valley Sinks (Uvalas):

 � Formed when multiple sinkholes or dolines 
join together.

 � Result from collapse of cave roofs or settling 
of surface material.

 � Appear as elongated depressions or trench-
like features.

 � 3.Lapies or Limestone ridges:

 � Rough, uneven surfaces carved on exposed 
limestone.

 � Characterised by narrow grooves, sharp ridg-
es, and solution pits. 

 � Develop due to intense chemical weathering 
along rock joints.

 � 4.Caves / Caverns:

 � Created by dissolution of soluble rocks, espe-
cially where limestone occurs in layered se-
quences.

 � May have openings on both sides, giving a 
tunnel-like appearance.

 � Often expand over time as underground wa-
ter flow enlarges the passages.

 � Limestone contains calcium carbonate, which is highly 
soluble in carbonated water.

 � Calcium carbonate is deposited when water carrying it 
in solution evaporates or loses carbon dioxide.

 � 1.Stalactites:

 � Resemble icicles, hanging from the ceiling of caves.
 � Occur when water containing calcium carbonate drips 

from the cave ceiling.
 � Broad at the base, tapering towards the end, with a 

variety of forms.
 � 2. Stalagmites:

 � Rise from the cave floor, often directly below a sta-
lactite.

 � Formed by water dripping from the ceiling or the 
end of a stalactite.

 � Can be columnar, disc-like, with smooth or cratered 
ends.

 � 3. Pillars: 

 � Result from the fusion of a stalactite and stalag-
mite.

 � Columns or pillars of varying diameters, forming 
significant features within caves.
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 � 5.Ponores: 

 � Deep vertical shafts linking surface depres-
sions with underground caves.

 � Develop as sinkholes deepen through contin-
uous chemical action on carbonate rocks.

 � Act as channels for water to move downward.
 � 6.Natural Bridges:

 � Formed when part of a cave roof remains in-
tact while adjacent sections collapse.

 � Can also form when surface streams shift un-
derground, leaving an arch above.

 � Appear as rock arches spanning over depres-
sions or valleys.

 � Glaciers

 � Masses of ice that move over land.
 � Covers 10% of the Earth’s surface approx.

 y Types:
 � Continental Glaciers: Vast sheets of ice spread over plains or piedmont areas at the foot of mountains.
 � Mountain and Valley Glaciers: Flow down mountain slopes in broad, trough-like valleys.
 � Tremendous erosion due to friction and the weight of the ice.
 � Plucking and Abrasion: Glaciers pluck material from the land and drag it along, causing abrasion.
 � Snowline: Marks elevation where average temperature remains below freezing during the warmest month.

Erosional Landforms Depositional Landforms

 � Formed through abrasion, plucking, and pol-
ishing; Coarse debris at the base aids in bed-
rock and side wall erosion.

 � 1.Cirque:

 � Deep, long, and wide trough-like basins with 
steep walls, typically found at the heads of gla-
cial valleys.

 � Formed by the accumulation and downward 
movement of ice cutting into the mountain 
tops.

 � Concave to vertical high walls.
 � Often contain tarn lakes (cirque lakes) after 

glacier retreat.
 � Located at the heads of glacial valleys → Cor-

rie
 � Ex.: Chandra Taal, Himachal Pradesh

 � 1.Glacial Till:

 � Unassorted mixture of coarse and fine debris 
dropped by melting glaciers

 � Consists of angular to sub-angular rocks
 � 2.Outwash Deposits: 

 � Formed by meltwater streams carrying debris from 
glaciers

 � Roughly stratified and sorted, with somewhat 
rounded rock fragments

 � Glacio-fluvial deposits
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 � 2.Horns and Serrated Ridges (Aretes):

  

 � Horns: Formed by headward erosion of cirque 
walls. Sharp, pointed, steep-sided peaks cre-
ated when multiple glaciers erode headward 
and meet.

 � Serrated Ridges (Aretes): Narrow, sharp-crest-
ed, zig-zag ridges between cirque walls. Result 
from progressive erosion.

 � At the head of a glacier, where it begins to 
leave the snowfield of a corrie, a deep verti-
cal crack opens up called a bergschrund or 
rimaye.

 � 3.Outwash Plains:

 � Formed at the foot of the glacial mountains or be-
yond continental ice sheets

 � Covered with glacio-fluvial deposits forming broad, 
flat alluvial fans or plains

 � 4.Drumlins:

 � Smooth, oval-shaped hills and  made of rocks and 
dirt

 � Have two ends, stoss end, is flatter and steeper, 
and other end is tail

 � Occur in clusters, creating a “basket of eggs” to-
pography

 � Eskers:

 � Sinuous ridges formed by streams flowing beneath 
glaciers

 � Composed of coarse materials like boulders and 
blocks along with finer rock debris.
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 � 4.Glacial Valleys/Troughs

  

 � Trough-like and U-shaped with broad floors 
and steep sides

 � Contain debris, moraines, or lakes
 � Ribbon lake/ Finger lake/ Trough lake: 
 � Long and very deep, finger-shaped lake, usu-

ally found in a glacial trough
 � Hanging Valleys:
 � Elevated or hanged valleys on sides of the 

main glacial valley
 � Often have truncated spurs, appearing as tri-

angular facets
 � Deep glacial troughs filled with seawater, 

forming high-latitude shorelines → Fjords/
Fiords

 � 5.Roche Moutonnee

 � Residual rock hummock with surface is striat-
ed by ice movement.

 � Upstream: smoothed by abrasion; down-
stream: roughened by plucking.

 � 6.Crag and Tail

 � Outcropping of hard rock with a high upward 
slope

 � 7.Nunataks

 � Isolated peaks or mounds surrounded by gla-
cial ice.

 � 6.Moraines:

 � Long ridges of glacial till deposits
 y Types:
 � Terminal Moraines: Debris deposited at the gla-

cier's end.
 � Lateral Moraines: Form along glacier sides, parallel 

to glacial valleys.
 � Ground Moraines: Irregular till deposits covering 

valley floors, varying in thickness and surface to-
pography.

 � Medial Moraines: Central moraines in a glacial val-
ley, often indistinct from ground moraines.

 � 7.Kettle lake

 � Depression in the outwash plain left by the melting 
of masses of stagnant ice.

 � Hummocks: Large kettles contain numerous low 
mounds

 � 8.Fjords

 � Deep, narrow, and elongated inlets of the sea
 � U-shaped glacial valleys submerged in the sea

 � Waves and Currents 

 � Coastal processes are among the most dynamic and destructive natural phenomena.
 � Waves breaking on the shore exert a powerful force, churning sediments and impacting coastal landscapes.
 � Consistent wave action significantly alters coastal landforms.

 � Types of Coasts:
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 y High, Rocky Coasts (Submerged Coasts):

 h Formed in areas where the land is sinking or sea level is rising.
 h Drowned river valleys with highly irregular coastlines.
 h Steep hill sides dropping sharply into the water.
 h Dominance of erosional features.

 y Low, Smooth, Gently Sloping Sedimentary Coasts (Emerged Coasts):
 h Formed in areas where the land is rising or sea level is falling.
 h Rivers extend via coastal plains and deltas.
 h Smooth coastlines with lagoons and tidal creeks
 h Gentle land slopes into water with marshes and swamps

Erosional Landforms Depositional Landforms

 � 1.Wave cut cliffs:

 � Steep sea cliffs formed by constant wave im-
pact.

 � Formation of wave-cut platforms where erod-
ed material is deposited.

 � Ranging from a few meters to over 30 meters 
in height.

 � 2.Wave cut terraces: 

 � Flat or gently sloping platforms made of rock 
debris at the base of cliffs.

 � Elevated above the average wave height. 

 � 3.Sea Caves: 

 � Formed by waves smashing against the base 
of cliffs

 � Roofs of these caves collapse, giving way for 
stacks

 � 1.Beaches:

 � Formed from sediments (accumulation of sand and 
pebbles) brought by rivers or wave erosion, often 
sandy, and can vary in size seasonally.

 � Not permanent → change in size and composition 
seasonally

 � Shingle Beaches: Beaches with small pebbles and 
cobbles

 � 2.Sand Dunes: 

 � Sand deposits behind beaches, forming ridges par-
allel to the coast.

 � Found along low sedimentary coasts 
 � 3.Off-Shore Bars: 

 � Ridges of sand and shingle in the sea, parallel to 
the coast.

 � 4.Barrier Bars: 

 � Exposed off-shore bars due to sand accumulation.
 � 5.Spits: 

 � Formed when barrier bars connect to a bay's end, 
sometimes attached to headlands.

 � Extend from the coast into a body of water
 � 6.Lagoon Formation: 

 � Barriers and spits can enclose part of the coast, 
forming lagoons that may gradually fill with sedi-
ment, eventually forming coastal plains.
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 � 4.Sea Stacks: 

 � Isolated rock remnants standing off the shore.
 � Originally part of cliffs or hills.
 �

 � 5.Capes and Bays:

 � Action of waves on rocks of varying resistance 
causes the coastline to be eroded irregularly

 � Formed where hard rocks, like granites and 
limestones, occur in alternate bands with soft-
er rocks

 � Softer rocks → worn back into inlets, coves or 
bays; Harder → persist as headlands or capes.

 � 6.Arches: 

 � Formed when caves on opposite sides of a 
headland merge over time

 � 7.Estuaries:

 � Partially enclosed coastal bodies of water where 
freshwater from rivers and streams mixes with 
seawater

 � Deposition of sediments from river runoff creates 
unique habitats.

Winds

 � In hot deserts, wind is a predominant geomorphic agent due to sparse vegetation and extreme temperature 
variations.

 � Desert winds, heated by the barren desert floors, create turbulence, eddies, and whirlwinds. 
 � Obstructions can further enhance wind speed and turbulence.

 � Different types of desert landscape:
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 � 1. Hamada or rocky desert
 � 2. Reg or stony desert
 � 3. Erg or sandy desert: In Turkestan, sandy deserts aka koum.
 � 4. Badland: At the hills were badly eroded by occasional rain-storms into gullies and ravines.
 � 5. Mountain deserts: found on highlands such as plateau and mountain ranges

Erosional Landforms Depositional Landforms

 � 1.Pediments and Pediplains:

 � Gently sloping rocky surfaces at the base of 
mountains. 

 � Formed by a combination of lateral erosion by 
streams and sheet flooding.

 � Over time → mountains reduce in size, leaving 
behind inselbergs as remnants

 � Finally → high-relief desert areas transform 
into low, featureless plains i.e. Pediplains.

 � 2.Inselbergs: 

  

 � Isolated residual hills or mountains left as 
remnants after extensive erosion of pediplains

 � Steep slopes and rather rounded tops
 � Composed of granite or gneiss → probably the 

relics of an original plateau entirely eroded
 � 3.Zeugen and Yardangs:

 y Zeugen: 
 � Tabular masses that have a layer of soft rocks 

lying beneath a surface layer of more resistant 
rocks. 

 � Wind abrasion eats softer layer → develop-
ment of deep furrows

 � Hard rocks then stand above the furrows as 
ridges or zeugen

 y Yardangs: 
 � Vertical bands of hard and soft rocks
 � Aligned in the direction of the prevailing winds

 � 4.Other:

 � In desert environments, the wind is a potent agent 
for transporting and depositing sand and sedi-
ment, leading to various depositional landforms.

 � 1.Sand Dunes: 

 � Most common depositional features in deserts, 
formed from sand accumulation in response to 
wind activity. 

 � Their shapes and sizes vary, influenced by factors 
like wind direction, sand supply, and surface con-
ditions.

 y Types:
 � Barchans: Crescent-shaped dunes with tips point-

ing downwind. Form in areas with limited sand 
supply and consistent wind direction.

 � Parabolic Dunes: U-shaped dunes with tips point-
ing upwind, typically forming in partially vegetated 
sand surfaces. (Reversed barchans)

 � Seif Dunes: Long, narrow dunes formed by bidirec-
tional winds. Has a single wing or point, elongating 
in the wind direction.

 � Longitudinal Dunes: Aka linear dunes, form parallel 
to the prevailing wind where sand supply is limited.

 � Transverse Dunes: perpendicular to the wind direc-
tion, common in areas with abundant sand and a 
constant wind direction.

 � 2.Bajadas: 

 � Depositional plains with a moderate slope that are 
situated between playa and pediments. 

 � Alluvial fans combine to create a bajada. 
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 � Playas:  Flat basins in deserts that occasional-
ly hold water. Formed by sediment deposition 
from surrounding higher areas.

 � Alkali Flats: Playas covered with salt deposits 
due to evaporation of shallow water bodies.

 � Deflation Hollows:  

 � Shallow depressions formed by the removal of 
loose particles by wind.

 � Caves: Deeper and wider forms of blow outs, 
created by wind erosion.

 � Mushroom Rocks:  Rock formations with a 
slender base and a broad, rounded top, re-
sembling a mushroom. Formed due to differ-
ential erosion.

 � Table Rocks: Flat-topped rock formations.
 � Pedestal Rocks: Rocks eroded into a shape re-

sembling a pedestal.
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 � 71% of Earth’s surface is covered by the hydro-
sphere; the remaining 29% is land (lithosphere).

 � 97% of Earth’s water is saline, stored in oceans.
 � 2–3% is fresh water, most of which is not directly 

accessible.
 � Major Water Reservoirs: Oceans>Ice caps & 

glaciers>Groundwater>Lakes>Soil moisture>At-
mosphere>Rivers & streams>Biosphere.

THE RELIEF OF THE OCEAN

 � Ocean floor exhibits diverse topographic fea-
tures shaped by tectonic movements, volcanic 
activity, and sediment deposition.

 � Though oceans are interconnected, geogra-
phers classify them into five major oceans:

 h Pacific Ocean 
 h Atlantic Ocean
 h Indian Ocean 
 h Southern Ocean 
 h Arctic Ocean

 � Oceans also include numerous seas, bays, and 
gulfs forming part of their complex structure.

08 OCEANOGRAPHY
CHAPTER

Continental Shelf  � Extended margin of continents (Depth:100-200m)
 � Very shallow, typically less than 1°
 � Shelf width varies with coastal relief:
 � Very wide where coasts are flat (e.g., Arctic/Siberian shelf).
 � Narrow or absent along steep, mountainous coasts (e.g., Rocky and An-

dean margins).
 h Often narrow or missing near active plate margins (ocean–

continent or ocean–ocean convergence).
 h Rich in fisheries, minerals, and hydrocarbons.

 y India:
 � Western shelf → wider and more regular.
 � Eastern shelf → narrower, irregular, variable width.
 � Formation Factors: Tilting of land, Marine erosion, Submergence of con-

tinental margins, Sea-level rise, Sediment deposition by rivers.
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Continental Slope:(linking zone)  � Lies between the continental shelf and deep ocean floor.
 � Steeper than shelf; marks the true edge of the continent.
 � Often cut by submarine canyons.
 � Zone of rapid depth increase.
 � Consists Canyons & trenches

Continental Rise  � Depositional zone at the base of the continental slope.
 � Formed by accumulation of thick sediments from land.
 � Slope becomes gentler (about 0.5°–1°).
 � Transition zone → Between  slope & abyssal plain.
 � Increasing depth → merges smoothly into the abyssal plain.

Deep Sea Plain: (Abyssal Plain)  � Vast, nearly level regions of ocean basins.
 � Flattest and smoothest surfaces on Earth.
 � Between 3,000–6,000 m.
 � Covered with fine sediments (clay, silt).
 � ~40% of the ocean floor

Oceanic Trenches: (Deeps)  � Deepest parts 
 � Narrow, steep-sided basins
 � 3–5 km deeper than the surrounding ocean floor.
 � Formed by subduction at ocean–ocean or ocean–continent conver-

gence.
 � Associated with earthquakes and active volcanoes.
 � Important for study of Plate Tectonics.
 � Mostly found in the Pacific Ocean.
 � (Mariana Trench – deepest (≈11 km) in the world)

Mid-Oceanic Ridges  � Tectonic mountain chains formed along divergent plate boundaries.
 � Evidence of Plate Tectonics.
 � Consist of two parallel mountain ranges separated by a central rift/de-

pression.
 � Peaks may rise up to 2,500 m, and some even emerge above sea level 

(Ex.:Iceland).
 � Appear as broad plateaus or steep narrow ridges.
 � Zones of volcanic and hydrothermal activity.

Seamount  � Submarine volcanic peak rising >1,000 m above the ocean floor.
 � Volcanic origin
 � Example: Emperor Seamount, extension of the Hawaiian Islands (Pacific 

Ocean).

Submarine Canyons  � Long, narrow, deep valleys on continental shelves and slopes under the 
sea.

 � Carved by erosion and mass-wasting processes.
 � Sometimes extend from the mouths of large rivers.
 � Ex.:Hudson Canyon (near New York)
 � Cross-section resembles a ‘V’-shaped valley.

Guyot  � Flat-topped seamount 
 � Formed by subsidence and erosion of the volcanic peak.

Atoll  � Ring-shaped coral reef surrounding a central lagoon.
 � Formed around a submerged volcanic island.
 � Encloses lagoons (contain salt, brackish, or fresh water)
 � Advanced stage of coral reef development.
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 � Temperature of Ocean Waters:

 � Ocean water is heated mainly by solar radiation, 
similar to land.

 � Temperature change is slow because water has 
high specific heat.

 � Hence, oceans warm and cool more gradually 
than land surfaces.

 

 � Factors Affecting Temperature Distribution:

 � Latitude: Decreases from equator to poles. 
 � Unequal Distribution of Land and Water
 � Prevailing Wind: Influence horizontal movement 

of surface waters.
 � Ocean Currents: Warm currents increase tem-

perature in cold areas; cold currents decrease 
temperatures in warm areas.

 � Vertical Distribution of Ocean Temperature:

 � Temperature decreases with increasing depth.
 � Rate of decrease is uneven, faster near the sur-

face and slower at depth.
 � Oceans are vertically divided based on the pene-

tration of solar radiation.

Photic Zone (Euphotic 
Zone)

Aphotic Zone

Upper ocean layer up to 
~200 m depth.
Receives sufficient sun-
light.
Supports photosynthesis 
→ base of marine food 
chain.
Dominated by algae and 
phytoplankton.

Extends below 200 m to 
the ocean floor.
No sunlight penetration.
Some bacteria use heat 
from Earth’s interior 
(chemosynthesis).
Act as primary producers, 
supporting higher organ-
isms

Thermal Layers of the Ocean

1. First Layer – Epilimnion (Surface Layer)
 � Thickness: ~500 m.
 � Water is warm.
 � Temperature range: 20–25°C.
 � Present throughout the year in tropics.
 � Appears seasonally (summer) in mid-latitudes.
 � Corresponds to epipelagic zone, rich in sunlight 

and life.

2. 2. Second Layer – Thermocline (Metalimnion)
 � Lies below the surface layer.
 � Marked by a rapid fall in temperature with depth.
 � Acts as a barrier to vertical mixing of water.

3. 3. Third Layer – Hypolimnion (Deep Layer)
 � Extends from below thermocline to ocean floor.
 � Water is very cold and nearly uniform in temper-

ature.
 � In polar regions, this is the only layer present 

from surface to bottom.
 y Polar Ocean Condition:
 � Surface temperature near 0°C.
 � Very little temperature change with depth.
 � Entire water column consists of cold water only.

 y Important Vertical Characteristics:
 � Temperature always decreases with depth, but: 

Rate of decrease is not uniform.
 � Though surface temperature varies by latitude,
 � Bottom ocean temperature remains almost uni-
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form from equator to poles.

Horizontal Distribution of Ocean Temperature:

 

 � Ocean temperatures decrease poleward.
 � Northern Hemisphere oceans are warmer due 

to greater land influence.
 � Peak temperatures occur slightly north of the 

equator. (Not at equator)
 � Equatorial clouds and convection reduce direct 

heating.
 � Ocean currents modify the latitudinal tempera-

ture pattern.

Salinity of the Ocean Waters

 � Amount of dissolved salts present in sea water.
 � Expressed as grams of salt per litre of sea water 

(‰ or PSU).
 � Average ocean salinity ≈ 35 g per litre.

Special Case: Enclosed Seas
Some enclosed seas show temperature inversion 
due to:
High insolation
Poor mixing of warm and cold waters
Examples: Sargasso Sea, Red Sea, Mediterranean 
Sea, Sulu Sea

 � Factors Affecting Ocean Salinity:

 � Evaporation: Increases salinity by removing wa-
ter.

 � Precipitation: Reduces salinity by adding fresh 
water.

 � Freshwater inflow (rivers, ice melt): lowers salin-
ity.

 � Ocean currents: Redistribute saline and less-sa-
line waters.

 � Winds: Influence evaporation and surface mix-
ing.

 � Vertical Distribution of Salinity:

 � Salinity increases with depth.
 � Surface Salinity affected by ice formation, evap-

oration, and freshwater input (Ex.: from rivers).
 � Deep Ocean Salinity is relatively constant (no di-

rect sources of water loss or salt addition)
 � Halocline: zone where there is a sharp increase 

in salinity with depth.
 � High salinity water tends to sink below lower sa-

linity water, leading to stratification by salinity.
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 � Horizontal Distribution of Salinity:

 y Normal Open Ocean Salinity Range: Between 
33‰ and 37‰.

 y Exceptions and Variations: 
 � Red Sea (High salinity, up to 41‰
 � Estuaries and Arctic: Seasonal fluctuations from 

0‰ to 35‰.
 � Hot and Dry Regions: Salinity can reach up to 

70‰.
 y Specific Oceanic Variations:
 � Pacific Ocean: Generally lower salinity; reduced 

in the western Northern Hemisphere due to Arc-
tic meltwater; further decreases south of sub-
tropical latitudes.

 � Atlantic Ocean: Highest average salinity (~36‰); 
maximum in 15°–30° latitudes; salinity declines 
towards higher latitudes.

 � North Sea: High salinity due to influence of the 
North Atlantic Drift.

 � Baltic Sea: Low salinity because of large river in-
flow.

 � Mediterranean Sea: High salinity caused by in-
tense evaporation.

 � Black Sea: Very low salinity due to heavy fresh-
water input.

 � Indian Ocean: Average around 35‰; Bay of Ben-
gal is less saline (river discharge), while the Ara-
bian Sea is more saline (high evaporation, low 
inflow).

Ocean Water Movement

 � Waves:

 � Horizontal movement of ocean surface water.
 � Waves travel due to wind; release energy on 

shorelines.
 � Strength of Wind:High → Wave Height: High.
 � Travels thousands of kilometres.
 � Circular motion → up-and-forward movement.
 � Wave speed: Measured in knots.

 � Tides:

 � Periodic rise and fall of sea level, occurring one 
or two times a day.

 � Primarily caused due to the gravitational attrac-
tion of the moon and the sun.

 � Vary greatly in frequency, magnitude, and 
height, both spatially and temporally.

 � Centrifugal Force acts to counterbalance gravity, 
contributing to tidal bulges on Earth.

 � Tidal Bulges: Two major tidal bulges are created 
on Earth due to the gravitational pull and cen-
trifugal force.
 h One bulge on the side of Earth facing the 

moon due to stronger gravitational pull.
 h The second bulge on the opposite side due to 

the dominance of centrifugal force.
 

 � Tidal Currents: Tide channelled between islands 
or bay & estuaries.

 � Tidal Range: Vertical distance between high and 
low tide.

 � Surges: Caused by meteorological impacts 

Prelims Memory Triggers
High Salinity: 
Lake Van (Turkey) > Dead Sea > Great Salt Lake.
North Sea (Warm Current), Mediterranean (High 
evaporation), Caspian, Red Sea, Persian Gulf.
Lowest Salinity:
1) Baltic Sea, Black Sea.         2) Bay of Bengal 
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(change in atm pressure & wind); irregular.
 

Types of Tides:

 � 1.Tides Based on Frequency:

Semi-Diurnal 
Tide

 � Two high tides and two low tides 
each day.

 � Successive high and low tides are 
approximately of the same height.

 � Most common tidal pattern.

Diurnal Tide  � One high tide and one low tide 
each day.

 � Successive high and low tides are 
approximately of the same height.

Mixed Tide  � Varying heights of tides.
 � Often found along the west coast 

of North America and Pacific is-
lands.

Spring Tides Neap Tides

 � the sun, moon, and 
earth are in a straight 
line (during full moon 
and new moon).

 � Higher than average 
tides.

 � Occur twice a month.

 � When the sun and 
moon are at right an-
gles to each other.

 � Lower than average 
tides due to the coun-
teractive forces of the 
sun and moon.

 � Occur about seven 
days after spring tides.

 � Special Tidal Conditions:

 y Perigee and Apogee (Moon's Orbit):
 � At perigee (closest to Earth): Unusually high and 

low tides with greater tidal ranges.
 � At apogee (farthest from Earth): Reduced gravi-

tational force leads to less pronounced tides.
 y Perihelion and Aphelion (Earth's Orbit):
 � At perihelion (closest to the Sun): Greater tidal 

ranges with unusually high and low tides.
 � At aphelion (farthest from the Sun): Tidal ranges 

are much less than average.
 � Terminologies:

 � Ebb: The period between high tide and low tide 
when the water level is falling.

 � Flow or Flood: The period between low tide and 
high tide when the tide is rising.

 � Ocean Currents:

 � Large, continuous movement of surface ocean water in fixed paths.
 � Driven by winds, Earth’s rotation, density differences, gravity.
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Types of Ocean Currents:

Based on Depth Based on Temperature 

1. Surface currents: 
 � Upper ~400 m; 
 � Driven by: Wind & 

Earth’s rotation 
 � 10% of all ocean wa-

ter
 � Role: Shaping coastal 

climate & affects ma-
rine life

1.Warm currents: 
 � Move heat from low → 

high latitudes (Cooler 
regions)

 � Location: East coast 
of continents in low 
and middle latitudes in 
both hemispheres

2.Deep currents: 
 � Density-driven (tem-

perature + salinity).
 � 90% of ocean water
 � Extends beyond the 

surface layer
 � Role: Contribute to 

global thermohaline 
circulation, influenc-
ing climate and dis-
tributing heat

2.Cold currents: 
 � Bring cold water from 

high → low latitudes 
(warmer regions)

 � Location: West coast 
of continents in low 
and middle latitudes in 
both hemispheres

Note: In the Northern 
Hemisphere, warm cur-
rents are also found on 
the west coasts of conti-
nents in high latitudes

 � Factors Controlling Currents:

Planetary Winds 
(Primary Driver)

 � Trade Winds drive equatorial currents westward.
 � Westerlies drive currents in mid-latitudes (e.g., West Wind Drift).
 � Wind stress transfers momentum to ocean surface → sets surface currents in motion

Coriolis Force  � Deflects moving water:
 h Right in Northern Hemisphere
 h Left in Southern Hemisphere

 � Responsible for: 
 h Clockwise gyres in NH
 h Anticlockwise gyres in SH

 � Does not initiate currents but controls their direction.

Temperature 
Differences

 � Warm water → lighter, rises, flows poleward on surface.
 � Cold water → denser, sinks, flows equatorward at depth.
 � Creates vertical circulation and contributes to thermohaline flow.

Salinity Differ-
ences

 � Higher salinity → greater density → sinking.
 � Lower salinity → lighter → remains at surface.
 � Important in enclosed seas:

 h Example: Mediterranean–Atlantic exchange
 � Along with temperature, drives deep ocean currents.

Gravity & 
Sea-Level Gradi-

ent

 � Water flows from higher sea level to lower sea level.
 h Uneven heating
 h Wind piling water against coasts
 h Example: Sea level near equator is slightly higher → water moves poleward.

Configuration of 
Continents (Land 

Barriers)

 � Continents block, deflect, or split ocean currents.
 � Responsible for:

 h Formation of gyres
 h East–west asymmetry of currents
 h Example: South America deflects West Wind Drift → Peru Current.

Monsoon Winds 
(Indian Ocean 

Specific)

 � Cause seasonal reversal of currents.
 � Currents change direction with:

 h SW monsoon (summer)
 h NE monsoon (winter)

 � Makes Indian Ocean currents unstable and seasonal.

Density 
Stratification

 � Combination of temperature + salinity controls vertical movement.
 � Dense water sinks at high latitudes → spreads equatorward along ocean floor.
 � Basis of global thermohaline circulation (ocean conveyor belt).
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Impacts of Ocean Currents:

 � Desert Formation

 � Cold currents along western tropical coasts → 
fog + dryness

 � Example: Peru (Humboldt) Current → Atacama 
Desert

 � Climate Effects

 � Warm currents → warm, moist coastal climates
 � Cold currents → cool, dry coastal climates
 � Mixing of warm & cold currents → high plankton 

→ rich fisheries = Best Fishing Grounds.

 � Coral Reefs

 � Coral = living animal, not a plant
 � Corals live in symbiotic relationship with zooxan-

thellae (microscopic algae)
 � Zooxanthellae role:

 h Photosynthesis → food (fixed carbon)
 h Enhance calcification
 h Give colour to corals

 � Coral polyp provides:
 h Protected habitat
 h Steady CO₂ for photosynthesis

 � Coral tissue is colourless; colour comes from 
zooxanthellae

 � Only hard corals build reefs (CaCO₃ skeleton)
 � Favourable Conditions for Coral Growth

 � Stable climate
 � Warm, shallow waters (narrow temperature 

range)
 � Abundant sunlight
 � Clear water (no turbidity)
 � Cannot tolerate: Freshwater, Turbid water, Exces-

sive salinity
 � Types of Coral Reefs:

Fringing Reefs Barrier Reefs Atolls

 � Grow direct-
ly from the 
shore

 � Close to 
land

 � Often form 
shallow la-
goon

 � Most com-
mon type

 �

 � Parallel to 
coast

 � Separated 
by a wide 
lagoon

 � Largest reef 
type

 � Great Barrier 
Reef (Aus-
tralia) → 
world’s larg-
est (≈1200 
miles)

 � C i r c u l a r /
horse-shoe 
shaped

 � Lagoon in 
centre

 � Formed due 
to subsid-
ence of vol-
canic islands

 Coral Bleaching:

 � Occurs when zooxanthellae are expelled
 � Coral turns white (CaCO₃ skeleton visible)

 � Major Causes:

 � Abnormal sea temperature (↑ or ↓)
 � El Niño & global warming
 � Exposure during low tides / tectonic uplift
 � Storm runoff & freshwater dilution
 � Chemical pollutants (oil, copper, herbicides)
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 � pH disturbance
 � Coral diseases

 � UNCLOS (United Nations Convention on the Law of the Sea):

 � International agreement defining rights & duties of States over oceans
 � Governs navigation, resources, environment, maritime zones

 y Key Facts:
 h Adopted: 1982
 h In force: 1994
 h Signatories: ~157 countries
 h India: Signatory & ratified
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STRUCTURE AND COMPOSITION OF ATMOSPHERE

 � Earth's Atmosphere: Dynamic envelope of gas-
es that surrounds the planet, vital for sustaining 
life. (Without atmosphere temperature = below 
freezing point)

 � Mixture of gases, water vapor, and dust parti-
cles.

 � 99% of the atmosphere’s total mass is concen-
trated within a range of 32 km from the surface.

 � Composition:

 y Key components:
 

 � Argon (Ar): An inert gas.
 � Carbon Dioxide (CO2): Vital for photosynthesis 

and part of the carbon cycle → Transparent to 
incoming solar radiation but act as greenhouse 
gas.

 � Neon (Ne), Helium (He), Methane (CH4), Krypton 
(Kr), Xenon (Xe): Trace gases present in much 
smaller amounts.

 � Water Vapour (H2O): Variable depending on 

location and weather → absorbs infrared rays 
emitted from the earth’s surface → decreases 
with altitude → decreases from the equator to-
wards the poles.

 � Structure:

  

 � Layers of Atmosphere:

Troposphere

 � Altitude: ~0 to 8–15 km
 � All major weather phenomena oc-

cur in this layer.
 � Holds roughly 75% of the total at-

mospheric mass.
 � Temperature falls as altitude in-

creases.
 � Commercial aircraft usually cruise 

in the lower troposphere.
 � Most vital for life and weather sys-

tems.

09 CLIMATILOGY
CHAPTER
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Stratosphere  � Altitude: ~15 to 50 km
 � Home to the ozone layer, which ab-

sorbs harmful ultraviolet radiation.
 � Temperature rises with height be-

cause ozone absorbs heat.
 � The ozone layer shields Earth from 

UV rays.
 � Jet streams flow in the lower por-

tion of this layer.

Mesosphere  � Altitude: ~50 to 85 km
 � Temperature drops sharply with 

height.
 � Most meteoroids burn up here due 

to friction, producing “shooting 
stars.”

 � The lowest temperatures in the at-
mosphere occur in this layer.

Thermo-
sphere

 � Altitude: ~85 km to outer space
 � Temperature rises drastically with 

altitude because of absorption of 
high-energy solar radiation.

 � Contains the ionosphere.
 � Region of auroras (Northern & 

Southern Lights).
 � Many satellites orbit in this layer.

Exosphere  � Altitude: ~500 km and above
 � Gradual transition into outer 

space.
 � Extremely low density, made main-

ly of hydrogen and helium.
 � Communication and weather sat-

ellites operate here.
 � The boundary between exosphere 

and space is not clearly defined.

SOLAR RADIATION, HEAT BALANCE AND TEMPERATURE 

 � What is Solar Radiation / Insolation?

 � Sun emits energy through nuclear fusion, reach-
ing Earth as short-wave radiation.

 � The amount and intensity of incoming solar en-
ergy change daily and seasonally.

 � Factors Affecting Distribution of Insolation

 � Earth’s Rotation: Day–night cycle alters duration 
of sunlight; poles get long periods of light/dark-
ness.

 � Earth–Sun Distance: Insolation slightly varies 
between aphelion (far) and perihelion (near) po-
sitions.

 � Earth’s Tilt (23.5°): Tilted axis changes angle of 
sunlight at different latitudes → variation in 
heating.

 � Angle of Sun’s Rays: • Higher latitude → lower 
angle → less energy received. • Slant rays trav-
el through a longer atmosphere, causing more 
scattering and absorption.

 � Atmospheric Transparency: • Clear air → more 
sunlight reaches the surface. • Clouds, dust, pol-
lutants → reduce insolation by reflecting/scat-
tering energy.

 � Albedo: Surfaces reflect different amounts of 
sunlight. Higher albedo = less absorption.

 

 � Land Orientation (Aspect): • Slopes facing the 
sun receive more heat. • In the Northern Hem-
isphere: south-facing slopes are warmer; oppo-
site in the Southern Hemisphere.

 � Seasonal Cloud Cover: • Dry season → fewer 
clouds → more incoming radiation.

Spatial Pattern of Insolation on Earth

 � Subtropical deserts receive maximum insolation because of minimal cloudiness. 
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 � Latitude Pattern:

 � Equator → highest energy (receives 5 times 
more insolation than polar regions)

 � Higher latitudes → less energy, especially in win-
ter.

 � Subtropical Deserts > Tropics > Equator 
 � Land vs Water:

 � Land heats and cools faster (low specific heat).
 � Oceans heat and cool slowly (high specific heat).
 � Hence temperature contrast is sharper on conti-

nents—especially in summer.
 � The temperature contrast between continents 

and oceans is greater during summer than in 
winter.

 � Continents > Oceans

 � Seasonal Effect:

 � Winter: mid & high latitudes receive very low ra-
diation.

 � Summer: continental areas show the greatest 
heating.

 � Summer > Winter
Heating and Cooling of Atmosphere 

 � Conduction

 � Transfer of heat by molecule-to-molecule con-
tact.

 � Mainly warms the lower atmosphere near 
Earth’s surface.

 � Convection

 � Vertical rising of warm air + sinking of cool air 
forms convection currents.

 � Major process for heat distribution in the trop-
osphere.

 � Advection

 � Horizontal movement of air carries heat from 
one region to another.

 � Influences daily weather (e.g., hot/cold winds).
 � Loo → Outcome of Advection 

 � Terrestrial Radiation

 � Earth absorbs solar energy → emits long-wave 
(infrared) radiation outward.

 � This outgoing heat warms the atmosphere (ba-
sis of greenhouse effect).

 � UV + Visible = SWR → Warming the Surface 
 � Infrared Rays = LWR → Heats up Atmosphere 

Heat Budget of Earth

 � Earth maintains a stable temperature because 
incoming solar energy ≈ outgoing terrestrial ra-
diation.

 � A heat budget represents the balance between:
 � Heat absorbed by Earth
 � Heat emitted back to space as long-wave radi-

ation
 � Since both are nearly equal, Earth neither warms 

endlessly nor cools continuously.
 � Atmosphere heated by: Terrestrial Radiation > 

Incoming Radiation.
 

 � Incoming sunlight undergoes three main pro-
cesses:

 � Reflection: A portion is bounced back to space 
by clouds, atmospheric particles, and Earth’s 
surface.

 � Scattering: Small particles disperse sunlight in 
various directions, reducing the amount that 
reaches the surface.

 � Absorption: Part is taken in by the atmosphere 

Planck’s Law: Hotter bodies emit more energy and 
shorter-wavelength radiation.
Specific Heat: Energy needed to raise the tempera-
ture of one gram of
substance by one Celsius.
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(gases, clouds) and Earth’s surface, which ultimately heats the planet.

 

 � (The diagram suggests that roughly two-thirds 
of total solar radiation is absorbed by the 
Earth-atmosphere system.)

Net Heat Budget Across Latitudes

 � Surplus Zone:

 � Between 40° N and 40° S, incoming solar radia-
tion exceeds outgoing heat.

 � These regions gain more energy than they lose.
 � Tropics = energy surplus

 y Deficit Zones:
 � Higher latitudes (toward the poles) lose more 

heat than they receive.
 � Hence, they remain energy-deficient.
 � Poles = energy deficit

 y The planet redistributes heat naturally.
 y Excess heat from tropical regions is trans-

ported toward the poles through:
 �  Atmospheric circulation
 �  Ocean currents

 y This large-scale movement of energy main-
tains Earth’s overall thermal equilibrium.

 � Wind + ocean systems = balancing mechanism
 � Temperature 

 � Temperature measures how hot or cold a place/
object is.

 � Isotherms = lines that join places with similar 

temperatures; they shift with the Sun’s apparent 
movement.

 h Northern Hemisphere → Isotherms 
appear irregular and tightly packed 
due to varied landforms.

 h Southern Hemisphere → more even 
and spaced out because oceans dom-
inate.

 h Although ideally aligned with lati-
tudes, isotherms curve because land 
and water heat differently.

 y General behaviour: 
 � Shifting from land to ocean → bends poleward 

during winter.
 � The same shift causes a southward/equator-

ward bend in summer.
 

 � Temperature Anomaly:

 �  It shows how a location’s temperature differs 
from what is expected at its latitude.

 � Positive anomaly: place is warmer than its latitu-
dinal mean (Ex.: Sahara > mean).

 � Negative anomaly: place is cooler than its latitu-
dinal mean (Ex.: Mt. Everest < mean).

 � Temperature Distribution - Factors
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 � Latitude:

 � Temperature decreases away from the equator 
because solar energy received reduces with lat-
itude.

 � Insolation inversely proportional to latitude
 � Altitude: Higher altitude → lower temperature 

due to thinner air and less heat retention.
 

 � Albedo (Reflectivity): Surfaces reflect heat dif-
ferently; higher albedo → cooler temperatures. 
(Fresh snow highest, charcoal lowest.)

 � Distance from Sea: Coastal regions experience 
moderated temperatures due to sea–land breez-
es and water’s slow heating/cooling.

 y Air-mass circulation and ocean currents
 h Warm air-masses/ocean currents → 

Higher temperature.
 h Cold air-masses/cold currents → Low 

temperature.
 � Prevailing Winds: Wind direction and speed in-

fluence heat distribution.
 � Slope Orientation: Slopes facing the Sun receive 

more heat; shaded slopes remain cooler.
 � Day–Night Cycle: Rotation causes diurnal tem-

perature variations.
 � Urban Heat Island: Cities show higher tempera-

tures due to human activities and built-up sur-
faces.

Temperature Inversion 

 � A situation where the normal pattern (tempera-
ture decreasing with height) reverses → cool air 
trapped below, warm air above.

 � Ideal Conditions for Inversion:

 � Long winter nights → strong radiative cooling.
 � Clear skies → easy heat loss.
 � Calm/still air → prevents mixing.
 � Dry surface air.
 � Normal in polar regions throughout the year.

 � Effects of Surface Temperature Inversion:

 � Lower atmosphere becomes stable, allowing 
smoke/dust pollutants to accumulate → fog/

smog formation.
 � In hilly/mountain regions: cold air drains 

downslope at night, increasing inversion → 
shields plants from frost.

Types of Temperature Inversion:

 � 1.Surface Inversion

 �  Forms at the ground due to conduction.
 �  Leads to fog if temperature drops to dew point.
 �  Frequent in high latitudes; in mid-latitudes com-

mon on winter nights.
 � 2. Valley Inversion

 � Occurs in mountains when cold dense air drains 
into valleys and gets trapped.

 � Protects plants from frost.
 � 3. Frontal (Advective) Inversion

 � Occurs when a cold air mass undercuts warm air 
and lifts it.

 � Temporary and disappears with changing 
weather.

Consequences of Temperature Inversion:

 � Fog & Smog: Warm polluted air above cool sur-
face gets cooled, forming dense fog; worsens 
pollution.

 � Frost Risk: Cold trapped air can freeze moisture 
affecting crops.

 � Increased Stability: Suppresses vertical air move-
ment → dry conditions, reduced rainfall.
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Climate v/s Weather

AIR PRESSURE AND ATMOSPHERIC CIRCULATION 

 � Atmospheric pressure: Force exerted by the 
weight of air on the Earth’s surface; it decreases 
with height. i.e. Height ∝ Atm. Pressure.

 � Wind: Horizontal movement of air from 
high-pressure to low-pressure areas.

 � Air current: Vertical or near-vertical movement 
of air.

 � Distribution of Air Pressure

 � Unevenly distributed, varying horizontally and 
vertically.

 � Lower layers are denser → Exert greater pres-
sure.

 y Vertical Variation of Pressure:
 � Pressure reduces with increasing altitude.
 � The rate of decrease is not uniform due to 

changes in temperature, moisture, and gravity.
 � Vertical pressure gradient > Horizontal pressure 

gradient.
 � Rising pressure → Stable and clear weather; Fall-

ing pressure → Cloudy and unstable conditions
 y Horizontal Variation: 
 � Studied using isobars (lines joining equal pres-

sure).
 � Closely spaced isobars show a strong pressure 

gradient and fast winds.
 � Pressure Gradient:

 � Change in pressure over a horizontal distance.
 � Steep gradient → strong winds.

 � Factors Causing Pressure Differences:

 � Temperature: Warm air rises → low pressure; 

cold air sinks → high pressure.
 � Earth’s rotation: Causes rising air near the equa-

tor and sinking air in subtropics.
 � Water vapour: Moist air is lighter and produces 

lower pressure.
 � Forces Controlling Velocity and Direction of Wind:

 y Pressure Gradient Force (PGF):
 � Pushes air from high to low pressure.
 � Stronger PGF → Faster winds.

 y Frictional Force:
 � Slows wind near the Earth’s surface.
 � Strongest on land, weaker over oceans.
 � Effect decreases with height (up to ~1–3 km).

 y Coriolis Force:
 � Caused by Earth’s rotation.

 � Deflects wind:

 � Right in Northern Hemisphere
 � Left in Southern Hemisphere
 � Maximum at poles; zero at equator.
 � Acts at right angles to wind direction.
 � Stronger winds experience greater deflec-

tion.  
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 � Circulation of the Atmosphere: In General

 � Large-scale wind systems help circulate heat and also drive ocean currents.
 � Together, they play a major role in shaping the global climate.

 � Planetary Winds Pattern depends mainly on:

 � Uneven heating across latitudes.
 � Formation of pressure belts.
 � Seasonal shift of belts with the Sun.
 � Distribution of continents and oceans.
 � Rotation of the Earth.

Global Pressure Belts

 � Pressure zones arranged latitudinally as high and low pressure belts across the globe.
 

 � 1. Equatorial Low Pressure Belt (0°–5° N & S)

 � Region of intense heating causes air to rise, cre-
ating low pressure.

 � Known as Doldrums due to near-absence of sur-
face winds.

 � Thermal origin: formed by strong solar heating.
 � Trade winds from both hemispheres converge 

here.
 � Dominated by vertical air movement (convec-

tion), not horizontal flow.
 � Leads to cumulonimbus clouds, thunderstorms 

and heavy convectional rainfall.
 � Also called ITCZ (Inter-Tropical Convergence 

Zone) / Thermal Equator.
 � Shifts north–south seasonally with the apparent 

movement of the Sun.
 � Coriolis force is absent, hence cyclones do not 

form at the equator.
 �

 � 2. Subtropical High Pressure Belts (≈30° N & S)

 � Zone of air subsidence from upper troposphere 
→ high pressure.

 � Dynamic origin due to Earth’s rotation.
 � Descending air is warm and dry, producing sta-

ble conditions.
 � Known as Horse Latitudes (calm winds).
 � Major desert belts occur here in both hemi-

spheres.
 � Cold ocean currents along western continental 

margins intensify dryness.
 y Winds diverge from here:

 h Towards equator → Trade winds → Brings rain-
fall to east & aridity (Deserts) to west coasts of 
continents.

 h Towards higher latitudes → Westerlies → Carry 
warm equatorial waters to west coast of tem-
perate land.

 h In Southern Hemisphere Westerlies are:
 y Roaring Forties
 y Furious Fifties
 y Shrieking / Stormy Sixties

 � 3. Subpolar Low Pressure Belts (≈60° N & S)

 � Region where warm westerlies meet cold polar 
easterlies.

 � Dynamically induced pressure belt formed due 
to Earth’s rotation.

 � Frequent cyclonic storms and low-pressure con-
ditions.

 � Zone of Convergence → Polar Front.
 � 4. Polar High Pressure Belts (80°–90° N & S)

 � Caused by extreme cold and subsiding dense air.
 � Thermal high pressure belt.
 � Very low temperatures due to slanting Sun rays.
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 � Winds blow outward as polar easterlies towards 

subpolar lows.
 � Prelims Memory Triggers:

 � Equator → ITCZ → Convection → Rain
 � 30° → Deserts → Subsidence
 � 60° → Cyclones → Polar Front
 � Poles → Cold → High Pressure
 � No cyclones at equator = zero Coriolis

 � Pressure Cells (Three-Cell Model)

 Had-
ley Cell 
(0°–30°)

Intense heating near the equator causes air to 
rise at ITCZ, creating low pressure. 
Rising air moves poleward aloft and sub
sides near 30° N & S, forming subtropical highs. 
Descending air flows back towards the
equator at the surface as Trade Winds (Easter-
lies). 
Responsible for tropical circulation and desert 
formation at 30°.

Ferrel Cell 
(30°–60°)

Operates between subtropical highs and sub-
polar lows. 
Air rises near 60° and sinks near 30°. 
Surface winds here blow as Westerlies. 
Indirect cell → Driven by interaction of Hadley 
and Polar cells.

Polar Cell 
(60°–90°)

Extremely cold, dense air subsides at the poles, 
forming polar high pressure. 
Surface air moves equatorward as Polar East-
erlies. 
At around 60°, air rises creating subpolar low 
pressure. 
Produces cold, dry and stable conditions near 
poles.

Geostrophic Winds

 � Type of wind that forms high up in the atmosphere, where the effect of friction with the Earth's surface is very 
small.

 � Upper-air winds (about 2–3 km above surface) are unaffected by friction.
 � Wind flows parallel to isobars due to balance between:
 � Pressure Gradient Force
 � Coriolis Force
 � Explains why air does not move directly poleward from the equator but descends in the subtropics.
 � Can generate cyclonic and anticyclonic circulation. 

 � Gradient wind = geostrophic wind along curved isobars.
Jet Streams:

 � Characteristics:

 � Narrow, fast-moving air currents in the upper troposphere.
 � Speeds range between 400–500 km/h.
 � Blow west → east in both hemispheres.
 � Shift seasonally:
 � Summer → move poleward
 � Winter → move equatorward
 � Strongly influence weather systems, rainfall and agriculture.



Page 56

GEOGRAPHY

PRAYAAS EDUCATION

 � Formation:

 � Caused by sharp temperature contrasts be-
tween air masses.

 � Strength enhanced by:
 � Coriolis force
 � Minimal friction at high altitude

 � Types:

1. Permanent Jet Streams (Tropical, Subtropical, Po-
lar)

 y Polar Front Jet (PFJ)
 � Lies between Ferrel and Polar cells.
 � More variable than STJ.
 � Stronger and more persistent in winter.
 � Controls mid-latitude storms, cyclones and pre-

cipitation.
 y Subtropical Jet Stream (STJ)
 � Located between Hadley and Ferrel cells.
 � Nearly continuous in Southern Hemisphere.
 � Seasonal in Northern Hemisphere.
 � Plays a key role in Indian monsoon dynamics.

2. Temporary / Tropical Jet Streams
 y Tropical Easterly Jet (TEJ)
 � Occurs mainly during summer in Northern 

Hemisphere
 � Located between 5°–20° N
 � Strongly linked with South Asian monsoon 

strength
 y Somali Jet
 � Develops during summer over Arabian Sea.
 � Strengthens between June–August.
 � Crucial for monsoon moisture transport to India.

 � Prelims Memory Triggers:

 � Hadley → Trades → ITCZg

 � Ferrel → Westerlies
 � Polar → Easterlies
 � PFJ → Mid-latitude storms
 � STJ + TEJ → Indian Monsoon

Classification of Winds:

 � 1.. Planetary Winds:

 � Pattern of the movement of the planetary winds 
→ General circulation of the atmosphere.

 � Sets motion the ocean water circulation → Influ-
ences the earth’s climate

 � Blow throughout the year in fixed belts in the 
same direction.

 � Include: Trade Winds, Westerlies, Polar Easter-
lies.

 � Types: 

 y Trade Winds (Easterlies)
 � Originate from subtropical high pressure (≈30°) 

and move towards equatorial low pressure.
 � Deflected due to Coriolis force:
 � Northern Hemisphere → Subtropical high to 

equatorial low in north-east direction (North-
East Trade Winds)

 � Southern Hemisphere → Subtropical high to 
equatorial low in south-east direction (South-
East Trade Winds)

 � Blow mainly from the east, hence called Tropical 
easterlies.

 � Important for tropical rainfall distribution.
 � Westerlies

 � Blow from subtropical highs (30°) to subpolar 
lows (60°).

 y Direction:
 � NH (Deflected to Right) → South-West 
 � SH (Deflected to Left) → North-West 
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 � Stronger and more persistent in Southern Hem-

isphere due to large oceanic stretch.
 � Known as: Roaring Forties, Furious Fifties and 

Screaming Sixties.
 � Polar Easterlies

 � Originate from polar high pressure belts.
 � Flow towards subpolar low pressure belts.
 � Direction:
 � NH → North-East to South-West
 � SH → South-East to North-West
 � Cold, dry winds influence the polar climate.

 � 2. Periodic Winds

 � Change direction seasonally or daily.
 � Caused by differential heating.

Types:

 � 1. Land and Sea Breeze

 � Result of unequal heating of land and sea.
 � Day: Sea → Land (Sea Breeze)
 � Night: Land → Sea (Land Breeze)

 � 2. Mountain and Valley Breeze

 

 � Unequal heating of mountains and valleys.
 � Pressure Gradient created due to the radiational 

heat loss from mountain slopes during night.
 � Day: Valley → Mountain (heated slopes)
 � Night: Mountain → Valley (cold dense air de-

scends)
 � 3. Local Winds

 � Limited in area and duration.
 � Restricted to lower troposphere.
 � Produced by local pressure and temperature dif-

ferences.
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Hot / Warm Local Winds Cold Local Winds

Loo: Hot, dry, harmful 
wind in northern India & 
Pakistan.

Pampero: Cold wind from 
south-west in Argentina.

Chinook: Warm, dry wind 
on leeward side of Rock-
ies; melts snow.

Bora: Cold, dry wind from 
Hungary to northern Italy.

Foehn (Föhn): Warm 
downslope wind in Alps; 
aids grazing & agriculture.

Mistral: Very cold, dry, 
high-speed wind through 
Rhône valley; causes bliz-
zards in southern France.

Sirocco: Hot Saharan wind 
reaching Mediterranean 
& Southern Europe; dusty 
and unhealthy.

 � Prelims Memory Triggers:

 � Trades → Tropics
 � Westerlies → Mid-latitudes
 � Polar Easterlies → Poles
 � Loo / Chinook / Foehn → Hot
 � Bora / Mistral / Pampero → Cold

HUMIDITY AND PRECIPITATION 

 � Water in the atmosphere: 3 forms (Solid, Liquid, 
Gas)

 

 � Moisture in the atmosphere: Evaporation from 
water bodies, Transpiration in plants

 � Evaporation

 � Physical process in which liquid water changes 
into water vapour.

 � Latent Heat of Vaporization: Amount of heat 
energy required to convert a unit mass of liquid 
into gas.

 y Factors Affecting Evaporation:
 � Temperature: High → faster evaporation
 � Air movement: Faster wind removes vapour → 

increases rate
 � Humidity: High → slower evaporation

 � Surface area: Large → more evaporation
 � Transpiration

 � Water absorbed by roots is released as water va-
pour due to heat through:

 � Leaves (mainly through stomata)
 � Flowers and young stems
 � Plays a role in cooling plants and maintaining 

water cycle.
 � Sublimation

 � Direct change of matter from solid to gaseous 
state, skipping liquid phase.

 � Ex.: Camphor, naphthalene, dry ice (CO₂)
Humidity

 � Water vapour present in the air.
 � Ability of the air to hold water → Completely de-

pends on temperature 
 � Types:

 � Absolute Humidity: 
 � Actual amount of water vapour in air. 
 � Weight / Unit volume

 � Relative Humidity:

 � Percentage of moisture in air compared to full 
capacity at given temperature.

 � High → Over Oceans; Low → Land
 � Specific Humidity:

 � Mass of water vapour per unit mass of air
 � SH Preferred than AH. Why? → Not change with 

change in Temperature And Pressure 
 � Saturated Air:  At a given temperature, air con-

tains moisture to its full capacity.
 � Condensation:

 � Evaporation → Addition; Condensation → With-
drawal of water vapour.

 � Condensation = Phase change of Water vapour 
→ Water.

 � Caused by loss of heat.
 � Hygroscopic condensation nuclei → Condensa-

tion due to cooling around small particles in free 
air. Ex.: Dust, Smoke & Salt.

 � Conditions Under Which Condensation Occurs:
 h Air temperature falls to its dew point & 

Volume remains unchanged
 h Reduction in Both Temperature and Vol-

ume
 h Addition of Moisture

 � Condensation of water vapour → Release of 
moisture → Precipitation.

 � Precipitation:

 � In the form of liquid (rainfall) or solid (snowfall)
 



PRAYAAS EDUCATION Page 59

GEOGRAPHY

 � Clouds:

 � Condensation of water vapour in the atmosphere to form a collection of small water droplets or tiny ice crystals 
(0.02 mm).

 � Its impact: Warming (Heat trapping); Cooling (Sunlight Reflecting)
 y Types of Clouds:

Cloud Type Appearance Altitude Level Composition/ Fea-
tures

Weather Indication

Cirrus Thin, fibrous, feather-like High (8,000–12,000 
m)

Ice crystals, white Fair weather; change ap-
proaching

Nimbus Dark, thick, shapeless Low to mid Moisture-rich; 
sun-blocking; 
includes cumulonim-
bus

Rain, thunderstorms

Stratus Layered, grey cover Low Formed by cooling/
mixing of air

Overcast sky, drizzle/mist

Cumulus Cotton-like, flat base Low to mid (4,000–
7,000 m)

Dense, forms in 
rising warm air

Fair weather; can develop 
into storms
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 � 1. Cloud Classification by Height:

 h High clouds: Cirrus, cirrostratus, cirrocumulus
 h Middle clouds: Altostratus, altocumulus
 h Low clouds: Stratocumulus, nimbostratus
 h Vertical development: Cumulus, cumulonimbus

 � Thick, Low Clouds → Cools Earth
 � Thin, High Clouds → Warming Earth

 � Types of Rainfall: Based on Origin

Type of Rainfall Process / Cause Key Features Areas of Occurrence

Convectional Rainfall Intense surface heating → 
warm air rises → expansion 
& cooling → condensation → 
rainfall

Heavy but short-duration 
rainfall
Often accompanied by thun-
der & lightning  
Occurs mainly in afternoon/
evening

Equatorial regions  
Interior parts of conti-
nents  
Common in summer, 
especially in Northern 
Hemisphere

Orographic (Relief) 
Rainfall

Moist air forced to rise over a 
mountain barrier → cooling & 
condensation

Windward side gets heavy rain 
Leeward side remains dry due 
to descending, warming air 
Produces rain-shadow region

Mountainous areas  
Coastal regions facing 
moist winds

Cyclonic Rainfall Convergence of air due to low 
pressure systems and weather 
fronts

Widespread and prolonged 
rainfall 
Associated with cyclones and 
fronts  
Includes both tropical and 
extra-tropical rainfall

Mid-latitudes (frontal 
rainfall) 
Tropical regions (cyclonic 
storms)

 � Prelims Memory Triggers:

 � Convectional → Heat driven (High Temp.)
 � Orographic → Relief controlled (In Mountains)
 � Cyclonic → Pressure & frontal system driven (Cold+Warm Air Mix)

World Distribution of Rainfall – Key Patterns:

 � Latitudinal trend: Rainfall generally decreases from equator towards the poles.
 � Equatorial belt: Receives uniform, year-round rainfall.
 � Coastal vs inland: Coastal areas receive more rainfall than interiors.
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 � 35°–40° N & S: Eastern coasts wetter due to east-

erly winds; rainfall decreases westward.
 � 45°–65° N & S: Western coasts wetter due to 

westerlies; rainfall decreases eastward.
 � Rainfall Regions of the World:

 

Rainfall 
Category

Annual 
Amount

Major Areas

Heavy More than 
200 cm

Equatorial regions
Coastal monsoon areas  
Windward slopes of 
coastal mountains

Moderate 100–200 cm Areas surrounding 
heavy rainfall zones  
Coastal regions of warm 
temperate zones

Inadequate 50–100 cm Eastern parts of temper-
ate continents
Tropical continental in-
teriors

Low Less than 50 
cm

Rain-shadow regions
Western parts of tropi-
cal continents

Air Masses

 � Large bodies of air with consistent tempera-
ture and humidity acquired from homogenous 
source regions like oceans or plains. 

 � Five major source regions, including warm trop-
ical oceans and cold snow-covered continents. 

 � Classified based on these sources into types like 
Maritime Tropical (mT) and Continental Arctic 
(cA).

 � Reflecting their temperature characteristics: 
warm for tropical and cold for polar air masses.

 � Source regions of Air Masses:

 � Warm Tropical and Subtropical Oceans: Mari-
time Tropical (mT).

 � Subtropical Hot Deserts: Continental Tropical 
(cT).

 � Cold High Latitude Oceans: Maritime Polar (mP).
 � Cold Snow-Covered High Latitude Continents: 

Continental Polar (cP).

 � Ice-Covered Arctic and Antarctica: Continental 
Arctic (cA).

Fronts:

 � A three-dimensional boundary zone where two 
different air masses meet.

 � Air masses differ in temperature, humidity, and 
density.

 � Weather changes occur along this boundary.
 � Mostly found in middle and higher latitudes 

(≈40°–65°).
 � Form where warm, moist subtropical air meets 

cold, dry polar air.
 � Frontogenesis: 

 � Formation or strengthening of a front due to 
convergence of air masses. 

 � Frontolysis: Weakening or disappearance of a 
front when one air mass dominates.

 � In the Northern Hemisphere, frontogenesis 
shows anticlockwise motion.

 � In the Southern Hemisphere, it occurs clockwise 
due to the Coriolis effect.

 � Fronts are responsible for the development of 
temperate (mid-latitude) cyclones.

 � Major cause of dynamic weather in temperate 
regions.

 � Types of Fronts:
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Type of 
Front

Movement of Air Masses Slope / Uplift Clouds Formed Rainfall & Weather

Stationary 
Front

Neither air mass advanc-
es; both remain fixed

Very gentle / negli-
gible

Stratiform clouds Prolonged but light rainfall; 
stable conditions

Cold Front Cold air advances and 
undercuts warm air

Steep uplift Cumulonimbus Short-duration, heavy 
rainfall; thunderstorms; 
possible tornadoes

Warm 
Front

Warm air moves over 
retreating cold air

Gentle uplift Stratus, Nimbostra-
tus

Widespread, moderate to 
gentle rainfall over large 
area

Occluded 
Front

Cold front overtakes 
warm front; warm air 
lifted off surface

Complex uplift Mixed cloud types Widespread rainfall; ma-
ture stage of cyclone

Cyclones

 � Large-scale atmospheric system characterized 
by the rotation of air around a low-pressure 
center.

 � It can be tropical or extratropical, and their na-
ture depends on their location and the prevail-
ing atmospheric conditions.

 � Wind circulation refers to the pattern in which 
air moves around a pressure system due to 
pressure gradient force and the Coriolis effect.

 � Types of Wind Circulation

 � Cyclonic circulation → Wind movement around a 
low-pressure system

 � Anticyclonic circulation → Wind movement 
around a high-pressure system

 � Tropical Cyclones:

 

 � Violent storms originating over tropical oceans.
 � Causing significant destruction due to high 

winds, heavy rainfall, and storm surges.
 � Parabolic Path Movement: East to West.
 � 10°-30° N & S of the equator. 

 y Regional Names:
 � Cyclones → Indian Ocean 
 � Hurricanes → Atlantic Ocean 
 � Typhoons → Western Pacific and South China 

Sea
 � Willy-willies → Western Australia

 y Favourable conditions for formation:
 � Vast Sea Surface with temperature above 27° C
 � Coriolis Force for cyclone rotation
 � Vertical Wind Speed with minimal variation
 � Pre-existing Low-Pressure Area
 � Upper Divergence above the sea-level system

 y Energy Source:
 � Condensation inside cumulonimbus clouds.
 � Landfall Effect: Loss of moisture supply over 

land leads to dissipation.
 � Characteristics of Mature Tropical Cyclone:

 � Eye: 

 � Calm center; Descending Air; 
 � Warmer than the surrounding atmosphere
 � At higher levels (~12 km altitude) → 10°C or 

more warmer
 � Near the surface → slightly warmer (around 

0–2°C).
 � Eyewall: Most violent zone; strongest winds (up 

to ~250 km/h)
 � Rain bands: Spiral bands of cumulus & cumulo-
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nimbus clouds

 � Size:

 � Core: ~150–250 km; 
 � Entire system: ~600–1200 km (Indian Ocean)
 � Speed: Moves slowly, ~300–500 km/day

 � Impacts:

 � Storm surges lead to coastal inundation.
 � Cyclones lose strength rapidly over land.

 � Temperate Cyclones:     
 (Extra Tropical/Mid-Latitude/Frontal/Wave)

 � Low-pressure weather systems that develop in 
mid and high latitudes, beyond the tropics.

 � Form along the polar front → Significant tem-
perature difference between adjacent air mass-
es (Cold & dry air from Poles)

 � Occur mostly in winter.
 � Stretch over large areas & move from west to 

east under the influence of westerlies.
 � Western disturbances in North West India dur-

ing winter → Due to these Cyclones.
 � Formation: Over both land & sea.
 � 35°- 65° N & S of the equator. 
 � Mechanism of Formation:
 � Begins along a stationary front between warm 

southern air and cold northern air (NH).
 � Pressure fall sets air in motion, producing anti-

clockwise cyclonic circulation.
 � The system develops a warm front and a cold 

front, with a warm sector in between.
 

 � Special Cyclones

1. Twin Cyclones 
 � Meaning: Two cyclones forming simultaneously 

on either side of the equator.
 � Cause: Equatorial Rossby waves.

 y Rotation:
 � NH → Counter-clockwise
 � SH → Clockwise

 y Favourable conditions:
 � Warm ocean >27°C, low wind shear, strong con-

vection.
 � Movement: Generally westward.

2. Fujiwhara Effect 
 � Definition: Interaction between two tropical cy-

clones within ~1,400 km.
 � Impact:
 � Change in track & intensity
 � Cyclones may orbit, merge, or weaken.

3. Bomb Cyclone (Explosive Cyclogenesis) 
 � Type: Mid-latitude cyclone.
 � Key feature: Pressure drops →24 mb in 24 hours.
 � Genesis: Clash of warm and cold air masses.
 � Regions: North Atlantic, North Pacific, US east 

coast (winter).

Exceptions:
Doldrums (Zone of Calm Air): Due to absence of co-
riolis force, cyclones are not forming in the 10° N & 
10° S of the equatorial region. 
Because of low sea surface temperatures, cy-
clones do not originate in the South Atlantic and 
South-Eastern Pacific region.
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Thunderstorms Tornadoes

 � Short-lived but 
intense weather 
events.

 � Cloud type: Cumulo-
nimbus.

 � Caused by: Strong 
convection in hot & 
humid conditions.

 y Associated weather:
 � Thunder, lightning, 

heavy rain, gusty 
winds.

 y Variants:
 � Hailstorms: Sub-zero 

temperatures aloft
 � Dust storms: Limited 

moisture

 � Violently rotating 
spiral column of air 
extending from a 
thunderstorm to the 
ground.

 � Pressure: Very low 
pressure at the 
centre.

 y Nature:
 � Extremely destruc-

tive
 � Short duration, small 

area
 � Occurrence: Mostly 

mid-latitudes.
 � Over sea: Called 

Waterspouts.

 � Polar Vortex:

 � A large region of low pressure and extremely 
cold air surrounding both Earth’s poles.

 y Location:
 � Mostly in the stratosphere (≈10–50 km above 

Earth).
 y Nature:
 � Permanent feature near the poles
 � Weakens in summer, strengthens in winter
 � Air circulates counter-clockwise in the Northern 

Hemisphere
 � Confined by polar front jet streams, which act as 

a barrier keeping cold air near the poles.
 y Winter behaviour:
 � Vortex becomes stronger and larger
 � Jet streams shift equatorward

 y Polar Outbreak:
 � When the vortex weakens or splits, lobes of cold 

air intrude into mid-latitudes

 � Causes extreme cold waves (e.g., Arctic cold in the USA)
CLASSIFICATION OF CLIMATES AND CLIMATIC TYPES

 � Hot, Wet Equatorial Climate:
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Distribution Climatic Conditions Vegetation Life and Economy 

 � 5° and 10° N and S of 
the equator; Amazon 
& Congo Basin, South-
east Asia.

 � High temperature
 � and heavy
 � rainfall year-round 

(Avg. Rain= 200-
250cm); Double rain-
fall peaks;

 � No winter; 
 � High Humidity;
 � Diurnal Temp. Range= 

Small.

 � Tropical Evergreen 
Forests (Lungs of the 
Planet),

 � Selvas in Amazon;
 � (Because no dry sea-

son);
 � High relative humidity.
 � Veg.= Mahogany, 

Ebony, Cabinet Woods, 
dyewoods; 

 � Lianas, epiphytes, 
Parasitic Plants.

 � Hunting & gathering;
 � Shifting Cultivation;
 � Belukar = Secondary 

Forest in Malaysia;
 � Cocoa Industry = 

Ghana, Nigeria.
 � Crops= Coconut, 

Sugar, Coffee, Tea, 
Tobacco, Spices, Sago.

 � Tribes = Pygmies (Con-
go Basin), 

 � Tropical Monsoon Climate:

 

Distribution Climatic Conditions Vegetation Life and Economy 

 � 5° and 30° N and S of 
the Equator;

 � Indian subcontinent,
 � Southeast Asia,
 � Northern
 � Australia;

 � Three distinct (Cool 
dry, hot dry & rainy) 
seasons; South west 
monsoon; Seasonal 
reversal of winds;

 � High temperature; 
 � Avg. rainfall = 150cm.

 � Deciduous and ever-
green forests, man-
groves;

 � Ex.: Teak

 � High population 
density; 

 � Agriculture-based
 � economies, fishing;
 � Crops= Paddy, Sug-

arcane, Jute, Indigo, 
Cotton, Tea, Coffee, 
Spices.
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 � Tropical Marine Climate:

Distribution Climatic Conditions Vegetation Life and Economy 

 � 5° and 30° N
 � and S of the Equator;
 � Central America, West 

Indies, Northeast 
Australia, East Africa, 
East Brazil.

 � On-shore trade Winds 
heat-round;

 � Rainfall= Max. in 
summer (without any 
distinct dry period

 � Deciduous and ever-
green forests,

 � mangroves.

 � Agriculture-based
 � economies, fishing.
 � Issues: Flooding, cy-

clones, soil erosion.

 � Savanna or Sudan Climate:

  

Distribution Climatic Conditions Vegetation Life and Economy 

 � Between equatori-
al rainforests and 
Hot deserts;

 � Parts of Africa,
 � South America,
 � Northern Australia.

 � Alternate wet and dry 
seasons (Hot-rain, Cool-
dry);

 � Avg. rainfall = 80-160cm
 � Trade winds bring rain 

to the east coast.
 � warm all year;
 � Extreme diurnal Range.
 � Harmattan = Dr. Wind: 

relief by cooling effect.

 � Grasslands with
 � scattered trees;
 � Tall grass= Elephant 

grass & Short trees= 
Deciduous trees;

 � Scrubs in Australia 
= Mallee, Mulga, 
Spinifex grass.

 � Umbrella shaped trees 
(due to winds

 � Pastoralism, subsist-
ence farming;

 � Diverse Wildlife ( Afri-
can Savannas), 

 � Known as Big Game 
Country = high no. of 
animals killed.

 � Tribes= Masai, Hausa.
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 � Hot Desert and Mid-Latitude Desert Climate:

Distribution Climatic Conditions Vegetation Life and Economy 

1.Hot Desert:
 � West Coasts between 

15° and 30° N and S.
 � Sahara Desert, Great 

Australian Desert, 
Arabian, Iranian, Thar, 
Kalahari, Namib, Mo-
have, Sonoran,

 � Atacama desert.

 � Temp.: High;
 � Rainfall: <25cm;
 � High aridity;
 � Low relative Humidity of 

offshore trade wind;
 � Cold Currents (Desiccat-

ing Effect = Not allows 
clouds to condense);

 � High Hill Zone (Subsid-
ence of air);

 � Leeward Side location.
 � High= Diurnal temp. 

range.

 � Sparse vegetation,
 � xerophytes, 
 � Desert scrubs with 

long roots,
 � Leaves: no or few

 � Nomadic herding,
 � mining.

 y Tribes:
 � Bedouin Arab (Arabia),
 � Tuaregs (Sahara),
 � Gobi Mongols (Gobi),
 � Bushmen (Kalahari),
 � Bindibu (Australia)

2.Mid-Latitude Desert:
 � Between 30° and
 � 50° N and S of the 

equator.
 � Many on plateaus.

 � Rainfall: <25cm;
 � Continentality(Gobi 

desert);
 � Rain Shadow Effect(Pata-

gonian Desert).
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 � Steppe Climate (Temperate Grassland Climate):

Distribution Climatic Conditions Vegetation Life and Economy 

 � Between 40° and 55° N 
and S of the

 � equator;
 � Lies in the westerly wind 

belt but remote from ma-
rine influence.

 � Central Asia,
 � parts of Russia,
 � North and South America.

 � Semi-arid, hot
 � summers, cold
 � winters;
 � Rainfall= 25-

75cm;
 � Chinook = Local 

hot wind in 
Prairies (Snow 
eater).

 � Treeless grasslands;
 � Treeless Terrain;
 � Wooded Steppes.

 � Extensive farming, cattle 
ranching;

 � Often termed as 'bread-
baskets';

 � Fauna= Bison, prairie 
dogs, steppe eagles.

Distribution Climatic Conditions 

 � Hungary and surrounding regions  � Pustaz

 � North America [between the foothills of the Rockies 
and the Great Lakes]

 � Prairies

 � Argentina and Uruguay [Rain-shadow effect]  � Pampas

 � Northern South Africa  � Bush-veld (more tropical)

 � Southern South Africa  � High Veld (more temperate)

 � Australia - Murray-Darling basin of southern Australia  � Downs

 � New Zealand  � Canterbury
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 � Mediterranean Climate (Western Margin Climate):

Distribution Climatic Conditions Vegetation Life and Economy 

 � between 30° and 45° N & S 
of the equator;

 � Mediterranean region, 
Central Chile, California, 
Cape Town.

 � Hot, dry sum-
mers and cool, 
wet winters;

 � Rainfall: During 
Winters;

 � Temp.: 25° 
C (Summer), 
<10°C (Winters);

 � Sclerophyllous vege-
tation,

 � Shrubs: Maquis (South 
France), Macchia (Ita-
ly), Chaparral (Califor-
nia), Mallee (Australia) 
Eucalyptus forests in 
Australia.

 � Vineyards, olive
 � cultivation, tourism;
 � Cattle rearing, Transhu-

mance = moving up and
 � down the hills in search 

of pastures according to
 � seasons.

 � Warm Temperate Eastern Margin (China Type) Climate:
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Distribution Climatic Conditions Vegetation Life and Economy 

 � Between 20°
 � and 35° N and S 

latitudes;
 � Eastern margins 

of continents;
 � Eastern China,
 � Southern Japan,
 � Eastern US.

 � Hot-moist summer, Cool-
dry winters (Same as 
Savannas);

 � Rainfall throughout the 
year (60-150cm);

 � Typhoon season.
 � Three types:
 � 1.China Type: (China & 

Japan)
 � 2.Gulf Type: (South Eastern 

USA)
 � 3.Natal Type: warm east-

ern temperate margins of 
Southern Hemisphere.

 � Broadleaf ever-
green

 � and deciduous 
forests;

 � Conifer species like 
pines and cypress-
es.

 � Uninterrupted 
perennial plant 
growth (No cold, 
dry season)

 � Mixed agriculture,
 � industrialized econo-

mies;
 � Crops= Sugarcane, 

cotton, tobacco, maize, 
Timber.

 y Local Winds:
 � Southerly Burster (Cold 

Wind in Australia), Pam-
pero (Cold Dry Wind in

 � Argentina & Uruguay, 
Berg (Hot & Dry Wind in 
South Africa)

 � Cool Temperate Western Margin (British Type) Climate:

Distribution Climatic Conditions Vegetation Life and Economy 

 � Between 40° 
and 65° latitude 
in the Northern 
Hemisphere;

 � Western Europe, 
parts of New Zea-
land and Chile.

 � Mild temperatures (5 to 
15°C) year-round, ample 
rainfall;

 � 4 Seasons= Winter: Short 
& Mild (Warming effect of 
North Atlantic Drift),

 � Spring (Driest), Summer, 
Autumn.

 � Deciduous and co-
niferous forests;

 � Ex.: oak, elm, ash, 
birch, beech, and 
poplar, with willows 
in wet areas.

 � Mixed agriculture,
 � developed economies;
 � Conducive for
 � human habitation;
 � Issues: Acid rain, urbani-

zation impacts.

 � Cool Temperate Continental (Siberian) Climate:
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Distribution Climatic Conditions Vegetation Life and Economy 

 � 50° to 70° N latitude;
 � Predominantly in the 

northern hemisphere;
 � Central Canada, Scan-

dinavia & Central to 
southern Russia.

 � Very cold winters, warm 
summers, low

 � precipitation (38 to 63 cm), 
 � Cold polar winds: Canada's 

blizzards and Eurasia's 
buran.

 � Extreme temperature
 � differences.

 � Coniferous forests, 
taiga;

 � Softwood trees
 � like pine, fir, spruce, 

and larch.

 � Forestry, fur trap-
ping,

 � mineral extraction;
 � Fauna: Siberian ti-

gers, bears, wolves.
 � Issues: Permafrost 

thaw, industrial 
pollution.

 � Cool Temperate Eastern Margin (Laurenian) Climate:

Distribution Climatic Conditions Vegetation Life and Economy 

 � Between the British 
and the Siberian type;

 � Northeastern US,
 � Southeastern Canada.
 � Absent in Southern 

Hemisphere due to
 � limited continental 

landmasses below 
40°S latitude.

 � Cold winters, warm sum-
mers;

 � Moderate precipitation (75 
- 150 cm);

 � Mixed Forests;
 � Coniferous forests 

prevalent north of 
50°N latitude,

 � Deciduous forests 
(oak, beech, maple, 
birch) south of 50°N 
latitude.

 � Mixed Farming,
 � Industrial Activities;
 � Fishing Industry in 

Japan.
 �
 � Issues: Urban 

sprawl, acid rain.

 � Arctic or Polar Climate

Distribution Climatic Conditions Vegetation Life and Economy 

 � North of the
 � Arctic Circle 

and south of 
the Antarctic 
Circle;

 � Greenland.

 � Extremely low tempera-
tures,

 � (-40 to -50 °C in winter);
 � Polar night and
 � midnight sun.
 � Ground remains perennial-

ly frozen (permafrost).

 � Limited vegetation,
 � tundra;
 � Mosses, lichens, hardy 

grasses, reindeer moss, 
and

 � berry-bearing bushes.
 � Fauna: wolves, foxes,
 � musk-ox, Arctic hare, and 

lemmings. Penguins are ex-
clusive to Antarctic regions.

 � Research, limited
 � human activity;
 �
 � Issues: Melting 

ice caps, climate 
change impact.
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 � India – Location
 � Area & Coastline:

 � Area: 3.28 million sq km (~2.4% of world’s land 
area).

 � India has the longest coastline among Indian 
Ocean littoral countries.

 � Total coastline: ~6100 km (mainland); ~7517 km 
including islands.

 � Territorial waters extend up to 12 nautical miles 
(~21.9 km).

 � India & Neighbours:

 � 7 land neighbours: Pakistan, Afghanistan (NW); 
China, Nepal, Bhutan (N); Myanmar, Bangladesh 
(E).

 � Longest land boundary: Bangladesh.
 � Island neighbours:
 � Sri Lanka (separated by Palk Strait & Gulf of Man-

nar)
 � Maldives (separated from Lakshadweep by 8° 

Channel)
 � Wakhan Corridor: Afghan strip separating Paki-

stan from Tajikistan.
 � Latitudinal & Longitudinal Extent:

 � Latitude: 8°4′ N – 37°6′ N (Ladakh → Kanyaku-
mari) ≈ 3200 km.

 � Longitude: 68°7′ E – 97°25′ E (Kutch → Arunachal 
Pradesh) ≈ 2900 km.

 � India lies in Northern Hemisphere.
 � Southern India: tropical; Northern India: sub-

tropical.
 � Extremities:

 � Southernmost (mainland): Kanyakumari
 � Southernmost (India): Indira Point (Great Nico-

bar)
 � Submerged during 2004 Tsunami
 � Northernmost: Indira Col (Karakoram)
 � Easternmost: Arunachal Pradesh
 � Westernmost: Gujarat

 � Indian Standard Meridian (ISM):

 � Longitude: 82°30′ E
 � Determines Indian Standard Time (IST).
 � Passes through: Uttar Pradesh (Mirzapur), 

Chhattisgarh, Odisha, Andhra Pradesh.
 � Raipur is the closest state capital to ISM.

 � Tropic of Cancer (23°27′ N):

 

10 INDIAN GEOGRAPHY
CHAPTER
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 � Passes through 8 states:

 � Gujarat, Rajasthan, Madhya Pradesh, Chhattisgarh, Jharkhand, West Bengal, Tripura, Mizoram.
 � Longest stretch: Madhya Pradesh
 � Shortest stretch: Rajasthan
 � Mahi River crosses the Tropic of Cancer twice.
 � Closest capital city: Ranchi.

 � Prelims Traps:

 � EEZ ≠ territorial waters (EEZ = 200 NM).
 � Indira Point ≠ Kanyakumari.
 � IST based on longitude, not latitude.

Physiography 

 � Regional Divisions of the Himalayas:

 � The Himalayas are regionally classified on the basis of relief, structural 
trends, and landforms:

 � Kashmir / Northwestern Himalayas: Known for distinct geological forma-
tions and rich cultural landscape.

 � Himachal–Uttarakhand Himalayas: Characterised by varied relief, glaciers, 
and climatic contrasts.

 � Darjiling–Sikkim Himalayas: Marked by steep slopes, high rainfall, and eco-
logical sensitivity.

 � Arunachal Himalayas: Noted for complex terrain, dense forests, and high 
biodiversity.

 � Eastern Hills & Mountains: Lower elevations with diverse ecosystems and 
ethnic diversity.

 � 1.Kashmir or Northwestern Himalayas
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Geographical Composition  � Major ranges: Karakoram, Ladakh, Zaskar, Pir Panjal.
 � Cold desert lies between Greater Himalayas and Karakoram (Ladakh region).

Valleys, Lakes & Glaciers

 � Kashmir Valley lies between Great Himalayas & Pir Panjal.
 � Freshwater lakes: Dal, Wular.
 � Saltwater lakes: Pangong Tso, Tso Moriri.
 � Important glaciers: Siachen, Baltoro.

Karewas  � Thick deposits of glacial clay mixed with moraines.
 � Economically important for Zafran (Kashmir saffron) cultivation.
 � Unique landform of Kashmir Valley.

River System
 � Drained by Indus system.
 � Important rivers: Indus, Jhelum, Chenab.
 � Jhelum River forms meanders despite being in youthful stage (unique feature).

Passes
 � Zoji La – Great Himalayas
 � Banihal – Pir Panjal
 � Photu La – Zaskar
 � Khardung La – Ladakh

Southern Fringe  � Presence of longitudinal valleys called duns.
 � Examples: Jammu Dun, Pathankot Dun.

Cultural & Human Geog-
raphy

 � Major pilgrimage centres: Vaishno Devi, Amarnath Cave, Charar-e-Sharif.
 � Srinagar:

 y Capital city.
 y Located on Jhelum River.
 y Famous for Dal Lake.

 � 2.The Himachal and Uttarakhand Himalayas

Location & Extent  � Stretch between Ravi River (west) and Kali River (east).
 � Kali is a tributary of the Ghaghara.

Drainage

 � Drained by Indus and Ganga river systems.
 � Indus tributaries: Ravi, Beas, Satluj.
 � Ganga tributaries: Yamuna, Ghaghara.

Physiographic Features

 � Northern part includes Spiti cold desert (Lahaul–Spiti).
 � Major Himalayan belts present:
 � Great Himalaya
 � Lesser Himalaya (called Dhauladhar in HP, Nag Tibba in Uttarakhand)
 � Shiwalik Range
 � Peak: Nanda Devi (2nd highest in India) - 7434m
 �
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Duns & Foothills

 � Important dun valleys:

 � Chandigarh–Kalka Dun
 � Nalagarh Dun
 � Dehra Dun (largest)
 � Harike Dun
 � Kota Dun

Human Settlements  � British-developed hill stations:
 � Shimla, Mussoorie, Dharamshala
 � Health resorts: Kasauli, Almora, Lansdowne, Ranikhet
 � Preferred altitude: 1000–2000 m

Cultural & Ecological Signif-
icance

 � Bhotia tribes: Semi-nomadic communities of higher valleys.
 � Bugyals: Alpine summer grasslands.
 � Valley of Flowers located here.
 � Major pilgrimage centres:
 � Gangotri, Yamunotri, Kedarnath, Badrinath, Hemkund Sahib
 � Region known for five major Prayags (river confluences).

 � 3.The Darjiling and Sikkim Himalayas

Location & Extent  � Lies between Nepal Himalayas (west) and Bhutan Himalayas (east)
 � Small in area but physiographically significant

Relief & Drainage
 � Dominated by very high peaks, including Kanchenjunga (India’s highest peak)
 � Deep, narrow valleys with swift rivers, especially the Teesta

Human Geography
 � Upper reaches: Inhabited mainly by Lepcha tribes
 � Lower/southern slopes: Mixed population – Nepalis, Bengalis, and tribal groups

Colonial & Economic Im-
print

 � Major tea-growing belt developed during British period
 � Favorable factors: moderate slopes, deep soils, heavy rainfall, cool climate

Geomorphology  � Shiwalik ranges absent (unlike western & central Himalayas)
 � Presence of Duar formations instead → extensively used for tea plantations

Environmental Signifi-
cance

 � Noted for scenic landscapes
 � High biodiversity, especially rich in orchid species

 � 4.The Arunachal Himalayas

Location & Extent  � Easternmost Himalayan section.
 � Extends from Bhutan Himalaya to Diphu Pass.
 � Ranges run south-west to north-east.

Relief & Drainage
 � Highly rugged and dissected terrain.
 � Important peaks: Kangtu, Namcha Barwa.
 � Phawngpui (Blue Mountain) – highest peak of Lushai Hills 

(Mizoram); habitat of Blyth’s tragopan.

Rivers & Gorges  � Dominated by fast-flowing rivers: Kameng, Subansiri, Dihang, Dibang, Lohit.
 � Brahmaputra forms a deep gorge after crossing Namcha Barwa.

People & Culture
 � Highest hydro-electric potential in India due to steep gradients and heavy rain-

fall.

Biodiversity  � Inhabited by tribes like Monpa, Abor (Adi), Mishmi, Nyishi, Naga groups.
 � Jhum (shifting) cultivation widely practised.
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Environmental Signifi-
cance

 � One of India’s richest biodiversity zones, conserved by indigenous practices.

Transport & Interaction  � Poor inter-valley connectivity due to rugged relief.
 � Most interaction via Duar region along Arunachal–Assam border.

 � 5.The Eastern Hills and Mountains

Position & Alignment  � Eastern extension of the Himalayan system
 � Ranges run north–south (unlike east–west Himalayas)

Regional Divisions 
(North → South)

 � Patkai Bum & Naga Hills – northern section
 � Manipur Hills – central section
 � Mizo / Lushai Hills – southern section

Relief & People  � Composed of low, discontinuous hills
 � Inhabited mainly by tribal communities
 � Jhum (shifting) cultivation is widespread

Drainage Pattern  � Barak River: major river of Manipur–Mizoram
 � Nagaland rivers → tributaries of Brahmaputra
 � Mizoram & Manipur rivers → Barak → Meghna
 � Eastern Manipur rivers → Chindwin → Irrawaddy (Myanmar)

Distinctive Features  � Loktak Lake (Manipur) – largest freshwater lake of NE India
 � Mizoram – part of a molasse basin (soft, unconsolidated sediments)

 � Northern Plain and its features
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Formation  � Built by alluvial deposits of the Indus, Ganga and Brahmaputra river systems.

Extent & Relief  � Length: ~3,200 km (west–east)
 � Width: 150–300 km
 � Alluvium thickness: up to 1,000–2,000 m
 � Gentle slope from NW to SE
 � One of the most fertile regions of India

Physiographic Divisions 
(North → South)

1. Bhabar
 � Narrow belt (8–10 km) along Shiwalik foothills
 � Coarse pebbles and boulders
 � Rivers disappear (percolate)

2. Terai
 � South of Bhabar (10–20 km wide)
 � Marshy, swampy, high water table
 � Rivers re-emerge
 � Dense forests, now largely reclaimed

3. Alluvial Plains
 � Further south; intensively cultivated
 � Divided into:
 � Bhangar – old alluvium, higher terraces, less fertile
 � Khadar – new alluvium, floodplains, highly fertile
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 � The Peninsular Plateau

 
 

Geographical Structure  � Elevation: Rises from ~150 m near plains to 600–900 m
 � Shape: Rough irregular triangular landmass
 � Slope: General west → east gradient (controls river flow)

Boundaries  � NW: Delhi Ridge (extension of Aravallis)
 � East: Rajmahal Hills
 � West: Gir Range
 � South: Cardamom Hills
 � NE Extension: Shillong Plateau & Karbi–Anglong Plateau

Subregions / Plateaus  � Central & Eastern: Hazaribagh, Ranchi, Palamu
 � Western & Southern: Malwa, Karnataka, Coimbatore plateaus

Age & Stability  � Among the oldest and most stable landmasses of India
 � Composed mainly of igneous and metamorphic rock

Physiographic & Relief 
Features

 � Tors, block mountains, rift valleys, spurs
 � Bare rocky surfaces, hummocky hills
 � Quartzite dykes → natural sites for water storage
 � NW part: Highly dissected with ravines & gorges
 � Examples: Chambal, Bhind, Morena

Soils  � Black soil dominant in western & northwestern parts (Deccan Trap region)

Geological History  � Experienced repeated uplift & submergence
 � Marked by faulting and fractures
 � Bhima Fault → known for recurrent seismic activity

Drainage Significance  � East-flowing rivers: Long, graded courses, deltas
 � (e.g., Mahanadi, Godavari, Krishna, Kaveri)
 � West-flowing rivers: Short, swift, no deltas, form estuaries
 � (e.g., Narmada, Tapi, Periyar)
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Deccan Plateau Central Highlands Northeastern Plateau (Meghalaya 
Plateau)

 y Location: 
 � South of the Narmada; largest 

part of the Peninsular Plateau
 y Boundaries:
 � West – Western Ghats
 � East – Eastern Ghats
 � North – Satpura, Maikal, Ma-

hadeo ranges
 y Relief & Structure:
 � Shape: Roughly triangular
 � Slope: General west → east
 � Elevation: ~600–900 m (higher 

near Western Ghats)
 y Western Ghats:
 � Continuous, steep, higher than 

Eastern Ghats
 � Local names: Sahyadri (MH), 

Nilgiri (TN–KA), Anaimalai & 
Cardamom (Kerala)

 � Highest peak: Anamudi (2,695 
m)

 � Source region of most Peninsu-
lar rivers

 y Eastern Ghats:
 � Discontinuous, highly eroded
 � Rivers cut through → Mahana-

di, Godavari, Krishna, Kaveri
 � Important ranges: Javadi, 

Palconda, Nallamala, Mahen-
dragiri

 � Meet Western Ghats at Nilgiri 
Hills

 y Location: 
 � North of the Narmada, part of 

Peninsular Plateau
 y Boundaries:
 � West – Aravalli Range
 � South – Satpura scarps
 � Relief & Geology:
 � Nature: Old, denuded relict 

mountains
 � Elevation: ~700–1,000 m
 � Slope: Towards north & north-

east
 � Jaisalmer (West): Marked by 

sand ridges and barchans.
 � Rocks: Metamorphic (gneiss, 

slate, marble)
 y Major Units:
 � Malwa Plateau
 � Bundelkhand Plateau
 � Baghelkhand Plateau
 � Vindhyan & Kaimur ranges
 y Drainage:
 � Source region of Yamuna tribu-

taries
 � Banas (tributary of Chambal) 

originates from Aravallis
 y Resources:
 � Rajmahal Hills (Eastern exten-

sion)
 � Chotanagpur Plateau (South of 

Rajmahal Hills): rich in coal, iron 
ore, mica

 y Origin: 
 � Detached extension of the Penin-

sular Plateau
 y Cause of Separation:
 � Faulting between Rajmahal Hills 

and Meghalaya
 � Fault created depression- Filled 

by depositions by rivers.
 y Present Structure:
 � Meghalaya Plateau
 � Karbi Anglong Plateau
 y Subdivisions of Meghalaya Pla-

teau:
 � Garo Hills
 � Khasi Hills
 � Jaintia Hills
 y Climate & Erosion:
 � Receives very high rainfall from 

SW monsoon
 � Intense erosion → bare rocky 

surfaces
 � Cherrapunji: classic example of 

extreme rainfall & erosion
 y Minerals:
 � Similar to Chotanagpur: coal, 

limestone, uranium, sillimanite
 y Cultural Aspect:
 � Named after tribal groups inhab-

iting the region

 � Western and Eastern Ghats: In detail
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Western Ghats Eastern Ghats

 � Also called Sahyadri (MH), Nilgiri (KA–TN), Anaima-
lai & Cardamom Hills (Kerala).

 � Higher, steeper and continuous than Eastern Ghats.
 � Average height ~1500 m; elevation increases north 

→ south.
 � Extend across Kerala, Tamil Nadu, Karnataka, Goa, 

Maharashtra, Gujarat.
 � Major river source: Godavari, Krishna, Kaveri, Ma-

hanadi.
 � Highest peak: 

 h Anaimudi (highest in Peninsular India).
 h Doddabetta – highest in Tamil Nadu.

 � Important hill stations: Ooty, Munnar, Kodaikanal.
 � Important Committees:

1. Western Ghats Ecology Expert Panel (WGEEP): 
(Gadgil Committee) : Headed by Madhav Gadgil.

2. High Level Working Group on Western Ghats: (Kas-
turirangan Committee): Headed by Kasturirangan.

 � Low, broken and discontinuous due to river erosion.
 � Stretch across Odisha, Andhra Pradesh, Tamil Nadu, 

parts of Karnataka & Telangana.
 � Important hill ranges (N → S):
 � Mahendragiri, Nallamala, Velikonda, Palkonda, Ses-

hachalam, Javadi, Shevaroy, Pachamalai, Sirumalai.
 � Jindhagada (Araku Valley in Andhra) is the highest 

peak of the Eastern Ghats.
 � Cut by rivers like Mahanadi, Godavari, Krishna, 

Kaveri.
 � Eastern & Western Ghats meet at the Nilgiri Hills.

 � Indian Desert (Thar Desert)

Aspect Western Coastal Plains Eastern Coastal Plains

Nature of coast  � Submerged coast  � Emergent coast

Location  � Gujarat → Kerala  � Along eastern shoreline of India

Width  � Narrow (especially Konkan–Mal-
abar stretch)

 � Comparatively broad

River behaviour  � Short rivers, rapid flow  � Long rivers, gentle flow

Deltas  � Poorly developed / absent  � Large, well-developed deltas

Major landforms  � Backwaters (kayals), estuaries  � Deltaic plains, lagoons

Continental shelf  � Narrow  � Wide and extended

Ports  � Many natural harbours:
 � Kandla
 � Mumbai (Mazagaon, JNPT–Nha-

va Sheva)
 � Marmagao
 � Mangalore
 � Kochi

 � Fewer natural harbours:
 � Chennai
 � Ennore
 � Visakhapatnam
 � Paradip
 � Haldia

Divisions  � Kachchh & Kathiawar (Gujarat)
 � Konkan (Maharashtra)
 � Goan Coast
 � Malabar Coast (Kerala)

 � Northern Circars
 � Coromandel Coast

Economic focus  � Fishing, inland navigation, 
tourism

 � Agriculture + fishing

Cultural features  � Vallamkali boat race (Kerala)  � Delta-based agrarian culture
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 � The Islands of India:

Islands in the Arabian Sea 
(Lakshadweep)

Islands in the Bay of Bengal 
(Andaman–Nicobar)

 � Major islands: Lakshadweep & Minicoy
 � Location: 8°–12° N | 71°–74° E
 � Distance from mainland: ~280–480 km off Kerala 

coast
 � Total islands: ~36 (→11 inhabited)
 � Composition: Coral origin (atolls)
 � Largest island: Minicoy (~453 sq km)

 y Division:
 � North: Amini group
 � South: Cannanore group
 � Coastal traits: Storm beaches, coral debris, shingle 

& boulders
 � Freshwater: Scarce (thin freshwater lens)

 � Low, broken and discontinuous due to river erosion.
 � Number: ~572 islands/islets
 � Location: 6°–14° N | 92°–94° E
 � Major groups: Andaman (north) & Nicobar (south)
 � Key sub-groups: Ritchie’s Archipelago, Labyrinth 

Islands
 � Separator: Ten Degree Channel (between Andaman 

& Nicobar)
 � Origin: Emerged parts of submarine mountain 

chains
 � Volcanism: Barren Island – India’s only active volcano
 � Climate & vegetation: Equatorial type, heavy convec-

tional rainfall, dense forests
 � Coral presence: Limited (compared to Lakshadweep)
 � Renamed islands:
 � Ross → Netaji Subhash Chandra Bose Island
 � Havelock → Swaraj Dweep
 � Neil → Shaheed Dweep
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 � pH disturbance
 � Coral diseases

 � UNCLOS (United Nations Convention on the Law of the Sea):

 � International agreement defining rights & duties of States over oceans
 � Governs navigation, resources, environment, maritime zones

 y Key Facts:
 h Adopted: 1982
 h In force: 1994
 h Signatories: ~157 countries
 h India: Signatory & ratified
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DRAINAGE SYSTEM AND DRAINAGE PATTERN 

 � Controlling Factors

 � Surface slope & relief
 � Geological structure (folds, faults, joints)

 � Classification of Drainage Systems

 � Based on Adjustment to Structure:

Sequential Drainage
(Follow regional slope & structure)

Insequent Drainage
(Not controlled by slope/structure)

 � Consequent:

 � First to develop
 � Flow along regional slope (dip streams)

 � Subsequent:

 � Develop later
 � Flow along weaker rock zones / strike
 � Ex: Asan (Yamuna), Son (Ganga)

 � Obsequent:

 � Flow opposite to consequent direction
 � Resequent
 � Tributaries flowing in same direction as conse-

quent
 � Form later than master stream

 � Antecedent:

 � Rivers older than uplift
 � Maintain course by vertical erosion: Continuous 

downcutting.
 � Indian examples:

 � Indus, Ganga, Brahmaputra, Sutlej, Kosi, Gandak
 

 � Superimposed:

 � Develop on newer surface
 � Later cut down into older structures
 � Typical in: Deccan Trap (lava plateau)

 � Drainage Patterns

Drainage Pattern Diagram 

 � Dendritic

 � Tree-like branching
 � Uniform lithology
 � Ex: Indus, Godavari, Mahanadi, Northern Plains

 � Trellis

 � Tributaries join main river at right angles
 � Folded terrain
 � Ex: Singhbhum region, Seine Basin

 � Rectangular

 � Right-angle bends
 � Faulted/jointed terrain
 � Ex: Vindhyan region, Colorado (classic)
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 � Angular

 � Tributaries join at acute angles
 � Young mountainous regions
 � Ex: Himalayan foothills

 � Radial

 � Streams flow outward from central highland
 � Ex: Amarkantak, Girnar

 � Centripetal

 � Streams flow inward to basin/depression
 � Ex: Ladakh, Tibet, Bagmati basin (Nepal)

 � Deranged

 � Irregular pattern with lakes/swamps
 � Post-glacial terrain
 � Ex: Karakoram glaciated valleys

 � Annular

 � Circular drainage around domes
 � Rare in India
 � Ex: Nilgiri Hills, Pithoragarh

 � Parallel

 � Tributaries flow parallel
 � Uniform slope
 � Ex: Western Coastal Plains
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 � Indian Drainage System – Classification

On the Basis of Discharge of Water 
(Orientation to Sea)

On the Basis of Size of Watershed On the Basis of Mode of Origin

 � A. Arabian Sea Drainage

 � Covers ~23% of India’s 
drainage area

 � Major rivers: Indus, Narma-
da, Tapi, Mahi, Periyar

 � Rivers are short, swift, fewer 
deltas

 � B. Bay of Bengal Drainage

 � Covers ~77% of India’s 
drainage area

 � Major rivers: Ganga, Brah-
maputra, Mahanadi, Go-
davari, Krishna

 � Rivers are long, form large 
deltas

 � Drainage divide:
 � Delhi Ridge, Aravallis, Sahy-

adris (Western Ghats)

 � A. Major River Basins

 � Catchment area > 20,000 sq 
km

 � 14 major basins
 � Examples: Ganga, Brahma-

putra, Krishna, Tapi, Narma-
da, Mahi, Pennar, Sabarmati, 
Barak

 � B. Medium River Basins

 � Catchment: 2,000 – 20,000 sq 
km

 � 44 river basins
 � Examples: Kalindi, Periyar, 

Meghna
 � C. Minor River Basins

 � Catchment < 2,000 sq km
 � Mostly in low rainfall areas

 � A. Himalayan Drainage

 � Snow-fed + rain-fed
 � Perennial rivers
 � Large basins, deep gorges, 

meanders
 � B. Peninsular Drainage

 � Mostly rain-fed
 � Seasonal rivers
 � Fixed courses, shallow val-

leys

 � HIMALAYAN DRAINAGE 

 � 1.Indus River System:

Indus River System Diagrams 

 � Basic Identity

 � Also called Sindhu (origin of the name India).
 � In Tibet known as Singi Khamban / Langchen 

Khambab (Lion’s mouth).
 � Westernmost Himalayan river system.

 � Origin & Course

 � Origin: Glacier near Bokhar Chu, Kailash range 
(Tibetan Plateau).

 � Enters India in Ladakh, flowing between Ladakh 
and Zanskar ranges.

 � Cuts deep gorges near Gilgit.
 � Enters Pakistan in Dardistan region.
 � Finally drains into the Arabian Sea east of Ka-

rachi.
 � ~1/3rd of the Indus basin lies in India
 � Leh is located on its bank.

 � Nature of Drainage

 � Antecedent river
 � Maintained its course despite Himalayan uplift
 � Classic example of down-cutting across rising 

mountains
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 � Major Tributary Framework:

 � Right Bank Tributaries (Cold, glacier-fed, Kar-
akoram origin)

 � Shyok (origin: Siachen Glacier)
 � Joined by Nubra (also Siachen origin)
 � Hunza
 � Gilgit
 � Zanskar
 � Suru (obsequent tributary; Kargil on its bank)
 � (Drain the northern Karakoram ranges)

 � Left Bank Tributaries (Panjnad system – Punjab rivers)

Jhelum
 � Origin: Verinag Spring, SE Kashmir Valley
 � Passes through Srinagar, Wular & Dal Lake
 � Known as Vyeth (Kashmiri), Vitasta (Sanskrit), 

Hydaspes (Greek)
 � Joins Chenab near Jhang (Pakistan)
 � Projects: Mangla Dam, Kishanganga Project 
 � Chenab (Largest tributary of Indus)
 � Formed by Chandra + Bhaga at Tandi
 � Origin slopes: Bara Lacha Pass
 � Bara Shigri Glacier feeds the river

 � Chenab (Largest tributary of Indus)

 � Formed by Chandra + Bhaga at Tandi
 � Origin slopes: Bara Lacha Pass
 � Bara Shigri Glacier feeds the river
 � Major tributary: Marusudar
 � Projects: Salal, Dulhasti, Baglihar, Trimmu

 � Ravi

 � Origin: Kullu Hills, west of Rohtang Pass
 � Flows through Chamba Valley
 � Between Pir Panjal & Dhauladhar
 � Tributaries: Budhil, Nai/Dhona
 � Project: Ranjit Sagar (Thein) Dam
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 � Beas

 � Origin: Beas Kund, near Rohtang Pass
 � Flows through Kullu Valley
 � Merges with Satluj at Harike
 � Tributary: Parbati
 � Projects: Pong Dam, Pandoh Dam

 � Satluj

 � Origin: Rakas Tal near Mansarovar (Tibet)
 � Known as Langchen Khambab in Tibet
 � Enters India via Shipki La
 � Tributary: Ravi, Bias, Spiti (Right bank)

 � Major projects:

 h Bhakra–Nangal
 h Nathpa Jhakri
 h Karcham–Wangtoo
 h Gobind Ballabh Sagar

 � Panjnad System:

 � Satluj + Beas + Ravi + Chenab + Jhelum
 � Combine near Mithankot (Pakistan) → called 

Panjnad
 � Panjnad finally merges with the Indus

Ganga River System Diagrams 

1. Length & Basin
 � Length: ~2,525 km
 � Drainage area: ~26% of India
 � Basin states: Uttarakhand, Uttar Pradesh, Bi-

har, Jharkhand, West Bengal, Madhya Pradesh, 
Rajasthan, Haryana, Himachal Pradesh, Chhat-
tisgarh, Delhi.  (Assam is not part of the Ganga 
basin)

2. Origin & Upper Course
 � Rises as Bhagirathi from Gangotri Glacier (Gau-

mukh).
 � Alaknanda originates from Satopanth Glacier 

(above Badrinath).
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3. Alaknanda is formed by:
 � Dhauliganga + Vishnu Ganga at Joshimath (Vish-

nuprayag).
 � Mandakini (from Chorabari Glacier) joins Alak-

nanda.
 � Pindar meets Alaknanda at Karnaprayag.
 � Bhagirathi + Alaknanda meet at Devprayag → 

river officially called Ganga.

4. Middle Course
 � Enters plains at Haridwar.
 � Highly meandering with wide floodplains.
 � Lower Course & Delta
 � Near the delta, Ganga splits into two distribu-

taries:
 � Bhagirathi–Hooghly → flows entirely in India.
 � Padma → flows into Bangladesh.

5. Farakka Barrage (WB):
 � Diverts water into the Bhagirathi–Hooghly to 

maintain Kolkata port.
 � Marks the northernmost point of the Ganga del-

ta.
 � Finally drains into the Bay of Bengal near Sagar 

Island, forming
 � the Sundarbans delta (world’s largest delta).
 � Tributaries of the River Ganga
 � Left Bank Tributaries (North → South)

6. Gandak
 � Formed by Kali Gandak + Trishul Ganga
 � Origin: Nepal Himalayas (between Dhaulagiri & 

Everest)
 � Enters India at Champaran (Bihar); joins Ganga 

near Patna
 � Kanwar Lake (oxbow) fed by Gandak

7. Ghaghara
 � Origin: Mapchachungo glacier (Tibet)
 � Major tributaries: Kali (Sharda), Sarayu
 � Joins Ganga at Chhapra
 � Sarayu flows through Ayodhya
 � Kosi (Sorrow of Bihar)

8. Antecedent river
 � Origin: North of Mt. Everest (Arun system)
 � Forms Sapt Kosi (Arun + Sun Kosi + Tamur)
 � Highly flood-prone due to heavy sediment load
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9. Ramganga
 � Sengur, Varuna
 � Elephant distribution ends east of Yamuna

10. Chambal
 � Origin: Mhow (Malwa Plateau)
 � Known for badland topography (ravines)
 � Gandhi Sagar Dam on Chambal

11. Son
 � Origin: Amarkantak Plateau
 � Tributaries: Rihand, North Koel
 � Joins Ganga near Arrah

12. Damodar
 � Flows through Chotanagpur Plateau (rift valley)
 � Tributary: Barakar
 � Known as “Sorrow of Bengal”
 � Joins Hooghly, not the main Ganga channel

 � 3.Brahmaputra River System
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Brahmaputra River System Diagrams

 � Origin & Course

 � Origin: Chemayungdung Glacier, Kailash Range, 
near Mansarovar Lake (Tibet).

 � Tibetan Name: Tsangpo.
 � At Namcha Barwa, the river makes a sharp 

U-turn (Great Bend).
 � Enters India as Dihang in Arunachal Pradesh.
 � After joining Dibang and Lohit, it is called Brah-

maputra in Assam.
 � Enters Bangladesh near Dhubri, where it is 

known as Jamuna.
 � Jamuna + Ganga → Padma
 � Padma + Meghna → Meghna
 � Finally drains into the Bay of Bengal.
 � Physiographic & Basin Features
 � Basin spread across: Arunachal Pradesh, Assam, 

West Bengal, Meghalaya, Nagaland, Sikkim
 � Forms the world’s largest and fastest-growing 

delta (Ganga–Brahmaputra–Meghna delta).
 � Characterised by: Heavy sediment load, Braided 

channels, Frequent floods, Channel shifting & 
bank erosion

 � Hydrological Characteristics

 � One of the few Indian rivers with a long 
trans-Himalayan course.

 � Antecedent river → maintains course despite 
Himalayan uplift.

 � Very high discharge due to:
 h Snowmelt
 h Heavy monsoon rainfall
 h Large tributary network

 � Tributaries of the Brahmaputra

 � Left Bank Tributaries (from south / Indian side)
 � Burhi Dihing
 � Desang
 � Dikhow
 � Dhansiri
 � Badrinath).
 � Kopili
 � [Generally shorter, rain-fed, flow from Patkai–

Naga Hills]
 � Right Bank Tributaries 

 � (from north / Tibetan–Himalayan side)
 � Lohit
 � Dibang
 � Subansiri (largest tributary)
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 � Kameng (Jia Bharali)
 � Manas (transboundary – Bhutan)
 � Sankosh
 � Torsa
 � Teesta
 � [Mostly antecedent rivers, snow-fed, high ero-

sive power]
 

 � Teesta River

 � Origin: Teesta Kangse Glacier (Sikkim Himalaya).
 � Forms border between Sikkim and West Bengal.
 � Major tributary: Rangeet (originates in Sikkim).
 � Joins Brahmaputra (Jamuna) in Bangladesh.
 � Important for India–Bangladesh water sharing.

 � Why Brahmaputra Causes Severe Floods?

 � Steep gradient in upper course → high velocity
 � Huge sediment load from young Himalayas
 � Sudden widening in Assam plains
 � Intense monsoon rainfall
 � Frequent channel migration
 �

 �  PENINSULAR DRAINAGE

 y General Characteristics
 � Older than Himalayan drainage → evolved before Himalayan uplift.
 � Rivers mostly antecedent / consequent in nature.
 � Broad, shallow and graded valleys.
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 � Fixed courses due to hard crystalline rocks.
 � Limited meandering.
 � Mostly non-perennial (rain-fed), except a few large rivers.
 � Role of the Western Ghats
 � Act as the main water divide of Peninsular India.
 � Separate:

 h East-flowing rivers → Bay of Bengal
 h West-flowing rivers → Arabian Sea

 � East-flowing rivers are longer and form deltas.
 � West-flowing rivers are short, swift, generally estuarine.
 � Watershed
 � A watershed is the boundary line separating two adjacent drainage basins.
 � Evolution of the Peninsular Drainage System

 � 1. Subsidence of the Western Flank

 � Western margin of the Peninsular block subsided.
 � Broke the original symmetrical drainage pattern.
 � Enhanced short, steep west-flowing rivers.

 � 2. Uplift of the Himalayas

 � Caused subsidence along the northern margin of the Peninsular block.
 � Led to formation of rift valleys (trough faults).
 � Rivers flowing through these rift valleys:

 h Narmada
 h Tapi

 � These rivers:
 � Flow through fault-controlled valleys
 � Do not form large deltas
 � Show absence of extensive alluvial and deltaic deposits

 � 3. Tilting of the Peninsular Block

 � Block tilted from northwest to southeast.
 � Result:

 h Majority of rivers flow eastwards
 h Overall drainage orientation towards the Bay of Bengal

Brahmaputra River System Diagrams

 � General Traits

 � Flow eastward into Bay of Bengal
 � Longer courses, gentler gradients
 � Form well-developed deltas
 � Drain larger catchments due to tilting of Penin-

sular block (NW → SE)
 � Minor East-flowing Rivers

 � Subarnarekha – Origin: Ranchi Plateau
 � Baitarani – Origin: Garhjat Hills
 � Rushikulya – Origin: Nayagarh Hills
 � Brahmani – Formed by confluence of Sankh + 

South Koel (Chotanagpur Plateau)
 � Vamsadhara & Nagavali – Origin: Eastern Ghats 

(Odisha–AP)
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 �  
Pennar, Palar, Vaigai – Important rivers of Tamil 
Nadu–AP coast

 � Major East-flowing Rivers
 � Mahanadi

 � Origin: Raipur district, Chhattisgarh
 � Drainage basin:
 � 53% – MP & Chhattisgarh
 � 47% – Odisha
 � Tributaries:
 � Left bank – Seonath, Hasdeo, Mand
 � Right bank – Tel, Jonk, Ong

 � Godavari (Dakshin Ganga)

 � Origin: Nasik district, Maharashtra
 � Largest river system of Peninsular India
 � Drainage basin:
 � 49% Maharashtra
 � 20% MP & Chhattisgarh
 � Remaining – Telangana & Andhra Pradesh

 � Tributaries:

 � Left bank – Penganga,
 � Indravati, Pranhita (Wainganga + Wardha)
 � Right bank – Manjira, Maner

 � Krishna

 � Origin: Mahabaleshwar (Western Ghats)
 � Tributaries:
 � Right bank – Koyna, Panchganga, Ghataprabha, 

Malaprabha, Tungabhadra
 � Left bank – Bhima, Dindi, Musi, Munneru
 � Catchment area:
 � 27% Maharashtra
 � 44% Karnataka
 � 29% Telangana & Andhra Pradesh
 � Kolleru Lake
 � Lies between Krishna & Godavari deltas
 � Not directly fed by Krishna
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 � Kaveri

 � Origin: Brahmagiri Hills, Karnataka
 � Drainage basin:

 h 3% Kerala
 h 41% Karnataka
 h 56% Tamil Nadu

 � Tributaries:
 h Left bank – Hemavati, Shimsha
 h Right bank – Kabini, Bhavani, Noyyal, 

Amaravati
 � Notable feature: Shivanasamudra Falls (2nd 

highest waterfall of India)
 � City on bank: Tiruchirapalli

West-Flowing Rivers Diagrams

 � General feature:

 � Short rivers
 � Steep gradient
 � Form estuaries (no large deltas)
 � Drain into the Arabian Sea

 � Major West-Flowing Rivers

 � 1.Narmada
 � Source: Amarkantak Plateau
 � Course: Rift valley between Satpura (south) and 

Vindhya (north)
 � Mouth: Arabian Sea (south of Bharuch)
 � Key features: Dhuandhar Falls, Sardar Sarovar 

Dam
 � Tributaries:
 � Left bank – Tawa
 � Right bank – Barna, Kolar

 � 2.Tapi (Tapti)

 � Source: Satpura range near Betul (MP)
 � Drainage basin:
 � Maharashtra – ~79%
 � Madhya Pradesh – ~15%
 � Gujarat – ~6%
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 � Mouth: Arabian Sea (near Surat)
 � 3.Luni

 � Source: Near Pushkar (Aravalli range)
 � Flow type: Ephemeral (seasonal)
 � Mouth: Rann of Kachchh
 � Special note: Does not reach the sea regularly

 � 4. Sabarmati

 � Source: Aravalli Range
 � Mouth: Gulf of Khambhat

 � 5. Mahi

 � Source: Vindhya range (Dhar, MP)
 � Course: MP → Rajasthan → Gujarat
 � Mouth: Arabian Sea
 � West-Flowing Rivers of Kerala
 � Bharathapuzha: Longest river of Kerala
 � Periyar: Second longest; largest by discharge
 � Pamba: Drains into Vembanad Lake
 � Other Important West-Flowing Rivers
 � Gujarat: Shetrunji, Bhadra, Dhadhar
 � Maharashtra: Vaitarna (originates near Trimbak 

Hills)
 � Goa: Mandovi, Zuari
 � Karnataka: Kali, Bedti, Sharavathi
 � Jog (Gersoppa) Falls on Sharavathi River

 � SVasV

 � LAKES IN INDIA

 � Largest Freshwater = Wular
 � Largest Brackishwater = Chilika
 � 2nd Largest Brackishwater = Pulicat
 � Longest = Vembanad
 � Largest Inland Saltwater Lake = Sambar
 � (Brackish: More saline water than fresh water but less than sea water)
 �
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 � pH disturbance
 � Coral diseases

 � UNCLOS (United Nations Convention on the Law of the Sea):

 � International agreement defining rights & duties of States over oceans
 � Governs navigation, resources, environment, maritime zones

 y Key Facts:
 h Adopted: 1982
 h In force: 1994
 h Signatories: ~157 countries
 h India: Signatory & ratified

 



PRAYAAS EDUCATION Page 95

11
CHAPTER

Climate of India

 � India has a monsoon-type climate, marked by 
seasonal reversal of winds.

 � Factors Affecting India’s Climate
 � 1.Location & Relief Factors

 � Latitude:
 h Tropic of Cancer divides India:
 h North → subtropical
 h South → tropical
 h Leads to regional variation in tempera-

ture and rainfall.
 � Altitude:

 h Temperature decreases with height.
 h Himalayan and plateau regions are cool-

er than plains.
 � The Himalayas:

 y Act as a climatic barrier:
 h Block cold Arctic winds → protect India 

from extreme cold.
 h Force monsoon winds to rise → cause 

rainfall.
 y Trap monsoon moisture inside the subconti-

nent.
 � Land–Sea Distribution

 h Land heats and cools faster than sea.
 h Creates seasonal pressure differences, 

causing reversal of monsoon winds.
 � Distance from the Sea

 h Coastal areas → moderate climate.
 h Interior regions → extreme summers 

and winters.
 � Relief / Topography

 h Windward slopes → heavy rainfall (West-
ern Ghats).

 h Leeward slopes → rain shadow (Deccan 
Plateau).

 � 2.Factors Related to Air Pressure & Winds

 � Seasonal shifting of pressure belts.
 � Presence of jet streams in upper atmosphere.
 � Influence of western disturbances.
 � Ocean–atmosphere phenomena like El Niño, La 

Niña, IOD.

Seasons in India (IMD Classification)

 Cold Weather Season (Winter:Dec–Feb)
 � 1.Surface Pressure & Winds

 � High pressure over Central Asia
 � Dry continental air enters India.
 � Winds blow:

 h NW → SE (towards Indian Ocean)
 h Contact zone with trade winds is unsta-

ble.
 � Wind directions:

 h Ganga Valley → Westerly/North-westerly
 h Ganga-Brahmaputra delta → Northerly
 h Bay of Bengal → North-easterly

 � 2.Jet Stream & Upper Air Circulation

 � Sub-Tropical Westerly Jet (STWJ) active in winter.
 � Gets bifurcated by Himalayas:

 h Northern branch → North of Tibet
 h Southern branch → Major impact on In-

dian winter
 � 3.Western Cyclonic Disturbances (WCDs)

 � Origin: Mediterranean region
 � Carrier: Westerly jet stream
 � Moisture source: Caspian Sea + Persian Gulf
 � Impact:

 h Winter rain in Punjab, Haryana, Delhi, 
W-UP

 h Snowfall in Lower Himalayas
 � Rainfall locally called “Mahawat”
 � Very important for Rabi crops
 � Indicator: Rise in night temperature

 � �.Tropical Cyclones (Winter context)

 � Form over Bay of Bengal (Oct–Nov)



Page 96

GEOGRAPHY

PRAYAAS EDUCATION

 � Driven by NE monsoon winds
 � Cause rainfall on:

 h Tamil Nadu coast
 h Southern Andhra Pradesh
 h SE Karnataka & SE Kerala

 � Winter Rainfall Pattern

 � North-West India: Due to WCDs
 � Lower Himalayas: Snowfall
 � Rainfall:

 h Decreases West → East (plains)
 h Decreases North → South (mountains)

 � Peninsular India: No well-defined winter (mari-
time effect)

 � Hot Weather Season (Summer:March-May)

 y Why summers are milder in Southern India?
 � Peninsular location → surrounded by sea on 

three sides
 � Maritime influence → sea heats slowly → mod-

erates temperature
 � Hence, extreme heat is rare compared to North 

Indian plains
 y Coastal vs Interior Temperature
 � Coastal areas:

 h Minimal temperature variation (north–
south almost same)

 � Interior regions:
 h Temperature increases from coast → in-

terior due to continentality
 � Mechanism of Weather in Summer Season

1. Surface Pressure and Winds
 � With the northward movement of the Sun, land 

heats rapidly
 � Low pressure develops over north & northwest 

India
 � High pressure persists over surrounding oceans
 � Result → reversal of wind circulation (foundation 

of monsoon)

2. Shift of ITCZ (Inter-Tropical Convergence Zone)
 � ITCZ = equatorial low-pressure trough
 � During summer:
 � ITCZ shifts northwards
 � Lies roughly between 20°N–25°N (parallel to 

Himalayas)
 � Happens by mid-July
 � This shift is crucial for monsoon onset

UPSC keyword: “Monsoon is a result of northward 
shift of ITCZ”

3. Withdrawal of Westerly Jet Stream
 � In winter → Sub-tropical Westerly Jet flows over 

North India
 � In summer:

 h Westerly jet withdraws north of Himala-
yas

 h Linked directly with northward shift of 
ITCZ

 h This creates favorable conditions for 
tropical easterlies

4. Inflow of Maritime Tropical Air (mT)
 � ITCZ attracts winds from all directions
 � Maritime tropical air mass (mT):
 � Originates in Southern Hemisphere

 h Crosses the Equator
 h Deflected due to Coriolis force
 h Blows as south-westerly winds

 � This becomes the South-West Monsoon

5. Jet Streams & Upper Air Circulation
 y By June:

 h Easterly Jet Stream develops
 h Flows over southern Peninsular India

Famous Local Storms of 
Hot Weather Season:

 y Loo
 � Hot, dry winds
 � Blow over Northern 

Plains
 � Cause heat waves, de-

hydration
 y Mango Showers
 � Pre-monsoon show-

ers
 � Occur in: Kerala, 

Coastal Karnataka
 � Help in early ripening 

of mangoes

 y Blossom Showers
 � Light rainfall in Kerala 

& nearby areas
 � Help coffee plants to 

blossom
 � Also called “Coffee 

showers”
 � Nor’Westers (Kal-

baisakhi)
 � Evening thunder-

storms
 � Occur in: West Bengal, 

Assam
 � Benefits: Tea, Jute, 

Rice cultivation
 � Local names:
 h Kalbaisakhi – Bengal
 h Bardoli Chheerha – 

Assam.
 � Southwest Monsoon (Main Rainy Season)

 y Why Monsoon Starts?
 � Strong heating over NW India → thermal low 

pressure.
 � ITCZ shifts northwards (20°–25° N).
 � SE trade winds cross equator → deflected → be-

come SW monsoon.
 � Withdrawal of subtropical westerly jet.

.ey concept: Cross-eTuatorial flow � Coriolis 
force = SW monsoon
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 � Formation of easterly jet (~15° N) → sudden 

monsoon burst.
Branches of Southwest Monsoon

 � 1.Arabian Sea Branch

 �  Hits Western Ghats → heavy orographic rainfall.
 �  Leeward Deccan Plateau → rain shadow.
 � Branches:

 h Enters Narmada–Tapi valley → Central 
India → Ganga plains.

 h Moves parallel to Aravallis → Rajasthan 
remains dry.

 � 2.Bay of Bengal Branch

 � Strikes Myanmar coast → deflected by Arakan 
Yoma.

 � Enters Bengal & Bangladesh.
 � Splits into:

 h Westward branch → Ganga plains.
 h Northward branch → Brahmaputra val-

ley.
 � Mawsynram/Cherrapunji receive the highest 

rainfall.
 � Tamil Nadu: 

 h Receives rainfall from North-East branch 
of retreating monsoon

 h Because rain-shadow area of Arabian 
Sea and Bay of Bengal

 � Breaks in Monsoon

 � Temporary decline in rainfall during monsoon.
 � Causes:

 h  Northward shift of ITCZ.
 h Winds blowing parallel to west coast.
 h  Re-establishment of subtropical wester-

ly jet.
 � Jet Streams & Indian Monsoon

 � Subtropical Westerly Jet:
 h  Winter → south of Himalayas.
 h Summer → shifts north.

 �  Easterly Jet Stream:
 h Develops in summer.
 h Responsible for monsoon onset.

 � Somali Jet:
 h Low-level jet.
 h Strengthens southwest monsoon.

 � Easterly Jet guides tropical depressions into In-
dia.

 � Role of Tibetan Plateau

 � Very high altitude → intense summer heating.
 � Creates strong upper-air circulation.

 � Leads to formation of Tropical Easterly Jet.
 � Plays a key role in strengthening Indian mon-

soon.
 � Jet Streams

 � Narrow bands of high-speed winds in the upper 
troposphere.

 � Generally blow west → east.
 � Two important types:

 h Mid-latitude jet
 h Subtropical jet (STJ)

El Nino (-ve) /a Nina (�ve)

 � Warming of central & 
eastern Pacific Ocean.

 � Trade winds weaken.
 � Indian monsoon 

weakens → reduced 
rainfall, drought risk.

 � Occurs every 2–7 
years (usually late in 
the year).

 � Global effects:
 � Dry Australia & Indo-

nesia
 � Warmer winters in 

North America
 � Marine impact: Re-

duced upwelling → 
less phytoplankton

 h Cooling of central & 
eastern Pacific Ocean.

 h Trade winds strength-
en.

 h Indian monsoon 
strengthens → higher 
rainfall, floods possi-
ble.

 h Occurs every 3–5 
years.

 h Global effects:
 h Heavy rainfall in Aus-

tralia
 h Cooler conditions in 

parts of Americas
 h Marine impact: En-

hanced upwelling → 
nutrient-rich waters.

 � Indian Ocean Dipole (IOD / Indian Nino)

 � SST difference between western & eastern Indi-
an Ocean.

 � Phases:
 � Positive IOD

 h Western Indian Ocean warmer
 h More rainfall in India & East Africa
 h Suppresses rainfall in Indonesia & SE 
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Asia
 � Negative IOD

 h Eastern Indian Ocean warmer
 h Less rainfall in India, more in Australia
 h Neutral IOD: Near-normal SSTs

 � IOD can offset or amplify ENSO impact on Indian 
monsoon.

 � Walker Circulation / Walker Cell

 � East–west atmospheric circulation along the 
equatorial Pacific.

 � Air rises over warm western Pacific (Australia–
Indonesia) and sinks over cool eastern Pacific 
(Peru–Chile).

 � Closely linked with Southern Oscillation.
 � Southern Oscillation (SO)

 � Seesaw in air pressure & SST between Pacific 
and Indian regions.

 � Measured by Southern Oscillation Index (SOI):
 � SOI = Tahiti pressure ຤ Port Darwin pressure
 � Positive SOI → strong trade winds → good mon-

soon
 � Negative SOI → weak trade winds → poor mon-

soon
 � (Indian rainfall predictability improves using SOI 

trends)
 � Retreating Monsoon (Oct–Nov)

 � Withdrawal starts from northwest India.
 � Clear skies + high humidity → October heat.
 � Rainfall mainly due to cyclonic depressions in 

Bay of Bengal.
 � Tamil Nadu coast receives maximum rainfall.
 � Bay of Bengal cyclones are more frequent than 

Arabian Sea.
 � Characteristics of Monsoon Rainfall

 � Seasonal ( June–September).
 � Highly uneven and variable.
 � Strongly controlled by relief.
 � Decreases with distance from sea.
 � Occurs in spells with breaks.
 � Cyclonic depressions determine rainfall distribu-

tion.

 � Distribution of Rainfall in India

 � Average annual rainfall: ~ 125 cm, but highly uneven spatially.
 � ~75% rainfall received during SW Monsoon (June–Sept).
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High Rainfall Zones 
(!2�� cm)

Medium Rainfall Zones 
(1��–2�� cm)

Low Rainfall Zones 
(��–1�� cm)

Inadequate Rainfall 
Zones (��� cm)

 � Western Coast & 
Western Ghats (wind-
ward side),

 � Sub-Himalayan belt 
of NE India,

 � Khasi–Jaintia Hills 
→ World’s highest 
rainfall (> 1000 cm at 
Mawsynram),

 � Brahmaputra Valley 
→ slightly less (<200 
cm)

 � Southern Gujarat,
 � Eastern Tamil Nadu,
 � Odisha, Jharkhand,
 � Bihar, eastern MP,
 � Northern Gan-

ga plains (along 
sub-Himalayas)

 � Cachar Valley & Ma-
nipu

 � Western Uttar 
Pradesh,

 � Delhi, Haryana, Pun-
jab,

 � Jammu & Kashmir,
 � Eastern Rajasthan
 � Gujarat,
 � Interior Deccan Pla-

teau

 � Western Rajasthan,
 � Ladakh (cold desert),
 � Parts of Maharashtra, 

Karnataka, Andhra 
Pradesh

 �
 �
 � [Snowfall Restricted 

to Himalayan region 
only]

 � Variability of Rainfall (Coeٸcient of Variation):

 � Indicates departure from mean rainfall (higher = more unreliable)
 � Highest Variability = Lowest Rainfall 
 � Duration of monsoon increases from north to south India 
 � Variability increases from Western Coast to interior of Peninsular region.

 

 � Climatic Regions of India (.¸ppen)

 � Based on temperature & precipitation patterns, developed by Wladimir Köppen
 � Köppen Climate Groups in India

 y Tropical (A)
 h Mean monthly temp >18°C year-round

 y Dry (B)
 h Rainfall < evaporation
 h BS → Semi-arid
 h BW → Arid (Thar Desert)

 y Warm Temperate (C)
 h Coldest month: 18°C to ຤3°C

 y Cold Temperate (D)
 h Warmest month: >10°C
 h Coldest month: < ຤3°C

 y Ice Climate (E)
 h Warmest month <10°C
 h Himalayan high altitudes
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SOIL

 � What is Soil?

 � Mixture of weathered rock debris (inorganic) 
and organic matter (humus).

 � Develops on the earth’s surface through long-
term interaction of climate, organisms and re-
lief.

Soil Texture Soil Structure

 � Refers to the ratio of 
particle sizes.

 � Determines porosity, 
permeability and wa-
ter retention.

 � Refers to the arrange-
ment of soil particles 
into aggregates.

 � Controls root pene-
tration, aeration and 
drainage.

 � Soil Profile:

 � Vertical arrangement of soil layers is called soil 

profile.
 � Each layer is called a horizon.

 

 � CLASSIFICATION OF SOILS

 � Ancient India:
 h Urvara → fertile soils
 h Usara → infertile/sterile soils

 � Later classifications:
 h By texture: sandy, clayey, silty, loamy
 h By colour: red, black, yellow, etc.

 � Modern classification:
 h Based on genesis, colour, composition 

and location.
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Soil Texture Soil Structure

Alluvial Soil  � scsac Nature: Depositional; transported by rivers & streams
 � Extent: ~40% of India
 � Types: Khadar (new), Bhangar (old) → Both contains: Calcareous Concretions 

(Kankars)
 � Texture: More loamy–clayey in lower/middle Ganga & Brahmaputra; sand ↓ 

west → east
 � Colour: Light grey to ash grey
 � Fertility: Intensively cultivated
 � Nutrients: Rich in potash, poor in phosphorus, nitrogen & humus
 � Distribution: Northern plains, river valleys, east-coast deltas; small parts of Ra-

jasthan & Gujarat

Black Soil
(Regur/Black Cotton)

 � Nature: Residual soil from basalt (lava), fissure volcanic rocks (weathering), 
self-plughing

 � Texture: Very clayey, deep, impermeable
 � Behaviour: Swells when wet; cracks on drying, Retains moisture for long time
 � Colour: Deep black to grey (Due to Titaniferrous Magnetite)
 � Nutrients: Rich in lime, iron, magnesia & potash; poor in N, P, humus
 � Crops: Cotton (best), sugarcane, wheat
 � Distribution: Deccan Plateau (MH, MP, Gujarat, AP, TN)

Red and Yellow
soil

 � Nature: Residual; weathering of crystalline & metamorphic rocks in low rainfall 
areas

 � Colour: Red due to iron; yellow when hydrated
 � Texture: Sandy to loamy
 � Fertility: Low to moderate
 � Nutrients: Poor in nitrogen, phosphorus & humus
 � Distribution: Eastern & southern Deccan Plateau, Odisha, Chhattisgarh, south-

ern Ganga plain

Laterite soil  � Nature: Leached soil under high temperature & heavy rainfall
 � Process: Intense leaching removes bases & humus (Highly acidic)
 � Texture: Coarse, porous
 � Nutrients: Rich in iron (Red Colour) & aluminium; poor in N, P, Ca, organic mat-

ter, lacks silica
 � Crops: Tea, coffee, cashew (with manuring), Tapioca
 � Widely used for bricks making, not suitable for agriculture
 � Distribution: Western Ghats, Kerala, Karnataka, TN, Odisha hills, Assam
 �
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Arid soil  � Nature: Residual; arid climate soils
 � Texture: Sandy, saline
 � Feature: Kankar (CaCO₃) layer in lower horizons
 � Moisture: Poor water retention
 � Nutrients: Poor in humus & nitrogen
 � Distribution: Western Rajasthan; parts of Gujarat

Saline soil (Usara)  � Nature: Infertile soils with salt accumulation
 � Texture: Sandy to loamy
 � Nutrients: Rich in Na, K, Mg; poor in N & Ca
 � Vegetation: Poor natural growth
 � Gypsum: Remedial against soil salinity
 � Distribution: Rann of Kutch, Sundarbans, coastal & deltaic regions

Peaty Soil  � Nature: Formed in high rainfall & high humidity areas
 � Organic Matter: Very high (40–50%)
 � Colour: Heavy, dark/black
 � Reaction: Often acidic or alkaline locally
 � Fertility: High organic content but difficult cultivation
 � Distribution: Bihar, northern WB, coastal Odisha, TN, Kerala

Forest Soil  � Nature: Formed under forest cover in mountains
 � Texture: Loamy & silty in valleys; coarse on slopes
 � Humus: Rich in lower altitudes; poor & acidic in snow-bound areas
 � Nutrients: Poor in potash, phosphorus & lime
 � Crops: Tea, coffee, spices, tropical fruits
 � Distribution: Himalayas, Western & Eastern Ghats

Soil Erosion

 � Removal of topsoil by exogenic agents (water, wind)
 � Agents & Conditions of Soil Erosion:

Agent Region / Condition Significance

Wind Arid & semi-arid regions Dominant erosion agent

Running water Heavy rainfall + steep slopes Most destructive

 � Soil Conservation Measures:

 � Contour bunding / terracing → checks runoff on slopes
 � Afforestation & shelter belts → reduce wind erosion
 � Controlled grazing → prevents soil exposure
 � Cover cropping → protects topsoil
 � Crop rotation & mixed farming → maintains fertility
 � Strip cropping → slows wind & water flow
 � Agroforestry → stabilises soil in dry areas
 � Check dams & gully plugging → arrest gully erosion
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 � Plant community that grows naturally without human disturbance over a long period.
 � Also called: Virgin vegetation

 y Key controls:
 h Relief: Landform & soil
 h Climate: Temperature, photoperiod (day length) and precipitation

 � Vegetation Types:

 

Vegetation Details

 Tropical Evergreen Forests  � Climate: Hot & humid; rainfall >200 cm, no dry season
 � Temperature: ~25–27°C throughout the year
 � Leaf habit: Evergreen (continuous leaf fall)
 � Structure: Multi-layered, dense, thick canopy → poor sunlight at ground
 � Trees: Tall hardwoods (≈45–60 m)
 � Special features: Epiphytes, climbers, lianas; luxuriant growth
 � Species: Ebony, Mahogany, Rosewood, Rubber, Cinchona, Jackfruit 
 � Distribution: Windward Western Ghats, Andaman–Nicobar, NE India
 � Keyword: Luxuriant, stratified forests

Tropical Semi-Evergreen Forests  � Nature: Transitional zone (Evergreen ↔ Moist Deciduous)
 � Rainfall: ~200 cm; short dry season
 � Density: Less dense than evergreen forests
 � Composition: Mix of evergreen + deciduous species
 � Vegetation: Climbers, cane, bamboo common
 � Distribution: Western coast, Assam, lower Eastern Himalayas, Andamans
 � Keyword: Ecotonal forests
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Tropical Moist Deciduous Forests 
(Monsoon Forests)

 � Climate: 100–200 cm rainfall
 � Leaf fall: During short dry season
 � Extent: Largest forest cover in India
 � Human use: Highly exploited for timber & agriculture
 � Soils: Generally fertile
 � Species: Teak, Sal, Shisham, Sandalwood, Bamboo, Mahua
 � Distribution: NE India, Odisha, Jharkhand, Chota Nagpur, Eastern & West-

ern Ghats
 � Keyword: Monsoon forests

Tropical Dry Deciduous Forests  � Climate: 70–100 cm rainfall
 � Leaf fall: Complete shedding during long dry season
 � Vegetation: Open forests / parkland landscape
 � Soils: Comparatively less fertile
 � Species: Tendu, Palas, Amaltas, Bel, Khair
 � Distribution: UP, Bihar, MP, Peninsular Plateau
 � Keyword: Seasonally leaf-shedding forests

Tropical Thorn Forests  � Climate: <70 cm rainfall; semi-arid
 � Adaptations (xerophytic):
 � Small/thorny leaves
 � Long tap roots
 � Thick bark
 � Vegetation: Scattered trees & shrubs
 � Species: Babool, Khejri, Acacia, Date palm, Cactus, Euphorbia
 � Distribution: Rajasthan, Gujarat, SW Punjab, Haryana
 � Keyword: Desert-margin vegetation

Montane Forests – Southern India  � Lower slopes: Sub-tropical
 � Higher slopes: Temperate
 � Special type: Shola forests (forest + rolling grassland)
 � Species: Magnolia, Laurel, Cinchona, Wattle
 � Areas: Nilgiris, Anaimalai, Palani, Western Ghats

Montane Forests – Himalayan 
Region

 � Altitudinal sequence:
 � Foothills → Deciduous
 � 1,000–2,000 m → Wet temperate (Oak, Chestnut)
 � 1,500–1,750 m → Pine (Chir, Deodar)
 � 2,225–3,000 m → Temperate grasslands
 � 3,000–4,000 m → Alpine (Silver fir, Juniper, Birch, Rhododendron)
 � Areas: J&K, Himachal, Uttarakhand, NE states



PRAYAAS EDUCATION Page 105

GEOGRAPHY

Littoral & Swamp (Mangrove) 
Forests

 � Location: Tidal coasts & river deltas
 � Soil: Saline, marshy, water-logged
 � Adaptations:
 � Stilt roots
 � Pneumatophores (breathing roots)
 � Species: Sundari, Palm, Coconut, Keora, Agar
 � Distribution: Sundarbans, Godavari–Krishna delta, Mahanadi delta, A&N 

Islands
 � Economic note: Sundari → durable timber
 � Keyword: Halophytic vegetation

Tropical Dry Evergreen Forests  � Rainfall: ~100 cm (NE monsoon)
 � Nature: Short-stature trees (↔12 m), dense scrub
 � Species: Jamun, Tamarind, Neem
 � Areas: Tamil Nadu coast

 � Sacred Groves:

 � Patches of natural vegetation protected by local communities due to religious/cultural beliefs; usually dedicat-
ed to a local deity.

 � Hunting & deforestation banned; limited sustainable use (e.g. honey, deadwood collection) allowed.
 � Kerala: ~240 sacred groves; largest in Ernakulam.
 � Himachal Pradesh: Highest number; Shipin – largest deodar grove.
 � Maharashtra: Called Devrais (Pune, Ratnagiri, Raigad, Kolhapur).
 � Manipur: Umang Lai groves; linked with Lai Haraoba festival.
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 � India is an agricultural economy
 � ~49% population depends on agriculture (directly/indirectly)
 � 80% farmers are small & marginal (< 2 ha)
 � Net sown area: ~47% of total land
 � >80% of water used in irrigation
 � Net sown area ≈ 140 Mn ha; irrigated ≈ 68.4 Mn ha

Primitive Subsistence Agriculture Intensive Subsistence Agriculture Plantation Agriculture

 � Small plots, primitive tools (hoe, dao, 
digging stick)

 � Family/community labour
 � Depends on monsoon + natural fer-

tility
 � Also called Shifting / Slash & Burn

 � Local names:

 � Jhum – NE India
 � Vevar / Dahiyaar – Bundelkhand (MP)
 � Deepa – Bastar (MP)
 � Zara / Erika – Southern India
 � Batra – SE Rajasthan
 � Podu – Andhra Pradesh
 � Kumari – Western Ghats (Kerala)
 � Kaman / Vinga / Dhavi – Odisha

 � Practised in densely populat-
ed monsoon Asia

 � High labour input, small 
landholdings

 � Two types:

 � Wet paddy dominated
 � Crop-based: sorghum, 

maize, sugarcane, soybean, 
vegetables

 � Commercial farm-
ing

 � Single crop, large 
estates

 � Capital intensive, 
cheap labour

 � Market -or iented 
production

 � Major crops:

 � Tea, Coffee, Rubber, 
Sugarcane, Banana

 � Example: Tea plan-
tations of Assam

12
CHAPTER

LAND 
RESOURCES AND AGRICULTURE

 � Agricultural Facts: India

 � Largest producer & exporter of spices
 � 2nd largest producer of fruits globally
 � Agricultural exports ≈ 10% of total exports
 � 4th largest exported commodity

 y Contribution:
 h National income: ~35%
 h GDP: ~14%

 � Food crops occupy ~2/3rd cropped area

 � India ranks 1st in:
 h Milk (17% of world production)
 h Mango, Banana, Coconut, Cashew
 h Papaya, Peas, Cassava, Pomegranate

 � Largest producer & exporter of:
 h Spices, Millets, Pulses, Dry beans, Ginger

 � Overall 2nd largest producer of:
 � Vegetables, Fruits, Fish

 h Major crops: Rice, Wheat, Cotton, Tea, 
Sugarcane

 � Land Use Change in India (1960–61 to 2008–09)

Land-use Category Trend Key Observation (Why?)

Area under Forest Increase Increase mainly due to better demarcation & classifica-
tion, not real forest density growth

Non-Agricultural Uses ↑ Highest increase Expansion of industry, services, infrastructure & settle-
ments

Current Fallow Land (< 1 
year)

↑ Increase Rainfall variability and cropping cycle disturbances
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Net Area Sown ↑ Recent increase Use of culturable wasteland for agriculture

Barren & Wasteland ↓ Decline Conversion pressure from agriculture & non-agricultur-
al uses

Culturable Wasteland (>5 
years)

↓ Decline Increasing demand for cultivable land

Permanent Pastures & Tree 
Crops

↓ Decline Encroachment and expansion of cultivation on common 
lands

Other Fallow Lands (1–5 
years)

↓ Decline Pressure from both agricultural & non-agricultural sec-
tors

 � Fallow Land:

 � Current Fallow → left uncultivated < 1 year
 � Other Fallow → left uncultivated 1–5 years
 � Culturable Wasteland → left uncultivated > 5 

years
 � Common Property Resources (CPRs)

 � Meaning: State-owned natural resources meant 
for community use

 � Ownership: Access rights for all members with 
usage obligations

 � Examples: Community forests, pasture lands, 
village ponds, grazing lands

 y Role:
 h Fodder, fuelwood, forest produce
 h Crucial for landless & marginal farmers
 h Importance: Supports rural livelihoods & 

livestock economy

 � Agricultural Land Use in India

 � ~60% of India’s land = agricultural land
 � ~51% of agricultural land under cultivation
 � ~44% of cultivated land is irrigated
 � Major irrigation sources: Canals, wells, tanks
 � Forestry + grazing lands: ~22% of total land
 � Regional disparities in irrigation access exist

 � Cropping Intensity 

 � Meaning: Degree of land use for cropping
 y Formula:

 h Cropping Intensity (%) = (Gross Cropped 
Area / Net Sown Area) × 100

 � High intensity:
 h Multiple cropping
 h Efficient land use

 � Low intensity:
 h Under-utilisation
 h Single cropping dominance

 � Cropping Seasons in India

Season Time Period Major Crops Key Characteristics

Kharif June-Oct (Rain) Rice, cotton, jute, jowar, bajra, 
maize, tur, groundnut

• Coincides with SW monsoon  • Sown with 
onset of rains • Harvested in autumn

Rabi Oct-Mar (Cold) Wheat, gram, mustard, barley, 
oats

• Winter crops • Require cool temperature • 
Mostly irrigated

Zaid Mar-June
(Heat)

Watermelon, cucumber, vegeta-
bles, fodder

• Short summer season • After rabi harvest • 
Entirely irrigation-dependent

 � Types of Farming (Based on Source of Moisture)

Type Source Crops Key Points

Irrigated Farming Canals, wells, 
tanks

Rice, wheat, sugarcane, cotton ~44% of cultivated land • Protective + pro-
ductive irrigation

Rainfed (Barani) Rainfall 

→ Dryland < 75 cm rainfall Ragi, bajra, jowar, gram, guar Drought-resistant crops • Soil moisture con-
servation

→ Wetland Excess rainfall Rice, jute, sugarcane Flood & erosion risk • Water-intensive
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 � Crop Classification:

 � Fine grains: Rice, wheat
 � Coarse grains (Millets): Jowar, bajra, maize, ragi
 � Fibre crops: Cotton, jute, silk

 � Major Foodgrains of India

 � Major Foodgrains of India

Crop Season Major Grow-
ing Regions

Area
In %

Produ-ction 
(MT)

India's Rank Climate/
Rainfall

Rice Kharif (main),
Rabi (south)

WB > UP > 
Punjab; As-
sam, Odisha, 
AP

~44 ~120 2nd Hot & humid 
climate (25–
30°C); >150 cm 
rainfall; stand-
ing water; 
labour & water 
intensive

Wheat Rabi UP > MP > 
Punjab, Har-
yana

~14 ~110 2nd Cool climate 
(15–20°C); 
50–75 cm 
rainfall; bright 
sunshine 
at ripening; 
irrigated rabi 
crop
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Maize Kharif
(Rabi in south

Karnataka > 
MP > Mahar-
ashtra

~3.6 ~30 4th Warm climate 
(18–27°C); 50–
75 cm rainfall; 
grows even on 
inferior soils

Jowar (Sor-
ghum)

Kharif (north), 
Both in south

Maharashtra 
(>50%) > Kar-
nataka

~5.3 ~7 5th Semi-arid 
climate; low 
rainfall; hardy 
crop; both 
kharif & rabi in 
south

Bajra (Pearl 
Millet)

Kharif Rajasthan, Gu-
jarat, Haryana, 
W-UP

~5.2 NA - Hot & dry 
climate; very 
low rainfall 
(<50 cm); most 
drought-resist-
ant cereal

Gram (Chick-
pea)

Rabi MP > Rajast-
han > Mahar-
ashtra

~2.8 NA 1st Cool, dry 
climate; light 
showers; 
well-drained 
soil; major rabi 
pulse

Tur/Arhar Kharif Maharashtra 
> Karnataka 
> UP

~2 ~4.5 1st Warm climate; 
moderate rain-
fall; long-du-
ration kharif 
pulse

Pulses Kharif & Rabi MP > Ma-
harashtra > 
Rajasthan

~11 ~25 - Mostly rainfed; 
dryland crops; 
key for protein 
security

 � Oilseeds 

Oilseed Season Major Grow-
ing Regions 

Area In % Produ-ction 
(MT)

India's
Rank

Climate/
Rainfall 

Mustard/ 
Rapeseed

Rabi Rajasthan > 
MP > Haryana

~2.5 ~11 2nd Cool & dry 
winter; 
10–25°C; low 
to moderate 
rainfall; major 
rabi oilseed

Groundnut Kharif (main), 
Strikes (south)

Gujarat (>45%) 
> Rajasthan 
> TN

~3.6 ~16 4th Warm climate 
(20–30°C); 
moderate rain-
fall; light, well-
drained soil
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Sunflower Kharif Karnataka > 
Telangana > 
Odisha

~0.5 ~0.3 10th Requires 
full sunlight; 
drought toler-
ant; grows on 
a wide range 
of soils

Soybean Kharif MP (>40%) > 
Maharashtra > 
Rajasthan

~12 ~14 5th Warm & hu-
mid climate; 
well-drained 
loamy soil; 
major protein 
+ oil crop

 � Other Crops:

Crop Season Major Grow-
ing Regions 

Area
In %

Produ-ction 
(MT)

India's 
Rank

Climate/
Rainfall

Cotton Kharif Gujarat > 
Maharashtra > 
Telangana

~4.7 ~34 1st Warm climate (21–30°C); 
50–75 cm rainfall; long 
frost-free period; well-
drained soil; Black soil 
ideal; India grows all 4 
species; ~90% BT cotton

Jute Kharif West Bengal 
(>80%), Assam, 
Bihar

~0.6 ~10 1st High humidity, warm 
climate (24–35°C); abun-
dant rainfall (~150 cm); 
fertile alluvial soil; flood-
plain crop

Tea Spring 
(Mar-May) & 
Autumn (Aug-
Oct)

Assam (>50%), 
West Bengal, 
Kerala, Tamil 
Nadu, Andhra, 
HP, Tripura

~0.5 ~1.2 2nd Hilly terrain, acidic soil; 
>150 cm rainfall; cool 
climate (20–30°C); well-
drained slopes prevent 
waterlogging

Coffee Apr-May & 
Oct-Nov

Karnataka 
(>70%), Kerala, 
Tamil Nadu

~0.4 ~0.35 6th Warm & humid (15–28°C); 
150–200 cm rainfall; 
well-drained soil; shade-
grown crop; Arabica, 
Robusta, Liberica

Sugarcane Long Dura-
tion (10-14 
months)

Uttar Pradesh 
(>40%), 
Maharashtra, 
Karnataka

~2.4 ~490 2nd Tropical climate 
(20–26°C); 100–150 cm 
rainfall; very high water 
requirement; mainly 
irrigated crop

Rubber Perennial Kerala (>80%), 
Tamil Nadu, 
Karnataka

~0.8 ~0.8 6th Hot & humid climate 
(25–35°C); 150–200 cm 
rainfall; lateritic soil; plan-
tation crop; tapping after 
6–7 years

Silk - Karnataka, As-
sam, WB, TN

- - 2nd Types: Mulberry,
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Seasons  � Grown in all three seasons: Kharif, Rabi & Zaid
 � Rabi pulses dominate → >60% of total production

Production Share  � Gram (Chickpea) → ~40% (largest)
 � Tur/Arhar (Pigeon pea) → 15–20%
 � Urad (Black gram) → ~8–10%
 � Moong (Green gram) → ~8–10%

India’s Global Position  � Largest producer → ~25% of world production
 � Largest consumer → ~27% of world consumption
 � Largest importer → ~14% of global imports

Area & Output  � ~20% of foodgrain area
 � Contribute only 7–10% of total foodgrain production   → Reason: low yields 

+ rainfed cultivation

Major Pulses  � Gram → Chickpea / Desi Chana
 � Tur / Arhar → Pigeon pea / Red gram
 � Urad → Black gram / Mah
 � Moong → Green gram
 � Masoor → Lentil
 � Rajma → Red kidney bean
 � Lobia → Black-eyed pea
 � Matar → White pea
 � Kabuli Chana → Large-seed chickpea

 � Shifting Cultivation 

Region/State Local Name of Shifting 
Cultivation 

North-East India Jhum/ Jhuming

Manipur Pamlou

Chhattisgarh Dipa

Andaman & Nicobar Islands Dipa

Madhya Pradesh Bewar/ Dahiya

Andhra Pradesh Podu/ Penda

Odisha Pama Dabi/ Koman/ 
Bringa

Western Ghats Kumari

Rajasthan Valre/ Waltre

Himalayan Belt Khil

Jharkhand Kuruwa

Region/ Country Name Used

Central America/ Mexico Milpa

Indonesia/ Malaysia Ladang

Venezuela Conuco

Brazil Roca

Central Africa Masole

Vietnam Ray
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 � pH disturbance
 � Coral diseases

 � UNCLOS (United Nations Convention on the Law of the Sea):

 � International agreement defining rights & duties of States over oceans
 � Governs navigation, resources, environment, maritime zones

 y Key Facts:
 h Adopted: 1982
 h In force: 1994
 h Signatories: ~157 countries
 h India: Signatory & ratified
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Industry – Classification

Basis of Classifica-
tion

Type of Industry Meaning Examples

Raw Material Agro-based Uses agricultural raw materials Cotton textile, Sugar

Mineral-based Uses minerals from mining Iron & Steel, Cement

Forest-based Uses forest produce Paper, Timber

Input / Output Basic (Key) Industry Supplies inputs to other indus-
tries

Iron & Steel

Consumer Industry Produces goods for direct con-
sumption

TV, Toothpaste

Ownership Public Sector Owned & operated by govern-
ment

BHEL, SAIL

Private Sector Owned by private individuals TISCO, RIL

Joint Sector Govt + Private ownership OIL

Cooperative Sector Owned by producers/workers Sugar cooperatives (MH)

Mode of Operation Labour-intensive Employs large labour force Textile, Leather

Capital Goods Industry Produces machines & heavy 
equipment

Machine tools

Strategic Industry Vital for defence, R&D, forex Aerospace, Defence

Size Small-scale Industry Low capital & technology Handicrafts, Cottage

Large-scale Industry High capital & advanced technol-
ogy

Automobiles

13
CHAPTER

INDUSTRIES

 � Factors affecting location of Industries:  � Major Industries in India
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Industry Raw Materials/ 
Inputs

Major Regions/ Centres Key Characteristics/ Facts

Iron & Steel Indus-
try 

Iron ore, coal (fuel), 
limestone (flux), 
water

Chotanagpur region – Jam-
shedpur (TISCO), Bokaro, 
Durgapur, Rourkela; Karna-
taka (Bhadravati)

• Located near raw materials (weight-los-
ing)  
• India: 2nd largest producer, 3rd largest 
consumer  
• Purvodaya Initiative (2020) for eastern 
India

Cotton Textile In-
dustry 

Raw cotton Mumbai, Ahmedabad, Su-
rat, Nagpur, Indore, Coim-
batore

• Tropical climate favours cotton  
• 1854: First cotton mill (Mumbai)  
• India: Largest producer of cotton 
(≈18% global output)

Woollen Textile 
Industry 

Wool Punjab, Maharashtra, Uttar 
Pradesh

• Rural-based  
• Export-oriented  
• Insufficient domestic wool production

Jute Industry Jute & mesta fibre 
(raw jute)

Hooghly Valley (West Ben-
gal), Assam, Bihar

• 1855: First jute mill near Kolkata  
• WB produces ~72% of India’s jute  
• Jute Packaging Material Act, 1987

Fertilizer Industry Naphtha, natural 
gas, phosphate, 
potash

Gujarat (Vijaypur, Haz-
ira), UP, Rajasthan, MP, 
Jharkhand

• One of 8 core industries  
• ~70% nitrogenous plants use naphtha  
• DBT fertiliser (2018), neem-coated urea

Automobile Indus-
try 

Steel, rubber, plas-
tics, glass, electron-
ics

Chennai, Pune, Guru-
gram-Manesar, Sanand

• Asia’s 4th largest automobile exporter  
• Strong backward & forward linkages  
• Expected vehicle surge by 2050

Sugar Industry Sugarcane UP, Maharashtra, Karnata-
ka, Tamil Nadu

• Agro-based industry  • Seasonal in 
nature  • Molasses used for ethanol 
blending
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 � Mode of Occurrence of Minerals

Mode of Occurrence Rock Type Examples

Veins & Lodes (cracks, joints) Igneous & Metamorphic Tin, Copper, Zinc, Lead

Beds / Layers Sedimentary Coal, Gypsum, Potash, Rock salt

Residual deposits (weathering) Surface rocks Bauxite

Placer deposits (alluvial) River sands Gold, Silver, Tin, Platinum

Ocean water – Common salt, Magnesium, Bromine, 
Manganese nodules

 

14
CHAPTER

MINERAL RESOURCES
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Ferrous Minerals Non-ferrous Minerals 

1. Iron Ore
 � Backbone of industrial development
 � Fairly abundant
 � Weight-losing raw material

 � Types of Iron Ores:

Ore Iron Content Key Use / Fea-
ture

Magnetite 70–72% Finest quality; 
electrical & elec-
tronic industries

Hematite 50–60% Most used ore; 
iron & steel in-
dustry

Limonite 40–60% Pigment for 
paints

Siderite 40–50% Low-grade ore; 
limited use

 � Major Iron Ore Belts in India
 � Odisha–Jharkhand belt
 � Durg–Bastar–Chandrapur belt
 � Bellary–Chitradurga–Chikmagalur–Tumkur belt
 � Maharashtra–Goa belt

 � 2.Manganese

 � Primary use: Manufacturing of steel and fer-
ro-manganese alloy

 � Critical input: ~10 kg manganese required to 
produce 1 tonne of steel

 � Other uses: Bleaching powder, Insecticides, 
Paints

 � Distribution: Odisha – largest producer (≈ 33–
35%), Maharashtra, Madhya Pradesh, Karnataka, 
Andhra Pradesh

1.Copper:
India is critically deficient in copper reserves & production

 � Properties:
 � Malleable & ductile
 � Very good conductor of electricity
 � Uses: Electrical cables & wiring, Electronics, 

Chemical industries
 � Major belts / mines:
 � Balaghat – Madhya Pradesh
 � Khetri – Rajasthan
 � Singhbhum belt – Jharkhand

 � Clay-like ore → source of alumina → aluminium
 � Formed by decomposition (lateritisation) of alu-

minium-rich rocks
 � Properties of Aluminium:
 � Very light weight
 � Good conductivity
 � High malleability
 � India is self-sufficient in bauxite
 � Major regions:
 � Amarkantak Plateau
 � Maikal Hills
 � Bilaspur–Katni Plateau region

 � 2.Non-Metallic Minerals 

 �

 � Splits easily into thin sheets
 � Excellent dielectric strength
 � Low power loss factor
 � Colour: Clear, black, green, red, yellow, brown
 � Good insulator, resistant to high voltage

 � Used in electrical & electronic industries
 y Distribution
 � Jharkhand: Koderma–Gaya–Hazaribagh belt → 

largest producer
 � Rajasthan: Ajmer belt
 � Andhra Pradesh: Nellore belt
 � Occurs along northern edge of Chota Nagpur 

Plateau
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 � 2.Other Non-Metallic Minerals:

 y Limestone:
 � Basic raw material for cement industry, used in 

iron & steel (flux), chemicals
 � Occurrence: Sedimentary rock
 � Rajasthan (largest producer)

 y Gypsum:
 � Use: Cement industry (retarder – slows setting), 

Fertilisers, plaster of Paris (POP)
 � Occurrence: Sedimentary deposits
 � Rajasthan (largest producer)

 y Chromite:
 � Use: Manufacture of stainless steel, Produces 

chromium
 � Occurrence: Igneous & metamorphic rocks
 � Odisha → ~95% of India’s reserves

 y Lead–Zinc:
 � Zinc: galvanisation (rust prevention)
 � Lead: batteries, cables, radiation shielding
 � Occurrence: Metamorphic rocks
 � Rajasthan → dominant producer
 � Zawar mines (Udaipur)
 � Rampura–Agucha

 � 3.Energy Resources 

 y 1.Coal

 y Fossil fuel formed from plant matter under 
heat & pressure.

 � Deeper burial → higher temperature → better 
quality coal.

 y Coal Quality:
 � Age ↑ → Carbon ↑ → Quality ↑
 � High moisture, high ash,  low sulphur ↔ with in-

creasing rank
 � High ash fusion temperature 

 � Types of Coal

Type Carbon 
%

Quality Key Fact

Peat Very low Poor First 
Stage

Lignite 25-30% Low-
grade

Neyveli 
(TN), 
High 
Moisture 
content

Bitumi-
nous 

45-85% Good Most 
used 
coal

Anthra-
cite 

86-97% Best Very 
limited 
in India

 

Distribution:

 y Gondwana Coal (≈98%)
 � Age: ~200–300 million years
 � Best quality (metallurgical)

 y Major coalfields:
 � Damodar Valley: Jharia, Raniganj, Bokaro
 � Godavari, Mahanadi, Son, Wardha valleys

 y Tertiary Coal
 � NE India: Assam, Meghalaya, Arunachal Pradesh, 

Nagaland
 y Metallurgical (Coking) Coal
 � High-grade bituminous coal
 � Used in iron & steel (blast furnaces)
 � Jharia = best quality

 � 2.Petroleum

 � Found in anticlines and fault traps
 � Mostly in Tertiary sedimentary rocks
 � Refineries act as a nodal industry → support 

synthetic textiles, fertilisers, petrochemicals
 � Second most important energy source in India 

(after coal)
 � Production Distribution:

 � Mumbai High (offshore): 63%
 � Gujarat: 18%
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 � Assam: 16%

 � Important Fields

 � Gujarat: Ankaleshwar (most important field of 
Gujarat)

 � Assam (oldest oil producing state): Digboi, Na-
harkatiya, Moran–Hugrijan

 � 3.Natural Gas

 � Main component: Methane (CH₄)
 � Low CO₂ emissions → called “fuel of the present 

century”
 � Found with or without petroleum

 y Forms
 � LNG → Liquefied Natural Gas
 � CNG → Compressed Natural Gas (used in vehi-

cles)
 y Uses:
 � Clean fuel for power & fertiliser industries (larg-

est users)
 � Industrial raw material for petrochemical indus-

try
 � CNG replacing liquid fuels in transport

 y Pipeline
 � Hazira–Vijaipur–Jagdishpur (HVJ) gas pipeline
 � Length: ~1700 km
 � Links Mumbai High & Bassein with western & 

northern India
 � Gave major boost to gas-based industries

 � 4.Shale Gas

 � Shale → fine-grained sedimentary rock
 � Shale gas = natural gas trapped within shale for-

mations
 � Mostly methane (CH₄)
 � Extracted by hydraulic fracturing (fracking)
 � Gas-bearing layers are horizontally distributed 

(not vertical)
 � Emerging alternative energy source
 � Major fuel boost seen in USA
 � Considered important for energy security
 � As per NITI Aayog:
 � 96 trillion cubic feet of recoverable shale gas in 

India
 

 
 

 � Global Distribution of Minerals 
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Asia  � China, Malaysia, Indonesia → leading producers of tin
 � China → leads in iron ore, lead, antimony, tungsten
 � Asia has deposits of iron, manganese, bauxite, nickel, zinc, copper
 � Produces >50% of world’s tin

Europe  � Russia, Ukraine, Sweden, France → large iron ore deposits
 � Eastern Europe & European Russia → copper, lead, zinc, manganese, nickel

North America  � Mineral deposits concentrated in three zones:
 � Canadian Shield (north of Great Lakes)
 � Iron ore, nickel, gold, uranium, copper
 � Appalachian Region
 � Coal
 � Western Cordillera
 � Copper, lead, zinc, gold, silver

South America  � Brazil → large deposits of high-grade iron ore
 � Brazil & Bolivia → among world’s largest producers of tin
 � Chile & Peru → leading producers of copper
 � Rich deposits of gold, silver, zinc, chromium, manganese, bauxite, mica, platinum, as-

bestos & diamonds

Africa  � Africa → world’s largest producer of diamonds, gold & platinum
 � DR Congo (Zaire)
 � Produces >70% of world’s cobalt
 � Hosts ~50% of global known cobalt reserves (UPSC favourite)
 � South Africa, Zimbabwe, Zaire → major gold producers
 � Copper, iron ore, chromium, uranium, cobalt & bauxite widely found
 � Oil → Nigeria, Libya, Angola

Australia  � World’s largest producer of bauxite
 � Leading producer of:
 � Gold
 � Diamond
 � Iron ore
 � Tin
 � Nickel
 � Also has copper, lead, zinc, manganese
 � Kalgoorlie & Coolgardie → largest gold deposits

Antarctica  � Coal → Transantarctic Mountains
 � Iron → Prince Charles Mountains (East Antarctica)
 � Forecasted deposits of iron ore, gold, silver & oil
 � (Commercial exploitation restricted by Antarctic Treaty)
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 � Important facts:

 � Heavy Mineral Sands (Beach Sands)
 � 7 heavy minerals: Garnet, Monazite, Rutile, Zircon, Sillimanite, Ilmenite, Leucoxene (brown ilmenite)
 � Titanium minerals:

 y Rutile (TiO₂)
 y Ilmenite (FeO·TiO₂)
 y Found in beach sand deposits from Odisha coast (east) to Gujarat coast (west)

 � Monazite – Nuclear & Strategic

 � Contains Rare Earth Elements (REEs) + Thorium
 � India has the world’s largest monazite reserves
 � Located in beach sands of:

 h Kerala
 h Tamil Nadu

 � Only Government agencies are allowed to process & export monazite
 � Uranium in India → found in igneous & metamorphic rocks

 h Coal – Conceptual Traps
 h Coal deposits are absent in Africa

 � Indian coal characteristics:
 h High ash content
 h Low sulphur
 h High ash fusion temperature

 � Not all coal power plants are government-owned
 � Switzerland

 � No known mineral deposits in Switzerland 
 � MMDR Act, 1957 – Federal Powers
 � State Governments:

 h Frame rules for minor minerals
 h Grant mining leases for minor minerals
 h Frame rules to prevent illegal mining of minor minerals
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 � pH disturbance
 � Coral diseases

 � UNCLOS (United Nations Convention on the Law of the Sea):

 � International agreement defining rights & duties of States over oceans
 � Governs navigation, resources, environment, maritime zones

 y Key Facts:
 h Adopted: 1982
 h In force: 1994
 h Signatories: ~157 countries
 h India: Signatory & ratified
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Road Transport in India 

 � 2nd largest road network in the world
 � Total length: ~ 63.73 lakh km
 � Carries ~87% passenger traffic and >60% freight
 � 100% FDI allowed in roads & highways (auto-

matic route)
 � Road density: length of road per 100 sq km (var-

ies regionally)
 � Classification of Roads in India

Category % of Total 
Road 

Length

Key Points Authority

National 
Highways 
(NH)

2% Carry >40% 
traffic; 
longest 
NH: NH-44 
(Srinagar–
Kanyaku-
mari)

NHAI (Cen-
tre)

State High-
ways (SH)

4% Link state 
capitals 
with district 
HQs & ma-
jor towns

State Govts

District 
Roads

14% Connect 
district HQs 
with other 
nodes

Zila Parish-
ad

Rural Roads 80% Lifeline of 
villages; 
PMGSY 
coverage

State/Cen-
tre

 � Important Highway Projects

 � Golden Quadrilateral: Delhi–Mumbai–Chennai–
Kolkata

 � North–South Corridor: Srinagar ↔ Kanyakumari
 � East–West Corridor: Silchar ↔ Porbandar

15
CHAPTER
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 � Key Institutions & Schemes

 y NHAI
 � Autonomous body under MoRTH
 � Operational since 1995
 � Responsible for NH development, maintenance 

& operation
 y Border Roads Organisation (BRO)
 � Established 1960
 � Under Ministry of Defence
 � Builds strategic roads along northern & 

north-eastern borders
 � Bharatmala Pariyojana (Umbrella Highway Pro-

gramme)
 y Focus areas:
 � Economic Corridors
 � Inter-corridors & Feeder routes
 � National corridor efficiency
 � Border & international connectivity roads
 � Coastal & port connectivity roads
 � Greenfield expressways
 � Completion of NHDP balance works

 � Railways In India

 � Introduced in 1853: Bombay–Thane (Governor 
General: Lord Dalhousie)

 � 4th largest railway network in the world 
 h After USA, Russia, China

 � Indian Railways divided into 18 zones
 h Largest: Northern Railway
 h Smallest: Northeast Frontier Railway

 � 100% FDI allowed in railway infrastructure (au-
tomatic route)

 � Track Gauges:

Broad Gauge Metre Gauge Narrow Gauge

1.676 m 1.0 m 0.762 m / 0.610 
m

Dominant, high 
speed & capacity

Largely convert-
ed

Hilly & difficult 
terrain

 � UNESCO World Heritage (Railways)

 � Chhatrapati Shivaji Maharaj Terminus, Mumbai 
(2004)

 � Mountain Railways of India
 h Darjeeling Himalayan
 h Nilgiri Mountain
 h Kalka–Shimla

 � Dedicated Freight Corridors (DFCs):

 

Eastern DFC Western DFC

1,856 km 1,504 km

Ludhiana (PB)  → Dankuni 
(WB)

Dadri (UP) → JNPT (MH)

States Covered: PB, HR, 
UP, BR, JH, WB

States Covered: HR, RJ, GJ, 
MH, UP

 � Diamond Quadrilateral

 � High-speed rail network connecting Delhi–Mum-
bai–Kolkata–Chennai

 � Rail equivalent of Golden Quadrilateral
 � Trans-Continental Railway Lines

 � Trans-Siberian
 h St. Petersburg → Vladivostok

 � Trans-Canadian
 h Halifax → Vancouver

 � Australian Trans-Continental
 h Perth → Sydney

 � Orient Express
 � Paris → Istanbul

 � Pipelines in India

 � Used to transport liquids & gases → water, pe-
troleum, natural gas
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 � High initial cost, but very low operating cost
 � Most economical & safe for long-distance trans-

port
 � Major Pipeline Networks in India

 

Pipeline Route Importance

Naharkatiya–
Barauni Pipeline

Naharkatiya 
oilfield (Assam) 
→ Barauni re-
finery (Bihar) via 
Guwahati

Asia’s first 
cross-country 
pipeline

Salaya–Jalandhar 
Pipeline

Salaya (Gujarat) 
→ Jalandhar 
(Punjab) via 
Viramgam, 
Mathura, Delhi, 
Sonipat

Connects west-
ern oil fields 
with north India

HVJ Gas Pipeline Hazira (Gujarat) 
→ Vijaipur → 
Jagdishpur (UP)

First inter-state 
natural gas 
pipeline

 � Water Transport in India 

 � Types
 h Oceanic (Sea Routes)
 h Inland Waterways

 � 1.Oceanic Waterways (Sea Routes)

 � Coastline: ~ 7,517 km (including islands)
 � Ports: 12 Major + 205 Non-major
 � Administration

 h Major ports → Ministry of Shipping
 h Non-major ports → State Maritime 

Boards / State Govts
 y Importance:
 � ~95% of India’s foreign trade by volume
 � ~70% by value
 � 57% traffic handled by major ports, 43% by 

non-major ports
 � FDI up to 100% allowed under automatic route 

for port & harbour projects
 � Major Sea Ports of India 

 � (13 = 6 East + 7 West)

Eastern Coast Western Coast

 � Chennai – Artificial; 
shallow waters; TN & 
Puducherry hinter-
land

 � Ennore / Kamarajar 
– First corporatised 
port; relieves Chennai

 � Tuticorin (V.O. Chid-
ambaranar) – Gulf of 
Mannar; fertilisers, 
petrochemicals

 � Kolkata / Syama Pras-
ad Mookerjee – River-
ine (Hugli); silt prob-
lem

 � Paradip – Mahanadi 
delta; deepest har-
bour; iron ore export

 � Visakhapatnam – 
Land-locked harbour; 
iron ore export to Ja-
pan

 � Kochi – Natural; Vem-
banad Kayal; “Queen 
of Arabian Sea”

 � Kandla (Deendayal) 
– Tidal port; Gulf of 
Kachchh; largest car-
go handling

 � Mundra – First private 
port; largest private 
port

 � Mangalore – Iron ore 
exports (Kudremukh)

 � Mormugao – Zuari es-
tuary; iron ore

 � Mumbai – Natural; 
busiest port; largest 
oil terminal

 � JNPT (Nhava Sheva) – 
Satellite port of Mum-
bai; largest container 
port; first port-based 
SEZ

 � [Port Blair notified as major port (2010) → status 
later withdrawn]

 � 2.Inland Waterways 

 � Navigable length: ~ 14,500 km
 � Includes rivers, canals, backwaters, creeks

 y Authority
 � IWAI (Inland Waterways Authority of India)
 � Set up: 1986
 � Statutory body under IWAI Act, 1985

 y National Waterways:
 � 111 National Waterways (5 old + 106 new)
 � Declared under National Waterways Act, 2016
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Important National Waterways:

NW Stretch States

NW-1 Allahabad–Haldia (1620 km) UP, Bihar, Jharkhand, WB

NW-2 Sadiya–Dhubri (891 km) Assam

NW-3 Kottapuram–Kollam + canals Kerala

NW-4 Godavari–Krishna stretches Andhra Pradesh 

NW-5 Brahmani–Mahanadi delta system Odisha 

NW-6 Barak River (121 km) NE India
 � International Corridors:

Corridors States Covered Foreign Assistance 

Delhi–Mumbai Industrial Corridor 
(DMIC)

UP, Haryana, Rajasthan, MP, Gujarat, 
Maharashtra

Japan

Chennai–Bengaluru Industrial Cor-
ridor (CBIC)

Tamil Nadu, Andhra Pradesh, Karna-
taka

Japan

Bengaluru–Mumbai Economic Cor-
ridor (BMEC)

Maharashtra, Karnataka UK

Amritsar–Kolkata Industrial Corri-
dor (AKIC)

Punjab, Haryana, Uttarakhand, UP, Bi-
har, Jharkhand, West Bengal

—

East Coast Economic Corridor (ECEC) West Bengal, Odisha, Andhra Pradesh, 
Tamil Nadu

—

 � International Connectivity Projects 

 � BCIM Economic Corridor
 h Kolkata → Bangladesh → Myanmar → Kunming (China)

 � India–Myanmar–Thailand Trilateral Highway (IMTTH)
 h Moreh (India) → Bagan (Myanmar) → Mae Sot (Thailand)

 � Kaladan Multimodal Transit Transport Project (KMTTP)
 h Connects Eastern India ↔ Myanmar (Sittwe Port)
 h Modes: Waterways + Roads + Railways

 � BBIN Agreement
 h Countries: Bangladesh, Bhutan, India, Nepal
 h Purpose: Cross-border vehicle movement

 � International North–South Transport Corridor (INSTC)
 h Route: India → Iran → Central Asia → Russia → Europe

 � Ashgabat Agreement
 h Members: India, Iran, Turkmenistan, Uzbekistan, Kazakhstan, Oman

Air Transport in India

 � Air transport in India began in 1911.
 � First airmail service operated between Allahabad – Naini.
 � Distance covered: ~10 km (very common prelim fact).
 � Airport Authority of India (AAI) is responsible for:

 h Safe & efficient air traffic management
 h Aeronautical communication services in Indian airspace

 � Manages about 125 airports across India.
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 � Timeline of Air India:
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