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UPSC MAINS SUTRA Geography

Previous Year Questions

Topic Question

What do you understand by the phenomenon of temperature

1 inversion in meteorology? How does it affect the weather and the 2013
habitants of the place?

2 Most of the unusual climatic happenings are explained as an 2014
outcome of the EI-Nino effect. Do you agree?

3 Climatology | piscuss the concept of air mass and explain its role in macro- 2016
climatic changes.

4 Troposphere is a very significant atmospheric layer that determines 2022
weather processes. How?

5 Discuss the consequences of climate change on the food security in 2023
tropical countries.

6 What do you understand by the theory of continental drift? Discuss 2013
the prominent evidences in its support.

2 How does the Juno Mission of NASA help to understand the origin and 2017
evolution of the Earth?

8 Define mantle plume and explain its role in plate tectonics. 2018

Geomorphology

9 Discuss the geophysical characteristics of Circum-Pacific Zone. 2020

10 Why is India considered as a subcontinent? Elaborate your answer. 2021

n Describe the characteristics and types of primary rocks. 2022

12 How are the fjords formed? Why do they constitute some of the most 2023
picturesque areas of the world?

13 Explain the factors responsible for the origin of ocean currents. How 2015
do they influence regional climates, fishing and navigation?

14 Account for variations in oceanic salinity and discuss its multi- 2017

Oceanography dimensional effects.

15 What are the consequences of spreading of ‘Dead Zones’ on marine 2018
ecosystem?
How do ocean currents and water masses differ in their impacts on

16 L . . . 2019
marine life and the coastal environment? Give suitable examples?
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It is said the India has substantial reserves of shale oil and gas, which

17 can feed the needs of country for quarter century. However, tapping of 2013
the resources doesn’t appear to be high on the agenda. Discuss
critically the availability and issues involved.

Non-Renewable | With growing scarcity of fossil fuels, the atomic energy is gaining more

18 Energy sources and more significance in India. Discuss the availability of raw material 2013
required for the generation of atomic energy in India and in the world.

19 What are the economic significances of discovery of oil in Arctic Sea 2015
and its possible environmental consequences?
Discuss the multi-dimensional implications of uneven distribution of

20 \ ¥ 2021
mineral oil in the world.

21 India has immense potential of solar energy though there are regional 2020
variations in its development. Elaborate.

Renewable

22 Energy sources Examine the potential of wind energy in India and explain the reasons 2022
for their limited spatial spread.

23 How does India see its place in the economic space of rising natural 2014
resource rich Africa?
Critically evaluate the various resources of the oceans which can be

24 AN 2014
harnessed to meet the resource crisis in the world.

Natural
25 resources Describing the distribution of rubber producing countries, indicate the 2022
Potential major environmental issues faced by them.

26 Discuss the natural resource potentials of ‘Deccan Trap'. 2022

27 Comment on the resource potentials of the long coastline of India and 2023
highlight the status of natural hazard preparedness in these areas.

28 India is well endowed with fresh water resources. Critically examine 2015
why it still suffers from water scarcity.

29 In what way micro-watershed Development projects help in water 2016
conservation in drought prone and semi-arid regions of India.
Present an account of the Indus Water Treaty and examine its

Water resource ) . X et J B .

30 ecological, economic and political implications in the context of 2016
changing bilateral relations.

31 The effective management of land and water resources will drastically 2016
reduce the human miseries. Explain

32 In what way can flood be converted into a sustainable source of 2017
irrigation and all-weather inland navigation in India?
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The ideal solution of depleting ground water resources in India is water

33 - . P
harvesting system. How can it be made effective in urban areas?

2018

34 What is water stress? How and why does it differ regionally in India? 2019

The interlinking of rivers can provide viable solutions to the multi-
35 dimensional inter-related problems of droughts, floods and 2020
interrupted navigation. Critically examine.

Why is the world today confronted with a crisis of availability of and

36
access to freshwater resources?

2023

The groundwater potential of the gangetic valley is on a serious

a4 decline. How may it affect the food security of India?

2024

Whereas the British planters had developed tea gardens all along the
38 Shivaliks and Lesser Himalayas from Assam to Himachal Pradesh, in 2014
effect they did not succeed beyond the Darjeeling area. Explain.

Why did the Green Revolution in India virtually by-pass the eastern

i region despite fertile soil and good availability of water?

2014

In spite of adverse environmental impact, coal mining is still inevitable

40 .
for development.” Discuss.

2017
Primary sector

Mention the advantages of the cultivation of pulse because of which
41 the year 2016 was declared as the International Year of Pulses by the 2017
United Nations.

Despite India being one of the countries of the Gondwanaland, its
42 mining industry contributes much less to Gross Domestic Product 2021
(GDP) in percentage. Discuss.

From being net food importer in 1960s, India has emerged as a net

43 ) 2023
food exporter to the world. Provide reasons.
Analyze the factors for highly decentralized cotton textile industry in

44 - 2013
India

45 Do you agree that there is a growing trend of opening new sugar mills 2013
in the Southern states of India? Discuss with justification

46 Account for the change in the spatial pattern of the Iron and Steel 2014

Secondqry industry in the world.
sector

Petroleum refineries are not necessarily located nearer to crude oil
47 producing areas, particularly in many of the developing countries. 2017
Explain its implications.

What is the significance of Industrial Corridors in India? Identify

48 . ; 3 " . | .
industrial corridors, explain their main characteristics.

2018

Can the strategy of regional-resource based manufacturing help in

A promoting employment in India?

2019
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Discuss the factors for localization of agro-based food processing

80 industries of North-West India.

2019

Account for the present location of iron and steel industries away from

51 . Al
the source of raw material, by giving examples.

2020

The states of Jammu and Kashmir, Himachal Pradesh and
52 Uttarakhand reaching the limits of their ecological carrying capacity 2015
due to tourism. Critically evaluate.

Tertiary sector [Enumerate the problems and prospects of inland water transport in

5 > 2016

1 India.

54 Why is Indian Regional Navigational Satellite System (IRNSS) needed? 2018
How does it help in navigation?

55 The recent cyclone on the east coast of India was called “Phailin”. How 2013
are the tropical cyclones named across the world?
Tropical cyclones are largely confined to South China Seq, Bay of

56 " 2014
Bengal and Gulf of Mexico. Why?

Atmospheric
57 Phenomena- |Discuss the meaning of colour-coded weather warnings for cyclone 2022
Cyclone prone areas given by India Meteorological Department.

What is a twister? Why are the maijority of twisters observed in areas

58 . 2024
around the Gulf of Mexico?

59 What is sea surface temperature rise? How does it affect the formation 2024
of tropical cyclones?

60 How far do you agree that the behavior of the Indian monsoon has 2015
been changing due to humanizing landscapes? Discuss.

Atmospheric |What characteristics can be assigned to monsoon climate that
61 Phenomena- ([succeeds in feeding more than 50 percent of the world population 2017

Monsoon residing in Monsoon Asia?

Why is the South-West monsoon called ‘Purvaiya’ (easterly) in Bhojpur
62 Region? How has this directional seasonal wind system influenced the 2023
cultural ethos of the region?

What are aurora australis and aurora borealis? How are these

202
Y Other triggered? 024
Atmospheric
Phenomena
64 What is the phenomenon of ‘cloudbursts’? Explain. 2024
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The process of desertification does not have climatic boundaries.

65 21, S 2020
Justify with examples.
66 Bring out the causes for more frequent landslides in the Himalayas 2013
Exogenic than in Western Ghats
Phenomena
67 The Himalayas are highly prone to landslides. Discuss the causes and 2016
suggest suitable measures of mitigation.
Differentiate the causes of landslides in the Himalayan region and
68 2021
Western Ghats.
69 Endogenic Mention the global occurrence of volcanic eruptions in 2021 and their 2021
Phenomena impact on regional environment.
70 Major hot deserts in northern hemisphere are located between 20-30 2013
degree north and on the western side of the continents. Why?
VA There is no formation of deltas by rivers of the Western Ghat. Why? 2013

Why are the world's fold mountain systems located along the
72 margins of continents? Bring out the association between the global 2014
distribution of Fold Mountains and the earthquakes and volcanoes.

Explain the formation of thousands of islands in Indonesian and

7 Philippines archipelagos. 2ol ¢
74 . Bring out the relationship between the shrinking Himalayan glaciers 2014
Geographical | 4 the symptoms of climate change in the Indian sub-continent.

features and

el e Mumbai, Delhi and Kolkata are the three mega cities of the country

75 but the air pollution is much more serious problem in Delhi as 2015
compared to the other two. Why is this so?

South China Sea has assumed great geopolitical significance in the

& present context. Comment. FA
77 How does the cryosphere affect global climate? 2017
78 Why is India taking keen interest in resources of Arctic Region? 2018
79 How can the mountain ecosystem be restored from the negative 2019

impact of development initiatives and tourism?
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How will the melting of Himalayan glaciers have a far-reaching

\ y 2020
impact on the water resources of India?

80

Briefly mention the alignment of major mountain ranges of the world

i 3y | o A 2021
and explain their impact on local weather conditions, with examples.

81

How does the melting of the Arctic ice and glaciers of the Antarctic
82 differently affect the weather patterns and human activities on the 2021
Earth? Explain.

83 Mention the significance of straits and isthmus in international trade. 2022

Define blue revolution, explain the problems and strategies for

20
P pisciculture development in India. by
85 Discuss the causes of depletion of mangroves and explain their 2019
importance in maintaining coastal ecology.
Flora & Fauna | assess the impact of global warming on coral life system with 2019

changes

87 Examine the status of forest resources of India and its resultant 2020
impact on climate change.

Identify and discuss the factors responsible for diversity of natural
88 vegetation in India. Assess the significance of wildlife sanctuaries in 2023
rain forests regions of India.
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1- Climatology ( High Priority)

Questions Asked: I
Pattern: I
Future Preparation I

Temperature inversion (Q1), EI-Nino effect (Q2), Air mass & macro-climatic
changes (Q3), Troposphere (Q4), Climate change & food security (Q5).

Focus on meteorological phenomena, their impact on weather, agriculture, and
humans; increased trend toward climate change effects.

Monsoon mechanisms, Air masses, Atmospheric layers, Human impact, Weather
anomalies.

2- Geomorphology (High Priority)

Questions Asked: I

Pattern: I

Future Preparation I

Continental drift theory & evidence (Q6), NASA Juno Mission & Earth's origin (Q7).
Mantle plume in plate tectonics (Q8), Circum-Pacific Zone (Q9), India as
subcontinent (Q10), Primary rocks (Q11), Fjord formation (Q12)

Classic theories, evidence-based, Indian context,
geomorphological features.

Plate tectonics, Indian landforms, Case
studies, Geophysical processes.

3- Oceanography (Medium Priority)

Questions Asked: I

Pattern: I

Future Preparation I

Ocean currents & impacts (Q13), Oceanic salinity (Q14), Dead
zones (Q15), Currents vs. water masses 1916)

Effects on regional climate, navigation, marine life, and ecosystem.

Indian Ocean dynamics, El-Nino/La-Nina, Marine resource
management.

4- Non-Renewable Energy sources (High Priority)

Questions Asked: I

Pattern: I

Shale oil & gas in India (Q17), Atomic energy & raw material
(Q18), Oil in Arctic & consequences (Q19), Uneven oil
distribution (Q20)

Focus on distribution, challenges in utilization, policy, and environment.
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Future Preparation

I Geopolitics, Sustainability, New exploration, Policy debates.

5- Renewable Energy sources (Medium Priority)

. Solar ener otential in India (Q21), Wind energy in India (Q22
Questions Asked: I gyp (Q21). gy (Q22)

Regional spread, policy challenges, and technological prospects.
Pattern: I g p policy g gical prosp

Future Preparation

I Tech advancements, Regional disparities, Policy initiatives.

6- Natural resources Potential (Medium Priority)

Questions Asked:

India & Africa’s natural resources (Q23), Ocean resources (Q24), Rubber
producing countries & environment (Q25), Deccan Trap resources (Q26),
Indian coastline resources & hazards (Q27)

Pattern:

Resource mapping, strategic significance, and
environmental issues.

Future Preparation

I Blue Economy, Indian resource mapping, Resource-based diplomacy.

7- Water resource (Highest Priority)

Questions Asked: Treaty (Q30), Land & water management (Q31), Floods as irrigation/navigation

(Q32), Urban water harvesting (Q33), Water stress regionality (Q34), Interlinking of
rivers (Q35), Freshwater crisis (Q36), Groundwater decline & food security (Q37)

I Water scarcity despite endowment (Q28), Watershed projects (Q29), Indus Water

Pattern:

Management, scarcity, policy, interlinking, treaties,
and urban issues.

Future Preparation water disputes.

I Watershed models, Interlinking, Urban water management, Global

8- Primary sector (High Priority)

Tea gardens in Himalayas (Q38), Green Revolution & eastern India (Q39), Coall
mining (Q40), Pulses cultivation (Q41), Mining & GDP (Q42), India’s food exporter
transition (Q43)

Questions Asked:
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Regional variations, agricultural innovation, resource use.
Pattern:

. Crop diversification, Food security, Mining reforms.
Future Prepqratlon I 4 Y 2

9- Secondary sector (High Priority)

Questions Asked: steel spatial change (Q46), Petro-refineries location (Q47), Industrial

corridors (Q48), Resource-based manufacturing (Q49), Agro-processing in
NW India (Q50), Iron & steel location shift (Q51)

I Decentralized cotton textile (Q44), Sugar mills in South India (Q45), Iron &

Industry location, decentralization, policy, regional trends.
Pattern: I Y VAV

Future Preparation industries.

I New corridors, Industrialization policy, Resource linkage, Regional

10- Tertiary sector (Medium Priority)

. . Ecological carrying capacity & tourism (Q52)Inland water transport (Q53)IRNSS &
Questions Asked: I navigation (Q54)

Services, tech, and environmental concerns.
Pattern:

. Digital mapping, Eco-tourism, Service innovation.
Future Prepqrqtlon I 9 RS

11- Atmospheric Phenomena-Cyclone (High Priority)

Questions Asked:

Cyclone naming (Q55), Cyclone distribution (Q56), Color-coded warnings (Q57),
Twisters (Q58), SST rise & cyclones (Q59)

Disaster management, climatic causes, regional analysis.
Pattern: I X S

Future Preparation

I IMD protocols, Early warning systems, Global cyclone patterns.

12- Atmospheric Phenomena-Monsoon (High Priority)
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Questions Asked:

I Humanizing monsoon (Q60), Monsoon climate features (Q61), ‘Purvaiya’ wind in

Bhojpur (Q62)

Monsoon behavior, societal impact, regional distinctions.
Pattern:

. Changing monsoon, Human-environment interaction, Monsoon-linked disasters.
Future Preparatlon

13- Other Atmospheric Phenomena (Medium Priority)

. Aurora australis & borealis (Q63), Cloudburst (Q64
Questions Asked: I (Q83).. (qs4)

Scientific phenomena, extreme weather.
Pattern: I ;

Future Preparation

I New scientific research, Disaster response.

14- Exogenic Phenomena (Medium Priority)

Questions Asked: Ghats (Q66, Q67, Q68)

I Desertification (Q65), Landslides: Himalayas vs. Western

Hazards, causes, mitigation, regional comparisons.
Pattern: I g g 7

Future Preparation

I Risk reduction, Mitigation strategies, Mapping vulnerable zones.

15- Endogenic Phenomena (Medium Priority)

Questions Asked:

I Volcanic eruptions & impact (Q69)

Recent global events, environmental impact.
Pattern: I % %

. Case studies, Volcanic risk zones, Disaster management.
Future Preparatlon
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16- Geographical features and their location (High Priority)

. Hot deserts (Q70), No deltas by Western Ghat rivers (Q71), Fold mountains &
Questions Asked: I earthquakes (Q72), Islands in gE Asia (Q73), Himalayan glaciers & climate
change (Q74), Metro air pollution (Q75), South China Sea geopolitics (Q76),
Cryosphere & global climate (Q77), Arctic resources (Q78), Mountain ecosystem
restoration (Q79), Melting glaciers in India (Q80), Mountain ranges & weather
(Q81), Melting Arctic/Antarctic (Q82), Straits & isthmus trade (Q83)

. Mapping, causal relationships, environmental &
Pattern: I geopolitical significance.

Future Preparation

I Global mapping, Case studies, Geopolitical relevance.

17- Flora & Fauna and related changes (Medium Priority)

Questions Asked:

Blue revolution & pisciculture (Q84), Mangroves depletion (Q85), Coral & global
warming (Q86), Forests & climate change (Q87), Vegetation diversity &
sanctuaries (Q88)

Conservation, climate impact, biodiversity, management.
Pattern: I 5 Y ¢

I Forest policy, Conservation efforts, Impact of climate change, Biodiversity

Future Preparation hotspots.

Cheat Sheet

Geomorphology

Erosion and Deposition Processes

Geomorphic Agent Causes of Erosion/Deposition Consequences
* Flowing water velocity = Valley incision and widening
= River gradient = Bank erosion & sedimentation
FLUVIAL (Rivers) = Discharge (volume of water) = Channel migration
* Load size and type = Soil fertility reduction
= Nature of river bed rock * Flooding in floodplains
= Seasonal variability = Alluvial aggradation
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Erosional Landforms
V-shaped valleys, Interlocking spurs, Gorges & Canyons, Waterfalls & Rapids,
River terraces, Potholes.

V-shoped

Depositional Landforms
Alluvial fans, Deltas (Bird-foot, Arcuate, Estuarine), Meanders & Oxbow lakes,
Floodplain, Natural levees, Point bars &, Braided channels

A) |l:l\ﬁ°(,\/( oot u‘-ke
AR

fons

GLACIAL (Ice)

= Movement & pressure of glacier
ice

= Abrasion and plucking

= Freeze-thaw cycles

= Climate change & snow
accumulation

= Altitude and slope of terrain

= Scouring of valleys

= Rock polishing and striation

= Moraine buildup

= Creation of new drainage basins
= |sostatic rebound

= Glacial lake formation

Erosional Landforms Depositional Landforms
Cirques/Corries, Arétes & Horns, U- Terminal, Lateral & Medial Moraines,
shaped valleys, Hanging valleys, Drumlins , Eskers, Kaomes, Kettles, Outwash
Roches moutonnées, plains (sandurs).

Fjords(drowned
glacial valleys)

Rpramudel feate
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* Land surface deflation

= Wind abrasion (corrasion)
= Dust storms

» Infrastructure burial

» Reduced soil productivity
= Desertification

* Wind speed & turbulence

= Aridity & temperature

= Absence of vegetation

= Particle size & cohesion

» Surface exposure and slope

Erosional Landforms Depositional Landforms

Yardangs, Zeugen, Mushroom rocks Sand dunes (Barchan, Seif, Transverse,
Star), Loess (wind-blown silt), Sand
sheets, Dune fields (ergs)

(pedestal rocks), Deflation hollows,
Desert pavements, Ventifacts
polished rocks)

AEOLIAN (Wind)

COASTAL (Marine)

Wave energy & height

Tidal range & currents
Longshore drift

Wind direction

Rock hardness

Sea level changes

Human interventions (ports,
groynes)

Cliff retreat and erosion

Coastal inundation & retreat
Erosion of protective dunes
Saltwater intrusion

Disruption of marine ecosystems

Erosional Landforms
Sea cliffs
Wave-cut platforms
Sea caves
Arches and Stacks
Blowholes
Notches

Depositional Landforms
Beaches
Spits & Bars
Tombolos
Lagoons & Barrier islands
Sand dunes (coastal)
Offshore bars

Vet B/{/U‘Ul’\lﬂllf, ~ Headlond
-7 Sladk”

Hflignel
! SMP(:

JOIN TELEGRAM CHANNEL

PAGE - 16



https://t.me/becoming_ias_super_simplified

Geography

o

GS Paper | for questions on geomorphological processes—mechanisms, types,
and impacts of erosion and deposition by rivers, wind, glaciers, and sea; their
role in shaping landforms and influencing soil fertility, agriculture, and
settlement patterns.

UPSC MAINS SUTRA

ﬂsage Guide:

Direct Application

Connect erosion and deposition processes to essays on the dynamic nature of
Earth, human-environment interaction, sustainable management of natural
resources, and challenges of environmental degradation.

Essay Integration

GS Paper Il for implications in disaster management policies, watershed
management, and land-use planning; GS Paper lll for soil conservation, land
reclamation, sustainable agriculture, and mitigation of land degradation; GS

Paper IV for ethical values of stewardship, responsibility, and dilemmas in /

Cross-Paper Integration

W

balancing development with environmental sustainability.

Weathering
Type Process Mechanism Controlling Factors Examples & Effects
Water enters rock Temperature
Frost Actionl cracks, freezes, oscillating around 0°C

Freeze-Thaw

expands (~9%),
exerts pressure

Water availability
Rock porosity & jointing

Expansion during

Diurnal/nocturnal
temperature range

Crystallization

rock pores, exerting
stress

Rock porosity &
permeability

Removal of overlying

Rapid erosion or glacial

Talus slopes, scree
Alpine, temperate,
polar regions
Disintegration of cliff
faces

Exfoliation domes

Thermal heating, contraction Rock mineral ( ¢
Expansion during cooling composition €. H?' )Dome,
causes stress Intensity of solar USFTAIR
radiation G_“?”“"” I
disintegration in
) : . deserts
PHYSICAL Evaporation leads to High evaporation rates NS W4 N
(Mechanical) Salt salt crystallizing in Saline moisture i
weathering

Found in deserts and
coastal rocks

Sheet jointing in
granites

Pressure . retreat b !
material causes o Exfoliation domes in
Release / , N Rock elasticity !
. expansion and joint o8 batholiths
Unloading ! Presence of exfoliation : "
formation ioint Riverbed smoothing
i Ventifacts in deserts
g Liy ind oo Glacial abrasion of
\ Mec gnlco Wind or Water.ve ocity BEdrooR
Abrasion / scraping by rock Load of abrasive
Attrition fragments or material

wind/sand/water

Rock hardness
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H* and OH™ ions from

Water availability

. water react with Temperature
Hydrolysis o ) :
silicate minerals to Rock mineralogy
form clays pH of water
Oxygen reacts with Presence of oxygen
J 2 Fe** in minerals to and water
Oxidation

form Fe®** oxides
(rust)

Iron-bearing rocks
Warm humid climate

CO, dissolves in
water forming

High CO, levels
(soil/atmosphere)

Feldspar — Kaolinite
Clayey soils
Weakening of
granite, basalt
Formation of
hematite, limonite
Laterite and red soil
formation

Karst topography
Sinkholes, caves,

weathering

Vegetation cover

Lichen and
Moss
Weathering

Lichens secrete
acids; moss retains
moisture and
promotes micro-
erosion

Surface moisture
Shade & humidity
Type of lichen species

CHEMICAL Carbonation | carbonic acid which Rainwater presence A i
dissolves Soluble rocks like stalactites/stalagmi
carbonates limestone res

Expansion and
Water molecules Humid climate weakening of rocks
. attach to minerals, Rock type (clays, Slope instability, clay
Hydration ) . " i
expanding their anhydrite) swelling
volume Temperature Dissolution of halite,
gypsum, calcite
Water pH and Formation of saline
Direct dissolution of temperature soils
Solution soluble minerals in Mineral solubility
water Residence/contdct
time
Root Wedging | Roots grow into Plant type & density Cracked pavements,
/Root cracks, widen them Rock fracturing walls
Expansion as they expand Soil moisture Uplifting of rock
2 layers
|+ Humuscontene |+ eyt
Organic Acids | releases acids that MisRblaaheifitios] dlsmtegrotlon
) activity Chelation of
R Soil water content minerals
rocks Soil development in
. . ; Faunal density (e.g., forests
Burrowing/ 7l by Sacl) worms, rodents) Weotherlng.of
BIOLOGICAL Bioturbation TSRO TSSO Soil moisture & texture metal-bearing rocks

Soil aeration &
mixing
Acceleration of other
weathering
processes

Ant hills, mole
tunnels
Discoloration &
flaking of rocks
Common on
heritage structures,
monuments
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ﬂsage Guide:

Direct Application

Essay Integration

Cross-Paper Integration

W

conservation.

GS Paper | for questions on types, processes, and significance of weathering
(physical, chemical, biological); its role in soil formation, landscape evolution,
and facilitating further geomorphic processes.

Connect weathering to essays on the transformative power of nature, the slow
pace of natural change, human adaptation to natural environments, and the
interplay of natural and anthropogenic forces.

GS Paper Il for policy discussions on land degradation, soil conservation
strategies, and sustainable land-use planning; GS Paper Il for implications on
agriculture, natural resource management, and environmental impact
assessment; GS Paper IV for ethical values of patience, stewardship,
intergenerational responsibility, and dilemmas in resource extraction vs.

W,

Earthquake

Causes

Key Characteristics

Major Affected Regions
And Example

Tectonic
Earthquakes

Movement along
faults due to plate
interactions
Convergent,
divergent or
transform
boundaries

Most frequent and
powerful

Can trigger tsunamis or
landslides

Shallow to intermediate
depth

Himalayan Belt: J&K, Himachal,
Uttarakhand, NE states
Kachchh (Gujarat)

E.g. 2001 Bhuj (7.7)

Intraplate
Earthquakes

Reactivation of
ancient fault lines
within stable
plates

Far-field stress
transmission

Moderate magnitude
Low recurrence but high
damage potential

Peninsular India: Maharashtra, MP,
Karnataka, TN
E.g. 1993 Latur (6.2)

Induced /
Reservoir-
Triggered
Earthquakes
(RTE)

Large
dams/reservoirs
cause stress
changes in rocks
Pore pressure
increase due to
water infiltration

Generally low to
moderate magnitude
Often occur near dam
sites

Koyna (Maharashtra)

Bhatsa (Maharashtra)

Nagarjuna Sagar (Telangana-AP)
E.g. 1967 Koyna (6.3)

Volcanic
Earthquakes

Magma
movement, gas
expansion, crustal
fractures near
volcanoes

Typically low magnitude
Localized around active
volcanic zones

Andaman & Nicobar Islands
Barren Island volcano

E.g. - Occasional tremors around
Barren Island
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Seismic Map Of India

Siswic <oairon Map(19)

Usage Guide:

. . . GS Paper | for questions on causes, types, distribution, and impacts of
Direct Application earthquakes—plate tectonics, seismic zones of Indig, effects on landforms, and
consequences for human settlements and society.

. Connect earthquakes to essays on disaster vulnerability, resilience, human-
Essay Integration nature conflict, preparedness vs. unpredictability, and the ethical imperative of
disaster risk reduction and community awareness.

. GS Paper Il for disaster management frameworks, policy responses, role of
Cross-Paper Integration government and institutions, and community participation; GS Paper Il for
technological solutions, early warning systems, infrastructure resilience, and
sustainable development planning; GS Paper IV for ethical values of
responsibility, compassion, preparedness, and dilemmas in resource allocation
and prioritizing the vulnerable during disasters.
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Volcanoes

Classification

Characteristics

Global Distribution

Geography

Effects

Effusive

fmﬁ\!c

Low silica & gas
content

Basaltic, fluid lava
Gentle,
continuous
eruptions

Broad, sloping
cones

Mid-ocean ridges
Hawaiian Islands
Iceland

Oceanic hotspots

Positive:

= Formation of new land

= Fertile volcanic soils

= Geothermal energy

Negative:

= Lava property
damage

= Air pollution from
gases

BY ERUPTION
TYPE : T
Explosive . X Positive:
High silica & gas ; -
cogntent 9 = Volcanic minerals
Al P o T ! = Fertile soil post-
s Acidic, viscous Pacific Ring of Fire A
f eruption
lava Convergent plate "
’ Negative:
Steep slopes boundaries - Pyroclastic flows, ash
Sudden, violent Subduction zones \
v eruptions (e.g., Japan AN
{KPIOS[ ¢ P S Mgl * Aviation disruption
Ash and Indonesia, Chile) J i e
roclastic :
Ezlaterials cooling (e.g, Mt.
Pinatubo 1991)
L slh'eld Broad base, Positive:
olcanoes
entle slopes LS = Source of geothermal
g A P Hawaiian Islands 4 9
Built by low- power
A } . (Mauna Loa) .
viscosity basaltic ) Negative:
Galdpagos Islands A% ~ ]
lava A Risk of slow-moving
‘ Multiple fissure lava affecting
‘;S h,'(H L(,cfl{(bt"ﬁ‘ eruptions settlements
BY SHAPE [
FORM Stratovolcanoes Positive:

SlnaloNo lcomoe

Classic cone
shape

Built in layers
(lava, ash,
pyroclastics)
Alternating
explosive &
effusive eruptions

Andes Mountains
Mount Fuji (Japan)
Cascade Range (USA)

» Scenic landscapes &
tourism

Negative:

» Explosive eruptions

» Lahars (volcanic
mudflows)

» High human risk due
to nearby settlements
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Positive:
= Ongoing or recent [ = ~1,500 globally = Geothermal resource
eruptions = Mostly around Pacific hubs
. = Actively Ring of Fire Negative:
Active : 3 |
monitored = Stromboli (Itoly), Etna [ = Immediate threats:
= Signs of magma (sicily), Kilauea lava flows, ash, gas
movement (Hawaii) = Displacement of
people
= No recent Positive:
BY ACTIVITY \ ';2:5:3; e - Yellowstone (USA) NeSZ‘:’IC'eC IHSSCIPER
STATUS Dormant = Mount Vesuvius (Italy) 9 '

future activity
* May show signs of
unrest

» Long-term risk
* Need for monitoring
and risk preparedness

= Many stratovolcanoes

= No eruption in Positive:
; = Deccan Plateau N
recorded history = Rich in minerals

No magma RN » Geological study sites

- 9 Edinburgh’s Arthur’s & 4
Extinct chamber = Tourism and
Seat (Scotland) "L~
beneath - biodiversity hubs
* Uluru (Australia - )
Eroded or dispUERONGIN) Negative:
weathered P g » Negligible direct risk

ﬂsage Guide:

Direct Application

Essay Integration

Cross-Paper Integration

GS Paper | for questions on the types, causes, distribution, and effects of
volcanoes—formation processes, global volcanic belts, and impact on
landscapes, climate, and human societies.

Connect volcanoes to essays on the dynamic Earth, human adaptation to
nature’'s extremes, risk and resilience, and lessons in coexistence with
unpredictable natural forces.

GS Paper Il for disaster management policies, risk mitigation, international
cooperation in disaster response, and rehabilitation measures; GS Paper Ill for
early warning systems, environmental impacts, resource potential (geothermal
energy, minerals), and sustainable planning in volcanic regions; GS Paper IV for

ethical issues of preparedness, intergenerational safety, responsibility, ond/

dilemmas in relocation and rebuilding.
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Climatology

Monhsoon

Geography

Key Elements

Land-Sea Thermal
Contrast: Land heats
faster — Low pressure
over land

Impacts [ Notes

Draws moist winds from sea —
SW Monsoon

Coastal rainfall concentration
Cyclonic development in Bay of
Bengal

Current Trends [
Changes

Urban heat islands
intensifying gradient
Increased
convective activity
in inland areas

ITCZ Migration: Moves
north in summer,
south in winter

Controls monsoon onset &
retreat

Influences low-pressure system
path

Governs rainfall spread across
subcontinent

Irregular shifts
affect rainfall timing
Possible northward
drift due to warming

Formation Factors

Tibetan Plateau
Heating: Elevated
heating forms strong
low

Enhances monsoon pull
Strengthens upper air
divergence

Supports monsoon trough

Glacier melt &
plateau warming
affect pressure
gradient

Altered heat fluxes
weakening the
effect

Jet Streams: Westerly
Jet moves north in
summer, allows
Tropical Easterly Jet

Influences onset & break cycles
TEJ aids Bay of Bengal
depressions

Sudden breaks lead to dry

Weakening &
shifting due to
global warming
Delayed withdrawal

linked to TEJ
(TEY) spells anomalies
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* La Nifa: Pacific cooling strengthens .
monsoon

»= 1 Flood risk .

= Excess rainfall, dam overflow .

= Waterlogging in plains .

» Linked with erratic heavy rainfall .

* May bring short-term relief from droughts ~ |=

El Nifio: Pacific warming weakens
monsoon

1 Drought risk

Reduced cloud formation

Lower soil moisture, crop failure risk
More frequent & intense

Linked to global warming

|A-nina walken

(etd ¢
L . ‘ :
<lmﬂhadfuum; mm% - ; --~;f
Climatic - e [ : o :‘&
p _r s s R s MP -
Influences Vg~ ™=~ —padfl
Ao ] o T
I | WY T e e —
sl I e
. . N Increasing role in
= 10D (Indian Ocean = Can offset or amplify El Nifio effects 9 . ! o
. . A monsoon variability
Dlpole): +ve aids, —ve |= Alters monsoon onset & withdrawal
. Strong +ve IOD years
hampers = Affects Bay of Bengal depressions . .
linked to heavy rain
Drives week-to-week
* Madden-Julian » Active phase boosts rainfall variability
Oscillation (MJO): = Break phase causes dry spells Becoming less
30-60-day oscillation [= Impacts cyclone formation timing predictable with
warming oceans
= Drives Kharif sowing
= Crop failure in deficit years Rain-fed areas
= Agriculture: 75% * Labour migration in drought-prone worst affected
rainfall in June—Sept regions Precision farming
= Fertiliser demand linked to rainfall rising in response
spread
= GDP impact via agro-based sectors Monsoon-linked
= Economy: Rural * FMCG, tractor, fertilizer markets supply chain
Impacts on demand, influenced disruptions
India hydropower, inflation | * Rural wage & credit cycles shift Rainfall insurance
uptake rising
= Fills rivers & aquifers
= Supports 70% of India’s drinking Groundwater
water overdependence
» Water Resources * Reservoir-dependent irrigation Monsoon recharge
planning critical for water
= Regional imbalance (NE vs NW security
India)
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Society

Health: Waterborne & vector-borne
disease outbreaks

Migration from flood/drought zones
School calendar disruptions
Festival schedules linked to rainfall

Rise in dengue,
choleraq,
leptospirosis
Climate migration
emerging in flood-
prone areas

Changing
Patterns

Temporal Shift: Late
onset, early retreat

Shorter sowing windows
Stress on mid-season crops
Inadequate rainfall storage time

Planning challenges
for irrigation &

cropping

Spatial Shift:
Monsoon axis
shifting west

Traditional rain-shadow areas
getting wetter

New drought zones in eastern India
Strain on urban drainage systems

Infrastructure stress
in new flood-prone
areas

Intensity Spike: More
extreme rainfall
events

Flash floods, embankment breaches
Crop lodging & destruction
Higher disaster management costs

Due to warmer
oceans & moisture-
laden atmosphere

Break & Burst
Cycles: Long dry
spells + short intense
showers

Hampers rainwater harvesting
Affects crop water requirement
alignment

Erodes topsoil rapidly

MJO & global
warming interaction
amplifies cycle

ﬂsqge Guide:

Direct Application

Essay Integration

Cross-Paper Integration

GS Paper | for questions on the types, causes, distribution, and effects of
volcanoes—formation processes, global volcanic belts, and impact on
landscapes, climate, and human societies.

Connect volcanoes to essays on the dynamic Earth, human adaptation to
nature’'s extremes, risk and resilience, and lessons in coexistence with
unpredictable natural forces.

GS Paper Il for disaster management policies, risk mitigation, international
cooperation in disaster response, and rehabilitation measures; GS Paper Il for
early warning systems, environmental impacts, resource potential (geothermal
energy, minerols), and sustainable planning in volcanic regions; GS Paper IV for

ethical issues of preparedness, intergenerational safety, responsibility, and/

dilemmas in relocation and rebuilding.
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Atmosphere

Geography

ngdmm baged M
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il T

: m evj\ith C

Altitude Temperature = Composition & 2
Layer . . .. Importance & Functions
Range Profile Characteristics
All weather phenomena (clouds, rain,
Decreases )
X j 78% Nitrogen, 21% | storms)
0-12km | with height - , .
Oxygen Human habitation and life-supporting
(poles) | Avg. lapse
Water vapour & gases
Troposphere | 0-18 km | rate: — s
dust present Greenhouse effect & global warming zone
(equator | 6.5°C/km ; 4 AP
) 60°C gt Weather-forming | Commercial aviation zone
layer Crucial for climate change studies
tropopause 3 2 )
Air pollution confined here
d . Absorbs UV radiation — protects biosphere
Increases with | Contains Ozone P p
. Ideal for weather balloon & supersonic
height Layer (15-35km) | .
| aircraft
Stratosphere | 12-50 km | (Temperature | Dry, stable air ]
y Ozone layer regulates radiation balance
InverS|on) Jet streams near ; N )
Crucial for aviation fuel efficiency
~—60°C to 0°C | tropopause i
Ozone depletion — global concern
Decreases Thin air
: . : | Burns up meteors — protects Earth
with height Meteorite burning .
50-85 Reflects radio waves
Mesosphere ~0°Cto - zone )
km ! Vital for re-entry of spacecraft
100°C (coldest | Noctilucent ) ) c h
Poorly studied due to inaccessible altitude
layer) clouds present
Thermosphere | 85-600 Increases Very thin air Home to auroras (Northern/Southern
km sharply Highly ionized Lights)
-100°C to particles Supports radio communication

~1500°C due to
solar activity

Auroras visible
here

(ionosphere)
Region for satellites, space stations
Shields Earth from solar flares
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Mostly hydrogen

Acts as transition zone to outer space

600+ km Variable, & helium Important for space missions, satellite
Exosphere (extends till | space-like | Extremely thin — launch & tracking
~10,000 km) | conditions | molecules Zone of atmospheric escape (loss of gases

escape gravity into space)

ﬂsqge Guide:

Direct Application

Essay Integration

Cross-Paper Integration

N

GS Paper | for questions on the structure, composition, and functions of the
atmosphere—its role in climate regulation, weather phenomena, protection from

harmful radiation, and sustaining life on Earth.

Connect atmosphere to essays on the interconnectedness of Earth’s systems,
challenges of climate change, air pollution, and the ethical responsibility of
protecting common global resources.

GS Paper Il for policies on air quality management, international environmental
agreements (e.g, Paris Agreement), and governance challenges; GS Paper il
for innovations in climate science, mitigation and adaptation strategies, and

sustainable technologies; GS Paper IV for values of stewardship, /

intergenerational equity, and dilemmas in balancing development with
environmental protection.

Weather and Climate

Anthp ogenid

©

°D (/SWAHVL
o Eve‘jﬂ}%t@wmwmpﬁm

cANNenta o
“mua(mhm

o Thovwuohaline °
COvaeulediove °

-

A
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Aspect Weather Climate

Short-term atmospheric conditions | Long-term average of weather patterns over 30+

Definition r ;
at a specific place and time years
. Hours to days (immediate & short- !
Time Scale term) Y ( Decades to centuries (Iong—term trends)
. Local to regional (specific Regional to global (covers larger geographic
Spatial Scale . 9 (sp 9 9 ( A R
locations) zones)

Relatively stable, though can show gradual shifts

Variability Highly variable and unpredictable (climate change)

. . Accurate for 5-7 days; accuracy Seasonal to decadal projections using long-term
Prediction s o
decreases with time models
“It's raining in Delhi today" or “Tropical wet climate of Kerala® or “India’s
Examples . - 4 X
Tomorrow will be cloudy monsoonal pattern
Impact Daily life (agriculture, flights, Long-term planning (urban design, infrastructure,
P dressing, traffic) agriculture policy, disaster mitigation)
Influencing Local topography, nearby water Latitude, altitude, ocean currents, global circulation
Factors bodies, time of day patterns

ﬂsqge Guide:
GS Paper | for questions on the definitions, differences, and factors influencing

Direct Application weather and climate—role in shaping regional environments, agriculture, and
human activities.

. Connect weather and climate to essays on adaptability, human-nature
Essay Integration relationship, climate change impacts, and the ethical imperative for mitigation
and resilience.

. GS Paper Il for policy planning on disaster management, climate adaptation,
Cross-PaperIntegration | gng international agreements; GS Paper lil for technological advancements in
forecasting, agricultural planning, urban infrastructure, and resource
management; GS Paper IV for ethical values of foresight, responsibility,

intergenerational justice, and dilemmas in balancing immediate needs with
long-term sustainability.
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Global Pressure Belts and planetary Wind System

Prrssuone BeMs & Wimd Suysb
9o
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// < Yo /eastentian,/ //,\
/ Sub P [ow  Pruwwne. el \ 60
Vv r PWVMBW/w //9 \
Sub Twpttal High Panssure ek (Houe (adituds)
S oty Sude winds ) ) ) )
— Eqeatoptiot— std—foorwre B (PolPRUMY— — —~~ - ] o
NN Bouthenst Tt sz N\
Sub Vwpital High pausere ek (Houe (alitnd) /36
WS Brteneinting s wagtolin Lj/
N Sub PRon [pw  Prusune. Lelk /60
“'\ Pl eagtintus’ y
Tfigh prwane

\Zo"

os

Pressure Belt

Location

Characteristics

Formation
Mechanism

Seasonal Migration

Low pressure, high Intense solar heating, Summer: shifts to 5°-
Equatorial Low temperature, heavy thermal convection, 25°N
0°-5°N/s : . :
(itcz) rainfall, convergence | trade wind Winter: near equator
zone convergence (5°N-5°S)
¢ Hadl I . 1
q High pressure, dry, %) ?y ¢ : Slight poleward in
Subtropical ] . subsidence, air !
. 25°-35° N/S clear skies, arid zones, - y summer, equatorward in
High ] 2 compression, dynamic ;
anticyclonic i winter
stability
Low pressure, stormy, | Convergence of cold Shifts poleward in
Subpolar Low | 60°-65° N/sS cyclones, polar & warm tropical | summer, equatorward in
precipitation air, frontal uplift winter
High pressure, frigi A% .
tegw Zrzizreil il §ole LI et Weak in summer,
Polar High [ 85°-90° N/s b sy cold dense air sinking, | . —~—1 i i
anticyclonic, clear ] intense in winter
Ak thermal high
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Usage Guide:

Direct Application

Essay Integration

GS Paper | for questions on the types, distribution, and significance of global
pressure belts—how they influence wind systems, climate zones, and weather
patterns across the world.

Connect global pressure belts to essays on interconnectedness in Earth’s
climate system, adaptation of civilizations to climatic zones, and lessons for
environmental management.

Cross-Paper Integration

GS Paper Il for implications in international climate policies, disaster
management (cyclones, droughts), and transboundary cooperation; GS Paper

Il for agricultural planning, water management, and climate science
innovations; GS Paper IV for stewardship, shared responsibility, and dilemmas
in addressing global climate inequalities.

Wind System Location Direction Characteristics Impacts
NE in Northern : Drive oc.eom currents (e.g., NE
b AT Steady, reliable, Trade winds — Canary
Trade Winds | 5°-25° N/S JOR converge at ITCZ, Current)
SE in Southern , . ; : g
2 maritime influence Rainfall in tropics
Hemisphere . !
Tropical cyclone steering
SW in Northern Variable strength, Influence temperate climate
. Hemisphere associated with Cause storm tracks
Westerlies 350°-65° N/S ki i
NW in Southern temperate cyclones, Support agriculture
Hemisphere jet streams Major aviation corridors
NE in Northern . .
e AL 4 Cold, dry, weak & Contribute to polar climate
Polar Easterlies | 65°—90° N/S SEin Sguthern irregular, intensified in | Enhance sea ice formation
g winter Part of global circulation loop
Hemisphere
Usage Guide:

Direct Application

GS Paper | for questions on the types, causes, and global significance of

planetary wind systems—trade winds, westerlies, polar easterlies, and their role

in shaping climate and weather patterns.

Essay Integration

Connect planetary wind systems to essays on global interconnectedness,
adaptation to diverse climates, influence on trade, exploration, and the

importance of understanding nature for sustainable development.

Cross-Paper Integration

GS Paper Il for policy responses to climate challenges, international maritime
cooperation, and disaster management; GS Paper lll for impacts on agriculture,

navigation, renewable energy (wind power), and innovations in climate
science; GS Paper IV for ethical values of stewardship, preparedness, and
dilemmas in balancing development with environmental stability.
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Local Winds

Geography
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r(( AL
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Category

Wind Name

Region

Key Features

Formation
Mechanism

Major Impacts

Heatwaves,

" 45-50°C, dry, Intense heatin
Loo North India Y 9 sunstroke, crop loss,
summer afternoons — low pressure g
AC demand spike
. North Africa — | Hot, dusty, Saharan Press‘ure D e hgalth
Hot & Dry Sirocco e - gradient + issues, crop failure,
Winds P 9 desert heating | discomfort
S A Reduced air quality,
Harmattan | West Africa Dry, dusty, Dec—Feb gnp poor visibility,
over Sahara ] ;
respiratory issues
High pressure + | Crop frost, aviation
] Southern >100 km/h, clear S0k = ARG
Mistral ’ : valley funnel disruption, winter
France skies, chilly i
effect hardship
R Infrastructure stress
44 Sudden, >200 km/h, radient + ) f
Cold &Dry | Bora Adriatic Coast W Sy / ?nountain \ marine danger, road
Winds Y _g P closures
acceleration
North 1 Polar air + low Transport shutdowns,
4 . Wind + snow + low
Blizzard America, visibilit pressure power outages,
Siberia y systems emergency response
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Rocky Adiabatic Sudden temp rise,
o . Warm, dry, snowmelt : : f
Chinook Mountains . warming on agriculture boost, fire
winds !
. (usa) leeward slope | risk
Orographic
Leeward
/ Condensation | Vineyards growth,
Foehn European Alps | Warm, dry, cloudless | heating on weather variation,
leeward side health effects

ﬂsqge Guide:

Direct Application

GS Paper | for questions on the types, causes, and significance of local winds—
examples like loo, chinook, mistral, bora, and their influence on regional climates,
agriculture, and daily life.

Connect local winds to essays on human adaptation to microclimates, regional
diversity in weather patterns, traditional knowledge systems, and the challenges
of climate variability.

Essay Integration

Cross-Paper Integration

NG

GS Paper Il for local-level disaster management policies, health interventions
(heat waves, cold waves), and regional planning; GS Paper lll for impact on
agriculture, energy efficiency, and innovations in building design; GS Paper IV

for values of adaptability, community resilience, and dilemmmas in planning for
local climate risks.

IY:

Climate Change

Category

Sub-Category

Details

Current
Status/Trends

CO, (410+ ppm):
Fossil fuels,
deforestation

CO,: 147% since
1850

Traps heat — global warming
Melting ice sheets, rising sea
levels

Ocean acidification — coral

H,: Agricul
Greenhouse CH, Ag iculture, CH,: 12.5x (AL
Gases landfills . 1 ;
4 Annual GHG: 54 Air quality | — respiratory
N,O: Fertilizers "
GtCO,eq diseases
F-gases: 4
d . Alters hydrological cycles
Refrigeration 4
CAUSES Disrupts monsoon patterns
Urban smog, ozone pollution
: e Environmental degradation
Energy (73%) Fossil fuel use rising 9 :
: Greater carbon footprint
Human Agriculture (18%) | Energy demand 1 ! ~?
% ! f f z Job losses in traditional sectors
Activities Industry (5%) High emissions in

Waste (3%)

Asia

if transition delayed
Inequity between global North &
South
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= Reduces carbon sequestration

Deforestation (1'mn | Amazon = Wildlife habitat loss

ha/yr) deforestation 1 = Forest-dependent communities affected
Land Use o : . et o

Urbanization Urban heat = Soil erosion and desertification
Change ! s .

Agricultural sprawl islands = Urban flooding and heat stress

Wetland loss Soil degradation | = Weakens traditional livelihoods (tribals,

farmers)
» Increased mortality from heat strokes
4170 ; Y "
1.1 C avg rls‘e 2023: Hottest year Lower work product|V|ty.
Arctic warming 2x Energy demand 1 (cooling)
Temperature Last decade: 4
faster o = Cropyield |
More heatwaves = Wildfires 1

= Glacial retreat impacting river systems

= Water insecurity

Pattern shifts . : \ = Flash floods in urban areas
Higher intensity

Precipitation [More extremes 3 = Reduced hydroelectricity output
Seasonal shifts . 4 .
Drought/flood cycles = Drought-induced migration
= Infrastructure stress (roads, sewage, dams)
EFFECTS = Submergence of coastal cities (e.g.,
- Mumbai
Thermal expansion +3.3 mm/year £ ) . ’
A b ) = Salinity intrusion into freshwater aquifers
Sea LevelRise |Ice sheet/glacml melt | Acceleration %
\ = Property damage worth billions
Coastal flooding noted : L A
= Climate refugees from island nations
» Threat to ports and economic zones
= Collapse of food webs
Species migration A = Fisheries decline
) Arctic loss ) . g K
Coral bleaching = Reduced ecosystem services (pollination,
Ecosystems 5 6th mass )
Forest fires \ : carbon sinks)
} ! extinction begins ! . h '
Phenological shifts * Invasive species proliferation
= Ecotourism loss
= Reduced GHG emissions
Renewables, Renewables: 30% .
Efficienc e Cleaner air, better health
Mitigation Y ré ApEe * New green industries & jobs
Carbon pricing, Carbon markets )
' = Slows temperature rise
Forests growing ;
= Boosts energy independence
Resilient infra $100 bn/year = Saves lives from disasters
. Warning systems ledged * Food & water securit
Adaptation o ) Bt Y 4
Drought-resistant Tech transfer = Strengthens vulnerable communities
crops growing = Lowers economic losses
SOLUTIONS »
3 = Enables clean transition
ccs/ccus CCS: 45 projects |
. ! Reduces fossil dependence
Electric Vehicles EV:10% market h ; :
Technology ) = Market disruptions & new value chains
Smart grids share :
L = Technology gap between rich & poor
Green hydrogen Storage bettering ) ]
nations can widen
4 = International cooperation
Paris Agreement > ; ] .
NDCs 190+ signatories [= Pressure on major emitters
Policy $130T pledged for [= Better climate finance access

Carbon neutrality

. net zero = Can drive systemic change through
Green finance Y 9 9

legislation & enforcement
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Energy saving Lifestyle shifts = Reduces personal carbon footprint
Individual | Sustainable mobility | rising = Creates social momentum
Action Dietary change Youth activism = Pushes corporate responsibility
Low waste visible = Community resilience building

ﬂsage Guide:
GS Paper | for questions on the causes, consequences, and evidence of climate

Direct Application change—impact on weather patterns, biodiversity, agriculture, human health,
and vulnerability of developing nations like India.

. Connect climate change to essays on the ethical responsibility of stewardship,
Essay Integration intergenerational justice, global cooperation, adaptation and mitigation
strategies, and the urgent need for sustainable development.

. GS Paper Il for climate policy, international agreements (Paris Agreement, COP
Cross-Paper Integration summits), governance mechanisms, and disaster risk reduction; GS Paper il for
innovations in green technology, renewable energy, climate-resilient
agriculture, and carbon management; GS Paper IV for ethical issues of equ

ity,
precautionary principle, justice, and dilemmas in balancing economic growth
with ecological limits.

Hydrological Cycle

(loudA

LR I,ul ’ :l//gl G

I B4 of
} l’lF
V4 “ 4517 ¥ 4
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Category

Component [

Process

Details

Causes of Changes

Geography

Impacts

Core
Processes

86% from oceans
10% from

Global warming
(+11°C)

1 Atmospheric moisture
1 Precipitation intensity

3 lakes/river Wind/humidit
Evaporation dkgeiive s Shnpialfy 1 Heatwaves & storms
P9 g Disrupted regional water
moisture Water surface N cler) 9
496,000 km?/year changes Y
. | Local humidity
65,000 km?/year P resteion Altered rainfall patterns
A} ! Land use change 3 :
Transpiration From plants via Crop yield decline
1 CO, X
stomata : Reduced carbon sink
concentration s
function
Aerosol hifted monsoon
Cloud/fog 1 Aerosols Shifted mo spp S
. ! Pollutants Cloud reflectivity change
Condensation formation

Temp. dependent

Temp./pressure
shifts

Radiative imbalance
Disrupted rainfall zones

Precipitation

Rain (78%)
Snow (22%)
496,000 km?/year

Jet stream shift
Ocean temp. rise
Polar vortex
disturbance

1 Flood/drought cycles
Crop loss

Urban drainage overload
Hydroelectric fluctuation

30% of precip. Urbanization | Aquifer recharge
infiltration Soil dependent Soil sealing 1 Sl..urface runoff
Recharges Land Drying of wells
groundwater compaction 1 Water purification cost
Deforestation
. 1 Flash floods
40,000 km?/year Impervious . \
> 1 Sedimentation
Runoff River system surfaces
transport Intense rain vyShlanbNoss
P Soil erosion (24B tons/year)
events

Human
Impacts

Water Extraction

4,600 km?/year
Agri (70%)

Ind (20%)

Dom (10%)

Pop growth (8B)
Irrigation boom
Urban demand

Aquifer depletion
Ecosystem drying

Water conflict zones
Unsustainable food systems

Urban waste

Poor regulation

2B affected by unsafe water
Aquatic ecosystem collapse

Pollution Agri runoff Fertilizer/pesticid T Water treatment cost
Industry effluents e use Bioaccumulation in food
chain
Infiltration

3% urban land ; ! |

Land 4 Economic push 1 Urban flooding

>N B3 Forest conversion ! .

Modification Policy lapses Heat island effect

Infra growth

Altered local climates
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" +6-7% * GHGrise » bBx 1 in disasters
AR R = moisture/°C = Ocean heat = $280B losses/year
= 1 Storms & = Air circulation = Crop loss (-20%)
. droughts changes = 1 Infrastructure strain
Climate
Change

P o = Temp/pressure |= 828M food insecure

. J 4 h gradient = Migration (1.2B by 2050)
Regiond)Shifts D.es.ert SXPANSION | . current & wind * Water conflicts
= Timing change ; s
changes = Collapse of rainfed farming

ﬂsqge Guide:
GS Paper | for questions on the processes, stages, and significance of the

Direct Application hydrological cycle—evaporation, condensation, precipitation, infiltration, and
runoff; its role in sustaining ecosystems, agriculture, and human life.

. Connect the hydrological cycle to essays on the interconnectedness of natural
Essay Integration systems, sustainable water management, the impact of human interventions,
and lessons for adapting to water scarcity and climate change.

. GS Paper Il for water governance, inter-state river management, policy
Cross-Paper Integration interventions for drought/flood control, and international water treaties; GS
Paper lll for technological solutions in water conservation, irrigation, watershed
management, and pollution control; GS Paper IV for ethical values of

stewardship, responsibility, and dilemmas in balancing consumption with
conservation.

Oceanography

Ocean Currents

< Newagian
A [

K //

futeshic

/‘ N QLWWE x
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Parameter

Warm Currents

Cold Currents

Geography

Deep Currents

1. Formation
Mechanism

Formed due to solar
heating near the
equator

Driven by trade winds,
Earth's rotation (Coriolis
force), and gyre
circulation

Originate from polar
regions where water is
cold & dense

Driven by Coriolis force,
upwelling, and
subtropical gyres

Generated by thermohaline
circulation (temperature +
salinity gradients)

Driven by density differences
and gravity (not wind)

2. Nature of
Flow

Horizontal surface flow
from equator — poles

Horizontal surface flow
from poles — equator

Vertical + horizontal flow at
deep ocean levels

Found on east coasts of

Found on west coasts of

Flow across global ocean

3. General continents in tropics & continents in tropics & :
- . basins at depths of 1000-
Location temperate zones (e.g., subtropics (e.g., Peru
4000 m
Gulf Stream) Current)
. ) North Atlantic D Water
Gulf Stream California Current (l\(l)ADW) I
5. Types [ Kuroshio Humboldt (Peru) 4
Antarctic Bottom Water
Examples Agulhas Canary (AABW)
Brazil Current Benguela

Pacific Deep Water

6. Impacts on
Climate

Warms adjacent
landmasses

Promotes rainfall by
enhancing evaporation

Cools nearby coasts
Leads to arid/semi-arid
deserts like Atacama &
Namib

Regulates global climate
over long periods
Stabilizes ocean
temperatures

7. Impacts on

Supports tropical
marine species, but

High fish productivity
due to upwelling of

Supports deep-sea
ecosystems

Biodiversit N £ nutrients 5 47 a .
Y limited productivity 1 A Aids in nutrient cycling
Supports fisheries
8. Socio- ! 3 B, | Promotes fog formation Influences global carbon
. Aids shipping, tourism, } . :
economic . ' (e.g., California), supports sink, long-term sea level,
and tropical agriculture ) g A
Impacts fisheries and climate feedbacks
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ﬂsage Guide: \

. . . GS Paper | for questions on the types, causes, and significance of ocean
Direct Application currents—major warm and cold currents, their role in climate regulation, marine
life, and navigation.

. Connect ocean currents to essays on global interconnectedness, adaptation of
Essay Integration human societies to marine environments, the influence of natural forces on
history, trade, and the urgency of ocean conservation.

. GS Paper Il for international maritime cooperation, policies on marine resource
Cross-Paper Integration | management, and disaster response (tsunamis, cyclones); GS Paper il for
impact on fisheries, coastal economies, climate science, and renewable
energy potential (tidal/wave energy); GS Paper IV for ethical values of

stewardship, shared responsibility, and dilemmas in balancing exploitation
with conservation of marine ecosystems.

Sed Level Rise

Aspect Subcategory Key Points Examples [ Impact

Ocean water expands when
P ~40% of recent SLR; long-

Thermal Expansion heated due to global !
. lasting effect.
warming.
. ! Melting land ice adds Himalayas, Andes—short-
Formation Glacier & Ice Cap Melt 9 y
freshwater to oceans. term driver.

Groundwater depletion,

; Contributes modestly to
Land Water Changes reservoir storage alter water y

mass distribution. 9ot &
Shorelines recede due to
Coastal Erosion stronger waves & rising 40% of beaches at risk by 2100.

water.

High-tide floods, storm " :
9 \ Increased disasters in coastal

Flooding & Inundation surges more frequent & cities
damaging. i
e A e Salinity encroaches into Reduces agricultural output &
Impacts freshwater sources. potable water.
Wetland & Mangrove Submergence & habitat Loss of biodiversity & natural
Loss fragmentation. storm buffers.
Forced migration from Up to 1 billion affected by

Displacement vulnerable coasts &islands. | 2050.

Ports, roads, airports, power Affects global supply chains &

Infrastructure Risk A
plants under threat. urban resilience.
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Damage to property, tourism,

Economic Loss \ g o
agriculture; adaptation costs rising.

Annual global losses: $50-300
billion projected.

Food & Water Crop yield drops due to salinization

Deltas like Nile, Mekong, Ganges-

Security and land loss. Brahmaputra severely impacted.
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Usage Guide:

. . . GS Paper | for questions on causes, evidence, and consequences of sea level
Direct Application rise—thermal expansion, melting glaciers, impact on coastal regions, island
nations, and vulnerable populations.
. Connect sea level rise to essays on the human-environment relationship,
Essay Integration adaptation and resilience, climate justice, and the ethical imperative for

global action and intergenerational responsibility.

GS Paper Il for policy planning, international climate negotiations, coastal zone
management, and disaster risk reduction; GS Paper Il for technological
solutions in coastal protection, urban planning, sustainable infrastructure, and
early warning systems; GS Paper IV for ethical issues of equity, precautionary
principle, solidarity with vulnerable groups, and dilemmas in balancing
development with environmental security.

Cross-Paper Integration
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Coral Reefs & Coral Bleaching

J '(( ol L“’] [oals p )(;M/M (ks

Sub-topic Key Points (Concise & Multi-Point)

= Formed by calcium carbonate secreted by coral polyps

= Symbiotic with zooxanthellae algae for energy via photosynthesis

= Grows in warm (23-29°C), shallow (<50m), clear, saline tropical
seas

Coral Reef Formation

Formation = SST:23-29°C

= Depth: 0-50 m

= Salinity: 32—-42 PSU
= Low sedimentation
= Strong sunlight

= Stable seabed

Conditions Needed

= Fringing: Directly attached to land (e.g., Gulf of Mannar)
= Barrier: Separated by lagoon (e.g., Great Barrier Reef)

= Atoll: Ring-shaped around a lagoon (e.g., Lakshadweep)
= Patch: Isolated small reefs on shelf

Types Major Types of Reefs

= <1% ocean area but supports 25% marine species

Biodiversity Hotspot = Home to 4,000+ fish species, 800+ coral species
Ecological = Keystone species for marine food web
Role
= Absorb 90-97%
Coastal Defense Wi l e gnergy
= Reduce shoreline erosion and storm damage
= SSTrise >1°C above average
Causes * Ocean acidification
Coral = Light stress, pollution, low salinity, siltation
Bleaching

= Coral expels zooxanthellae due to stress — turns white

Process : \
= Prolonged stress — starvation — mortality
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= Climate change (warming, acidification)
= Overfishing, trawling

Natural & » Coastal development

Anthropogenic = Nutrient runoff

= Sedimentation

» Plastic & oil pollution

Threats

» Coral mortality — habitat loss

= Collapse of marine biodiversity

= Disruption of food webs

= Algal blooms due to coral die-off

Ecological

= Collapse of reef-based fisheries

* Tourism decline

» Loss of coastal buffer zones

= Damaged livelihoods of dependent communities

Impacts
Economic

* Indigenous & local traditions affected

Cultural & Social . ~ ™,
» Increased disaster vulnerability of coastal communities

= UNSDG 14, CBD Aichi Target 10
Global Strategies | = Paris Agreement (limit warming to <1.5°C)
= [nternational Coral Reef Initiative

* Marine Protected Areas (MPAs)

Local & National = Artificial reefs & coral nurseries

Actions * Ban on bottom trawling, tourism regulation
=  Community participation

Conservation

» Coral gardening & transplantation
= Cryopreservation of coral larvae
» Heat-resilient coral breeding

Technological
Solutions

= ICZM Project

= Coral Atlas by ZSI

= National Coastal Mission
= Draft Blue Economy Policy

India Focus Initiatives

Usage Guide:

. . . GS Paper | for questions on causes, evidence, and consequences of sea level
Direct Application rise—thermal expansion, melting glaciers, impact on coastal regions, island
nations, and vulnerable populations.

. Connect sea level rise to essays on the human-environment relationship,
Essay Integration adaptation and resilience, climate justice, and the ethical imperative for
global action and intergenerational responsibility.

. GS Paper Il for policy planning, international climate negotiations, coastal zone
Cross-Paper Integration management, and disaster risk reduction; GS Paper Il for technological
solutions in coastal protection, urban planning, sustainable infrastructure, and
early warning systems; GS Paper IV for ethical issues of equity, precautionary
principle, solidarity with vulnerable groups, and dilemmas in balancing
development with environmental security.
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Geophyical Phenomena

Landslides & Tsunamis

Geography

> st Yo Zen-

Types
( Groupe d) Causes Impacts Preparedness & Way Forward
Weak or fractured Blockage of rivers — Hazard Zonation Maps (e.g., GSI's
Slides rocks on steep slopes artificial dams — sudden Landslide Atlas)
(Translational, | Prolonged/intense breaches Afforestation & slope
Rotational) rainfall (monsoons, Destruction of infrastructure: | stabilization with geotextiles
Falls (Rockfall, | cloudbursts) railways, highways (e.g., Restrict construction in
Topples) Seismic tremors, NH-44) vulnerable slopes via building
Landslides | Flows (Debris, volcanic activity Loss of life, habitat and codes
Earthflow, Human interference — | displacement in Himalayan | Community training in early
Mudflow) deforestation, & Western Ghats regions signs (cracks, leaning trees)
Creep (Slow quarrying, road cuts, Sedimentation in reservoirs, | Use of remote sensing & drone
ground urban sprawl disrupting hydro projects surveillance
movement) Poor drainage and Damage to ecology and Bio-engineering & contour
unregulated mining agriculture due to soil loss trenching in fragile zones
+ Indian Tsunami Early
o AN - Destructive coastal Warning Centre (ITEWC) -
« Seismic R arhenlakas 075 flooding (2004 Indian INCOIS, Hyderabad
Tsunamis q : Ocean Tsunami killed « Real-time data from DART
magnitude), mostly A D : 1
(most . ~2.3 lakh) buoys, seismic stations, tide
at subduction zones .
common) o - Loss of lives, damage to | gauges
X * Volcanic island g ) :
 Volcanic T fishing economies, + Coastal Regulation Zone
Tsunamis P 9. salinization of cropland (CRZ) norms & buffer zones
4 Krakatoa 1883) 4 . .
. | * Submarine A « Destruction of coastal * Natural bio-shields —
Tsunamis L * Submarine or !
Landslide- . infrastructure, ports & mangroves, sand dunes,
g coastal landslides -
induced ) nuclear facilities (e.g., coral reefs
» Atmospheric ) L
g . Fukushima) » Multi-lingual SMS alerts,
. disturbances — . Y J A 3 :
Meteorologic " * Marine biodiversity loss | sirens, and broadcasting
pressure-induced ]
al . due to massive wave systems
sea level rise = A
(Meteotsuna . force » Tsunami shelters, vertical
2 * Iceberg collapse in AN d Iy
mi) { « Contamination of evacuation buildings
polar regions (rare) : : .
groundwater aquifers « Community-based disaster
risk management (CBDRM).
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Usage Guide:

GS Paper | for questions on the causes, types, distribution, and impact of

Direct Application landslides and tsunamis—natural and anthropogenic triggers, vulnerable zones
in India, and consequences for communities and infrastructure.
. Connect landslides and tsunamis to essays on disaster vulnerability,
Essay Integration human-nature conflict, importance of preparedness and resilience, and

ethical imperatives in disaster response and risk reduction.

GS Paper Il for disaster management policies, early warning systems, inter-
agency coordination, and community participation; GS Paper il for
technological innovations in prediction, infrastructure design, risk assessment,
and rehabilitation; GS Paper IV for ethical issues of responsibility, compassion,
equity, and dilemmas in prioritizing rescue and relief for the most vulnerable.

Cross-Paper Integration

Lightning & Cloudburst

Phenomenon Formation Mechanism Impacts Preparedness & Way Forward
. * Human casualties * Lightning alert systems (e.g. Damini A
= Charge separation 9 0 9 - 4 ( 85 . PP)
o 1 (Over 2,000 deaths/year | = Install lightning arresters in public
within cumulonimbus A ) e
in India) buildings
clouds p
— AR * Forestfires and power = Awareness programs (30-30 rule, safe
Lightning outages shelter practices)
updrafts/downbursts f b ¢
h = Damage to » Integrate lightning safety in school
= Sudden electrical A .
! infrastructure, curriculum
gEcRards Je livestock, and » Develop real-time lightning mappin
electrostatic buildup Y P 9 b L
electronics networks

* Rapid convective cloud
development

» Strong vertical air

currents in humid air

Enhanced by orographic

uplift in hilly areas

= Sudden collapse of
cloud column, releasing
>100 mm rain/hr

Cloudburst =

Flash floods, landslides,
and erosion
Large-scale casualties
(e.g., Kedarnath 2013)
Urban flooding and
infrastructure collapse

Deploy Doppler radars in hilly & vulnerable
zones

Expand early warning systems & SMS
alerts

Improve stormwater drainage systems
Promote disaster-resilient infrastructure
Community-level mock drills and
evacuation planning

Integration of cloudburst hotspots into
planning frameworks

\\
\
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Usage Guide:

Direct Application

Essay Integration

Cross-Paper Integration

GS Paper | for questions on the causes, mechanisms, and impact of lightning
and cloudbursts—regional distribution, effects on life and property, and
vulnerability in India.

Connect lightning and cloudbursts to essays on the unpredictability of
nature, disaster preparedness, adaptation strategies, and the intersection
of science, society, and traditional knowledge in managing risks.

GS Paper Il for disaster management frameworks, early warning systems,
public awareness campaigns, and policy interventions for vulnerable regions;
GS Paper Il for technological advancements in weather forecasting, resilient

infrastructure, and mitigation strategies; GS Paper IV for ethical values of
responsibility, compassion, and dilemmas in resource allocation and
prioritizing protection for at-risk populations.

Floods and Drought

Type/Category

Phenomenon

Impacts

Recovery & Way Forward
(Clubbed)

River Floods

Heavy monsoonal
rainfall

Himalayan
snow/glacier melt
Dam
mismanagement/
spillway overflow
River channel

Deaths &
displacement (2020:
1,922 deaths)

Crop failure & 292,000
Cr agri. loss

Public health crisis:
Diarrheaq, cholera
Rural-urban

Real-time flood forecasting
(cwc, IMD)

River rejuvenation & desiltation
Early warning dissemination in
vernacular

Crop insurance + soil health
cards

FLOODS
Flash Floods

ncr hment ; ; i i i
encroachments disruption & Riverfront zoning & regulation
Loss of natural economic paralvsis
floodplains =

High urban mortalit
Sudden 7 .

cloudbursts
(>100mm/hr)
Impermeable
urban surfaces
Encroached
stormwater drains
Hill slope
degradation
(deforestation)

(e.g. Leh 2010,
Chennai 2015)

City paralysis:
Power/water/transpo
rt halt

Economic loss:
20,000+ Cr
Increased
vulnerability in
informal settlements

Smart drainage systems (e.g.
Sponge Cities)

GlIS-based urban hydrology
mapping

Flash flood app alerts & drills
Permeable pavements & green
rooftops

Strict building codes & zoning
laws

Coastal
Floods

Tropical cyclones
& storm surges
Sea level rise
(climate change)
High tides + low-
pressure events
Coastal erosion &
land subsidence

Z1.1lakh Cr+ damage
(Cyclone Amphan)
Salinisation of agri.
land

Mangrove loss &
biodiversity threat
Fisherfolk livelihood
damage

Integrated Coastal Zone
Management (ICZM)

Mangrove buffer zone
restoration

Raised cyclone shelters with
resilient infra

Saline-resistant crop promotion
Blue-Green infrastructure push
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Usage Guide:

Direct Application

Essay Integration

Cross-Paper Integration

GS Paper | for questions on the causes, types, and consequences of floods—
natural and anthropogenic factors, flood-prone regions in India, and impact on
life, economy, and environment.

Connect floods to essays on disaster vulnerability, resilience of
communities, climate change impacts, importance of preparedness and
mitigation, and lessons from traditional water management practices.

GS Paper Il for policy interventions (disaster management, flood control
measures, inter-state coordinotion), governance challenges, and institutional
frameworks; GS Paper Il for technological solutions in flood forecasting,
infrastructure resilience, watershed management, and sustainable urban
planning; GS Paper IV for ethical issues of equity, compassion, prioritizing
vulnerable groups, and dilemmas in resource allocation for relief and
rehabilitation.

Phenomenon Type/Category

Meteorological

DROUGHTS Drought

Causes Impacts Recovery & Way Forward
Rainfall <75% of :
ng:l:;l . = Affected 330M (2016) | = Improved monsoon modeling

A = Crop losses: €6.65 MISO, ENSO trackin
Delayed/failed SW P ( ing) Aol
N4 lakh Cr » Weather-based crop advisories

" * Mass distress = Micro-irrigation via PMKSY
El Nifio + 10D ; I
Sy ARET migration = Drought dashboards (e.g.,

. * Groundwater NDMA)

Regional g ) h

) overdraft = Agro-climatic zone planning
subsidence zones
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Agricultural
Drought

High
evapotranspiration
Inadequate
irrigation infra
Unsuitable crop
choices (paddy in
drylands)

Poor soil moisture
retention

Reduced grain
yield & fodder
Farmer suicides &
debt traps

Food inflation &
supply chain
shocks

Rural
unemployment

Millets & native crop
promotion (Shree Anna)
Farm ponds + organic
mulching

Custom Hiring Centres
(CHCs)

MSP coverage extension to
dryland crops

Precision farming adoption

Hydrologica
| Drought

Groundwater
overuse

Reduced
streamflow

Poor recharge due
to concretisation
Storage depletion
in reservoirs

Urban “Day Zero”
(e.g. Cape Town-
like risks)

HEP generation
cuts

Industrial
slowdown
Riverine
ecosystem
degradation

Managed Aquifer Recharge
(MAR)

Wastewater recycling (e.g.,
Israel model)

Rooftop rainwater
harvesting

Tiered water tariffs
River-linking feasibility
assessments

Socio-
economic
Drought

Population
pressure on water
Poor governance &
infra
Socio-economic
inequalities
Corruption in relief
delivery

Water riots & inter-
state conflicts
Increased disease
burden (diarrheaq,
stunting)

Higher burden on
women (water-
fetching)

School dropouts
due to water work

Community water
budgeting

Strengthening Jal Jeevan
Mission

Decentralized governance
(GP-based planning)
Women-led SHGs in water
governance

Data-driven policy via
Hydrological Atlas
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Usage Guide:

Direct Application

Essay Integration

Cross-Paper Integration

GS Paper | for questions on the causes, types, and impacts of drought—
meteorological, agricultural, hydrological droughts, vulnerable regions in India,
and effects on agriculture, livelihoods, and society.

Connect drought to essays on climate variability, resilience and
adaptation, the importance of water conservation, policy interventions for
food security, and lessons from traditional wisdom.

GS Paper Il for drought management policies, early warning systems, welfare
schemes, inter-state cooperation, and governance challenges; GS Paper Ill for
innovations in irrigation, drought-resistant crops, watershed management, and

sustainable agriculture; GS Paper IV for ethical issues of justice, compassion,
intergenerational responsibility, and dilemmas in prioritizing relief and long-

term mitigation.

Indian Geography

Factors Influencing Industrial Location

Sector Industry Type

Key Location Factors

Traditional Patterns

Modern Trends

Mining &
Extraction

Availability of
minerals/resources
Geological structure
Transport & rail linkage
Water for processing
Environmental
sensitivity

= Coal: Jharia
(Jharkhand)

* Iron ore: Keonjhar
(odisha)

= Resource-based
siting

Tech-led exploration
(remote sensing)

EIA compliance
Green mining, Al-
based safety
systems

Proximity to farmlands

Contract farming

Act

Seasonal labor = Sugar: UP, )

AL Direct farmer
availability Maharashtra EAN e

5 Agro-Processing Cold chains & = Rice: Punjab, fros :
Primary g . FPO integration

warehousing Chhattisgarh o T e WA AR
Access to mandis & = Cotton: Gujarat g |O 9

! export units
retail markets

FSC-certified eco-
Availability of forests
timber/bamboo = Plywood: Punjab Bamboo innovation
Proximity to forests = Paper: Odisha hubs
Forestry/Wood 4 "
vl Access to riversfroads | = Bamboo: Assam, Eco-furniture

Clearance under Forest Tripura industry

Sustainable paper
tech
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Proximity to raw
materials
Water & power-

Steel: Bhilai, Bokaro

Industrial corridors
(DMIC, CBIC)

Heav . 4 y ; AN )
Industr?es intensive units Cement: Rajasthan Solar/wind integration
Rail & port connectivity Aluminum: Odisha Waste heat reuse
Government clustering Integrated steel plants
(PSus)
mponent vendor
g’:tw?::kse onge EV cluster dev.
. 4 Chennai-Pune- Robotics, Al in
Skilled assembly-line !
. Gurgaon triangle assembly
Automobile labor ; :
Ports: Chennai, Battery recycling hubs
Near ports for export s
Y Ennore Just-in-time (JIT)
Ralicy lpnsi(Ril BV inventory systems
FAME) i
Secondary
Eco-fabrics (bamboo,
Fiber tton ; hem
Fiber access (cotton, Cotton: Gujarat, TN P)
- jute, silk) . Smart wearables
Textiles & Silk: Karnataka L
Abundant cheap labor E-commerce tailoring
Apparel Handloom: NE,
Power & water access A hubs
N . Odisha
Export connectivity Cluster dev. (Mega
Textile Parks)
Nearness to refineries Green chemistry push
& feedstock Jamnagar, Dahej Waste-to-energy
Chemical & Port + pipeline access (Gujarat) units
Petrochemical Strict environmental Pharma: Hyderabad, Bulk drug parks
norms Pune R&D—-production
Skilled technical staff integration
POO|. AN Rise of Tier-2 IT hubs
SHORTTS Remote work
Information World-class internet Bengaluruy,
s ecosystems
Technology infra Hyderabad
. n Startup accelerators
(1T/BPM) Urban housing & Pune, Chennai, NCR ¥ " N
; Digital skill training
lifestyle £ et
SEZs & IT parks
2 3 FinTech clusters
Access to financial " .
hubs Digital banking, UPI
Tertiary Financial skilled financial MAbaNGSEINGE Ly
; HQ) Blockchain & Al-based
Services workforce

SEBI/RBI proximity
Urban business infra

Delhi, Bengaluru

credit
Inclusion-focused
models

Healthcare &
Biotech

Proximity to R&D labs
Skilled medical staff
Drug regulatory offices
Hospital/clinical trial
infra

Biotech: Bengaluru
Pharma: Hyderabad
R&D: Delhi, Pune

Biotech parks

Al diagnostics
Genome research
Export-led innovation
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Usage Guide:

Direct Application

Essay Integration

Cross-Paper Integration

GS Paper | for questions on the physical, economic, and socio-political factors
affecting the location of industries—raw materials, power, market, transport,
labor, capital, government policies, and case studies of industrial regions.

Connect factors influencing industrial location to essays on balanced
regional development, sustainable industrialization, urbanization
challenges, and the interplay between geography, economy, and society.

GS Paper Il for policy interventions (industriol corridors, SEZs, Make in India),
regulatory environment, and ease of doing business; GS Paper Ill for
infrastructure development, environmental considerations, technological
change, and global supply chains; GS Paper IV for ethical issues of equity,
environmental justice, and dilemmmas in land acquisition and balancing
development with community interests.
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Coal

Geography

o Major Distribution & .

Coal Type Characteristics Locations Production Major Challenges Way Forward
Highest carbon Limited reserves, Promote niche industrial
content (80-95%), | Kalakote, <1% reserves, | poor commercial | use (defense,

Anthracite | smokeless, low Nichahom negligible viability, metallurgy), exploration
moisture, hard & (J&K) production inaccessible incentives, strategic
dense terrain stockpiling
High calorific
value (6000-8000 | Jharia, 20% of Jharia mine fires, Scientific mine fire

N kcal/kg), Bokaro, 1 air & water management,

Bituminous ! : ; reserves, 60% : ¥ e
metallurgical Raniganj, A pollution, poor modernised mining,
production
grade, moderate | Talcher safety standards clean coal technology
ash
Korba, Low efficiency, i
Thermal use, 50% of ) Conveyor belts, pithead
Sub- - . Hasdo- ., | transport L
R higher moisture, reserves, 35% power plants, railway
bituminous Arand, x bottlenecks, N
moderate ash ; ; production modernisation
Singareni storage losses
Brown coal, low Newveli High emissions, Lignite gasification,
N grade (2500- RN 9% of limited lifespan of | integration with RE,
Lignite Palanag, .
4000 kcal/ kg), Kutch reserves, reserves, land effective R&R
high ash acquisition issues | frameworks
Usage Guide:

Direct Application

Essay Integration

Cross-Paper Integration

GS Paper | for questions on the distribution, types, and significance of coal in
India and globally—role in industrialization, energy production, and regional
development.

Connect coal to essays on the transition from traditional to modern energy
sources, challenges of sustainable development, environmental impacts of
fossil fuels, and balancing energy security with ecological concerns.

GS Paper Il for energy policies, regulation of mining, rehabilitation and
resettlement, and international energy agreements; GS Paper lll for
technological innovation in coal mining, clean coal technologies, renewable

energy transition, and economic implications; GS Paper IV for ethical issues of
environmental stewardship, intergenerational equity, and dilemmas in

reconciling development needs with sustainability.
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Iron Ore
Iron _— Major Industrial Major
Characteristics J " J Way Forward
Content Deposits Use Challenges
! isha, teel ver- .
Hard, reddish, Q9P S Sr R : Domestic steel focus,
. . Jharkhand, | industry extraction, 4
Hematite | 50-70% non-magnetic, ; ; ore blending, local
B g % Chhattisgar | (blast export bias, o B
gng h, Karnataka | furnace) land conflict B P
Magnetic, Special Low extraction | Beneficiation focus,
Karnataka, . ] ; rr
. g lustrous, steels, rate, difficult exploration subsidies,
Magnetite | 60-72% AP, \ 4
weather- AR~ magnets, terrain, forest | remote sensing
resistant ! alloys clearances monitoring
Ratnagiri, High moisture, | Tech upgrade, MSME
. . Hydrat re, ' Low-scal " ) 1 5
Limonite | 35-55% eI Kozhikode, OW=SCAI® 1 |ess industrial integration,
earthy texture local use ! -
Assam demand cooperative mining
o Carbpncute ore, WB, Bihar, Regional Processing Blending with richer
Siderite 30-48% greyish, low- . 4 : cost, lack of ores, small-scale
Odisha iron units A W i /
grade beneficiation | beneficiation units

Usage Guide:

Cross-Paper Integration

economic growth with environmental preservation.

. . . GS Paper | for questions on the distribution, types, and significance of iron ore—
Direct Application its role in industrial development, steel production, and economic growth in India
and globally.
. Connect iron ore to essays on resource management, industrialization, the
Essay Integration challenges of mining and export, sustainable development, and balancing

GS Paper Il for mining policies, regulatory frameworks, land acquisition, and
community welfare measures; GS Paper lll for technological innovations in
mining, value addition, global supply chains, and sustainable resource

management; GS Paper IV for ethical issues of environmental justice,
community rights, transparency, and dilemmas in resource extraction versus
conservation.

Oil & Natural Gas

Location Production

Field/Basin

Key Features Major Challenges Way Forward

Enhanced Oil Recovery
(EOR), deep-sea
infrastructure revamp

Offshore, 40% of
India’s output

Ageing platforms,

& MMT/yeqr tech obsolescence

Mumbai High | Arabian Sea
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- Declinin ! ’
. . 0.65 Asid’s oldest g Small-scale heritage refinery,
Digboi Assam 4 output, : :
MMT year field TN tourism + refinery model
inefficiencies
L t T tvi AN 4
Mangala | Rajasthan = o?’nrsgheosre riogﬁr?c: rd\:sert Hea ey penesalyerdisgioy
9 J MMT/year ’ g ey 0&G model
waxy crude logistics
Krishna- | Andhra Deepwater, Cyclone risk, RN -
. 15+ . Seismic-resilient platforms, gas
Godavari | Pradesh BCM/year major gas deep-sea cost hvdrates R&D
(kG) (offshore) Y field barriers Y
Gas-rich, Infrastructure it asrat £
Bassein Off Mumbai 12 BCM/year industrial corrosion, gas ;
4 systems, capacity upgrades
supply leak risk

Usage Guide:

. . . GS Paper | for questions on the distribution, production, and significance of oil
Direct Application and natural gas—role in economic development, energy security, and
geopolitical importance for India and the world.

. Connect oil and natural gas to essays on the energy transition, resource
Essay Integration geopolitics, balancing growth with sustainability, and challenges of fossil
fuel dependence versus clean energy.

. GS Paper Il for energy policies, international agreements, strategic reserves,
Cross-Paper Integration | oguiation, and environmental laws; GS Paper Il for technological
advancements in exploration, renewable energy integration, pricing reforms,
and economic implications; GS Paper IV for ethical values of intergenerational
equity, stewardship, and dilemmas in reconciling national interests with global
climate goals.

Oil & Natural Gas

Resource . . .. . Current Status
Regions & Distribution
Type (2025)

Key Challenges Way Forward

Top States: Gujarat (12.5
GW), Tamil Nadu (11.4 Installed: ~60 GW
GW), Karnataka (6.7 GW), | Target: 60 GW (by
Maharashtra, Rajasthan | 2022), surpassed
(~5 GW each) CUF: ~15-25%

Grid integration & low Hybrid wind-solar projects
CUF Smart grid, BESS integration
Intermittent generation | Domestic turbine

Land use conflicts & bird | manufacturing norms (2025

Wind Energy Wind Corridors: Western | ~20 GW of stranded Iqorialey poRde ! h
’ ; : Import dependency Offshore Wind Policy

Ghats, Gujarat coast (8- | wind capacity due ) . ,

| Delays in PPA, implementation
10 m/s), TN coast (6-8 to grid and PPA R L5

L j transmission Clearances & competitive
m/s), Rajasthan desert issues 4 5
infrastructure bidding reforms

(67 m/s)
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Solar Energy

Top States:
Rajasthan (37.8
GW), Gujarat (35.5
GW), Karnataka,
Tamil Nadu, Andhra
Pradesh

Irradiation: Desert:
6-7 kWh/m?/day;
Semi-arid: 5-6;
Coastal: 4-5
Rooftop Potential:
124 GW (Residential:
42 GW, Commercial:
77 GW)

Installed: ~106
GW

Ground-
mounted: 81 GW
Rooftop: 17 GW
Target: 100 GW
by 2022
(achieved late)
Bhadla Solar
Park: 2,245 MW
(world’s largest)

Dust
accumulation
reduces
efficiency

High land
requirement (4-5
acres/MW)

85% module
import
dependency
Curtailment & net
metering issues
Financing gaps

Agri-voltaics, floating
solar, BIPV
Strengthen PLI
scheme, domestic
manufacturing
Rooftop solar
expansion via PM-
KUSUM

Al-based cleaning
and smart inverters
Storage-linked solar
tenders

Hydro
Energy

High Potential
States: Himachal
Pradesh,
Uttarakhand, J&K,
Karnataka

River Basins:
Brahmaputra (66
GW), Indus (34 GW),
Ganga (21 Gw),
Western Ghats
Small Hydro: 21 GW
potential (<25 MW)

Installed: ~49 GW
large hydro

+ 5.1 GW small
hydro

Target: 40 GW by
2030 (already
surpassed)
Generation fell
16% in 2023-24
due to drought

Environmental
concerns
(siltation,
biodiversity)
Social issues:
displacement,
R&R delays
Geological risks in
Himalayan zones
Long gestation &
capital intensity

Run-of-river and
pumped storage
prioritization
Modern turbines &
fish ladders
National Hydro Policy
(fast-track
clearances)
Benefit-sharing with
locals, VGF support
Climate resilience in
design

Geothermal
Energy

High Potential Areas:
> Himachal:
Manikaran, Tapovan
> J&K: Puga Valley,
Chumathang

> Gujarat: Cambay
Basin

Hot Springs: 340+
identified sites

Estimated
Potential: 10,600
MW

Installed: <1 MW
(pilot in
Telangana)
Task force
formed by MNRE
in 2025

Deep drilling
costs, low
temperature
gradients
Complex geology,
seismic risks

No national policy
Lack of R&D and
private
investment

National Geothermal
Policy rollout

Pilot Binary ORC &
EGS projects
Resource mapping
(3D seismic surveys)
International
collaboration & PPPs

Bioenergy
(Biomass +
Waste-to-

Energy)

High Potential
Regions: Punjab,
Haryana, UP (crop
waste)

Urban: Waste-to-
energy plants (Delhi,
Pune, Hyderabad)

Installed
Capacity: ~11.6
GW (incl. WTE)
Feedstock: Agri
residue, MSW,
dung, biogas

Feedstock supply
chain gaps

Air pollution
(stubble burning)
Municipal waste
segregation
issues

Tariff viability
problems

Biomass
aggregation centres
Mandatory waste
segregation

PPP for urban
bioenergy parks
Crop-residue
procurement policy
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Usage Guide:

. . . GS Paper | for questions on types, distribution, and significance of renewable
Direct Application energy resources—solar, wind, hydro, biomass, and their growing role in India’s
and global energy mix.

. Connect renewable energy resources to essays on sustainable
Essay Integration development, the energy transition, climate change mitigation, innovation,
and balancing development with ecological responsibility.

. GS Paper Il for policy frameworks (National Solar Mission, international climate
Cross-Paper Integration | ggreements), regulatory reforms, and governance challenges; GS Paper lll for
technological advancements, investment, grid integration, and impact on
economic growth; GS Paper IV for ethical values of stewardship,
intergenerational justice, equity, and dilemmas in balancing affordability,
access, and sustainability.
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Natural Resources Potential of India

Resource

Category

Potential & Distribution

Key Issues

Geography

Way Forward

Reserves: 344 Bt (4th
globally)

Production: 970+
Mt/year

High ash content (35-45%)
Underground fires (e.g.,
Jharia), land degradation, air
pollution

Clean coal technologies (washing,
gasification, CCS)
Dedicated freight corridors, slurry

Hydro (148 GW): HP,
Uttarakhand, NE India
Geothermal: 10+ GW
(Himalayas, Western
Ghats)

modules
Tariff issues, Centre-State

policy gaps

Coal Maijor Fields: Jharia, , pipelines
4 Transport bottlenecks, railway ' ' !
Talcher, Korba, Neyveli i Afforestation, mine reclamation,
(lignite) ConpHjaipts mine closure plans
y Displacement, tribal rights,
Gondwana coalfields: . 4}
GHG emissions
98%
eI Mining bans, forest clearance
Production: 230+ 9 i Beneficiation and pelletisation units
delays : ) I
Mt/year et ot ik tiohedust Sustainable mining practices
Odisha-Jharkhand belt: 4 i Value-added steel industry
Iron Ore pollution
s lllegal mining, regulator AaNgoRIent
Chhattisgarh (Bailadila), hurgdles g reg y Logistics improvements: iron ore
Karnataka (Bellary) corridors, port infrastructure
Infrastructure bottlenecks
Goa: Export-grade ore
Oil Reserves: 0.6 Bt
Gas Reserves: 1.4 TCM Import dependence (Oil — Open Acreage Licensing Policy
Key Basins: Mumbai 85%, Gas — 50%) (OALP), seismic surveys
High, Krishna-Godavari, | Declining output from mature | Deepwater drilling, EOR,
Oil & Natural | Cambay, Digboi fields unconventional tech
Gas Unconventional High exploration & extraction | LNG infrastructure expansion,
Potential: Shale gas (96 | costs strategic reserves
TCM), CBM (92 TCM), Infrastructure limitations: Energy diversification: green
Gas hydrates (1894 pipeline grid, storage hydrogen, biofuels
TCM)
Solar (750 GW potential):
Rajasthan, Gujarat, % .
itk Grid intermittency, poor Energy storage systems, smart
K . integration rids
wind (300 GW): Gujarat, I 9 .
Tamil Nadu Land conflicts, storage Green hydrogen production and
Renewable ’ infrastructure gaps integration
Maharashtra A : 1
Energy Import dependency on solar | Hybrid solar-wind parks, floating

solar
PLI scheme for solar manufacturing,
offshore wind expansion
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Deforestation due to \
Forest Cover: 21.7% (71.2 . Expansion of protected areas,
development, agriculture :
Mha) L)t 1 ) eco-restoration
Tree Cover: 2.9% (9.6 Mha) ‘g 4 4 : Agroforestry, community forest
! overgrazing, fires, invasive
Forest Dense Forest: Himalayas, A management
Resources | Western Ghats, NE India P f 4 Afforestation under CAMPA, Urban
LT / Habitat fragmentation,
Biodiversity Hotspots: N A AN Forestry
Western Ghats, Eastern 9 Remote sensing & GIS for forest
§ Poor enforcement of Forest S
Himalayas, NE states y monitoring
Rights Act
Coastline: 7,517 km Overfishing, coral reef ok, .
i 7 ' Blue Economy Mission, marine
EEZ: 2.37 million sq km degradation, ocean L 5. : .
) ] I biodiversity protection
Fish Production: 14.7 acidification .
: ; . .| Cold chain and harbor
. Mt/year Marine pollution (plastic, oil iy
Marine . . .y : modernization
Major Regions: West coast | spills, industrial waste) . :
Resources : ’ Pollution control, integrated
(GUJGrGt, Kerolo), East Poor harbor infrastructure,
L, coastal management
coast (TN, AP) cold storage deficit y ; :
] A . . Marine spatial planning and
Resources: Offshore oil, Climate risks: sea level rise, s R e
wind (150+ GW), tidal, OTEC | cyclones 9

Natwiol Regowores Polealial

e

m eil
& () fonast Aesn o

Y walrl Refownle
= (RivaiRA)
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Usage Guide:

Direct Application

Essay Integration

GS Paper | for questions on the variety, distribution, and significance of India’s
natural resources—minerals, forests, water, soil, biodiversity—and their role in
supporting development, livelihoods, and ecological balance.

Connect natural resources potential to essays on sustainable
development, resource management, the challenge of balancing
economic growth with conservation, and the importance of harnessing

resources responsibly for nation-building.

Cross-Paper Integration

GS Paper Il for policy measures (resource governance, environmental laws,
inter-state shcuring), institutional frameworks, and global cooperation; GS
Paper lIl for technological innovation in resource mapping, extraction,

sustainable utilization, and value addition; GS Paper IV for ethical values of
stewardship, intergenerational justice, equity, and dilemmas in resource

exploitation versus conservation.

Water Resource Types

Water Resource Type

Surface Water

Rivers: Himalayan
(Ganga, Brahmaputra,
Indus), Peninsular
(Godavari, Krishna,
Cauvery, etc.)

Lakes & Reservoirs: 5,202
large dams

Total availability: 1,869
BCM

Utilizable: 690 BCM

Key Issues

Quantity-related:

» Seasonal flow concentration (75%
rainfall in 4 months)

= Spatial imbalance in distribution

= Declining per capita availability

Quality-related:

= 70% rivers polluted

= Industrial and municipal discharge

= Agricultural runoff

Infrastructure-related:

= Low storage capacity

= High transmission losses

* Inter-basin disputes

Way Forward

Conservation Measures:

= Rainwater harvesting

» River and wetland rejuvenation
Infrastructure Development:

= River linking project

* Flood control and storage enhancement
Technological Solutions:

* Real-time monitoring

= STPs, ETPs

= Efficient irrigation (drip, sprinkler)

Groundwater

Annual Replenishment:
433 BCM

Current Extraction: 253
BCM

Aquifers: Ganga-
Brahmaputra (170 BCM),
Indus (47 BCM),
Peninsular (105 BCM)
Depth: shallow to >40m

Over-exploitation:

= 17% blocks over-extracted

= 4 .cm/year average decline

= Energy-intensive pumping

Quality issues:

= Arsenic, fluoride, salinity, nitrate
contamination

Institutional gaps:

= Unregulated borewell drilling

= Weak enforcement and lack of
aquifer mapping

Regulation and Governance:

= State-level groundwater laws

» Llicensing and monitoring of wells

= National Aquifer Mapping Programme

Recharge Measures:

» Check dams, percolation tanks, forest
cover

Demand-Side Management:

= Crop diversification

» Water pricing reforms

» Micro-irrigation and solar pumps

Technology Interventions:

= Remote sensing, smart pumps,
desalination
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Regulation:
= Enforcement of IS 10500 standards

Pollution Sources: = Zero Liquid Discharge policies
. = Industrial discharge (textiles, Treatment Infrastructure:
Water Quality : 1) ’
g chemicals, paper, mining) = STPs, ETPs, decentralized systems
= Surface water: 70% polluted
i = Sewage treatment gap: 45,499 MLD | = Fecal sludge management
= Groundwater: 40% affected I A :
= Agricultural runoff (fertilizers, Source Protection:
= Sources: Industry, sewage, - .
; ' pesticides) = Buffer zones, catchment planning,
agriculture, geogenic i \ /
= Natural contaminants (crsenlc, wetland conservation
fluoride) Technology Deployment:

= Membrane filtration, UV, bioremediation
= Real-time monitoring networks

Integrated Governance:
= River Basin Authorities

Institutional Challenges: * Unified water information system
Water Governance = Fragmented governance = Inter-agency coordination
= Constitutional: State subject = Multiple overlapping agencies Legal Reforms:
(Entry 17, List It) Legal and Political Issues: = Water Code for unified legislation
=  Central Role: MoJS, CWC, = Delays in tribunal judgments = Fast-track tribunals
cGwB = Political interference in water = Recognition of water rights
* State Bodies: WRD, PHE allocation Participatory Approaches:
= Tribunals: 7 active Policy Gaps: = Water User Associations
= Key Laws: River Boards Act, = Weak implementation of National = Multi-stakeholder engagement
ISWD Act, Water Pollution Act Water Policy = Corporate water responsibility
= Lack of reliable data systems Technology Integration:

= Online permits, real-time dashboards
= Flood/drought early warning systems

Soil: Pedogenesis and Soil Profile

Description Key Points [ Factors Examples

Pedogenesis is the process
of soil formation through = Involves weathering of parent material | Weathering,

Definition the interaction of physical, | = Formation of soil horizons Leaching,
chemical, and biological = Continuous and dynamic process Humification
factors.

1. Parent Material — Source rock,
influences mineral content

2. Climate — Temperature & ‘CLORPT" model
. recipitation affect weathering rat Han nn
Factors Factors affecting the Bii7 p.a RLele =% eq N S o (.J : Je. y
. . 3. Organisms — Plants, animals, Alluvial Soil, Red
Influencing nature and rate of soil ; 1 :
. i microbes enhance humus formation | Soil (Parent
Pedogenesis | formation : ; .
4. Topography — Slope, drainage Material) Laterite
impact soil depth (Climate)

5. Time — Duration for development of
mature profile
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Podzolization: Acid leaching in cold, humid climates
Laterization: Leaching of silica, Fe/Al enrichment in

Podzol (Taiga),

Major I X I :
Pedojenic Key soil-forming | tropics Laterite (Kerolo),
9 processes Calcification: Accumulation of CaCO; in arid/semi- | Black Soil (Regur
Processes . . o F T
arid regions - Calcification)
Gleization: Waterlogged conditions, blue-grey color
) . "Soil Horizons",
Vertical section ..SO ; o. c.). X
\ i Eluviation’,
Soil Profile ) 9 “Illluviation”
different layers 7 -
k . Humus" in O/A
(horizons) of soil 4
Horizon
Importance of * Helps in soil conservation
\ / 3 Watershed
S understanding = Basis for land use planning
Significance Management,

soil profile &
formation

» Key to agricultural productivity
Vital for ecological balance

Crop Suitability

(&9{‘5 o\é Ivu!i’n
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Usage Guide:

Direct Application

Essay Integration

Cross-Paper Integration

GS Paper | for questions on the processes of soil formation (pedogenesis),
factors affecting it, types of soil profiles, and their significance for agriculture,
land use, and ecological balance.

Connect soil formation and profiles to essays on the foundational role of
soil in civilization, the importance of conservation, sustainable agriculture,
and the interplay between natural processes and human intervention.

GS Paper Il for policies on land management, soil conservation, and
agricultural reforms; GS Paper lll for technological innovations in soil health
management, sustainable farming, crop selection, and combating land

degradation; GS Paper IV for ethical values of stewardship, respect for nature,
intergenerational responsibility, and dilemmas in balancing productivity with
sustainability.

Soil Type

Distribution

Formation & Features

Agricultural Characteristics

Area: 15 lakh km? (45.6%)
Great Northern Plain, River

Deposited by rivers, winds,
glaciers
Subtypes: Bhangar (old), Khadar

Highly fertile, supports rice,
wheat, sugarcane, jute

Haryana, Gujarat

Alluvial Soil 4 * 4
Valleys, Coastal Deltas, (new) Self-renewing fertility, high
Gujarat Plains Rich in humus & potash, deficient | water retention
in phosphorus
Area: 5.46 lakh km? (16.6%) | Weathering of basaltic volcanic Ideal for cotton, sugarcane,
Black Soil | Deccan Plateau: rocks (Deccan Trap) millets
(Regur) Maharashtra, Gujarat, MP High clay, iron & alumina Expands when wet, shrinks
Malwa, Godavari Valley Poor in N, P when dry, self-ploughing
Area: 3.5 lakh km? (10.6%) Formed from Moderate fertility, dry
Red Soil Eastern, Western, NE, crystalline/metamorphic rocks farming, cotton, pulses,
Central & Southern India Rich in iron oxide, lacks N, P, lime groundnut
: Intense leaching due to heav |
Scattered patches in Al e 9 Y Low fertility, teq, coffee,
Laterite Soil | Western & Eastern Ghaits, B & cashew, needs heavy
\ Rich in Fe, Al, Mn Il
NE & Coastal India ; p fertilization
Poor in nutrients
Area: 1.42 lakh km? (4.32%) } ' wy e S
. f y Mechanical weatherin Low fertility, needs irrigation,
Desert Soil | Rajasthan, Punjab, 9 Y 9

High salts, low organic matter

supports barley, millets
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Himalayas, Western Organic matter from forest litter Supports teq, spices, cereals,
Forest Soil | Ghats, NE, Central Forest Varies by elevation horticulture
Belts Acidic pH Requires pH correction
. High organic matter from Naturally fertile, rt
Kerala, Sundarbans, Bihar, et ey i U o
o . decomposed plants vegetables, root crops
Peaty Soil | Odisha .
Black color Needs drainage & pH
Wetlands j e .
Highly acidic correction
- Infertile, n
Area: 68,000 km? Salt accumulation from esufn/lgcelgiin
Saline Soil | UP, Punjab, Haryana, evaporation & poor drainage gyp 9
: ; | ; Grows salt-tolerant crops
Gujarat, Rajasthan High EC, alkaline pH

like barley, rice

Drainage System

THEME KEY DIMENSIONS & DETAILS

= Himalayan Drainage — Antecedent, snow + rain-fed, perennial

I. Classification of | = Peninsular Drainage — Consequent, rain-fed, seasonal

Drainage Systems | = Coastal Drainage — Short, independent, steep gradients

= Inland Drainage — Endorheic (no sea outlet), ephemeral streams

= Himalayan Rivers — Youthful stage, broad alluvial plains, perennial flow, dendritic
pattern in plains, extensive meandering, flood-prone

= Peninsular Rivers — Mature, straight course, narrow valleys, radial/trellis drainage,

lll. Morphological less rejuvenation, seasonal discharge

Features = Coastal Rivers — Short course, steep gradient, estuaries (west), deltas (east),
monsoon-fed

= Inland Rivers — Ephemeral streams, saline lakes (Sambhar), flash floods, desert

topography
IV. Drainage = Dendritic — Ganga-Brahmaputra plains, Trellis — Himalayan foothills, Radial -
Patterns Amarkantak, Western Ghats, Centripetal — Loktak Lake (Manipur), Rectangular —

Peninsular plateau, Parallel — Coastal plains

Pendtdi’c Penallel  Radiol

4y K
Ak Y@“}

Kex Xawauml Avnid ot
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V. Economic
Significance

Agriculture — 40% of India’s cultivated land; 50% of irrigation from rivers; Alluvial soils in
Indo-Gangetic plains

Hydropower — 47 GW installed; Himalayan rivers (20,000+ MW potential); Major
projects: Sardar Sarovar, Tehri, Bhakra

Navigation — Inland Waterways (NW-1: Ganga; NW-2: Brahmaputra); Cost-effective
transport, river cruise tourism

Urban & Industrial Water Supply — 70% of urban water from rivers; Key input for thermal
and manufacturing sectors

VI. Ecological &
Cultural
Significance

Cultural - Ganga, Yamuna, Cauvery: Sacred rivers; Temple towns along riverbanks
Biodiversity — Rich aquatic ecosystems (e.g, Ganges Dolphin); Estuarine fisheries;
Desert wetlands (e.g., Sambhar)

Tourism - River tourism, scenic waterfalls (Jog, Athirappalli), pilgrimage circuits

Ganga — Tehri Dam, Farakka Barrage, Namami Gange; Water disputes: UP-Bihar-WB;

VII. Water Pollution management

Management & Cauvery — KRS, Mettur, Bhavani Sagar; Dispute: Karnataka-Tamil Nadu; SC and Tribunal

Inter-State interventions

River Projects Narmada — Sardar Sarovar, Indira Sagar; Disputes over height, environmental
clearances, resettlement
Availability — Unequal spatial and temporal distribution; 75% rainfall in 4 months;
Monsoon dependence

VIIl. Water Pollution — 275 out of 445 rivers polluted; High untreated sewage; Industrial discharge

Challenges & Floods — 40 million ha flood-prone; Urban flooding; Flash floods

Strategies Disputes — 7+ active inter-state water tribunals; Legal and political delays
Strategies — Interlinking projects, artificial recharge, STPs and ETPs, real-time quality
monitoring, fast-track tribunals, cooperative federalism

Usage Guide:

Direct Application

GS Paper | for questions on types, patterns, and significance of drainage
systems—maijor river basins of Indiq, their characteristics, and role in

shaping landforms, agriculture, and settlements.

Essay Integration

Connect drainage systems to essays on human-environment interaction,
the role of rivers in civilization, water management challenges, and lessons

for sustainable development.

Cross-Paper Integration

GS Paper Il for policies on river management, inter-state water disputes, and
flood control measures; GS Paper lll for technological solutions in irrigation,

watershed management, and urban drainage planning; GS Paper IV for
ethical values of stewardship, equity, intergenerational responsibility, and
dilemmas in balancing developmental needs with ecological integrity.
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Physiographic Divisions of India

PW t()zdm‘)\\ic Plviscen of India

A e Himalayos
() Nosthow 6)\03%@

[ ) The Grat Induan
~ peaet

VA Pernind vival
y| slecun

Formation &

Economic &

L Sub-divisions & . Key Physical . Major
Division P Geological Strategic
Distribution Features . Challenges
Features Significance
= Trans-
X = Formed
Himalayas i h Hydropower
during Tertiary : -
(Korakorom, e (30 70 = Glaciers: potential: 1.5 o Ay o
Ladakh) y Siachen, lakh+ MW 9
Mya) i 4 s &
= Greater Gangotri Source of major ;
p = Result of . landslides
Himalayas ! = Valleys: rivers: Ganga,
: 1 Indian- . Border
(Himadri) i Kashmir, Indus, )
Eurasian plate disputes
The = Llesser o Kullu, Kangra Brahmaputra .
. . collision . (e.g. Aksai
Himalayas Himalayas = Duns: Dehra Climate control: ?
\ Presence of ; Chin)
(Himachal) Dun Monsoon barrier )
MCT, MBT, HFT 4 A Environmen
Outer » Passes: Zoji Strategic: Borders
. thrust zones . ’ tal
Himalayas ] La, Nathu La with Ching, I
f ) Crystalline, XN - degradatio
(siwaliks) A2 FAN Nt = Seismic Pakistan \
Western, 1 v zones IV &V Tourism &
unconsolidate 4
Central, Eastern horticulture
drocks
segments
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. ! uaternar Features: Agriculture: Rice-
Punjab Plains 2 1 y : 9
(indus period Bhabar, Terai, wheat belt
Systaha) alluvium Khadar, Population & = Floods &
Y . Formed by Bhangar urban hubs (Delhi, waterlogging
Ganga Plains d
Northern e Himalayan Ganga- Kolkata) = Groundwater
Plains -RPSL rivers Brahmaputra Green Revolution depletion
Middle, Lower) 2 ¢
el &L PN Alluvial depth: Delta zone = Pollution &
A 5 1,000-2,000m Oxbow lakes, Canal & salinization
Plains (Assam ,
Ongoing meanders, groundwater
valley) . e
subsidence levees irrigation
Central
Highlands:
Mt Rivers:
Bundelkhand Ancient AL
Godavari, .
Deccan landmass : Mineral resources:
Krishna, 1
Plateau: (Archecm Iron, coal, bauxite
= Narmada § = Water
Maharashtra, origin) Agriculture: Cash :
Waterfalls: 1 scarcity
. Karnataka, Stable crops, horticulture ) !
Peninsular ) Jog, = Soil erosion
Telangana continental Hydropower & ¥
Plateau i Hogenakkal T W = Mining-
Ghats: shield irrigation dams
Black, red, N . related
Western & Gondwana e L e Biodiversity: - ARREE
Eastern rocks: Coal Western Ghats 9
Western
Plateau Deccan Trap: hotspot
) ) Ghats (1,200m
Margins: Basaltic flows -
Vindhya, 9
Satpura,
Aravalli
Estuaries
Western (west), Deltas
Coast: (east) Fisheries &
A Quaternary = Cyclones
Gujarat, ehiad 4 Lagoons: aquaculture (eqst coqst)
Konkan, . Chilika, Port-based trade
fluvial < = Coastal
Coastal Kanara, ¢ Pulicat (95% by volume) f
. deposits j Wl erosion
Plains Malabar . Ports: Tourism: Beaches, 4
Narrow in . = Sead level rise
Eastern Coast: Mumbai, backwaters
west, broad & h . ] = Urban flood
Utkal, Andhraq, Si! Chennai, Agriculture: Rice, .
A deltaic in east . risks
Tamil Nadu Kochi coconut
plains Backwaters in
Kerala
A&N: Volcanic et nid:
Andaman & & Saddle Peak Maritir‘?we.borders
Nicobar (572 sedimentary (732m), coral ’
] s, naval bases
islands) origin lagoons ;
’ Eco-tourism,
Lakshadweep (Tertiary) Vulnerable to oL AN,
Islands : biodiversity
(36 islands) Lakshadweep: earthquakes .y
Other islands: Coral atolls & tsunamis s i
Majuli, New (subsiding Dense forests, i g
! Fisheries &
Moore volcanic coral reefs
coconut economy
base)
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Usage Guide:

Direct Application

Essay Integration

Cross-Paper Integration

GS Paper | for questions on the major physiographic divisions—Himalayas,
Northern Plains, Peninsular Plateau, Coastal Plains, Islands—their formation,
features, and significance for climate, agriculture, biodiversity, and
settlement patterns.

Connect physiographic divisions to essays on diversity in geography
shaping India’s unity, regional development, human adaptation to
landforms, and the strategic and cultural significance of varied terrains.

GS Paper Il for policy challenges in regional development, disaster
management, border security, and resource allocation; GS Paper lIl for impact
on agriculture, water resources, infrastructure, and environmental
sustainability; GS Paper IV for ethical values of stewardship, regional equity,
and dilemmas in prioritizing development while conserving fragile
ecosystems.

Natural Vegetation:
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Type

Primary
Distribution

Western Ghats

Climatic &
Environmental
Conditions

Structural &
Biological
Features

4-5 tier canopy,

Key Species

Geography

Economic &
Ecological
Value

Timber,

. windward), Rainfall >250 cm, . )
Tropical ( f ) ¥ Dense foliage, Rosewood, Medicinal
NE India, A&N Humidity >77%,
Evergreen ) Tall trees (60m), | Mahogany, plants,
Islands, Uniform temp 25- , \/F ) : T ;
Forests Rich biodiversity, | Ebony, Orchids Biodiversity
Eastern 27°C, No dry season i
. Epiphytes hotspots
Himalayas
Leeward
Tropu.:al Western Rainfall: 200-250 cm, Tran|t|on0I ' Modgrotg
Semi- Ghats, A traits, Moderate | White cedar, biodiversity,
X Moderate humidity, . . : 3
Evergreen | transitional NE Il NS A height, Partial Hollock, Kail Ecological
Forests zones, Eastern 9 y leaf shedding buffer
Himalayas
. Eastern Indiq, | 3\,
Tropical | - ralindia, | Rainfall: 100-200 cm, | Sgle-layer Teak, Sal, P e Loy
Moist canopy, 15-25m ) source, NTFP,
. Eastern slopes | 3—4 month dry Shisham, .
Deciduous tall trees, Dense Regenerating
of Western season, Monsoon-fed Mahua
Forests Ehata undergrowth forests

Central Indig,

Rainfall: 70—100 cm,

Open canopy,

coastal deltas

Salt excretion

Tropical Dr ; Parkland Fuelwood,
p. y UP, Bihar, 5-6 month dry Tendu, Palas, ; i
Deciduous 4 structure, Grazing, Bidi
Rajasthan, season, Drought- \ Amaltas
Forests : Medium trees, leaves
Gujarat prone
Grasses
Western Al
Tropical Rajasthan, Rainfall <50 cm, High y ; Drought crops,
. vegetation, Spiny | Babool, Ber,
Thorn Guijarat, temp, 8-10 month dry . A Gum,
, species, Deep Neem, Khejri !
Forests Haryana, period Medicinal use
roots, Short trees
Bundelkhand
Wetlands
. A Hydrophytes, Wetland
Littoral & | (Chilika, Seasonal/permanent : AN gl
" g Floating, Reeds, Water biodiversity,
Swamp Bharatpur, water, Nutrient-rich 2 ) . .
. Submerged & lilies, Hyacinth Fisheries, Flood
Forests Loktak, Wular), soils, Waterlogged
, Emergent plants control
Floodplains
Sundarbans, Prop & sundri Coastal
Mangrove | A&N Islands, Tidal, saline, tropical, pneumatophore Avicen’nid protection,
Forests East/West estuarine conditions roots, Vivipary, . y Fish nurseries,
Rhizophora

Carbon sink
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Montane Himalayas i T Ezzitgf:uzo&?t: gl
) y >4000m, Snow at 1 Deodar, Fir, Oak, | Watershed,
Forests (atitudinal higher, Short growin Ly Rhododendron Medicinal
(North) belts) gher, g 9 | coniferous,
season ) plants
Alpine, Tundra

Western Ghats Shola forests .
Montane LYY \ A g Tourism,

(Nilgiris, Elevation ~1500m, (Evergreen in Cinchonag, :
Forests . ) Endemic florq,

Palani), Misty, Moderate temp | grassland), Wattle, Laurel
(south) / Water source

Satpura Endemism

Usage Guide:

GS Paper | for questions on types, distribution, and significance of natural
vegetation in India—forests, grasslands, wetlands; their ecological,
economic, and cultural roles.

Direct Application

Connect natural vegetation to essays on biodiversity conservation,
human-nature interdependence, climate change adaptation, and
sustainable development.

Essay Integration

. GS Paper Il for policy measures (forest laws, afforestation schemes, tribal
Cross-Paper Integration f

rights), governance challenges, and international conventions (CBD, REDD+);
GS Paper Il for innovations in forest management, ecosystem services, impact
on climate and water cycles, and livelihood generation; GS Paper IV for ethical
values of stewardship, respect for biodiversity, intergenerational justice, and
dilemmas in balancing resource use with conservation.

Factors Influencing Vegetation Distribution

Factor Category Specific Factor Impact on Vegetation Regional Examples
>200cm: Evergreen Western Ghats:
Rainfall 100—-200cm: Deciduous Dense
<60cm: Thorn Rajasthan: Sparse
Climatic Altitudinal zonation, Heat stress Himalayas,
Temperature ; f
adaptations Peninsular Plateaus
g t Epiphytes in high humidity; Drought Coastal Kerala vs
Humidity & Evaporation Py, . . 9 y 9 '
adaptations in dry zones Rajasthan
4 Zonation (tropical to alpine); Aspect - Y
Altitude, Slope, Aspect . ( P P ) P Himalayas, Nilgiris
influences
Topographical BRAraibuE
Drainage RSNy (swamp s), Eastern
9 Well-drained: Forests b e RY:
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. Soil Type & Deep alluvial: Dense; Saline: Gangetic Plain, Rann of
Edaphic .
Chemistry Mangroves Kachchh
. Land use, Fires, Forest degradation, Species Jhum in NE, Urban
Anthropogenic : ' )
Grazing introduction spread

Climate of India

Limatic dwxsi’.\;‘ (atign of Tndia

[l\J H((ﬁ\\lnmﬂ

{Aw) B \’xi((\\
U\Vﬂ [ ')‘\(,(,\

[[L"] Subwpical Hwmid

"\’A;\A (o ‘)'\'( ol

e lPh‘])(m\ Sowi fonid
- ; \/\,\l\ (\ \)l“’\

| |\\((

Climate Type
(koppen)

Temperature &
Rainfall

Key Regions

Vegetation & Economic Aspects

Temp: 25-27°C; Low
variation; Rainfall:
>200 cm; >100 rainy
days

Western Ghats, NE Indiq,
A&N Islands, Eastern
Himalayas

Tropical Wet
(Af/am)

Dense evergreen forests, high
biodiversity, crops: rice, spices, teq;
plantation economy; high humidity;
year-round growing season

Peninsular India
(Karnataka, Tamil Nadu,
Odisha), Central India
(MP, Chhattisgarh),
Eastern UP, Bihar

Temp: 24-27°C; Max:
42°C; Rainfall: 75-150
cm; 4-month wet, 8-
month dry

Tropical Wet & Dry
(Aw)

Tropical deciduous forests,
monsoon-dependent crops (rice,
wheat, sugarcane); irrigation
essential; livelihood: agro-based
and rainfed farming

Marathwada, Vidarbha,
Bundelkhand,
Rayalaseemaq,
Saurashtra, Northern
Karnataka

Temp: 25—-30°C; Max:
48°C; Rainfall: 30-75
cm; erratic

Tropical Semi-Arid
(Bsh)

Thorny scrublands, dryland crops
(millets, pulses), pastoralism, water
stress common; migration during
droughts

JOIN TELEGRAM CHANNEL

A

By Ravi Kapoor IRS (R)

PAGE - 68



https://t.me/becoming_ias_super_simplified

UPSC MAINS SUTRA

Geography

Sparse vegetation, camel/goat
Tropical . Temp: 25-28°C; Max: | rearing, millet cultivation, extreme
P! Thar Desert (Rajasthan), Kachchh, e ¥ e
Arid NC ] ol 50°C; Rainfall: 10—-30 aridity; deep wells & tanks for
(BwWh) " “ % i cm; highly erratic water; desert architecture (thick
walls, light clothing)
Subtropic Wide range: 2-46°C; Rice-wheat belt, high productivity,
al Hurrf;d Indo-Gangetic Plains (up, Punjab, Rainfall: 60-150 cm; Green Revolution areq, fog,
(cwa) Bihar), Brahmaputra Valley Mostly SW monsoon heat/cold waves; dense
+ some winter rain population; tube well irrigation
Lapse rate: Altitudinal zonation: alpine to
Mountain . . 6.5°C/1000m; Alpine subtropical forests; terrace
. / Himalayas, Western Ghats, Nilgiris, / - p ’ P 4
Highland LA <5°C, Tropical Hills farming; horticulture (apples);
(H) 15-25°C; Snow tourism; glacial retreat and
>3000m landslides due to climate change
Temp: 28-35°C Coconut, rice, fisheries, ports,
mmer), 15—25° tourism; NE mon n (TN), SW
Coastal/M | Konkan, Malabar, Coromande|, (SL.I er), \ 9 e ensoon (TN), S
o (winter); Rainfall: 75— | monsoon (Kerala); moderated
aritime A&N Islands, Lakshadweep .
300+ cm; Cyclones temperatures, salt-laden winds,
on East coast land-sea breezes
Usage Guide:

Direct Application

Essay Integration

Cross-Paper Integration

GS Paper | for questions on the characteristics, regional variations, and
determinants of India’s climate—monsoon, western disturbances, cyclones,
El Nifio/La Nifa, and their socio-economic impact.

Connect the climate of India to essays on adaptation to climatic diversity,
the challenges of climate change, agricultural planning, disaster
preparedness, and sustainable development.

GS Paper Il for climate policy, disaster management frameworks, and
governance challenges; GS Paper lll for innovations in climate-resilient
agriculture, water resource management, urban planning, and impact on

economic growth; GS Paper IV for ethical values of responsibility, equity, and
dilemmas in balancing developmental needs with climate resilience and

sustainability.
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Integration of Geography with Other

General Studies Papers

Connection with

GS Paper Geogrqphy (GS")

Integration Examples

Geography

Answer Enhancement Tips

= Disaster management
& governance
frameworks

= Border security (terrain,
riverine borders, illegal
migration)

= Resource federalism
(water, minerals,
forests)

* Urbanization &
planning (Smart Cities,
migration)

GS-lI

Discuss NDMA, Sendai
Framework

Use border issues:
Assam-Bangladesh
enclaves, Sir Creek,
Indo-Nepal open
border

Inter-state river water
disputes: Kaveri, Krishn

Quote: K. Kasturirangan
(urban planning), SC
verdicts (Kaveri,
Mullaperiyar)

Reference NITI Aayog
Composite Water
Management Index
Integrate with Constitutional
Articles (Art. 262, 263 on river
disputes)

= Agriculture: soil,
climate, irrigation

* Environmental
degradation: land,
water, forests

GS-lil = Resource-based
industries: minerals,
energy, location factors

* Infrastructure:
transport corridors,
logistics, SEZs

Crop choice, MSP & saill
profile: e.g., Punjab
paddy, Deccan cotton
Drought-prone regions:
Marathwada,
Bundelkhand—link to
GDP/agri distress
Smart Cities Mission &
spatial planning

Quote: Economic Survey
(agriculture, infrastructure),
FAO, IPCC

Refer to latest NABARD,
Ministry of Agriculture data
Use satellite imagery as
enrichment (Chcndroyoon,
Cartosat)

* Environmental ethics:
sustainable
development,
conservation vs
development, Equity in
disaster response
(vulnerable sections,
social justice)

= Climate justice (global
north vs south,
intergenerational

equity)

GS-IV

Ethical dilemmas: Large
dams vs displacement
(Narmada, Tehri)

Case study: Odisha
cyclone—equitable
relief, community
resilience

Bhopal gas tragedy:
corporate responsibility
& environmental justice
Climate refugees &
justice

Use values: equity,
trusteeship (Gandhi),
precautionary principle

Link with NGT judgments
(vizag gas leak, Art. 21—Right
to clean environment)
Mention philosophers: Hans
Jonas (responsibility),
Amartya Sen (capabilities
approach)
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Topic Priority List for Indian Society

PRIORITY 1 (Must Master)

= Water Resources & Management

Scarcity paradox, groundwater depletion, river interlinking, Indus Water Treaty, watershed and
urban harvesting

» Climate Change & Atmospheric Phenomena
ENSO, temperature inversion, monsoon variability, cyclone formation, cloudbursts, aurora events

» Geomorphology & Plate Tectonics
Continental drift, mantle plume, Circum-Pacific zone, landform evolution, primary rock types

» Industrial Location & Economic Geography
Spatial shifts, industrial corridors, resource-based manufacturing, Make in India

PRIORITY 2 (Strong Foundation Needed)

= Energy Resources (Non-renewable & Renewable)
Shale gas, Arctic oil, atomic energy material, solar-wind regional variations

* Natural Hazards & Disaster Management
Landslides (Himoloyos vs Western Ghats), desertification, volcanic activity, disaster resilience

* Oceanography & Marine Geography
Ocean currents, salinity, marine dead zones, fisheries and coastal resource mapping

» Agricultural Geography & Food Security
Green Revolution regional gaps, crop distribution, plantation economy, food export transition

PRIORITY 3 (Emerging Areas)

» Geopolitical Geography & Critical Physical Features

South China Seq, Arctic resource race, straits and isthmuses, mountain systems

* Environmental Geography & Ecosystem Conservation

Forest resources, mangrove loss, coral bleaching, biodiversity and vegetation zones

» Urban Geography & Spatial Planning

Air pollution zones, ecological carrying capacity, urban heat islands, smart urbanization

» Cryosphere & Climate Linkages

Himalayan glacier retreat, Arctic-Antarctic melting, cryosphere—water security dynamics
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PRIORITY 4 (Specialized Areas)

» Advanced Atmospheric Sciences
Aurora phenomena, upper atmospheric circulation, ionospheric effects

* Marine Technology & Blue Economy
Deep sea mining, aquaculture, ocean navigation, IRNSS integration

» Geospatial & Remote Sensing Applications
GIS in disaster mitigation, spatial data for planning and governance

» Regional Development Patterns
Indo-African economic ties, rubber plantation geography, tertiary sector expansion

Pre Packed Introductions

Introductory Line

Geomorphology (Dynamic
Earth)

Earth’s surface is a dynamic tapestry, constantly reshaped by endogenic and
exogenic forces that sculpt landscapes and influence human-environment
interactions.

Climatology

Climate is not merely a backdrop to life on Earth—it is an active force that
governs ecosystems, livelihoods, and long-term development trajectories.

Monsoon (Human Impact)

The Indian monsoon, once purely natural, is now increasingly shaped by
anthropogenic landscapes, turning a climatic rhythm into a developmental
uncertainty.

Oceanography (Invisible
Forces)

Though ocean currents operate far from sight, they powerfully influence
global temperatures, fisheries, and navigation routes, shaping civilization
itself.

Environmental Geography

Geography operates on universal principles, but local variables like culture,
economy, and governance determine the specific environmental challenges
regions face.

Industrial Geography

The location and growth of industries reflect a web of geographical,
economic, and infrastructural forces, each leaving a spatial and ecological
footprint.

The paradox of resource-rich regions suffering from poverty and conflict

Resource Geograph 419 ¥ 4
grapny highlights the complex relationship between natural endowment and human
(Paradox)
development.
Urban spaces represent both opportunity and strain—geographic
Urbanization concentration of people and resources magnifies economic potential as well

as environmental stress.
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Water Resources

What appears as local water scarcity is often part of a broader systemic crisis, rooted in
mismanagement, policy gaps, and climate-induced shifts.

Disaster Geography
(systemic)

Natural hazards like landslides and floods are not isolated events but outcomes of
interconnected systems of geology, hydrology, and human activity.

Pre Packed Conclusions

Conclusion
T A "Strengthening seismic zoning and integrating tectonic understanding into
1 q' spatial planning is vital for disaster-resilient infrastructure and long-term
Tectonics A : "
development in high-risk zones.
Morsaoh s "Given its decisive role in agricultural sustainability and water security,
2 Rainfall strengthening monsoon prediction systems and adaptive planning ensures
climate-resilient livelihoods.”
"Mainstreaming climate adaptation in national and local governance
3 Climate Change | frameworks is pivotal to ensuring environmental sustainability and food-
energy-water security in the long term.”
‘Comprehending oceanic dynamics enhances not only marine ecosystem
Ocean Currents f i
4 & salinit governance but also strengthens coastal economies through informed
y navigation and fisheries planning.”
B lides & "Integrating slope management, afforestation, and community-based early
5 ¥ warning systems will transform hazard-prone areas into models of ecological
Exogenic Forces . v f
and economic resilience.
Natrdl "Ensuring equitable and sustainable resource utilization through technology,
6 Feed Ao policy, and community participation is central to achieving spatial justice and
intergenerational equity.”
"Transitioning from supply-centric to integrated water resource management is
Water Resources . 9 ’ : h
7 & Stress crucial for achieving hydrological balance and inclusive development across
regions.’
Industrial "Spatially informed industrial development aligned with regional resource bases
8 Location can drive balanced regional growth and reduce the ecological footprint of
Patterns economic activity.”
Vil W "Conserving biodiversity hotspots and restoring degraded ecosystems is
9 Bio%iversit integral to climate mitigation, ecological services, and achieving SDG-linked
y environmental goals.”
. "Making urban planning more sensitive to ecological thresholds and air quality
Urbanization & bt 4 J= 4 ) r
10 Poliution indices is key to achieving sustainable urban settlements in line with the Smart
Cities Mission.”
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Answer Writing Frameworks for Geography

Framework 1: Process—Mechanism Approach

Best Used For:
Questions asking about the formation, evolution, or working of physical geography phenomena.

Cue Words: "Explain the formation..", "How does.. occur?’, "Discuss the mechanism.."

Structure:

Introduction:

Define the process with a geographical lens and broader significance.
“The Earth’s surface is shaped by dynamic geomorphological processes, each operating through
scientific mechanisms over space and time.”

Body — Stepwise Process Explanation:

Triggering Factors: Initial drivers (e.g, plate tectonics, solar heating)

Sequential Stages: Describe the chronological flow of the phenomenon

Controlling Factors: Variables affecting its intensity/spread (e.g, latitude, slope, geology)

Regional Variations: Differences in expression across regions (India/world)

Examples: Cite real instances with data or maps

Conclusion:

Reflect on practical relevance.

“Understanding these mechanisms enhances our capacity for disaster mitigation, land-use planning,
and sustainable development.”

Applicable Topics:

Earthquakes, Volcanoes, Cyclones, Monsoon, Soil Formation, Ocean Currents, Desertification

Applicable PYQs:
Ql, Q3, Q4, Q6, Q8, Q12, Q13, Q14, Q64, Q65, Q66, Q73
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Framework 2: Spatial Distribution Analysis

Best Used For:

Questions on location patterns, resource distribution, regional disparities

Cue Words: "Account for the distribution..”, "Bring out the spatial pattern..”

Structure:

Introduction:

Establish the importance of spatial patterns in geography.
“Spatial distribution of natural and human phenomena reflects both physical conditions and socio-
economic processes.”

Body - Stepwise Process Explanation:

= Global/National Overview: Show broad pattern (use map if possible)
= Controlling Factors:

« Physical: Geology, climate, relief, soil
+  Human: Infrastructure, policy, technology

= Regional Hotspots: Areas of high concentration (with reasons)

= Exceptions/Anomalies: Locations where the pattern breaks
= Temporal Changes: How distribution has shifted over time

Conclusion:

“Recognizing spatial patterns aids effective policy, equitable development, and disaster preparedness.”

Applicable Topics:

Earthquake zones, Coal/Qil distribution, Forest types, Population density, Industrial belts

Applicable PYQs:
Q10, Q13, Q14, Q20, Q21, Q22, Q25, Q26, Q50, Q70
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Framework 3: Impact Assessment Matrix

Best Used For:

Questions evaluating effects, consequences, or implications of a phenomenon

Cue Words: "Discuss the impact..”, "Evaluate the consequences...”

Structure:

Introduction:

Contextualize how geography influences multiple systems.
“Geographical phenomena trigger interconnected impacts across environment, economy, and
society.”

Body - Stepwise Process Explanation:

Environmental Impacts: e.g., ecosystem disruption, soil erosion
Economic Impacts: GDP loss, infrastructure damage, agriculture/fisheries
Social Impacts: Displacement, health, education, livelihoods

Temporal Aspects: Short-term vs Long-term

Mitigation Efforts: Measures to reduce adverse impacts

Conclusion:

“Impact assessment facilitates better risk governance and long-term sustainability strategies.”

Applicable Topics:

Climate Change, Mining, Earthquakes, Floods, River Linking, Urban Heat Islands

Applicable PYQs:
Q2, Q5, Q15, Q19, Q27, Q28, Q31, Q33, Q36, Q40, Q43, Q52, Q55, Q56, Q59, Q60, Q62,

Q86, Q87

JOIN TELEGRAM CHANNEL <4 il ing_i implifi By Ravi Kapoor IRS (R) PAGE - 81



https://t.me/becoming_ias_super_simplified

Geography

onse J.P.S.C. “”%’3’“

= T wdndimangieve) Twpocth |
o (%(% 3(\;\,01-,‘32’ W) \ndia. Ao, sugat |
g“e‘ QINe wwua v Bpaduss :
[ty ‘,\m‘mm’ ponoy Uk Favet 1
' AW Ouade CB‘M{\“R W 1
N BANIA0 nvenka) , eusviene, S :

(Y Sl s ‘

‘ _ At SN el |
m)fm- GO HABAEV 48 ey ookt <

ﬂ
S
oD
gl
g
e =~ =" JG 2= O s A

L g BT L

JOIN TELEGRAM CHANNEL 4 https://t.me/becoming_ias_super_simplified By RaVi Kapoor IRS (R) PAGE - 82


https://t.me/becoming_ias_super_simplified

Geography

tion No.

e

JOIN TELEGRAM CHANNEL 4 https://t.me/becoming_ias_super_simplified By Ravi Kapoor IRS (R) PAGE - 83


https://t.me/becoming_ias_super_simplified

UPSC MAINS SUTRA Geography

Framework 4: Problem-Solution Synthesis

Best Used For:

Questions about challenges, environmental issues, and policy interventions

Cue Words: “Critically examine..”", "Suggest measures..", "How can... be addressed?”

Structure:

Introduction:

Frame the issue within a broader developmental/environmental concern.
“Many geographical problems today stem from the tension between human aspirations and
ecological limits.”

Body - Stepwise Process Explanation:

Problem Description: Scale, impact, regions affected

Root Causes: Natural and human-induced

Existing Efforts: Institutional/technological steps already taken
Solution Spectrum:

Technological: e.g., GIS, Al-based monitoring
Policy: Laws, schemes, planning reforms
Community: Awareness, participation
International: Conventions, cooperation

* Challenges in Implementation: Capacity, finance, awareness

Conclusion:

“An integrated and inclusive approach is vital for long-term geographical resilience.”

Applicable Topics:

Water Crisis, Landslides, Coastal Erosion, Desertification, Earthquake Preparedness

Applicable PYQs:
Q17, Q28, Q29, Q30, Q31, Q33, Q35, Q39, Q48, Q67, Q79
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Framework 5: Trend Analysis & Future Projection

Best Used For:

Questions on temporal change, patterns over time, and forecasting

Cue Words: "Changing patterns..”, "Examine the trend..”, "Future implications..”

Structure:

Introduction:

Highlight geography as a temporal science.
“Geographical processes are dynamic, constantly shaped by environmental and human changes.”

Body - Stepwise Process Explanation:

Historical Context: Past trends or baselines

Current Scenario: Present-day observations with data

Drivers of Change: e.g., climate change, urbanization, globalization
Regional Variations: Differential trends across space

Future Projections:

+ Best-case vs Worst-case Scenarios
+ Adaptation pathways

* Monitoring Mechanisms: Technological and institutional tools

Conclusion:

“Forecasting trends enables proactive planning and resilience-building in a changing world.”

Applicable Topics:
Monsoon Variability, Sea-Level Rise, Urban Expansion, Glacial Retreat, Shifting Cultivation Patterns

Applicable PYQs:
Q2, Q5, Q32, Q34, Q35, Q37, Q60, Q61, Q63, Q74, Q75, Q80, Q81, Q83, Q88
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Geography Sutra: Probable Q Set 2025

Topic

Climatology

How will “Global Boiling” and record-breaking
heatwaves affect India’s monsoon and
agriculture?

Geography

Question Note

Evaluate India’s policy and preparedness for
managing extreme climate events.

Geomorphology

How will tectonic shifts in the Indian Ocean region
influence future seismic risk for India’s coasts?

Explain the increasing landslide risks due to urban
expansion in the Western Ghats.

Discuss the geomorphic consequences of rapid
riverbed mining in peninsular India.

Oceanography

How is ocean warming affecting Indian fisheries
and monsoon predictability?

What are the consequences of “marine
heatwaves” on the Indian Ocean and coastal
India?

Non-Renewable
Energy sources

What lessons can India learn from global energy
transition crises for its own policy?

How do new international sanctions affect India’s
access to oil and gas resources?

10

Renewable
Energy sources

Critically assess India’s progress towards the
National Green Hydrogen Mission by 2025.

Evaluate the land-use conflicts arising from rapid
renewable energy expansion in India.

12

13

Natural resources
Potential

Examine the prospects of India as a global leader
in rare earth mineral processing.

Assess the sustainable use of Deccan Trap land for
both agriculture and mining.

14

15

Water resource

Will India’s ambitious “River Linking” projects
withstand climate change and legal-political
challenges?

How can India address the “Invisible Water Crisis”
(groundwater overuse) in food-producing states?

16

17

Secondary sector

Discuss the role of MSMEs in India’s industrial
diversification for resilient supply chains.

How can green industrial corridors be made
inclusive for eastern and central Indian states?
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18 How is the expansion of fintech and e-commerce
transforming rural-urban linkages in India?
Tertiar
y What lessons does COVID-19 hold for health tourism
19 sector Frode L7, ’
and telemedicine in Indid’s service sector?
20 Examine the role of satellite-based navigation in India’s
disaster management and agriculture.
Atmospheric o
How will rising SSTs (sea surface temperctures) alter
21 Phenomena- ) A
cyclone tracks and intensity in the Bay of Bengal?
Cyclone
22 What do recent research findings say about monsoon
“breaks” and “bursts” in the Indian context?
Atmospheric 1 > 1
How is El Nifio—Southern Oscillation (ENSO)
Phenomena- i , ’ 4
23 teleconnection changing with global warming for
Monsoon 4
India?
24 Critically examine urban monsoon flooding in India’s
tier-2 cities.
Why are cloudbursts and hailstorms becoming more
25 b ; )
frequent and intense in North India?
Other
26 Atmospheric | Explain the environmental and health impacts of smog
Phenomena | episodes in major Indian cities.
27 Discuss the latest research on the formation of
“atmospheric rivers” in South Asia.
28 Critically evaluate India’s national landslide risk
Exogenic reduction strategy.
Phenomena
29 Discuss human-induced soil erosion and its impact on
Indian food security.
Discuss India’s vulnerability to glacier lake outburst
30 \
floods (GLOFs) and policy gaps.
3 How is sea level rise threatening India’s low-lying deltas
Geographical | and coastal wetlands?
features/locat
32 ion Critically analyse the impact of new international
shipping lanes in the Arctic for Indian trade.
33 How are new satellite technologies enhancing
mapping and management of India’s landforms?
34 Critically examine India’s strategies for restoration of
Flora & Fauna | coral reefs post-bleaching events.
and changes
35 Evaluate the importance of citizen science and
technology in India’s wildlife conservation.
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