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Geography has long been one of the most popular optional subjects in the UPSC Civil Services 
Examination. Yet, for many aspirants, it can feel like both a blessing and a burden. While the subject 
is rich and rewarding, the journey of mastering it—especially under the pressure of the UPSC 
timeline—can be overwhelming. As the Mains approach, doubts arise in: What should I focus on? 
What can I skip? Am I missing something important?

This document is designed to address these common issues and bridge the gap between preparation 
and performance. It aims to reduce the burden on students, especially in the crucial period just 
before the Mains examination, by providing:

	� Structured Overview of the Syllabus: A comprehensive syllabus coverage, serving 
as a roadmap for structured preparation.

	� In-Depth Analysis of Previous Year Questions (2010–2024): Chronologically 
arranged previous year questions (2010-2024), sorted by syllabus sections, with 
thorough analysis and key learnings.

	� Curated Case Studies and diagrams: An extensive collection of over 300+ relevant 
case studies, examples, and diagrams, meticulously organized across various topics 
and sub-topics, enhancing the relevance and applicability of the content.

	� Everything in One Place: You get all the topics of the syllabus covered in a single, 
comprehensive document, so you don’t have to search for or manage multiple sources.

	� Up-to-Date Insights for Better Answers: Enhance the quality of your answers with 
the latest information. The document includes recent findings and recommendations 
from trusted sources like the IPCC, giving you credible and up-to-date data to use in 
the exam.

By utilizing this document, aspirants can approach the UPSC CSE Mains 2025 with greater 
confidence, armed with the tools to craft well-rounded, impactful answers. It serves as a timely aid, 
helping students navigate the complexities of the geography optional and make the most of their 
preparation in the critical pre-mains exam period.

Preface
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PART: 1

PHYSICAL
GEOGRAPHY
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GEOMORPHOLOGY
Syllabus - Factors controlling landform development; endogenetic and exogenetic forces; Origin and evolution of the 
earth’s crusts; Fundamentals of geomagnetism; Physical conditions of the earth’s interior; Geosynclines; Continental 
drift; Isostasy; Plate tectonics; Recent views on mountain building; Volcanicity; Earthquakes and Tsunamis; Concepts of 
geomorphic cycles and Land scape development; Denudation chronology; Channel morphology; Erosion surfaces; Slope 
development; Applied Geomorphology; Geomorphology, economic geology and environment.    

Some Geomorphic Concepts, brief explanation and Case study/Example                                     

Geomorphic processes: Factors controlling landform 
development; endogenetic and exogenetic forces

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Landscape is a function of structure, process 
and stage. Critique the statement.    (10M, 2018)

2)	 Geological structure has dominant control on 
landforms and is reflected on them. Discuss. 
(15M, 2016)

3)	 Present day landforms bear more complexity 
than simplicity. Elucidate (15M, 2015)

4)	 Discuss the contribution of American school of 
subaerial denudation in geomorphology. (20M, 
2015)

5)	 Attempt the classification of geomorphic 
processes from zonal point of view.          (10M, 
2015)

6)	 What is base level? Explain different types of 
base levels. (15M, 2013)

7)	 Write a short note on systems approach to 
landform analysis. (12M, 2012)

8)	 Name the climatically controlled agents of 
erosion. Explain how they differ in terms of 
properties of matter. Compare the landforms 
produced by each one of them. (30M, 2011)

	� The last question on this topic appeared in 2018, and 
before that, in 2016, 2015 (with three questions), 
2013, 2012, and 2011.

	� This indicates that questions on geomorphic 
processes and related concepts were asked 
frequently between 2011 and 2018, but have not 
appeared since. 

	� Conceptual questions are asked from this section.
	� Questions in the recent past were based upon 

concepts of W.D. Thornbury. 
	� Reading these concepts are necessary, as this will 

help understanding and explanation of landform 
characteristics and geomorphic processes.

Geomorphic concept Explanation  Case study/Example

“The same physical 
processes and laws that 
operate today, operated 
throughout geological 
time, although not 
necessarily always with 
the same intensity as 
now”- W.D. Thornbury

	� This statement highlights the principle of 
uniformitarianism, which suggests that the 
natural processes shaping our Earth today—like 
erosion, sedimentation, and volcanic activity—
have been consistent throughout geological time.

	� This concept, introduced by James Hutton, 
implies that by studying current geological 
processes, we can understand Earth’s past. 

	� However, it’s important to note that while the nature 
of these processes has remained constant, their 
intensity and rates may have varied over time.

	� The Appalachian 
Mountains in North 
America and various 
periods of mountain 
building (e.g., 
Caledonian, Variscan, 
and Tertiary) illustrate 
the cyclic nature of 
geological processes.
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‘Geologic structure is a 
dominant control factor in 
the evolution of landforms 
and is reflected in them. ” - 
W.D. Thornbury

	� Geologic structure significantly influences 
the formation and evolution of landforms, 
encompassing primary and secondary structures 
impacted by denudational processes. 

	� This principle emphasizes that the arrangement 
and types of rocks (lithology) play crucial roles 
in landscape development, as initially proposed 
by W.M. Davis. 

	� While geological structure is a major factor, 
exogenetic processes like weathering and 
erosion can sometimes overshadow its influence.

The Himalayan Mountain 
Range

	� Geological Structure: 
Formed by the collision 
of the Indian and 
Eurasian tectonic 
plates, resulting in 
extensive folding, 
faulting, and uplift 
of sedimentary and 
metamorphic rocks.

	� Landform Evolution: 
This collision has 
produced some of the 
world’s highest peaks 
and deep valleys, with 
landforms directly 
reflecting the intense 
geological forces at 
play.

“As the different erosional 
agencies act on the earth’s 
surface there is produced 
a sequence of landforms 
having distinctive 
characteristics at the 
successive stages of their 
development. ” — W.D. 
Thornbury

	� Landforms develop through a sequence of stages 
influenced by different erosional agencies over 
time. 

	� Based on W.M. Davis’s principle that landscape 
evolution is a function of structure, process, 
and time, leading to distinct stages of landform 
development. 

	� Stages of Development: 
	� Youthful Stage: Rapid upliftment results 

in high potential energy and active vertical 
erosion, forming deep valleys and gorges.

	� Mature Stage: Erosion reduces gradient and 
energy, leading to lateral erosion, broad 
valleys, and development of flood plains.

	� Old Stage: Minimal gradient and energy result 
in broad, flat valleys, extensive floodplains, 
and development of peneplains.

	� Youth stage: The 
Grand Canyon in the 
USA exhibits youthful 
characteristics with 
steep-sided valleys 
formed by the Colorado 
River.  

	� Mature stage: The 
Mississippi River valley, 
with its broad flood 
plains and meandering 
courses, is an example 
of a mature stage 
landscape. 

	� Old Stage: The 
peneplain of the 
Amazon Basin, 
characterized by 
extensive flat areas and 
reduced relief.

“Complexity of 
geomorphic evolution 
is more common than 
simplicity” -

 W .D. Thornbury

	� Landforms are often the result of multiple 
factors rather than a single dominant one. 
Geomorphologists argue for poly-process 
evolution of landforms. 

	� Factors like geological structure, tectonics, 
climate, vegetation, soil characteristics, 
human activities, and topography interact to 
shape landscapes.

	� Most landforms evolve through multiple 
geomorphic processes and controlling 
factors, rather than a single dominant process.

	� Peninsular India has 
experienced several 
cycles of erosion, 
leading to a complex 
landscape with multiple 
planation surfaces.

	� The Damodar Valley in 
India, with its valley-in-
valley topography and 
rejuvenated terraces.



7

“Little of the earth’s 
topography is older than 
Tertiary and most of it no 
older than Pleistocene.”’ -  
W.D. Thornbury

	� Most of the Earth’s current landforms 
originated in the Tertiary and Quaternary 
periods, with older landforms either 
obliterated or significantly modified. 

	� Geomorphic processes from these periods 
have shaped the landscape, influenced by 
tectonic activity and climatic changes, 
leading to the formation of new landforms. 

	� While some say that present-day landforms 
are mainly from Tertiary and Quaternary 
times, others believe that they are also 
influenced by older geomorphic processes.

	� The formation of the 
Alpine - Himalayan 
chains, Rockies, Andes, 
Atlas, and island arcs 
in East Asia during the 
Tertiary period.

“Each climatic type produces 
its own characteristic 
assemblage of landform”

	� Climatic geomorphology posits that differing 
climatic zones, with their unique geomorphic 
processes, produce characteristic landform 
assemblages. 

	� This concept is particularly relevant in 
environments strongly influenced by 
climate, such as glacial, periglacial, and 
arid regions. 

	� However, limitations in solely attributing 
landform development to climate. 

	� Many landforms persist through various 
climatic changes, and processes like fluvial 
activity occur across diverse climates, 
making direct climate-landform correlations 
challenging.

	� The presence of laterite 
in temperate Ireland 
points to a past tropical 
weathering environment 
during the warmer, more 
humid Tertiary period. 

	� However, critics argue 
that landforms commonly 
associated with aridity, 
like inselbergs and 
pediments, predate the 
Quaternary, suggesting 
their formation may be 
unrelated to the current 
climate.

Earth’s Interior and Crust: Origin and evolution of the earth’s 
crust, Physical conditions of the earth’s interior, Fundamentals 

of geomagnetism, Geosynclines, Continental drift, Isostasy, Plate 
tectonics, Recent views on mountain building

Previous year Questions (PYQs) PYQs Analysis and 
Learnings

1)	 Examine the recent views on mountain building process and divide the 
world mountains on the basis of their genesis. (20M, 2024)

2)	 Evidences from paleomagnetism and sea floor spreading have validated 
that continents and ocean basins have never been stationary. Elucidate 
with suitable examples. (20M, 2023)

3)	 With the help of suitable sketches describe the mountain genesis and 
mountain types. Give suitable examples from various mountain systems 
of the world. (15M, 2022)

4)	 The concept of plate tectonics has been derived from the isostasy and 
continental drift theory. Elaborate citing suitable examples. (20M, 2021)

5)	 Write an essay on the evolution of continents and oceans using various 
theories and models. (20M, 2020)

6)	 Compare and contrast different types of plate boundaries. (15M, 2019)

	� From past five years one 
question is asked regularly 
from these topics.

	� There has been linkage 
of subtopics when 
question appears in exam 
like isostasy and plate 
tectonics; geosyncline 
and mountain building; 
Paleomagnetism and 
seafloor spreading theory. 
So, it becomes important 
to read the inter-related 
topics together.
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7)	 Evaluate how far Kober’s geosynclinal theory explains the mountain 
building process. (20M, 2018)

8)	 State the concept of plate tectonic. How does it help in explaining the 
formation of the Himalayas and Appalachian mountains? (15M, 2014)

9)	 Write a short note on Palaeozoic glacial evidence of continental drift. 
(12M, 2012)

10)	Explain the concept of Isostasy as postulated by Airy and Pratt. (30M, 
2011)

11)	Write a short note on Geomagnetism and Paleomagnetism. ( 12M, 2011)

	� This part forms 
the foundation of 
geomorphology and each 
topic and sub topic needs 
to be covered in detail.

Origin and evolution of the earth’s crusts
The Earth’s crust, the outermost solid layer, originated approximately 4.6 billion years ago during planetary accretion 
from the solar nebula. 

	� Initially molten due to intense heat from collisions and radioactive decay, the Earth underwent chemical differentiation 
as it cooled. 

	� Denser elements (iron, nickel) sank to form the core, while lighter silicates rose, solidifying into the primitive crust. 
	� The earliest crust, likely mafic (rich in magnesium and iron) similar to oceanic crust, formed by 4.4 billion years ago. 

Continental crust, more silica-rich (granitic), emerged later through partial melting of basaltic material and volcanic 
activity, aided by mantle convection. 
By the Archean eon (4–2.5 billion years ago), proto-continents (cratons) stabilised via tectonic and magmatic 
processes, evidenced by ancient rocks like zircon crystals.

	� Crustal evolution is driven by plate tectonics. Oceanic crust, denser and younger (<200 million years), forms at mid-
ocean ridges and subducts into the mantle, recycling material. 

	� Continental crust, less dense and older (up to 4 billion years), resists subduction, growing via accretion (terrane 
addition), orogeny (mountain-building), and sediment deposition. 

	� Supercontinent cycles, like Pangaea’s breakup (~175 million years ago), illustrate dynamic crustal reorganization.

Case study:  Archean Crust Formation in Western Australia: 

Case study:  Cenozoic Crustal Modification in the Basin and Range Province, USA

	� The Basin and Range Province in the USA demonstrates Cenozoic 
crustal modification through extensional tectonics and magmatism. 

	� Geophysical surveys reveal the presence of high heat flow and thin 
crust, indicative of active rifting processes. 

	� Volcanic activity and faulting reshape the landscape, contributing to 
basin formation and mountain uplift.   

	� Western Australia’s Pilbara Craton offers insights into Archean 
crustal evolution. 

	� Geochemical analysis of ancient rocks reveals processes of crustal 
accretion and differentiation during the Earth’s early history. 

	� Isotopic dating techniques provide a timeline for crustal formation, 
highlighting the significance of granitic magmatism and greenstone 
belt formation.
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Fundamentals of geomagnetism
Geomagnetism refers to Earth’s magnetic field, generated 
by the dynamo effect in its liquid outer core, composed of 
molten iron and nickel. 

	� Convection currents driven by heat from the core and 
Earth’s rotation induce electric currents, creating a self-
sustaining magnetic field. 

	� This field extends into space as the magnetosphere, 
shielding Earth from solar winds and cosmic radiation.

	� The geomagnetic field resembles a dipole magnet, with 
magnetic poles near the geographic poles but offset. 

	� Magnetic declination (angle between true and magnetic 
north) and inclination (dip angle of field lines) vary 
spatially, crucial for navigation. The magnetosphere 
deflects charged particles into Van Allen radiation belts, 
protecting the atmosphere.

Geomagnetism exhibits secular variation, with gradual shifts 
in pole positions (10 km/year) and occasional reversals (last 
780,000 years ago). 

	� Evidence from paleomagnetism—fossil magnetism 
in rocks—reveals these reversals and supports plate 
tectonics. Basaltic ocean-floor rocks record alternating 
magnetic stripes, validating seafloor spreading.

Applications span navigation (compasses), resource exploration (mineral deposits), and space weather 
monitoring. Geomorphologically, geomagnetic studies aid in understanding Earth’s interior dynamics, crustal movements, 
and tectonic processes shaping landscapes.

Case study: Magnetic Anomalies of the Mid-Atlantic Ridge: 

Case study: Paleomagnetic Evidence from the Deccan Traps, India: 

 

	� The Mid-Atlantic Ridge showcases fundamental principles 
of geomagnetism through its magnetic anomalies. 

	� Alternating bands of normal and reversed polarity align 
symmetrically along the ridge axis, reflecting seafloor 
spreading and geomagnetic reversals. 

	� Magnetic surveys provide data for mapping crustal 
magnetization patterns, offering insights into plate 
tectonics and Earth’s magnetic field dynamics. 

	� The Deccan Traps offer paleomagnetic evidence 
supporting key principles of geomagnetism. 

	� Magnetic orientation studies of lava flows reveal past 
geomagnetic field configurations and continental drift.  

tel:+918468022022/
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Case study: Mantle Plumes Beneath Yellowstone National Park: 

	� Yellowstone National Park showcases physical 
conditions of Earth’s interior through mantle 
plumes. 

	� Geophysical imaging reveals anomalously 
hot regions beneath the park, indicating mantle 
upwelling. Seismic studies identify low-velocity 
zones associated with partial melting, contributing 
to volcanic activity and geothermal features. 

Physical conditions of the earth’s interior
The Earth’s interior comprises several distinct layers, each characterized by unique physical conditions—temperature, 
composition, and state of matter—that vary with depth.

Crust Mantle Outer Core Inner Core

Depth: 0–40 km 
Composition: Primarily 
silicate rocks; oceanic 
crust is rich in basalt, 
while continental crust 
is composed mainly of 
granite.
State: Solid

Temperature: 
Approximately 
0–1,000°C
Characteristics: The 
outermost layer, thin 
and brittle, supports 
life and forms the 
continents and ocean 
floors.​

Depth: 40–2,890 km

Composition: Ultramafic 
silicate minerals rich in iron 
and magnesium.
State: Solid but capable 
of slow flow in the 
asthenosphere.
Temperature: Ranges from 
870°C at the upper boundary 
to about 2,200°C at the lower 
boundary.
Characteristics: The mantle 
is divided into the upper and 
lower mantle, with the upper 
part exhibiting plasticity that 
allows for convection currents, 
driving plate tectonics.

Depth: 2,890–5,150 km
Composition: Mainly 
molten iron and nickel, 
with lighter elements like 
sulfur and oxygen.
State: Liquid
Temperature: 
Approximately 4,000–
5,500°C
Characteristics: The 
movement of the liquid 
outer core generates 
Earth’s magnetic field 
through the geodynamo 
process.​

Depth: 5,150–6,371 km
Composition: 
Predominantly solid iron 
and nickel.
State: Solid
Temperature: 
Estimated between 
5,500–6,000°C
Pressure: Ranges from 
330 to 360 GPa.
Characteristics: 
Despite the high 
temperatures, the inner 
core remains solid 
due to the immense 
pressures, which 
prevent the iron from 
melting.​

Lithosphere 
(crust and 
upper-most 
solid mantle) 

Core 

Mantle 

6,378 km

Inner core 

Outer core 

Mantle 

Crust 0-100 km 
thick 

Crust 

Not to scale 

Asthenosphere 

Solid 

Liquid 

2,900 km 

5,100 km 

Earth’s Interior Layers
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E-Prime Layer
The E prime layer is a distinct layer formed at the outermost 
part of Earth’s core. It is composed of a hydrogen-rich and 
silica-depleted material, resulting from a chemical reaction 
between surface water and core materials. 

	� This layer has been known to exist, but its origin was 
previously a mystery.

	� Formation process: 
	� Surface water is transported deep into the Earth by 

descending tectonic plates over billions of years. 
	� This water reaches the core-mantle boundary, 

approximately 1,800 miles below the surface. 
	� At this boundary, the water chemically reacts with 

core materials. 
	� This reaction results in the formation of a hydrogen-

rich, silicon-depleted layer at the outer core, 
resembling a film-like structure - the E prime 
layer. 

Geosynclines 
Geosynclines are long, narrow, and shallow water depressions characterized by sedimentation and subsidence.

	� Over long periods, sediments accumulate in the geosynclines, causing the beds to subside.
	� The weight of the sediments, combined with tectonic forces, can eventually cause the geosyncline to fold and 
uplift, creating mountain ranges.

	� The geosyncline concept, developed by James Hall and Dana and later elaborated by Haug, explains the marine 
origins of rocks found in folded mountains.

Kober’s Geosynclinal Theory
It explains mountain formation through the interaction between rigid landmasses (kratogen) and geosynclines, which 
are mobile, sediment-filled areas. 

Geosynclines, surrounded by forelands, form the basis of continents and evolve through subsidence and sedimentation. 
Kober proposed that mountain building (orogenesis) occurs when forelands move toward each other, driven by 
horizontal contraction due to the Earth’s cooling. 
This results in the folding of sediments within the geosyncline, forming mountain ranges, especially parallel ones 
called Randketten.

tel:+918468022022/
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Continental drift 
Proposed by Alfred Wegener (1912), continental drift posited that Earth’s continents were once united in a supercontinent, 
Pangaea, which began fragmenting 200 million years ago. Wegener’s hypothesis relied on:

	� Jigsaw Fit: Matching coastlines (e.g., South America-Africa).
	� Fossil Evidence: Identical species (e.g., Glossopteris fern, Mesosaurus) across separated continents.
	� Geological Continuity: Similar rock types/mountain ranges (Appalachians-Caledonians).
	� Paleoclimatic Data: Glacial deposits in tropical regions.

Wegener lacked a mechanism for movement, leading to initial skepticism. The theory gained traction post-1950s with 
plate tectonics, explaining drift via mantle convection and seafloor spreading (Hess, 1960s).

Key Drivers:
	� Mid-Ocean Ridges: Magma upwelling creates new crust, pushing plates apart.
	� Subduction Zones: Older, denser crust sinks, recycling into the mantle.
	� Paleomagnetism: Alternating magnetic stripes on ocean floors (recorded reversals) confirmed seafloor spreading.

The process progresses through three stages:
1)	 Lithogenesis: The initial formation of geosynclines from crust contraction and sediment deposition.
2)	 Orogenesis: The movement of forelands causing compression and sediment folding into mountain ranges.
3)	 Gliptogenesis: The final stage, marked by the rise of mountains followed by erosion, lowering their heights.
Kober’s theory explains the formation of mountain ranges like the Alps and Carpathians due to the compression of 
geosynclines between rigid landmasses. However, critics argue that the contraction mechanism is insufficient to explain 
large mountain ranges like the Himalayas. 

The plate tectonic theory later provided a more dynamic and comprehensive explanation of landmass movements, 
challenging Kober’s approach.

Case study:  The Himalayan Geosyncline

	� The Himalayan Geosyncline formed through the accumulation of sedimentary deposits in a tectonically active 
region. 

	� Over millions of years, the Indian Plate’s collision with the Eurasian Plate led to the compression and uplift of 
sedimentary layers, resulting in the majestic Himalayan mountain range. 

	� Geosynclinal theory helps explain the processes of sedimentation, deformation, and mountain-building in 
such regions.

https://visionias.in/
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Case study: Pangaea’s Breakup  

	� The theory of continental drift is exemplified by the breakup of Pangaea, the supercontinent that existed around 
200 million years ago. 

	� Geological evidence, including 
matching fossil records and 
geological formations across 
continents, supports this theory. 

	� Paleomagnetic data reveal how 
continents have moved over time. 
The discovery of mid-ocean ridges 
and seafloor spreading further 
confirms continental drift. 

	� This case study underscores 
the dynamic nature of Earth’s 
lithosphere and the processes of 
plate tectonics driving the movement 
of continents. 

Isostasy
​Isostasy refers to the balance or equilibrium between Earth’s lithosphere (the rigid outer shell) and the underlying 
asthenosphere (a semi-fluid layer of the upper mantle). 
This concept explains how different topographic heights, such as mountains and ocean basins, exist at Earth’s surface. 
Essentially, the lithosphere “floats” on the asthenosphere, much like an iceberg floats on water.
Three different Concepts of Isostasy

Airy’s Concept Pratt’s Concept Concept of Hayford and Bowie

Uniform density with varying 
thickness

Uniform depth with varying density Isostatic equilibrium through 
regional compensation - Level of 
compensation

tel:+918468022022/
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Case study: Isostatic Rebound in Scandinavia: 

Case study: Isostasy and Crustal Balance in the Himalayas

	� Scandinavia exemplifies isostatic rebound following the retreat of Pleistocene ice sheets. 
	� Glacial loading depressed the crust, causing post-glacial uplift as the landmass rebounds. 
	� Geodetic measurements and GPS data reveal ongoing vertical movement, influencing sea level changes and 
coastal morphology.

	�  

	� The Himalayas demonstrate isostatic equilibrium between crustal thickness and topographic relief. 
	� Tectonic uplift and erosion maintain balance, with crustal thickening compensating for mountain-building 
processes. 

	� Gravity and geodetic surveys provide insights into crustal deformation and isostatic adjustments. 

Global Isostatic Adjustment

Plate tectonics

Global isostatic adjustment refers to the Earth’s crust’s 
response to loading and unloading, such as ice sheet melting 
or sediment deposition, resulting in vertical movements to 
maintain gravitational equilibrium.

Plate tectonics is the theory that the Earth’s outer layer, the 
lithosphere, is made up of rigid plates that move in relation 
to each other. 
This movement explains the formation of major landforms 
and geologic events like earthquakes and volcanoes.

https://visionias.in/
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Limitations of Plate Tectonics Theory
	� Complexity of Mantle Processes: The theory doesn’t fully explain the specific mechanisms and variations in 
mantle convection that drive plate movement. The inaccessibility of the mantle makes it challenging to study these 
processes.

	� Early Tectonic Activity: There’s evidence of tectonic activity before the breakup of Pangaea, which the theory 
doesn’t fully account for.

	� Predictive Capacity: While plate tectonics can explain past and present features, its ability to predict future events 
like earthquakes or volcanic eruptions is limited.

Microplate Tectonic Theory 

The microplate tectonics theory suggests that Earth’s lithosphere consists of numerous microplates, smaller 
rigid or deformable blocks, which can move both horizontally and vertically. 
Unlike traditional Plate Tectonics, it accounts for various boundary types and multiple dynamic mechanisms 
beyond simple mantle convection.

major and minor tectonic plates

Case study: Pacific Ring of Fire

	� The Pacific Ring of Fire exemplifies plate tectonics, shows 
the dynamic interactions of lithospheric plates. 

	� This region is characterized by intense seismic and volcanic 
activity, encompassing the Pacific 

	� Plate’s subduction beneath surrounding plates. The  formation 
of deep-sea trenches, volcanic arcs, and island chains 
illustrates plate boundaries’ diverse manifestations.

tel:+918468022022/
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Wilson Cycle
The Wilson Cycle, named after geologist John Tuzo Wilson, describes the periodic opening and closing of ocean 
basins due to plate tectonics. This cycle explains the formation and breakup of supercontinents over geological time. 
The cycle consists of several stages:
1)	 Rifting: A continent breaks apart, forming a new ocean basin.
2)	 Seafloor spreading: The ocean basin widens as new oceanic crust forms.            
3)	 Subduction: Oceanic crust begins to sink beneath continental crust.
4)	 Collision: Continents collide, closing the ocean basin.
5)	 Mountain building: Collision results in the formation of mountain ranges.

https://visionias.in/
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Terranes
Terranes are distinct fragments of crustal material, often bounded by faults, that have geological histories different 
from the surrounding areas. They are essentially “exotic” blocks of lithosphere that have been accreted to a continent’s 
edge through tectonic processes.           

Key Characteristics
1)	 Distinct Geological Histories: Terranes often exhibit rock types, structural features, and fossil records that 

differ significantly from the adjacent crustal regions - include unique sequences of volcanic, sedimentary, and 
metamorphic events.

2)	 Bounded by Faults: Terranes are typically separated from each other and the surrounding crust by significant 
fault zones - indicate past tectonic activity, such as subduction, collision, and accretion.

3)	 Tectonic Transport: Terranes can be transported vast distances from their original locations by tectonic processes, 
such as plate movements.

Examples of Terranes
North American Cordillera: The western margin of North America consists of numerous accreted terranes, including 
the Wrangellia, Stikinia, and Insular superterranes.

Case study: Andes Mountain Building and Subduction of the Nazca Plate:  

	� The Andes mountain range is formed by the subduction of the Nazca 
Plate beneath the South American Plate. 

	� A study highlighted the role of slab pull and trench suction in the Andean 
orogeny. 

	� This process involves intense deformation, volcanic activity, 
and crustal thickening due to the compression and accretion of 
sediments at the continental margin.      

Recent views on mountain building
Modern understanding of mountain building is largely rooted in the theory of plate tectonics, which explains that 
mountains primarily form due to the movement and interaction of Earth’s lithospheric plates. 

Convergent plate boundaries, where plates collide, are particularly significant—leading to the folding, faulting, and 
uplift of crustal rocks, as seen in the Himalayas (continental-continental collision) and the Andes (oceanic-continental 
subduction). 

Orogenic Belts: Large-scale mountain ranges, or orogenic belts, form along convergent plate boundaries 
where plates collide or subduct.
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Case study: Rocky Mountains and Laramide Orogeny

Case study: Zagros Mountains and Arabia-Eurasia Convergence

	� The Rocky Mountains were formed during the Laramide Orogeny, which occurred from around 80 to 55 million 
years ago. Recent research focused on the role of flat-slab subduction of the Farallon Plate beneath the North 
American Plate. 

	� This unique subduction geometry led to widespread crustal deformation far inland from the plate boundary. 
	� The uplift mechanism includes reactivation of ancient faults and deep crustal processes, contributing to the high 
elevations observed today.

	� The Zagros Mountains in Iran are a 
result of the convergence between the 
Arabian Plate and the Eurasian Plate. 

	� Recent studies using satellite data have 
shown active deformation with significant 
crustal shortening. 

	� The mountain building mechanism 
involves thrust faulting, folding, and large-
scale detachment of the sedimentary 
cover. 

	� This region also experiences frequent 
earthquakes due to the ongoing tectonic 
activity. 
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Geological Phenomena: Vulcanicity, Earthquakes and Tsunamis

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Discuss the methods of measuring the intensity 
and magnitude of earthquakes. How are seismic 
zones demarcated? (20M, 2019)

2)	 Describe Pheratic erruptions and their 
consequences. (10M, 2019)

3)	 Write a note on Pseudovolcanic features. (10M, 
2017)

4)	 Bring out the relevance of seismic study in 
determining the structure of the interior of the 
earth. (30M, 2010)

	� Questions from these topics are relatively infrequent, 
as they pertain to specific phenomena.

	� These topics are also part of General studies Paper 1 
as well as Paper 2 geography (specially earthquakes 
in India). Thus, it becomes important to study the 
conceptual aspects of these topics.

Volcanism
Volcanism (or vulcanicity) refers to the processes by which magma, gases, and other molten materials rise from the 
Earth’s interior to the surface, forming volcanic landforms. It encompasses both extrusive (surface) and intrusive 
(subsurface) igneous activities.

Types of Volcanic Eruptions and Associated Volcanoes

Type of Eruption Characteristics Example Volcanoes

Hawaiian Eruption 	� Low viscosity lava
	� Gentle effusive eruptions 
	� Formation of broad, shield 
volcanoes

	� Basaltic lava flows

Kilauea, Hawaii and Mauna Loa, 
Hawaii

Strombolian Eruption 	� Moderate viscosity lava 
	� Short-lived, explosive bursts of 
lava

	� Formation of cinder cones and 
spatter cones

Stromboli, Italy and Parícutin, 
Mexico
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Plinian Eruption 	� High viscosity magma
	� Extremely explosive
	� Tall eruption columns, widespread 
ash fall, pyroclastic flows

Mount Vesuvius, Italy and Mount St. 
Helens, USA

Pelean Eruption 	� High viscosity magma
	� Very explosive
	� Formation of pyroclastic flows 
(nuée ardente) and lava domes

Mount Pelée, Martinique and 
Soufrière Hills, Montserrat

Lava Dome Eruption 	� High viscosity magma
	� Slow extrusion of lava
	� Formation of steep-sided domes, 
often prone to collapse and 
pyroclastic flows

Mount St. Helens, USA  and Lassen 
Peak, USA

Crucial case of African Rift Valley
The East African Rift Valley is undergoing a slow process 
of splitting due to the divergent movement of three tectonic 
plates: the Arabian Plate, the Nubian Plate, and the 
Somalian Plate. 

This geological activity, ongoing for approximately 30 
million years, is gradually forming new geographical 
features like the Red Sea and the Gulf of Aden. 

Role of Volcanism in the African Rift Valley
Volcanism plays a crucial role in the East African Rift 
Valley’s formation and evolution. Here’s how:

	� Rifting and Magma Generation:
	� Tectonic Divergence: As the tectonic plates pull 

apart, the Earth’s crust thins and creates fractures.
	� Magma Upwelling: These fractures allow magma 

from the mantle to rise to the surface, leading to 
volcanic eruptions.

	� Volcano Formation:
	� Shield Volcanoes: The Rift Valley hosts numerous shield volcanoes, formed by the effusion of basaltic lava that 

spreads over large areas.
	� Stratovolcanoes: More explosive eruptions create stratovolcanoes, characterised by alternating layers of lava 

and ash.
	� Crustal Deformation:

	� Land Uplift: The accumulation of volcanic material contributes to the uplift of the rift flanks, shaping the valley’s 
topography.

	� Formation of Calderas: Massive volcanic eruptions can lead to the collapse of volcano summits, forming 
calderas.

Example: Nyiragongo Eruption (2023)

The Nyiragongo volcano in the Democratic Republic of Congo erupted last year. The eruption is attributed to the rift 
tectonics of the East African Rift System. 
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Lahars
	� Lahars are fast-moving mudflows composed of volcanic 
debris and water, often triggered by volcanic eruptions 
or rainfall on loose volcanic deposits. 

	� They form when water rapidly mixes with volcanic ash, 
rocks, and other materials, creating a dense, highly 
mobile slurry. These powerful flows significantly impact 
geomorphic terrain. 

	� Mount Pinatubo’s 1991 eruption in the Philippines 
generated lahars for years afterward, filling valleys with 
up to 200 meters of sediment. 

Resurgent Calderas
A resurgent caldera is a large volcanic feature formed 
by the collapse of land following a volcanic eruption, 
which subsequently experiences uplift due to the re-
intrusion of magma beneath the caldera floor. 

This uplift creates a distinctive raised area, or resurgent 
dome, within the caldera. 

Characteristics
	� Size: large, with diameters ranging from several 
kilometers.

	� Resurgent Dome: a raised area within the caldera 
caused by the re-intrusion of magma.

	� Geothermal Activity: exhibit significant geothermal 
activity, including hot springs, geysers, and fumaroles.

	� Complex Structure: The caldera floor often displays 
a complex structure with faults, fractures, and volcanic 
domes resulting from the uplift process.

Example of Resurgent Calderas - Yellowstone Caldera, USA:
	� Location: Yellowstone National Park, Wyoming.
	� Formation: The Yellowstone caldera formed from a massive eruption approximately 640,000 years ago.
	� Resurgence: The caldera has a prominent resurgent dome, and the area is known for its geothermal features, 
including geysers, hot springs, and fumaroles.

Earthquakes
An earthquake is a sudden, rapid shaking of the ground caused by the shifting of rocks deep beneath Earth’s surface. 
This shaking results from the release of energy stored in the Earth’s crust due to the movement of tectonic plates.

Upward Movement of tectonic plate  

Epicenter 

Seismic Waves 
Focus Downward Movement of 

tectonic plate 
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Relationship between earthquakes and plate boundaries: 
	� Earthquakes are primarily associated with the interactions and 
movements of Earth’s tectonic plates. 

	� The Earth’s lithosphere is divided into several rigid plates that 
float atop the semi-fluid asthenosphere beneath. 

	� The boundaries where these plates interact are the primary 
sites of seismic activity.​

Types of Plate Boundaries and Associated Earthtquake Activity

Divergent Boundaries Convergent Boundaries Transform Boundaries

Plates move away from each other, 
creating new crust as magma rises 
to the surface.

	� Earthquake Activity: Common 
along these boundaries, typically 
resulting in shallow earthquakes.

	� Example: The Mid-Atlantic 
Ridge, where the Eurasian 
and North American plates are 
moving apart

Plates move toward each other, with 
one plate often subducting beneath 
another.

	� Earthquake Activity: High 
seismic activity, including deep 
and powerful earthquakes.

	� Example: The boundary between 
the Pacific and North American 
plates along the west coast of 
the United States, notably the 
San Andreas Fault.

Plates slide past each other 
horizontally.usgs.gov+1calacademy.
org+1

	� Earthquake Activity: Frequent 
earthquakes due to the frictional 
interaction as plates grind past 
one another.

	� Example: The San Andreas 
Fault in California, where the 
Pacific and North American 
plates slide past each other.

Divergent  Plate Boundary
Lithosphere 

(Mantle)   Crust 

Plate 2 Plate 2 Plate 2 
Plate 1  Plate 1  Plate 1  

Asthenosphere Asthenosphere Asthenosphere 

Convergent Plate
Boundary 

Transform Plate
Boundary 
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Case study: Turkey-Syria Earthquake 

	� On February 6, 2023, a devastating magnitude 7.8 
earthquake struck near the border between Turkey and 
Syria. 

	� The earthquake occurred along the East Anatolian Fault, a 
strike-slip fault boundary between the Anatolian Plate and 
the Arabian Plate. 

	� This region is characterized by complex tectonic interactions, 
including lateral motion.  

Surface Features and Development: Concepts of geomorphic 
cycles, Landscape development

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 What are ‘truncated spurs’? Where and how are 
they formed?(10M, 2024)

2)	 Define peneplains. Describe the landscape 
features associated with peneplains under 
different geomorphic cycles. (15M, 2023)

3)	 Discuss the role of slope, altitude and relief 
(SAR) in landscape development. (15M, 2022)

4)	 Define Speleotherm. Discuss the various forms 
and features of speleotherms. (10M, 2022)

5)	 Describe the concept of altiplanation. (10M, 2021)
6)	 Discuss the concept of periglacial cycle as 

propounded by Peltier.     (20M, 2017)
7)	 In explaining the concept of pediplanation, King 

combined the idea of Davis, Penck and wood 
with his own. Elaborate. (20M, 2016)

8)	 Describe the basket of eggs topography” ( 10M, 
2016)

9)	 write a short note : Difference between Normal 
cycle and Arid cycle of Davis. (10M, 2013)

10)		Answer the following: Characteristics of standard 
epigene cycle of erosion. (20M, 2012)

	� This is the most important section of geomorphology 
as the questions repeat almost every year from here. 

	� The focus has been on specific landforms (truncated 
spurs, peneplains, speleothems, altiplanation) and 
broader geomorphic cycle theories (Davis, Penck, 
King, Peltier). Questions have also explored the role 
of landscape factors like slope, altitude, and relief 
(2022).

	� Preparing this section will help you add value to other 
parts of geomorphology, such as erosion surfaces, 
landforms, etc.
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Concepts of geomorphic cycles and Landscape development

Aspect Davis's Cycle Penck's Theory King's Cycle 

Uplift Youth  Maturity Old Age 

Altitude of Main Valley Floors Altitude of Highest Divide 

Peniplain 
Base Level 

King's Cycle of Erosion  

Time

Al
ti

tu
de

 

Altitude of Highest Divide 
Endrumpf 

Base Level 

Penck Cycle of Erosion 
Waxing Waning
Development Development Altitude of Main Valley Floors  

Time

Al
ti

tu
de

 

Peniplain 

Davis Cycle of Erosion 
Uplift Youth  Maturity Old Age 

Altitude of Main Valley Floors 
Altitude of Highest Divide 

Time

Al
ti

tu
de

 

Primary Focus Sequential stages of landscape 
evolution

Simultaneous uplift and 
erosion processes

Pedimentation and scarp 
retreat in semi-arid 
regions

Stages of 
Development

Youth, Maturity, Old Age Continuous interaction 
between uplift and erosion

Youth, Maturity, Old Age

Key Processes Downcutting, lateral erosion, 
peneplanation

Slope replacement, 
parallel slope retreat

Pedimentation, scarp 
retreat

Environmental 
Context

Temperate climates with fluvial 
dominance

Varied climates with 
emphasis on structural 
geology

Semi-arid climates 
with focus on pediment 
formation

Critiques Overemphasis on fluvial 
processes, simplistic 
progression

Assumes uniform rock 
strength, may overlook 
climatic factors

Based on specific regional 
observations, may lack 
universal applicability
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Theories of Landforms Development by J.T. Hack, M. Morisawa, and S.A. Schumm
J.T. Hack - Dynamic Equilibrium Theory

M. Morisawa - Process-Response Model

Theory Contribution

J.T. Hack introduced the 
Dynamic Equilibrium 
Theory, which suggests 
that landscapes adjust 
continuously to maintain a 
balance between resisting 
forces (such as geology) 
and erosive forces (like 
weathering).

	� Hack’s theory emphasized steady-state conditions, arguing that landscapes do 
not evolve in fixed stages but rather continuously adjust to the conditions of the 
forces acting on them.

	� This theory contrasts with the ideas of Davis and Penck, who proposed specific 
stages in the life cycle of landforms.

	� Hack proposed that geological uplift and erosion are in a state of constant 
balance, where the rate of erosion adjusts to match the rate of uplift. If the rate of 
uplift increases, the relief increases as well, and if uplift stops, the relief decreases.

Theory Contribution

	� Morisawa’s Process-
Response Model focuses 
on the idea that landforms 
evolve dynamically 
in response to various 
processes acting over 
time.

	� Morisawa’s theory integrates the concept of plate tectonics with geomorphology, 
emphasizing how tectonic forces (such as the movement of tectonic plates) and 
denudational forces (weathering, erosion) work together to shape landforms.

	� The theory builds upon earlier geomorphic theories by explaining the relationship 
between landscape development and tectonic movement. For example, when 
tectonic forces cause uplift, rivers increase their erosion rates, creating features 
like gorges and canyons.

	� Morisawa’s theory suggests that landscapes evolve through both gradual uplift 
and episodic changes.

Case study: Penck’s Landscape Development in the European Alps:

Case study: King’s Model in Southern Africa:

	� The European Alps showcase Penck’s concepts of landscape development, emphasizing parallel retreat 
of slopes and valley deepening. Tectonic uplift and glacial erosion sculpt the mountainous terrain, creating steep 
valley walls and sharp peaks. 

	� Geomorphological research and sediment analysis provide insights into the dynamic interplay between uplift and 
erosion in shaping alpine landscapes.

	� In southern Africa, King’s model effectively explains the region’s distinctive landforms:
	� Inselbergs: Isolated, steep-sided residual hills that remain after the surrounding landscape has been eroded.
	� Pediplains: Extensive, gently sloping areas formed by the coalescence of pediments, providing a clear example 
of the pediplanation process.

Case study: Davisian Geomorphic Cycle in the Appalachian Mountains

	� The Appalachian Mountains illustrate W.M. Davis’s geomorphic cycle of landscape development. The cycle 
includes stages of youth, maturity, and old age. The Appalachians’ rounded peaks and broad valleys signify the 
mature stage, shaped by prolonged erosion. 

	� Fluvial processes dominate, transitioning the landscape towards peneplanation. This cycle helps explain the 
progressive nature of landscape evolution.  
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S.A. Schumm - Episodic Erosion Model

Theory: Contribution:

	� Schumm proposed 
the Episodic Erosion 
Model, which argues 
that landforms evolve in 
episodic phases, with 
periods of rapid erosion 
followed by periods of 
deposition. 

	� Unlike continuous erosion, 
Schumm’s model suggests 
that geomorphic evolution 
involves rapid shifts in 
landform characteristics 
during certain periods.

	� Schumm emphasized that the processes of erosion and deposition are not 
continuous but rather occur in cycles with interruptions and episodic changes.

	� He criticized the cyclic models of erosion (like those of Davis), arguing that they 
oversimplified the landscape evolution process. Instead, Schumm proposed that 
during periods of rapid erosion, landforms adjust abruptly, followed by more 
stable periods of deposition.

	� His theory incorporates the concepts of geomorphic thresholds (the point at 
which a landscape’s form changes due to accumulated forces) and complex 
responses to environmental changes.

Planation Surface
A planation surface (or erosion surface) is a flat or near-flat plain created by erosion. They are also referred 
to as palaeoplains, a term suggested by Cliff Ollier because it “has no genetic undertones and simply means 
‘old plain’.

	� Peneplanation is a landscape-forming process that reduces elevated features to a plain close to a base level, 
usually sea level. Peneplains are formed by fluvial processes over long periods and are characterized by low relief 
and a gently rolling surface. 
	� Some geologists argue that a true peneplain would be completely flat, making it impossible to exist, while others 

provide examples of “perfect peneplains”, such as the Schooley, Harrisburg, and Sommerville peneplains in 
the Appalachians of the USA.

	� Pediplanation is a theory of landscape development that emphasizes the role of backwearing (parallel slope 
retreat) in the formation of plains. 
	� Pediplains are formed by the coalescence of pediments, which are gently sloping bedrock surfaces that form 

at the foot of mountains or hills.
	� Panplanation is a theory of landscape evolution proposed by Crickmay that suggests the lateral corrasion of 
rivers, which widens floodplains, is the primary factor in the creation of plains. 
	� This process leads to the coalescence of adjacent floodplains and the formation of a panplain.

	� Etchplanation is a theory of landscape development that emphasizes the role of differential weathering and 
stripping in the formation of plains. 
	� Etch surfaces, or etchplains, are created when weathering breaks down rock faster than erosion can remove it. 
	� This leaves a surface covered by a layer of weathered material, which is periodically removed by erosion, 

exposing the underlying bedrock.
	� Cryoplanation, also called altiplanation or nivation, is a process that occurs in periglacial environments. 

	� It is the formation of plains, or cryoplains, through a combination of frost weathering, mass wasting, and the 
removal of weathered material by processes such as solifluction, wind, and meltwater
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Landforms

Type Landform Description

Glacial

(c) Postglacial

Cirque

Cirque Lip

Step

Terminal 
moraine Lateral 

moraine Ground 
moraine

Terminal 
moraine

Arête

Scree

Hanging 
valley

Truncated 
spurHorn

U-shaped Valley Valleys carved by glaciers, characterized by their U-shaped cross-section.

Moraine Accumulation of glacial debris (till) formed by the movement of glaciers.

Cirque Amphitheater-like valley formed by glacial erosion.

Fjord Deep, glacially carved valleys flooded by sea water.

Fluvial

River system Source Tributary

Confluence
River

Levee

Delta

Estuary

MouthChannel

Oxbow Lake

Meander

Meander A winding curve or bend in a river.

Delta Landform created by deposition of sediment carried by a river as the flow 
leaves its mouth.

Oxbow Lake U-shaped lake formed when a wide meander from the main stem of a river 
is cut off.

Alluvial Fan Fan-shaped deposit of sediment formed where a stream flows onto a flat 
plain.
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Desert

Wadi 
A dry gully or riverbed eroded by 
occasional flash floods

Plateau 
A large flat area with steep
cliffs and narrow valleys 

Alluvial fan 
Formed where a wadi or 
canyon meets the lower 
ground-a bajada is formed 
where these fans coalesce 

Salt pan (playa) 
Site of a former or 
occasional lake Oasis 

Site of a 
surface aquifer 
(water bearing 
rock)

Barchan or 
crescent 
dune 

Inselberg 
An island mountain of 
resistant rock rising from 
the softer more easily 
eroded rocks of the plain 

Pediment 
A shallow slope at the foot 
of a steep slope or cliff 

Mesa 
A portion of the plateau 
isolated from the main plateau 

Butt
An isolated tower, a 
remnant of the plateau

Sand Dune Mound or ridge of sand formed by the wind, typically in deserts or near 
beaches.

Playa Lake A flat-bottomed desert basin that periodically fills with water to form a 
temporary lake.

Desert Pavement A surface covered with closely packed, interlocking angular or rounded rock 
fragments.

Mesa An isolated, flat-topped elevation, ridge, or hill, with steep sides, found in 
landscapes with horizontal strata.

Coastal

Bay

Arch

Blowhole
Sea cave

Bay Mouth bar
Tidal inlet

Sand split

Lagoon

Beach

Estuary

Foredune

Sand 
dunes

Infilling 
from river

River

Offshore bar

Sea Cliff

Rock platform

Sea StacksBay

Examples of coastal landforms formed by erosion and deposition
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Beach A pebbly or sandy shore, especially by the sea between high- and low-water 
marks.

Cliff A steep face of rock and earth.

Estuary The tidal mouth of a large river, where the tide meets the stream.

Lagoon A shallow body of water separated from a larger body of water by barrier 
islands or reefs.

Karst

Doline
Ponor 

Uvala 

Polje 

Subterranean 
channels 

Figure 14.5 Schematic diagram of some karst features.

Resurgent stream 
with tufa bed 

Cave in 
karst tower 

Cavern with 
stalagmites and 

stalactites 

Karst 
cones Karst towers 

Disappearing 
stream 

Limestone 
pavement 

Fluting and 
grooving 

Sinkholes (Dolines) Depressions or holes in the ground caused by the collapse of a surface layer. 

Caves Natural underground spaces formed by the dissolution of rock, often featuring 
stalactites and stalagmites.

Stalactites and 
Stalagmites

Mineral deposits that form in caves. Stalactites hang from the ceiling, while 
stalagmites grow from the ground.

Karst Valleys Elongated depressions formed by the coalescence of multiple sinkholes or 
the collapse of cave systems

Uvalas Large, irregular depressions formed by the merging of several sinkholes.

Limestone 
Pavements

Flat, exposed surfaces of limestone, often with a distinctive pattern of cracks 
known as grikes
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PseudoKarst Landforms
Karst and pseudokarst landforms may appear similar on the surface, but their formation processes differ. 

	� Karst landscapes are created by the dissolution of soluble rocks, such as limestone, dolomite, gypsum, 
anhydrite, and salt. 

	� Pseudokarst features, on the other hand, are formed by a variety of processes other than solution, including 
weathering, hydraulic action, tectonic movements, meltwater, and the evacuation of molten rock (lava).

Cryokarst (Pseudokarst)
	� Cryokarst, also known as Thermokarst, is an erosional 
process unique to permafrost regions with excess ice, 
resulting in characteristic landforms from the thawing of 
ice-rich permafrost.

	� It is found in Arctic areas and mountainous regions like 
the Himalayas and the Swiss Alps.

	� Characterized by small depressions or pits formed by 
the settling of overlying deposits into voids left by melting 
ice, Cryokarst surfaces resemble clusters of small lakes. 
	� A prominent example is the Batagaika crater in 

Siberia. Glacial karst processes also create draining 
systems of melting glaciers.

What is the difference between Glacial and Peri-glacial Landforms?
The main difference between glacial 
and periglacial landforms lies in their 
formative processes and the presence or 
absence of glacial ice directly involved in 
their creation.

	� Glacial landforms are shaped 
by the direct action of glaciers, 
encompassing both erosional and 
depositional features. 
	� The immense weight and 

movement of glaciers carve 
out distinctive landforms like 
U-shaped valleys, cirques, and 
roches moutonnées. 

	� Glacial deposition, on the other 
hand, results in landforms such as 
moraines, drumlins, and eskers, 
formed by the deposition of 
sediments carried by glaciers.

	� Periglacial landforms, in contrast, 
are formed in environments 
characterized by intense frost action and the presence of permafrost, or permanently frozen ground, although 
permafrost is not strictly required for a periglacial environment. 
	� The dominant processes in these environments are linked to the freezing and thawing of water, leading to 

features such as ice wedges, pingos, patterned ground, and solifluction lobes.

Drift-mantled 
slope deposits

Kame terrace 

Kettles
Alluvial cone

Alluvial fan
Rockfall 

Rock-slope
failure, 

River
incision 

Rockslide 
deposits

Roc
 glaciers

Palaeolagoon 

Palaeoshorecliff 

Holocene raised beach 

Sea

Gullying of drift-mantled slope

Glacier
Palaeostream

channel 

Debris 
flow  

Terrace
scarp 

Beach deposits 

Present sea level 

Prograding 
fjord-head delta

Offshore deposits 

Fjord  

Dune

ridge 

Lake 

Braided
river 

Moraine

Vegetation 

Suspended sediment plume 

“Basket of eggs” topography and “Egg-box topography”
	� Basket of Eggs Topography: This term, describes landscapes shaped by glacial deposition. The “eggs” in this 
analogy are drumlins, elongated hills formed beneath glaciers, primarily composed of sediment. They range in size 
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from relatively small (2-50 meters high) to quite expansive (10-20,000 meters long).
	� Egg-box Topography: landscape created by solutional processes in thick limestone formations with deep water 
tables. The “egg-box” visual arises from the formation of numerous sinkholes, also known as dolines, which 
create a pattern of depressions and residual peaks. This type of topography, known as fengcong in Chinese, can 
have significant local relief, reaching hundreds of meters.

Diagnostic landforms
Diagnostic landforms are distinctive geological features that provide key information about the processes, environmental 
conditions, or geological history of an area. These landforms are particularly useful in geomorphology and geology for 
interpreting past and present Earth processes.

Examples of diagnostic landforms
	� Duricrusts: Hardened surfaces like laterites, silcretes, and calcretes, typically associated with hot, humid climates 
in tropical and subtropical regions.

	� Inselbergs: Also known as bornhardts, these isolated, steep-sided hills rise abruptly from a flat plain. Initially 
linked solely to wind erosion in arid regions, they are now recognized as forming through weathering and erosion 
in various climates.

	� Pediments: Gently sloping, eroded bedrock surfaces, often found in arid and semi-arid environments. However, 
their occurrence in other climates raises questions about their diagnostic value.

	� Tors: Rocky outcrops found on hilltops and uplands. While frequently associated with periglacial climates, their 
existence across diverse climates, from tropical to periglacial, challenges their reliability as a climate indicator.

Denudation chronology , Channel morphology, Erosion surfaces, 
Slope development

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 What is Yazoo stream? Why are yazoo basins the areas of repeated 
flooding? Give examples of Yazoo stream/areas from various parts of 
the world.(15m, 2024)

2)	 Explain how various aspects of channel morphology are used in 
transportation, settlement and land use planning, flood control and 
flood management? ( 15M, 2022)

3)	 Stream basins and drainage divides are important components to 
delineate a watershed area. Explain. ( 15M, 2021)

4)	 Discuss the problems of erosional surfaces and explain the different 
methods to identify them with suitable diagram. (20M, 2020)

5)	 Climate, slope, radient and rock structure influence the avulsion of 
channels. Explain. ( 15M, 2017)

6)	 The knowledge of slope analysis has limited field application in the 
slope management. Explain (15M, 2017)

7)	 Explain with examples as to how channel dynamics has been 
responsible for the development of alluvial fans and cones. (15M, 2015)

8)	 State the concept of erosion surfaces and highlight the factors 
responsible for their development.( 15, 2014)

9)	 Define the term meander and describe the basic characteristics of 
entrenched meander and ingrown meander. (10M, 2014)

10)		Explain how Bosche and Haldenhang lead to  the Theory of slope 
replacement. (30M, 2012)

1)	 The last question on this 
topic appeared in 2024, and 
before that, in 2022, 2021, 
2020, 2017 and so on.

2)	 This indicates a gap of 1 to 2 
years between occurrences. 
The focus has been on 
channel morphology and its 
applications (2024, 2022, 
2017, 2015), watershed 
delineation and erosion 
surfaces (2021, 2020, 2014), 
and slope development 
theories (2017, 2012). 

3)	 For the 2025 examination, 
it is advisable to study 
Denudation chronology, 
erosion surfaces and slope 
development.

tel:+918468022022/
https://visionias.in/
https://visionias.in/


32

Denudation chronology

Channel morphology 

Denudation chronology(DC), a concept rooted in historical geology, aims to reconstruct the erosional history of 
a particular region by identifying, dating, and interpreting planation surfaces formed during past erosion cycles.

	� DC relies on the principle of uniformitarianism, which posits that the same physical laws and processes operating 
today operated in the past, albeit with varying intensities. 

	� William Morris Davis, whose concept of the “geographical cycle,” involving stages of youth, maturity, and old age 
in landscape evolution, significantly influenced denudation chronology.

Significance and Limitations: 
Denudation chronology provides valuable insights into the long-term evolution of landscapes and helps reconstruct 
past climates, tectonic activity, and the influence of different erosional agents. Limitations are as follows:

	� Deductive nature: Reconstructing past events based on limited present-day evidence requires significant 
interpretation, making the approach inherently deductive and potentially speculative.

	� Landscape modification: Subsequent erosion and deposition can significantly alter or obscure older erosion surfaces, 
making their identification and interpretation challenging.

	� Dating uncertainties: Dating erosion surfaces often relies on relative methods and assumptions, leading to 
potential inaccuracies in the established chronology.

Channel morphology is the study of the shape and structure of river channels and how these features develop and change 
over time.
This includes understanding how various factors like water flow, sediment load, and the surrounding environment shape 
rivers. The study focuses on several important aspects, such as channel shape, size, type, and the processes that 
influence them.

Key Elements of Channel Morphology:
Channel Geometry or Form:

	� Width: The distance across the river, which changes with water volume. The maximum width is observed when the 
river is at its highest water level.

	� Depth: The vertical distance from the water level to the riverbed.
	� Wetted Perimeter: The portion of the channel that is in contact with water.
	� Slope: The steepness of the channel bed.
	� Meanders (Curves): Rivers often form curves or bends, which are key features of river channels.
	� Channel Length: The distance from the river’s source to its mouth.
	� Sinuosity: This refers to how much the river bends compared to a straight line between its source and mouth.

Hydraulic Geometry:
	� It studies the relationship between water flow (discharge), velocity, and channel dimensions (width and depth). These 
relationships help understand how a river changes along its course.

Case study: Denudation Chronology of grand canyon

  	� The Grand Canyon serves as a paradigm for denudation 
chronology studies. Geologic strata exposed in its walls 
provide a timeline of erosion events spanning millions of 
years. 

	� By analyzing sedimentary layers and dating techniques 
like cosmogenic nuclide dating, scientists decipher 
the canyon’s formation history.

	� Integration of geomorphic analysis and geochronology 
reveals the role of tectonic uplift, climate variations, 
and river incision in shaping the canyon’s landscape. 
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Channel Types:
	� Alluvial Channels: Form in loose sediment, shaped by the river itself. These channels can have various patterns like 
meandering, braided, or anastomosing.

	� Bedrock Channels: Carved into solid rock, these channels are shaped by erosion, and they are often steeper and 
straighter.

Channel Patterns:
	� Straight Channels: Rare and typically stable.
	� Meandering Channels: These have curves 
that lead to erosion on the outer edges and 
deposition on the inner edges, sometimes 
forming oxbow lakes.

	� Braided Channels: Channels that split into 
multiple smaller channels, commonly found 
in high-energy environments like deltas or 
glaciers.

	� Anastomosing Channels: Channels that split 
into several stable branches, often stabilized by vegetation.

Channel Bed Topography:
	� This refers to variations in the riverbed’s elevation, such as deeper pools and shallower riffles, which influence water 
velocity and sediment movement.

Processes and Changes in River Channels:
	� River channels are constantly changing due to factors like water discharge, sediment load, and resistance of the 
riverbanks. 

	� For example, when rivers curve and cut off meanders, the slope can become steeper, leading to changes in the way 
the river flows and deposits material.

Sinuosity Index determines various attributes of a channel
The Sinuosity Index is a measure of how much a river channel deviates from a straight path. It is calculated by dividing 
the channel length by the valley length. 
A straight channel has a Sinuosity Index of 1.0, while a meandering channel has a Sinuosity Index greater than 
1.5. Sinuosity Index relates to other channel attributes in the following ways:

	� Channel Pattern: A single-channel with a Sinuosity Index of less than 1.05 is classified as a straight channel, while 
one with a Sinuosity Index greater than 1.5 is classified as a meandering channel. Braided channels, which have 
multiple channels and bars, have a Sinuosity Index greater than 1.3 

	� Channel Morphology and Processes: The sinuosity of a river channel influences its morphology and the 
processes that occur within it. For example, meandering channels have pools (deeper areas) at bends and riffles 
(shallower areas) at crossovers. The formation of pools and riffles is related to variations in water velocity and 
sediment deposition along the meandering path.

	� Discharge and Sediment Load: Sinuosity Index is related to the discharge and sediment load of a river. As 
discharge increases downstream, the channel cross-section tends to get larger.

	� Channel Gradient: Sinuosity Index also relates to channel gradient. Straight channels tend to have steeper 
gradients, while meandering channels have gentler gradients. This is because the meandering path increases the 
channel length, thereby reducing the overall slope. The gradient of a channel influences the water velocity and 
sediment transport capacity.                                    

A

Straight Sinuous

B

Meandering

C

Braided

D

Anastomozing

E

tel:+918468022022/
https://visionias.in/
https://visionias.in/


34

Case study: Channel Morphology of mississippi river  

	� The Mississippi River exemplifies diverse channel 
morphologies shaped by fluvial processes. Geomorphic 
studies reveal the river’s intricate patterns, including 
meanders, braided channels, and oxbow lakes. 

	� Remote sensing techniques and GIS analyses provide 
insights into spatial variations and morphological changes 
over time. Historical data and sediment transport modeling 
elucidate the interplay between hydrology, sediment 
dynamics, and human interventions like channelization. 
Understanding the Mississippi’s channel morphology 
informs effective river management strategies and 
floodplain conservation efforts.
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Erosion surfaces 
Erosional surfaces, also known as planation surfaces, are relatively flat or gently undulating landforms that cut 
across various bedrock types and geological structures, often forming upland plateaus. 
These surfaces are distinct from rock-cut structural benches, which are controlled by the underlying geology. They provide 
important clues for understanding the denudation chronology of a region.

Explanation of erosional surfaces:
	� Formation: Erosion surfaces are created by the removal of material through erosional agents such as glaciers, 
rivers, sea waves, and wind.

	� Identification: Identifying erosion surfaces can be complex, as they might have undergone significant modifications 
due to factors like tectonic movements, deposition of later sediments, and varying resistance of the rocks 
composing the surface.

	� Dating: Determining the age of erosion surfaces is crucial for understanding landscape evolution. While direct dating 
methods like stratigraphy might not always be applicable, especially for older surfaces, analyzing the sequence of 
sedimentation in nearby areas to infer the age of the eroded material.

	� Types and Examples: Erosion surfaces can be categorized by their formation process and geographic location. 
	� For instance, the Gondwana surface, formed during the Permian-Triassic erosion cycle and found in regions 

like South America, Africa, and India, resulted from a prolonged period of fluvial erosion.
	� The Belan basin in India exhibits four distinct erosion surfaces identified through analyzing slope, relative relief, 

altimetric frequency histograms, and superimposed profiles
	� Significance in Landscape Evolution: Erosion surfaces serve as valuable indicators of past geomorphic processes 
and offer insights into the long-term evolution of landscapes.They can reveal information about past climates, tectonic 
activity, and the relative roles of different erosional agents in shaping the Earth’s surface.
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Case study: Appalachian Plateau  

	� The Appalachian Plateau showcases prominent 
erosion surfaces, including the Cumberland Plateau 
and Allegheny Plateau. 

	� These elevated regions exhibit flat-topped 
mountains, dissected plateaus, and river-
cut valleys, indicative of prolonged erosion and 
landscape evolution. 

	� Geological studies, such as stratigraphic 
analysis and geomorphic mapping, unravel the 
formation of erosion surfaces over millions of years. 

	� Climate fluctuations and tectonic activity have 
influenced erosion rates and surface features. 

	� Investigating the Appalachian Plateau’s erosion 
surfaces contributes to understanding regional 
geomorphology and the impact of environmental 
changes on landscape development. 
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Slope development
Slope development in geomorphology examines how hillslopes—
the inclined surfaces connecting valleys and ridges—form and 
change over time due to various natural processes. 
Understanding this evolution involves studying both the historical 
progression of landforms (evolutionary geomorphology) and the 
processes that shape them (process geomorphology).
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Approaches to Studying Slope Development:

Slope Evolution Approach: Process-Form Approach:

This method looks at the historical 
changes of hillslopes, starting from 
their initial steep forms and gradually 
becoming gentler through processes 
like weathering and erosion.

	� The Davisian model of slope 
decline is a notable example, 
suggesting that slopes progress 
from steep to gentle gradients over 
time. 

This approach connects specific slope shapes to the processes that 
create them, considering factors like rock type, climate, and vegetation. 
It includes:

	� Mono-Process Concept: Proposes that a single dominant process 
shapes a particular slope form. For instance, Fenneman attributed the 
formation of certain slopes solely to rainwash.

	� Poly-Process Concept: Acknowledges that multiple processes work 
together to shape slopes. Baulig  suggested that different processes, 
such as soil creep and rainwash, operate on various parts of a hillslope.
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Case study: Loess Plateau, China

	� The Loess Plateau exemplifies slope 
development processes influenced by its 
unique geomorphology and environmental 
conditions. 

	� Intense erosion has sculpted steep-sided 
valleys and intricate networks of gullies across 
the plateau’s loess deposits. 

	� Geospatial analysis and field surveys 
elucidate factors driving slope evolution, 
including precipitation patterns, land use 
practices, and geological substrate. 

Comparison Between Davis, Penck and L C King models of slope development
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Applied Geomorphology: Applied Geomorphology, Geomorphology 
and its application to economic geology and environment

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 What are the environmental implications of 
economic geology? Discuss. (10M, 2023)

2)	 Geomorphological changes are largely responsible 
for environmental hazards in the Himalayan region. 
Comment with relevant examples. (15M, 2018)

	� Questions from this section are occasional. 
	� At least preparing basic details about the topics 

and subtopics with examples and case studies is 
required.

Applied Geomorphology
Applied geomorphology involves the practical application of geomorphic principles to address human-related issues 
concerning Earth’s surface features.

	� It focuses on understanding and managing landscape-forming processes, especially those influenced or modified by 
human activities.

	� This field is crucial in mitigating natural hazards, informing land-use planning, and managing natural resources.

Applied Geomorphology in River Channel Dynamics and Flood Management
Applied geomorphology uses geomorphic principles and knowledge to address practical issues related to landscape 
management, hazard mitigation, and environmental planning. 
When applied to river channel dynamics and flood management, it contributes significantly to understanding and 
managing rivers and floodplains effectively.

Understanding River Channel Dynamics
	� Channel Morphology and Processes:

	� Erosion and Deposition: Helps predict channel evolution.
	� Sediment Transport: Improves predictions of channel changes.
	� Channel Patterns: Identifies patterns like meandering and braided, and their controlling factors.

	� Hydrological Interactions:

Application of applied geomorphology

Landslide prediction 
enhances hazard 
assessment through 
terrain stability analysis

Landslide 
Prediction

Soil Erosion 
Control 

Landscape restoration 
promotes environmental 
management by preserving 
natural features

Urban planning ensures 
sustainable 
development by 
integrating 
geomorphological 
insights.

Soil erosion control 
mitigates environmental 
impacts by addressing 
sediment movement

Landscape 
Restoration 

Urban Planning

1 2

3 4

Applied geomorphology types

1) Hydrology of lime stone
2) Glaciated areas and ground water

1) Surface expression of ore bodies
2) Weathering residues
3) Epigenetic minerals and unconformities
4) Placer deposits
5) Oil explorationr

1) Road construction
2) Dam site selection
3) Location of sand and gravel pits

GEOMORPHOLOGY AND HYDROLOGY

GEOMORPHOLOGY AND MINERAL 
EXPLORATION

GEOMORPHOLOGY AND ENGINEERING 
WORKS
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	� Flow Regimes: Predicts impact of water flow changes.
	� Floodplain Connectivity: Essential for flood risk management and ecological functions.

	� Geomorphic Units:
	� Identification of Features: Helps understand river dynamics.
	� Habitat Diversity: Informs conservation and restoration efforts.

Effective Flood Management Strategies
	� Flood Hazard Assessment:

	� 	Risk Mapping: Creates detailed flood risk maps.
	� 	Floodplain Zoning: Develops zoning regulations to minimize risks.

	� Flood Mitigation Measures:
	� Natural Flood Management (NFM): Uses natural features to reduce flood risk.
	� Channel Restoration: Enhances flood storage and reduces peak flows.
	� Levees and Dams: Ensures effective design and placement.

	� Sustainable River Management:
	� Erosion Control: Stabilizes riverbanks and reduces sediment load.
	� Sediment Management: Prevents excessive sediment accumulation.
	� 	Integrated Watershed Management: Addresses upstream and downstream impacts holistically.

Case study: Coastal Management in Holderness, UK

Case study: Landslide Hazard Assessment in Uttarakhand, India

Case study: Urban Geomorphology in Rio de Janeiro, Brazil

Case study: River Restoration in the Fraser River, Canada

	� Coastal management strategies in Holderness, UK, where rapid erosion threatens infrastructure and communities. 
	� Geophysical surveys and beach profiling inform the construction of coastal defenses like groynes and seawalls.
	� Monitoring sediment transport patterns aids in mitigating erosion hotspots. Collaborative efforts between scientists, 
engineers, and policymakers ensure sustainable coastal development. 

	� Landslide hazards in Uttarakhand, India, where rugged terrain and monsoon rains increase vulnerability. Remote 
sensing and GIS facilitate mapping of landslide-prone areas. 

	� Geotechnical investigations evaluate slope stability, guiding land-use planning and infrastructure development. 
Community engagement and early warning systems enhance disaster preparedness.

	� Applied geomorphology informs urban planning in Rio de Janeiro, Brazil, where steep slopes and dense settlements 
pose challenges. 

	� LiDAR mapping and urban morphometric analysis identify areas susceptible to landslides and erosion. 
	� Green infrastructure initiatives, such as reforestation and slope stabilization, mitigate geomorphic hazards. Social 
vulnerability assessments promote equitable risk management strategies. 

	� Applied geomorphology guides river restoration efforts in the Fraser River, Canada, where anthropogenic activities 
have altered fluvial dynamics. 

	� Geomorphic assessments and historical analysis inform habitat restoration projects, including channel realignment 
and bank stabilization. 

	� Integration of ecological and geomorphic principles enhances ecosystem resilience and biodiversity. 
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Geomorphology, economic geology and environment
Geomorphology, the study of landforms and the processes that shape them, has significant applications in both economic 
geology and environmental management.

Economic Geology Applications Environmental Applications

	� Mineral Exploration: Geomorphological 
studies assist in identifying areas with mineral 
deposits by analyzing surface features and 
sediment patterns. 
	� For example, placer deposits, which are 

concentrations of valuable minerals formed 
by gravity separation during sedimentary 
processes, can be identified through 
geomorphic analysis. 

	� Hydrocarbon Potential: Understanding the 
geomorphology of sedimentary basins 
aids in locating oil and gas reserves. The 
distribution of landforms and sedimentary 
structures influences the accumulation and 
preservation of hydrocarbons.

	� Soil and Water Conservation: Geomorphology informs 
strategies to combat soil erosion, desertification, and 
watershed degradation. 	
	� 	By studying landform processes, effective conservation 

methods can be developed to protect soil and water 
resources.

	� Hazard Mitigation: Identifying areas susceptible to natural 
disasters like floods and landslides through geomorphic 
analysis enables the development of early warning systems 
and disaster preparedness plans.

	� Urban Planning and Infrastructure Development: 
Incorporating geomorphological insights into urban 
planning ensures that infrastructure is built on stable 
ground, minimizing risks associated with land subsidence 
and other geomorphic hazards.

Case study: Mining Impacts on Geomorphology and Environment in Appalachia, USA

Case study: Coastal Geomorphology and Economic Development in Kerala, India

Case study: Geomorphological Hazards and Infrastructure Development in the Himalayas

Case study: Quarrying Impacts on Karst Geomorphology and Water Resources in China

	� Mining activities in Appalachia, USA, illustrate the intersection of geomorphology, economic geology, and 
environmental concerns. 

	� Mountain top removal mining alters landscape morphology, leading to soil erosion, sedimentation, and habitat loss. 
	� Geomorphological studies inform land reclamation strategies to mitigate environmental degradation. 

	� Kerala’s coastal geomorphology influences economic activities like tourism, fisheries, and port infrastructure. 
	� Geomorphological assessments inform coastal zone management plans to mitigate erosion, flooding, and habitat 
degradation. 

	� Sustainable development initiatives balance economic growth with environmental conservation. 

	� Himalayan geomorphology poses challenges to infrastructure development due to landslides, floods, and seismic 
hazards. 

	� Geomorphological surveys and hazard assessments guide engineering solutions to enhance resilience and safety. 
	� Balancing economic development with environmental conservation is crucial in this fragile region. 

	� Quarrying activities in karst landscapes of China affect geomorphology, groundwater systems, and ecosystem 
health. 

	� Geomorphological studies inform sustainable quarrying practices to minimize land degradation and water pollution. 
	� Conservation measures safeguard karst landscapes and their economic and ecological values
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Temperature Belts Pressure Belts

Temperature belts are regions on Earth 
characterized by distinctive average 
temperatures, resulting from the planet's 
spherical shape and axial tilt.

Pressure belts are vast regions in the Earth’s atmosphere 
where air pressure is relatively uniform, resulting from the 
differential heating of the Earth’s surface.
 

CLIMATOLOGY
Syllabus - Temperature and pressure belts of the world; Heat budget of the earth; Atmospheric circulation; Atmospheric 
stability and instability. Planetary and local winds; Monsoons and jet streams; Air masses and fronts; Temperate and 
tropical cyclones; Types and distribution of precipitation; Weather and Climate; Koppen’s Thornthwaite’s and Trewartha’s 
classification of world climate; Hydrological cycle; Global climatic change, and role and response of man in climatic 
changes, Applied climatology and Urban climate.                                          

Fundamentals of climatology: Temperature and Pressure Belts of the 
World, Heat Budget of the Earth, Atmospheric Stability and Instability

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 How does inversion of temperature occur? 
Explain its significance on local weather with 
suitable examples. ( 15M, 2023)

2)	 Describe how short term variations in 
temperature are related to the processes of 
receiving energy from the sun to the Earth’s 
surface and dissipating it to the atmosphere. ( 
15M, 2022)

3)	 Differentiate between insolation and temperature 
and explain anomalous temperature. ( 10M, 2016)

	� The questions from 2016 to 2024 show a consistent 
focus on temperature-related concepts in climatology, 
with an increasing emphasis on specific atmospheric 
processes and their impacts. 

	� There is a progression from basic concepts (2016) 
to more complex analysis of temperature variations 
and their effects on local weather (2022-2024).

	� Preparing fundamental concepts of climatology is 
essential to understand concepts associated with it.

Temperature and Pressure Belts of the World           
Temperature and pressure belts are fundamental concepts that describe the Earth’s climate zones and atmospheric 
pressure patterns, respectively.
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Why Pressure belts more continuous in the Southern Hemisphere?

  

The pressure belts in the Southern Hemisphere are more continuous than in the Northern Hemisphere due to several 
factors:

	� Dominance of Oceans: The Southern Hemisphere is predominantly covered by oceans, which have a uniform 
surface and consistent heat capacity. This uniform heating and cooling of ocean surfaces contribute to more 
stable and continuous atmospheric pressure patterns.

	� Limited Landmasses and Topography: The Southern Hemisphere has fewer and smaller continents, such as 
Australia, southern South America, and Africa. This means there are fewer disruptions to airflow, allowing pressure 
belts to remain more continuous. 
	� the Southern Hemisphere has fewer large mountain ranges compared to the Northern Hemisphere, which 

reduces the impact on east-west pressure belts.
	� Reduced Seasonal Variability: The smaller size of the continents in the Southern Hemisphere means less 
extreme seasonal heating and cooling. For example, there are no massive winter high-pressure systems like 
Siberia’s or intense summer lows like the Asian Monsoon Low. 

	� Stronger and Steadier Westerlies: The Southern Ocean, located between 40°S and 60°S, is an uninterrupted 
circumpolar water body, allowing the Roaring Forties and Polar Easterlies to flow freely. 
	� This reinforces the subpolar low-pressure belt (60°S) as a near-continuous zone. In contrast, Northern 

Hemisphere mid-latitude westerlies are disrupted by continents and mountain ranges.

Temperature Inversion
Temperature inversion occurs when 
the usual temperature profile of the 
atmosphere is reversed. In the lower 
atmosphere, temperature normally 
decreases with height. 
However, during an inversion, a layer 
of cooler air is trapped below a layer of 
warmer air.
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Heat budget of the earth
The Earth’s heat budget represents the balance between incoming solar radiation and outgoing energy radiated 
back into space. This delicate equilibrium significantly influences the planet’s climate system.

Following are  the types of temperature inversion:

Radiational Inversion Subsidence Inversion Frontal Inversion

Occurs at night when the ground 
cools rapidly, cooling the air 
near the surface. The cooler air is 
trapped by warmer air above.

Forms when a large mass of air 
sinks and compresses, warming 
up as it descends. This warm air 
traps cooler air below.

Occurs when warm air is lifted 
over cold air at a front, causing a 
stable layer of warm air above the 
cold air.

Common in calm, clear nights. Common in high-pressure 
systems.

Common at weather fronts.

Example: In valleys during winter 
nights.

Example: Over deserts or coastal 
areas.

Example: Cold fronts in temperate 
regions.

Types of temperature inversions
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Factors Affecting the Heat 
Budget Influence on Climate

	� Greenhouse Gases: Gases 
like carbon dioxide (CO₂), 
methane (CH₄), and water 
vapor (H₂O) trap heat in 
the atmosphere, reducing 
outgoing infrared radiation. 
This leads to the greenhouse 
effect, warming the planet.

	� Clouds and Aerosols: 
Clouds can reflect incoming 
solar radiation and trap 
outgoing infrared radiation. 
Aerosols (tiny particles 
in the atmosphere) also 
absorb heat, contributing to 
warming.

	� Surface Albedo Changes: 
Alterations in land use, 
deforestation, and melting 
ice caps change Earth’s 
albedo. 
	� For example, Ice and 

snow reflect more sunlight 
than darker ocean water 
or vegetation.

	� Temperature Regulation: The Earth’s energy balance maintains its 
temperature. A positive imbalance (more incoming than outgoing energy) 
leads to global warming. Conversely, a negative imbalance results in 
cooling.

	� Climate Feedback Mechanisms: Feedback loops can amplify climate 
changes. For example, melting ice reduces albedo, causing more solar 
energy absorption and further warming (positive feedback).
	� Increased evaporation can lead to more cloud zormation, which could 

reflect more sunlight (negative feedback).

Recent Observations: 
	� In 2024, two-thirds of Earth’s surface experienced record heat, with temperatures breaking previous records by up 
to 5°C.

Arctic Amplification and the Earth’s Heat Budget 

Arctic amplification illustrates changes in the Earth’s 
heat budget due to rapid warming in the polar 
region. Melting sea ice reduces albedo, increasing 
solar absorption and accelerating warming. 
Climate models and satellite data show significant 
energy imbalance, impacting global weather 
patterns and sea level rise. 

Climate feedbacks
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Atmospheric stability and instability
Atmospheric stability refers to the atmosphere’s tendency to either resist or enhance vertical motion. 

	� When the atmosphere is stable, a rising parcel of air becomes cooler than the surrounding air at a given height, 
making it denser and causing it to sink back down. This stability inhibits upward motion, limiting cloud formation and 
precipitation.

	� Conversely, in an unstable atmosphere, a rising air parcel remains warmer than the surrounding air, causing 
it to continue rising due to its buoyancy. This rising motion promotes convection, cloud formation, and potentially 
precipitation.

The relationship between the ELR and the adiabatic lapse rates (dry and saturated) 
determines the stability of the atmosphere. The dry adiabatic lapse rate (DALR) is 
constant at 10°C/km, while the saturated adiabatic lapse rate (SALR) varies depending 
on the amount of moisture in the air.

	� A stable atmosphere occurs when the ELR is less than both the DALR and the 
SALR. In this case, a rising air parcel will always be cooler than its surroundings and 
will sink back down.

	� An unstable atmosphere occurs when the ELR is greater than both the DALR 
and the SALR. In this scenario, a rising air parcel will always be warmer than its 
surroundings and will continue to rise.

	� Conditional instability arises when the ELR falls between the DALR and the SALR. 
In this case, the stability depends on whether the air parcel is saturated. If saturated, 
the parcel will rise, leading to cloud formation and possible precipitation.

1

3

4

5

Air parcel This air parcel near the 
ground has a temperature of 20°C 
(68°F) and a dew point of 11.8°C (53.2°F). 
If the parcel is slightly warmer and less 
dense than the surrounding air, it will 
be buoyant and start to rise like an 
invisible helium balloon

Cloud formation As cooling continues, water 
droplets form, producing a cloud. 

11.8
(53.2°F)

Lifting condensation level 

Dew point lapse rate 
1.8°C/1000 m
(1.0°F/1000 ft) 

Lifting condensation level At 1000 m (3300 ft), the 
temperature has fallen to 10°C (50°F). As the air 
continues to rise and expand, it cools by the 
adiabatic process (heat neither lost nor gained) 
until it reaches its dew-point temperature. At that 
point, it becomes saturated, condensation begins 
around whatever nuclei are present, and a visible 
cloud starts to form. This happens at the lifting 
condensation level. 

Latent heat release When condensation occurs, latent heat 
�ows into the surroundings, warming the uplifted air. Thus, 
two opposing e�ects occur as the air contines to rise: (1) the 
uplifted air cools further by the continually reducing 
atmospheric pressure, but (2) the air is warmed by latent heat 
�ow from condensation. Which e�ect is stronger? 

Moist adiabatic lapse rate The cooling e�ect is stronger, so air 
will continue to cool as it is uplifted. But due to the latent 
heat release, cooling is slower. This slower cooling of 
saturated air is called the moist adiabatic lapse rate. 

Dry adiabatic lapse rate As the buoyant
parcel moves upward, the reduced air 
pressure surrounding it allows it to 
expand, so its A temperature drops at 
the dry adiabatic lapse rate: 10°C/1000 m 
(5.5°F/1000 ft). Thus, at 500 m (1600 ft) 
elevation, the parcel's temperature has 
dropped by 5°C (9°F), to 15°C (59°F). 
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Increasing Atmospheric Instability Over Recent Decades

A comprehensive analysis of homogenised data from 1979 to 2020 reveals a significant rise in atmospheric instability 
over most land areas in the Northern Hemisphere. 

	� The study indicates that unstable conditions have increased by approximately 8%–32% during this period, primarily 
due to elevated low-level moisture and warmer air temperatures. This trend suggests a heightened potential for 
severe weather events in the affected regions. 

Global Atmospheric circulation: Atmospheric Circulation, Planetary 
and Local Winds, Monsoons and Jet Streams

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 What are the causes of origin of local winds? Discuss their 
significance on prevailing weather and climate in various 
regions, with suitable examples. (20M, 2023) 

2)	 What is “Geostrophic Wind”. Explain the relationship between 
barometric slope and air circulation. (10M, 2023) 

3)	 Explain how various factors influence the origin and 
development of the Indian monsoon system. (20M, 2020) 

4)	 Discuss in detail the tricellular model of atmospheric 
circulation. ( 20M, 2019) 

5)	 Explain the origin, progress and retreat of the Indian monsoon 
and discuss its impact on the Indian economy. (20M, 2018) 

6)	 Explain the meridional circulation of the atmosphere and its 
importance in the world climate. (15M, 2015) 

7)	 Discuss the salient features of sirocco and mistral. ( 10M, 
2014) 

8)	 Discuss the nature and origin of Indian monsoon and recent 
techniques of its prediction. ( 20M, 2014) 

9)	 With suitable examples bring out the impact of local winds on 
the climate of an area. (20M, 2013) 

10)		Write a short note on Rossby waves and jet streams. ( 12M, 
2011)

	� The questions from 2011 to 2023 show 
a coverage of global atmospheric 
circulation, with a noticeable emphasis 
on local winds and monsoon systems, 
particularly the Indian monsoon. 

	� There’s a consistent focus on 
understanding both large-scale 
circulation patterns and regional/local 
wind systems. 

	� Recent questions (2020-2023) tend to 
ask for more detailed explanations of 
specific phenomena and their impacts, 
indicating a trend towards deeper 
analysis of atmospheric processes 
and their effects on weather and 
climate.

	� There are important that are very 
important here, for example Local 
winds and their related aspects, Indian 
monsoon, general circulation and the 
models associated.

Case study: Atmospheric Instability and Tornado Formation in the United States

Case study: Atmospheric Stability and Fog Formation in San Francisco

	� The 2021 tornado outbreak in the southeastern United States highlights the role of atmospheric instability in severe 
weather events. 

	� Warm, moist air from the Gulf of Mexico collided with cold, dry air from the Rockies, creating unstable conditions 
conducive to tornado formation. 

	� San Francisco’s frequent fog events demonstrate the effects of atmospheric stability. 
	� In summer, a temperature inversion occurs when cool, moist air from the Pacific Ocean is trapped beneath a layer 
of warmer air. 

	� This stable atmospheric condition prevents vertical mixing, leading to persistent fog.
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Atmospheric Circulation

Local winds

	� Atmospheric circulation encompasses the large-scale movement 
of air that redistributes thermal energy across the Earth’s surface, 
significantly influencing global climate patterns and weather 
systems. 

	� A foundational framework for understanding this phenomenon is 
the three-cell model, which divides each hemisphere into three 
distinct circulation cells: the Hadley Cell, the Ferrel Cell, and the 
Polar  Cell. 

Local winds are small-scale atmospheric circulations that develop due to temperature differences, pressure 
variations, and geographical factors. They play a crucial role in modifying regional climates, influencing weather 
patterns, and affecting human activities. Loo, Chinook, Sirocco are some examples of local winds.

	� Classification of Local winds

cold air sinks giving 
high pressure and dry, 
stable conditions warm air from tropics 

meets cold air from 
polar areas: instability; 
depressions 

15-20 km

hadley 
cell

warm air 
rises

warm air 
rises

cols air sinks

Ferrel 
cell

7-10 km

15-20 km

PEJS

weak 
polar cell

descending air warms 
by compression, 
giving cloudless, 
stable conditions 

upper air cools 
as it moves 
northwards and 
therefore sinks 

air cools to 
temperature of 
surrounding air: 
instability; 
convectional rain convergence at ITCZ 

of trade winds: uplift 
creates area of low 
pressure (doldrums)

horizontal transfer by 
trade winds 

divergence and 
subsidence create an 
area of high pressure 

horizontal movement 
by warm, south-west-
erly winds 

convergence and uplift 
create an area of low 
pressure: depressions 

high pressure at 
poles: divergence 

KEY
PFJS polar front jet stream
STJS sub- tropical jet stream
ITCZ inter-tropical convrgence Zone

The Role of the Hadley Cell in Desert Formation 
In Hadley Cell, warm air rises at the equator, cools and 
sinks at these latitudes, creating high-pressure zones 
and leading to arid climates, such as the Sahara Desert. 

	� The sinking air at 30° latitude creates dry, stable 
conditions, which inhibit cloud formation and 
precipitation. 

	� This process is critical in the formation and 
maintenance of the world’s major deserts. 
Understanding the Hadley Cell helps explain why 
deserts are 

Type Wind Name Region of Origin Impact on the Regional weather

Loo Indo-Gangetic Plains (India, Pakistan) Causes heatwaves, crop failures, 
and wildfires in Punjab, Haryana, 
Rajasthan, Uttar Pradesh, and Delhi.

Chinook Rocky Mountains (North America, 
Canada, USA)

Induces rapid snowmelt, leading to 
floods and landslides, but also warms 
cold regions, benefiting livestock 
grazing in Alberta, Montana, and the 
Great Plains region.Ascending 

moist air cools 
Descending 
Drier air warms 

High plains 
Rocky mountains 

Chinook winds 
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Hot Local 
Winds

Harmattan West Africa (Sahara to Guinea Coast) Brings extremely dry air, widespread 
dust storms, and respiratory 
diseases, disrupting aviation, 
agriculture, and daily life in Nigeria, 
Ghana, Ivory Coast, and Guinea.

Sirocco North Africa to Southern Europe 
(Mediterranean region)

Causes high temperatures, 
sandstorms, and humid conditions, 
worsening air pollution, visibility, and 
agricultural yields in Italy, Spain, 
Greece, and Tunisia.

Cold Local 
Winds

Mistral France (Rhone Valley to 
Mediterranean)

Causes sudden drops in temperature, 
vineyard frost damage, and strong 
winds disrupting shipping and 
aviation, impacting Southern France.

Bora Adriatic Coast (Croatia, Italy, Balkans) Leads to violent storms, temperature 
drops, and infrastructure damage, 
severely affecting marine navigation, 
fishing, and coastal settlements in 
Croatia, Slovenia, and Northern Italy.
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Pampero Argentina, Uruguay, Brazil (Pampas 
region)

Brings sudden thunderstorms, 
destructive winds, and torrential rain, 
causing flash floods, loss of livestock, 
and transport disruptions in Buenos 
Aires, Montevideo, and southern Brazil.

Blizzard Polar Regions (Canada, USA, Russia, 
Europe)

Causes heavy snowfall, road 
blockages, and power outages in 
Alaska, Canada, Northern Europe, 
and Siberia.

Buran Siberia, Kazakhstan, Mongolia Causes intense cold waves, blizzards, 
and transportation shutdowns, 
leading to crop failures, frozen rivers, 
and prolonged economic slowdowns in 
Russia, Kazakhstan, and Mongolia.

local winds 
(south america)

Pampero

How Santa Ana winds fueled the deadly fires in Southern California?

The Santa Ana winds are powerful, 
dry winds that blow from the mountains 
toward the Southern California coast.  
In early January 2025, strong Santa 
Ana winds hit Southern California, 
fueling wildfires, particularly in the 
Altadena area near Los Angeles. 
The dry conditions, lack of recent 
rainfall, and extreme winds created 
a perfect storm for fire. The winds 
spread the fire quickly, making it nearly 
impossible for firefighters to control it. 
Over 1,000 homes were destroyed, and 
at least five people died.
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Jet streams - Index Cycle of the Jet Stream and Climatic 
Change

Jet streams are geostrophic winds that travel from west to 
east in the upper troposphere. 
There are two main types of permanent jet streams: the polar 
front jet stream and the subtropical jet stream.

	� The polar front jet stream meanders through the 
upper troposphere and marks the periphery of the 
circumpolar vortex, an area of strong winds aloft that 
encircles the surface polar high. 

	� The subtropical jet stream is located near 30° 
latitude in each hemisphere. It exists due to the 
increasing Coriolis deflection of accelerating 
poleward-moving air as angular momentum is 
conserved. 

Index Cycle of Jet Streams
The index cycle of jet streams refers to the oscillation 
between a straight and a wavy jet stream path, 
influenced by the formation and dissipation of Rossby 
waves. 

This cycle occurs over 4 to 6 weeks and includes four 
stages:

	� A- First Stage (High Zonal Index): The jet stream 
flows straight from west to east, maintaining a stable 
polar front with minimal heat exchange between the 
equator and poles.

	� B- Second Stage: Small undulations appear as 
Rossby waves form, gradually shifting the jet stream 
toward the equator.

	� C- Third Stage: The jet stream becomes more meandering, allowing significant heat exchange between the poles and 
the equator, leading to the formation of temperate cyclones.

	� D- Fourth stage (Low Zonal Index): The Rossby waves reach peak amplitude, fragmenting the jet stream into a 
meridional pattern, enhancing latitudinal heat transfer and global heat balance.

Polar Jet Stream 

Equator

Subtropical 
Jet 
Stream 

Permanent 
Jet Streams

Polar Jet Stream

Subtropical Jet Stream

Somali Jet 

African Easterly Jet 

Tropical Easterly Jet 

Polar Night Jet

Temporary 
Jet Streams 

Types of Jet Stream

A

C

B

D

Climatic Change and Jet Stream Attributes
Climate change, particularly the warming of the Arctic, is impacting the attributes of the jet stream:

	� Warming of the Arctic: The Arctic is warming at nearly twice the global average, a phenomenon known as Arctic 
amplification. This reduces the temperature gradient between the Arctic and the equator, weakening the polar jet 
stream.

	� Shifting Jet Streams: The jet streams are also shifting poleward due to climate change. This shift can lead to 
changes in weather patterns, such as altered monsoon seasons, changes in storm tracks, and shifting precipitation 
patterns.

Jet stream blocking 

It refers to a meteorological phenomenon where the normal west-to-east flow of the jet stream is interrupted by a 
stable, high-pressure system, known as a blocking high. 

This causes the jet stream to split or form large meanders, creating a pattern that can persist for days or even 
weeks. The blockage effectively “blocks” the usual progression of weather systems.
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The Polar Vortex 
The Polar Vortex is a large area of low pressure and cold air surrounding the Earth’s poles. It weakens in summer 
and strengthens in winter, occasionally extending into lower latitudes. 

	� When the Polar Vortex weakens, it can break into smaller vortices that drift south, bringing extreme cold weather 
to regions like North America and Europe. 

	� This phenomenon was observed in the severe cold events in the US in recent winters. 
	� Understanding the Polar Vortex helps predict these extreme cold events and prepare for their impacts on 
infrastructure, agriculture, and public health.

Mechanism of Jet Stream Blocking
	� Formation: Blocking occurs when a strong ridge 
of high pressure forms in the upper atmosphere, 
causing the jet stream to loop around it. 
	� This loop can trap weather systems in place, 

leading to sustained periods of similar weather.
	� Types of Blocks: Common types of jet stream blocks 
include the Omega Block (shaped like the Greek 
letter Omega), Rex Block (a high-pressure system 
located directly above a low-pressure system), 
and Cut-Off Low (where a low-pressure system is 
isolated from the main jet stream flow). 

OMEGA BLOCK 

LARGE PERSISTENT & 
CAN LEAD TO DROUGHTS

H

JET STREAM 

Stable polar vortex Wavy polar vortex 

A large pressure 
difference helps keep a 
strong jet stream on a 
straighter path, which 
keeps the cold air over 

the Arctic 

Polar Vortex Explained 
The polar vortex is a large area of low pressure and cold air over Earth's North and South Poles. When 
the jet stream weakens, it becomes wavier, allowing that cold air to dip southward in places while 
warmer air pushes northward elsewhere. 

Cold air
 contained
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When the jet 
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cold Arctic air to 
move southward 

Warm air 
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north
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Derecho
Derecho is a type of widespread, long-lived wind storm that is associated with a band of rapidly moving showers or 
thunderstorms. The term is pronounced “deh-REY-cho.”  

Characteristics of a Derecho:
	� Widespread Wind Damage: For a storm to be classified as a derecho, it must produce wind damage over a path 
that extends more than 240 miles (about 386 kilometers).

	� Wind Speeds: The storm must have wind gusts of at least 58 mph (93 km/h) or greater along most of its length.
	� Rapid Movement: Derechos are characterized by their rapid movement and the intense, linear nature of the 
associated thunderstorms.

Example: On the evening of July 15, 2024, a derecho impacted the Midwest, causing very strong winds, several 
tornadoes, and heavy rainfall. 

Precipitation and weather patterns: Types and Distribution of 
Precipitation, Weather and Climate

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Examine the major influencing factors for varied 
patterns of precipitations on the continents. ( 20M, 
2021) 

2)	 Indicating the causes of lighting, describe the 
threats associated with it. ( 15M, 2021) 

3)	 Write a geographical note on Halloween storm. ( 
10M, 2020) 

4)	 Describe the origin and development of 
thunderstorms with examples. ( 15M, 2014) 

5)	 Discuss Dew point and various forms of 
condensation. ( 15M, 2013) 

6)	 Give an account of global distribution of 
precipitation. ( 30M, 2011) 

	� The questions from 2011 to 2021 show an 
evolution from broad, global perspectives to more 
specific weather phenomena and their impacts. 
Early questions (2011-2013) focused on general 
precipitation distribution and basic meteorological 
concepts. 

	� More recent questions (2014-2021) emphasize 
particular weather events (thunderstorms, 
Halloween storm) and their causes and effects. 

	� This trend suggests a growing focus on 
understanding the dynamics of weather systems 
and their practical implications.

Precipitation - Formation, Types and Distribution
Precipitation refers to all forms of water, liquid or solid, that fall from clouds to the Earth’s surface. It includes rain, 
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Distribution of Precipitation  
Precipitation distribution varies globally due to factors 
like atmospheric circulation, proximity to water bodies, and 
topography. 

snow, sleet, and hail, forms through various processes 
within clouds that cause water droplets or ice crystals to 
grow large enough to fall to the ground.

Main Processes in Precipitation Formation
	� Condensation and Nucleation

	� Condensation: Water vapor in the air cools and turns 
into tiny liquid droplets.

	� Nucleation: These droplets form around small particles 
like dust or sea salt, which act as surfaces for the water 
vapor to condense upon.

	� Collision and Coalescence (Warm Cloud Process)
	� Collision: In clouds warmer than freezing, droplets move 

and bump into each other.
	� Coalescence: When these droplets collide, they merge 

to form larger droplets. Once they become heavy 
enough, they fall as rain.

	� The Bergeron Process (Cold Cloud Process)
	� Ice Crystal Formation: In colder clouds, both supercooled 

water droplets and ice crystals exist together.
	� Growth by Vapor Deposition: Water vapor deposits onto 

ice crystals, causing them to grow at the expense of the 
supercooled droplets.

	� Aggregation and Precipitation: As ice crystals grow and 
clump together, they become heavy enough to fall as 
snow. If they pass through warmer air on the way down, 
they may melt into raindrops.

Dew Point is the temperature at which air becomes 
saturated with moisture and water vapor begins to 
condense into liquid.

Relation between dew point and temperature-
When the air temperature drops to the dew point, the 
air becomes saturated, and if the cooling continues, 
precipitation can occur. This is because the excess 
moisture in the air condenses into droplets, leading to 
rain, fog, or dew formation.

Inversion of rainfall

The decrease of rainfall with increasing height along 
a mountain slope because of marked reduction in 
moisture content upward is called inversion of rainfall

Large Cloud
Droplet

Smaller Cloud
Droplets

Droplet
Enlargement

On to Raindrop Formation

Collision-
Coalescence

Other larger 
Droplets
Forming

Water Molecule Cloud
Droplet

Ice Crystal

Ice Crystal Feeding 
on Water Molecules

Crystal
Enlargement

Raindrop and Snowflake
formation

Collision-Coalescence Process

Bergeron Process

Atmospheric River

They are long, narrow bands of water vapor in the sky, 
transporting moisture from the tropics to mid and high latitudes. 
These rivers form over warm ocean waters, where evaporation 
creates high moisture levels. 

	� Pineapple Express: A well-known atmospheric river that 
originates near Hawaii and affects the West Coast of North 
America, bringing heavy precipitation and sometimes 
causing flooding.

A 'River in the Sky' 
Atmospheric rivers are giant bands of water vapour in the sky. 
They are, on average, 800 kilometres wide, and several 
hundred kilometres long. 

Water vapour rises over the side of 
the mountains, and as it cools, it 
comes down as heavy rain or snow. 

Runoff from the mountains results 
in flooding and landslides. 

Merritt 

Vancouver 

An average atmospheric river carries 
25X the volume of the Mississippi River, 
or twice the volume of the Amazon River
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Average Precipitation 
in meters (2022) 

UNEQUAL DISTRIBUTION OF GLOBAL PRECIPITATION  

Receives more than one meter of
rain (or snow) in a year 

Max

Min

Average annual precipitation: 
1 meter 

Receives less than one meter of 
rain (or snow) in a year 

<3.2
<3
<2
<1
<0.5
<0.1

	� Equatorial Regions: Experience high rainfall due to consistent warm temperatures and moisture-laden air.
	� Subtropical Regions: Often have arid climates due to descending air masses that inhibit cloud formation.
	� Mid-Latitudes: Precipitation varies seasonally, influenced by frontal systems and cyclonic activity.
	� Polar Regions: Receive low precipitation, primarily as snow, due to cold air holding less moisture.

Types of rainfall

Frontal Rainfall Orographic/Relief Rainfall Convectional Rainfall

	� It occurs when two air masses 
of different temperatures and 
densities meet, typically at a 
weather front. 

	� The United Kingdom often 
experiences frontal rainfall due to 
the meeting of warm tropical air 
masses from the south and cold 
polar air masses from the north.

	� It occurs when the moisture 
laden winds are forced up on the 
windward slope of mountain

	� Cherrapunji, located in India, is 
renowned for its exceptionally 
high rainfall. 

	� Moisture-laden winds from the 
Bay of Bengal are driven upward 
by the Khasi Hills’ steep 
slopes, causing heavy rainfall on 
the windward side.

	� It occurs when the Earth’s 
surface is heated by the 
sun, causing the air above it to 
warm, rise, and cool, leading to 
condensation and precipitation. 

	� This process is common in 
equatorial regions.

	� Amazon Rainforest experiences 
frequent convectional rainfall due 
to its location near the equator.
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Snow
is made of tiny ice crystals that have a 
star-like shape. These crystals form in 
very cold clouds where the temperature 
is around -20°C. As they fall, they stick 
together, forming snowflakes.

Dispersal 
happens

when the air 
currents
weaken, 

causing the 
cloud to break

apart and 
disappear.

Rain 
occurs when 
the top part 
of the cloud 
opens, 
allowing the 
lower part to 
release water 
droplets as 
rainfall.

Ripening
hapens when 
temperature 
changes cause 
vertical air currents 
to form inside the 
clouds. This 
process is called 
convection.

The air inside clouds is always 
moving, causing water droplets to 
collide and combine. When these 
drops grow too heavy for the air 
to hold, they fall to the ground as 
precipitation or rainfall.
Depending on the cloud type and 
temperature, precipitation can be 
liquid (rain) or solid (snow or hail).

Growth happens 
when smaller clouds 
merge, forming larger 
clouds as they rise 
higher in the sky.

Sandstorm 
Particles Forest Fire 

Particles 

Worn Down 
Rock 

Particles

Sea Salt 
Particles

Car and 
Industrial 
Smoke 
Particles

Volcano 
Particles

20º C 
Hot Air 
Rises

Fall 
Heavier drops 
begin to fall.

THE RAIN

Condensation 
occurs when water 
vapourclings toair 
particles like dust, 
smoke, or pollen. 
This helps the 
vapour cool down, 
gather, and turn 
into tiny water 
droplets, forming 
clouds.

Humidity
is the amount 
of water vapor

 present in the air.
It is measured 

in percentages 
(%).

Collision happens when tiny water 
droplets in the clouds bump into each 

other and combine to form larger drops.

Microdrops
In the cold, 
water vapor 

turns into 
tiny 0.5 mm 

droplets.

At -30°C, when the air cools 
down, the drops freeze and 

are then reheated, 
repeating the cycle.

Size 
When the drops 
begin to fall, they 
are 0.5 cm in size. 
As they fall, they 
break and 
become smaller.

1 2

3 4

5

Relative humidity (RH) 
Relative humidity (RH) measures the current amount of water vapor in the air relative to the maximum it can 
hold at a given temperature. It’s a crucial factor in weather forecasting, influencing various atmospheric phenomena.

Relative Humidity 
RH represents amount of water in air in percentage 

Relative 
Hunsidity

 0% 

Relative 
Hunsidity

 50% 

Relative 
Hunsidity

 75% 

Relative 
Hunsidity

 100% 

Role of Relative Humidity in Weather Forecasting
	� Predicting Precipitation: High RH indicates moist air, increasing the likelihood of cloud formation and precipitation. 
Conversely, low RH suggests drier conditions with a reduced chance of rain.
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	� Example: During India’s monsoon season, meteorologists monitor RH levels to anticipate rainfall. A sudden rise 
in RH often signals impending showers.

	� Evaporation Rates: RH inversely affects evaporation; higher RH slows evaporation, while lower RH accelerates it.
	� Example: In deserts like the Sahara, low RH leads to rapid evaporation, contributing to the arid environment.

	� Tropical Cyclone Development: Elevated RH is vital for the intensification of tropical cyclones, as it supports 
cloud formation and precipitation, releasing latent heat that fuels the storm.
	� Example: The rapid intensification of Cyclone Amphan in 2020 over the Bay of Bengal was partly due to sustained 

high RH levels.
	� Heatwave Conditions: High RH can exacerbate heatwaves by hindering the body’s ability to cool through sweating, 
leading to more severe heat stress.
	� Example: During the European heatwave, elevated RH combined with high temperatures resulted in record-

breaking heat indices and widespread health advisories.

Air masses and weather patterns: Air Masses and Fronts, Temperate 
and Tropical Cyclones

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Explain air masses and associated weather 
dynamics. How do air masses influence the weather 
conditions of the Northern Hemisphere? (20 M, 
2024)

2)	 Formation of temperate cyclone depends on the 
condition of axis of dilation. Elucidate. (10M, 2024)

3)	 Explain the characteristics and weather conditions 
associated with ‘Anticyclones’ giving suitable 
examples. ( 15M,2023)

	� The questions from 2010 to 2024 demonstrate 
a consistent focus on atmospheric dynamics in 
climatology, with an increasing emphasis on 
cyclones, air masses, and frontal systems. 

	� There is a progression from foundational 
concepts (2010-2012) to more complex analyses 
of atmospheric interactions and their impacts on 
weather patterns (2021-2024). 

Case study: Cloudburst Management Plan in Copenhagen

A cloudburst is a sudden, intense rainfall event where more than 100 mm of 
rain falls within an hour over a small geographical area. 
It occurs due to the rapid condensation of moisture-laden clouds, often 
triggered by orographic lifting, convection, or temperature variations. 

Copenhagen has faced multiple cloudbursts, including a major flood in 
2011 causing $1 billion in damages. IPCC projections foresee more intense 
events due to climate change. In response, the city developed a Cloudburst 
Management Plan (2012) featuring:

	� Stormwater roads and pipes
	� Retention roads with high curbs
	� Parks and green areas for temporary water storage

This plan aims to reduce flooding and enhance urban resilience.
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4)	 With suitable examples describe the impacts of 
movement of airmasses on weather and winds in 
different parts of the continents. ( 15M, 2022)

5)	 What are the important factors responsible for 
Airmass modification? ( 10M, 2021)

6)	 Explain the characteristic features of frontogenesis 
and frontolysis. (15M, 2020)

7)	 Compare the origin and weather conditions 
associated with the tropical and temperate cyclones. 
(15M, 2016)

8)	 Discuss as to how frontogenesis contributes to 
weather instability. (10M, 2015)

9)	 Classify airmasses and explain how cP airmasses 
effect global climate. (30M, 2012)

10)	What is polar front? How does cyclone develops 
along this front? Describe the weather conditions 
associated with it. (30M, 2010)

	� Building a strong understanding of basic 
atmospheric principles is essential for 
comprehending and explaining the intricate 
processes.

 

Air Masses
Air Masses are large bodies of air that have relatively uniform temperature and humidity characteristics. They form 
in source regions where the air can remain relatively stable over a long period, allowing it to acquire the properties of the 
underlying surface.

Classification of Air Masses:
Air masses are classified based on their moisture content and temperature characteristics, using a two-letter 
nomenclature system:

	� Moisture Content:
	� Continental (c): Air masses that originate over land, resulting in dry conditions.
	� Maritime (m): Air masses that form over oceans, leading to moist conditions.

	� Temperature Characteristics:
	� Tropical (T): Warm air masses originating in low-latitude regions.
	� Polar (P): Cold air masses forming in higher-latitude regions.
	� Arctic (A): Extremely cold air masses from the Arctic or Antarctic regions.
	� Equatorial (E): Very warm and moist air masses from the equatorial regions.

Understanding these modifications is crucial in meteorology, as they significantly influence local weather patterns.
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Mechanisms of Air Mass Modification:

	� Thermodynamic Modifications:
	� Heating or Cooling from Below: When an air mass 

moves over a surface that is significantly warmer or 
cooler than the air, heat exchange occurs, leading to 
temperature changes within the air mass. For instance, 
a cold air mass moving over a warm ocean can warm 
from below, increasing its moisture-holding capacity and 
potentially leading to cloud formation and precipitation.

	� Moisture Exchange: Air masses can gain or lose 
moisture depending on the nature of the surface they 
traverse.

	● For example, a continental air mass moving over a 
moist surface can become more humid, while a maritime air mass moving over a dry surface can lose moisture.

	� Mechanical Modifications:
	� Orographic Lifting: When an air mass encounters a mountain range, it is forced to ascend. As the air rises, it cools 

adiabatically, leading to cloud formation and precipitation on the windward side of the mountains. The leeward side 
often experiences drier conditions due to descending air, a phenomenon known as the rain shadow effect.

	� Frontal Systems: The interaction between different air masses can lead to the formation of fronts, which are 
boundaries separating air masses of different temperatures and humidities. 

	● These fronts can cause significant weather changes, including precipitation and temperature shifts.
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High-latitude Climates: Polar and Arctic Air Masses dominate the 
high-latitude climates of the northern hemisphere. Continental 
Polar Air Masses (cP) meet Arctic Air Masses (cA) along an Arctic 
Front Zone, creating a series of eastward-moving wave cyclones.

High-latitude Climates: The pole-centered continent of Antarctica 
provides a single great source of the extremely cold, dry Antarctic Air Mass 
(cAA). Around the continent is a single oceanic source region for Maritime 
Polar Air Masses (mP). Storms and high winds occur frequently along the 
Antarctic Front. 

Midlatitude Climates: In this zone, Tropical Air Masses moving 
poleward are in conflict with Polar Air Masses moving 
equatorward. As a result, wave cyclones are important weather 
systems in this climate group. 

Midlatitude Climates: The southern hemisphere lacks a source region 
for Continental Polar Air Masses (cP) and so lacks a moist continental 
climate. The Polar Front separates regions of Maritime Tropical (mT) 
and Maritime Polar Air Masses (mP), providing wet wave cyclones. 

Low-latitude Climates: Source regions of Continental Tropical (cT), 
Maritime Tropical (mT), and Maritime Equatorial Air Masses (mE)  
dominate the low-latitude climates. These source regions are 
related to the two subtropical high-pressure belts and the 
Intertropical Convergence Zone (ITCZ). Easterly waves and tropical 
cyclones are important weather systems in this climate region. 

Arctic Source
Region, cA

(Land)
(Water)

(Water) Polar front
Polar front

 cT Source
Region

Continental Polar
Source Region, cP

Continental
Tropical Source

Region, cT

mP
Source

Antarctic
Source Region, cA

Maritime
Tropical Source

Region, mT

mT
Source

mT
Source

mT
Source

mP
Source

mP
Source

Climate groups, air masses and frontal zones

Mechanical Lifting 
Move over a mountain range; Consider the upper 
Northwest coast: 

Air rises, cools... 
Warm, 
moist 

air 
flows 
east

... moisture 
is wrung out. 

Pacific Ocean Rocky Mountains Western plains

Air is warm, 
dry upon 
reaching 

plains. 

Air flows down, 
warms up. 

Dryline
A dryline is a boundary that separates moist air from dry 
air, primarily distinguished by differences in humidity rather 
than temperature. Unlike traditional weather fronts, which are 
characterized by temperature contrasts, drylines are defined 
by variations in dew points—the measure of atmospheric 
moisture.

Characteristics of Drylines:
Humidity Contrast: A dryline marks a sharp change in dew 
points, often exceeding 9°C per kilometer, indicating a significant 
difference in moisture content between adjacent air masses.
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Example: In the central United States, drylines play a crucial role in spring and early summer weather patterns. 
The interaction between the moist air from the Gulf of Mexico and the dry air from the desert southwest along the 
dryline often leads to the development of severe thunderstorms, including tornadoes.

Location and Movement: In regions like the central United States, particularly during spring and early summer, 
drylines typically extend north-south across the Plains, separating humid air from the Gulf of Mexico to the east from 
dry desert air to the west. These boundaries usually advance eastward during the day and retreat westward at night.
Weather Implications: The presence of a dryline can lead to significant weather changes. For instance, when a 
dryline moves eastward during the day, it can cause a sharp drop in dew points, clear skies, and a wind shift from south 
or southeast to west or southwest, bringing drier air from the desert southwest. Conversely, when it retreats westward 
at night, the opposite changes occur.

Associated Weather Phenomena:
Thunderstorm Development: Drylines are often associated with the initiation of severe thunderstorms. The 
convergence of moist and dry air along the dryline can lead to the development of convective storms, especially when 
combined with daytime heating.
Dust Storms: In arid regions, the passage of a dryline can lead to blowing dust and rising temperatures, particularly 
if it occurs during the daytime.

Fronts types
Fronts are boundaries between two distinct air masses with different temperatures, humidity, and densities. The 
formation of fronts is a critical aspect of meteorology and climatology, influencing weather patterns, precipitation, and 
the development of storms.

Types of Fronts

Stages in formation and dissipation of fronts
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Cold Front Warm Front Stationary Front Occluded Front

	� A cold front forms when a 
cold air mass advances 
and displaces a warmer 
air mass. 

	� The denser cold air 
pushes the warm 
air upwards, leading 
to the formation of 
cumulonimbus clouds 
and often resulting in 
thunderstorms or heavy 
rain.

	� Example: Cold fronts 
are common in the mid-
latitudes, particularly 
during the transition 
seasons of spring and 
fall. The severe weather 
outbreaks in the U.S., 
such as tornadoes in 
the Midwest, are often 
associated with cold 
fronts.

	� A warm front forms when 
a warm air mass moves 
over a colder, denser air 
mass. 

	� As the warm air rises 
over the cold air, 
it cools, leading to 
the development of 
stratiform clouds and 
steady, prolonged 
precipitation.

	� Example: Warm fronts 
often bring extended 
periods of rain, drizzle, 
and overcast skies. In 
Europe, the movement 
of warm fronts from the 
Atlantic Ocean often 
results in widespread rain 
across the British Isles 
and Western Europe.

	� A stationary front occurs 
when two air masses 
meet but neither is strong 
enough to displace the 
other. 

	� The front remains 
in place, leading to 
prolonged periods of 
cloudy weather and 
precipitation.

	� Example: Stationary 
fronts can persist for days, 
leading to continuous 
rainfall and potential 
flooding. In the summer 
of 2021, a stationary 
front over Western 
Europe contributed to 
catastrophic flooding in 
Germany and Belgium.

	�  An occluded front occurs 
when a cold front 
catches up with a warm 
front, lifting the warm 
air mass off the ground 
entirely. 

	� This can lead to complex 
weather patterns, 
including rain, snow, and 
thunderstorms.

	� Example: Occluded 
fronts are common in 
mid-latitude cyclones, 
where they can lead 
to mixed precipitation 
types and shifting wind 
patterns.

Key Regions of Frontal Development

	� East Asia and Eastern North America: In these areas, cold air from snow-covered lands meets warm air from nearby 
oceans, creating sharp temperature differences. This interaction leads to the formation of significant weather fronts.
	� Pacific Arctic Front: Develops along the Rockies and Great Lakes when cold continental air meets warmer air, 

especially prominent in winter.
	� Atlantic Polar Front: Forms when warm, moist air from the tropics encounters cold, dry air from the poles. This 

front can extend as far south as the Gulf of Mexico during winter, leading to varied weather patterns.
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	� Mediterranean and Caspian Sea Regions:
	� Mediterranean Front: Occurs when cold air from Europe meets warmer air from North Africa over the Mediterranean 

Sea, especially during winter. This meeting of air masses often results in the development of weather fronts.
	� Summer Conditions: High-pressure systems dominate, reducing frontal activity in these regions.

	� Central North Pacific:
	� Frontal activity is common due to interactions between different air masses, though it’s less intense than in the North 

Atlantic because of smaller sea surface temperature differences.
Understanding these global patterns helps in predicting weather changes and preparing for various atmospheric conditions.

Frontogenesis and frontolysis
Frontogenesis and frontolysis are dynamic atmospheric processes that govern the formation and dissipation of weather 
fronts, respectively. Understanding these processes is crucial for comprehending weather patterns and forecasting.

Frontogenesis: Formation of Fronts
Frontogenesis refers to the creation or intensification of a front, which is a boundary separating two distinct air masses 
with differing temperatures and humidities. This process involves several key features:

	� Temperature Contrast: A significant difference in temperature between adjacent air masses is essential. 
	� This gradient is often enhanced by factors such as advection (horizontal movement of air), convergence (air 

masses moving toward each other), and vertical motion (upward or downward movement of air).
	� Convergence of Air Masses: The meeting of warm and cold air masses leads to the steepening of the temperature 
gradient, a fundamental aspect of frontogenesis.

	� Vertical Motion: Frontogenesis is associated with vertical movements within the atmosphere. For instance, along 
a warm front, warm air rises over the cooler air mass, while along a cold front, the cooler air mass undercuts the 
warm air, leading to uplift.

	� Cloud Formation: The uplift of warm, moist air over a cooler air mass leads to condensation, cloud formation, and 
potential precipitation, particularly along the leading edge of the warm front.

Frontolysis: Dissipation of Fronts
Frontolysis is the process by which a front weakens or dissipates. This occurs through several mechanisms:

	� Weakening Temperature Gradient: The temperature difference between the air masses diminishes over time, 
often due to divergence (air masses moving apart), mixing, and atmospheric stability.

	� Divergence: As air masses diverge along the frontal boundary, the temperature contrast decreases, leading to the 
gradual dissipation of the frontal boundary.

	� Mixing: The mixing of air masses with similar temperature and moisture characteristics reduces the sharp 
temperature gradients that define fronts, resulting in the weakening of the frontal boundary.

	� Disappearance of Clouds: As the temperature gradient decreases and vertical motion diminishes, the conditions 
favorable for cloud formation and precipitation dissipate, leading to clearer skies.

Implications for Weather Patterns
The processes of frontogenesis and frontolysis are fundamental in shaping weather patterns:

	� Frontogenesis: Leads to the development of new fronts, which can result in the formation of clouds and precipitation, 
influencing weather conditions such as storms and rainfall.

	� Frontolysis: Results in the weakening or disappearance of fronts, leading to clearer skies and more stable weather 
conditions.

Tropical and Temperate Cyclones
A cyclone is a large-scale system of winds that spirals inward toward a region of low atmospheric pressure, characterized 
by a counterclockwise rotation in the Northern Hemisphere and a clockwise rotation in the Southern Hemisphere. 

These systems are associated with various weather phenomena, including strong winds, heavy rainfall, and, in severe 
cases, destructive storms.
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Feature Tropical Cyclone Temperate Cyclone

Formation 
Region

Over warm ocean waters (above 26°C), 
typically between 5°–30° latitude in both 
hemispheres.

Develops in mid-latitudes (30°–60° N and S) 
over both land and ocean, where warm and 
cold air masses meet.

Driving Force Fueled by warm, moist air rising over the 
ocean, creating low pressure and strong 
convection currents. They are also called the 
thermal cyclones.

Caused by the clash of warm tropical air 
and cold polar air, creating a low-pressure 
system. That’s why they are called the 
dynamic cyclones. However, there are 
insolation cyclones also in the temperate 
regions.

Structure Has a well-defined eye, eyewall, and spiral 
rainbands

Has a warm front and a cold front, leading to 
an occluded front as they merge

Size & Duration Smaller in size (100–1000 km in diameter), 
lasts from a few days to over two weeks

Covers 1000–3000 km in diameter and can 
last for several days to over a week

Wind Speed Extremely high, often exceeding 120 km/h 
(Category 1) and up to 250+ km/h (Category 
5)

Moderate winds, typically 30–150 km/h, but 
stronger in extreme cases

Movement Moves westward and then poleward, 
influenced by trade winds and Coriolis force

Moves from west to east under the influence 
of westerlies in mid-latitudes

Seasonality Occurs mostly during late summer and early 
autumn when ocean temperatures are highest

Occurs year-round, with higher frequency in 
winter due to stronger temperature gradients

Rainfall & Impact Produces heavy rainfall, storm surges, and 
flash floods

Brings prolonged moderate to heavy rainfall, 
leading to widespread flooding

Dissipation Weakens over land due to loss of warm ocean 
moisture supply

Dissipates as temperature contrasts equalize 
or as fronts merge

Secondary cyclones: They are those which develop due to passage of cold winds over warm sea after the occlusion 
of main (original) cyclone. These are short-lived and very weak.
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Insolation Cyclone : Thermally induced 
temperate cyclones in the middle latitudes 
have been named insolation cyclones by 
Humphreys. Such cyclones are stationary 
at the places of their origin and different 
fronts are not properly developed.
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Fujiwhara Effect
The Fujiwhara Effect occurs when two cyclones, such as 
hurricanes or typhoons, spin in the same direction and 
interact closely with each other. 

This interaction causes the cyclones to rotate around 
a common center, which can lead to different outcomes 
depending on the relative strengths of the cyclones 
involved.
Outcomes of the Fujiwhara Effect:

	� Weaker Cyclone Absorption: If one cyclone is 
significantly weaker than the other, it may be drawn into 
the circulation of the stronger cyclone and eventually 
absorbed. This results in the loss of the weaker 
cyclone’s identity.

	� Similar-Strength Cyclones: Cyclones of comparable 
strength may engage in a rotational dance around 
each other. This interaction can lead to unpredictable 
movements as they exchange energy. The cyclones 
may either merge to form a larger system or eventually 
separate.

	� Intense Cyclone Merging: In rare cases, when 
two intense cyclones merge, they can form a “mega 
cyclone” with greatly amplified destructive potential. 
This merged cyclone can cause severe consequences, 
especially for coastal regions.

In March 2023, the Fujiwhara Effect was observed in 
the Bay Area and Southern California, where powerful 
winds and damage were reported.
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Elastic Interaction (EI): Interaction of vortices (storms) of same or 
different sizes, resulting in changes only in the direction of motion. 
This is the most commonly seen interaction
Partial Straining-Out (PSO): Interaction of vortices of unequal sizes. 
Part of the smaller vortex lost to the atmosphere.
Complete Straining-Out (CSO): Interaction of vortices of unequal 
sizes. The smaller vortex completely lost to the atmosphere
Partial Merger (PM): Interaction of vortices of unequal sizes Part of 
the smaller vortex merged to the bigger vortex
Complete Merger (CM): Interaction of vortices of same or different 
sizes, resulting in complete merger of both the storms 

Thunderstorm and Life Cycle of Air-Mass Thunderstorm
A thunderstorm is a type of weather phenomenon characterized by the presence of lightning, thunder, heavy rain, 
and sometimes hail or strong winds. It forms when warm, moist air rises rapidly into the atmosphere, cools, and 
condenses, leading to the development of cumulonimbus clouds. 

Life Cycle of an Air-Mass Thunderstorm:
Air-mass thunderstorms, also known as single-cell thunderstorms, are the most common type and typically occur 
in warm, humid air masses. They are usually short-lived, lasting to an hour. The life cycle of an air-mass thunderstorm 
can be divided into three stages:
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Cumulus Stage Mature Stage Dissipating Stage

	� Formation: The process 
begins with the solar heating 
of the Earth’s surface, causing 
warm, moist air to rise. As this 
air rises, it cools adiabatically 
and reaches the dew point, 
leading to condensation and the 
formation of a cumulus cloud.

	� Updrafts: During this stage, 
strong updrafts dominate the 
cloud, continually feeding it with 
warm, moist air, allowing it to 
grow vertically. The cloud can 
reach heights of up to 10-12 
kilometers.

	� No Precipitation: At this stage, 
there is no precipitation as the 
updrafts keep the water droplets 
and ice crystals suspended in the 
cloud.

	� Peak Development: The 
mature stage is when the 
thunderstorm is most intense. 
The cloud has now developed 
into a cumulonimbus cloud with 
a well-defined anvil shape at 
the top.

	� Updrafts and Downdrafts: 
At this point, both updrafts 
and downdrafts are present. 
Precipitation begins as the 
cloud particles grow larger 
and heavier, eventually 
overcoming the updrafts. The 
falling precipitation drags air 
downward, creating downdrafts.

	� Lightning and Thunder: The 
mature stage is marked by the 
occurrence of lightning and 
thunder. Lightning forms due 
to the separation of charges 
within the cloud, and thunder 
is the sound produced by the 
rapid expansion and contraction 
of air around the lightning bolt.

	� Weakening: The dissipating 
stage begins when the 
updrafts weaken, cutting off 
the supply of warm, moist 
air to the cloud. The storm 
is dominated by downdrafts, 
which gradually lead to the 
weakening of the thunderstorm.

	� Rain and Evaporation: 
Precipitation continues to fall, 
but it becomes lighter. The 
downdrafts cause the cloud to 
lose its vertical structure, and 
the cloud eventually dissipates 
as the rain cools and stabilizes 
the surrounding air.

	� End of the Thunderstorm: 
The thunderstorm dissipates 
completely, leaving behind 
clear skies or lingering light 
rain.

Examples:
	� Thunderstorms in the Indian Subcontinent: During the pre-monsoon season (April to June), air-mass 
thunderstorms, often referred to as “Nor’westers” or “Kal Baisakhi” in Eastern India, are common. These 
storms bring intense rainfall, hail, and strong winds, particularly in regions like West Bengal and Odisha.

	� Thunderstorms in the United States: The southeastern United States, especially Florida, experiences frequent 
air-mass thunderstorms due to the warm, humid air from the Gulf of Mexico. These storms are typically short-lived 
but can produce heavy rain and localized flooding.

Tornado - formation, characteristics and distribution
Tornadoes are among the most violent and 
destructive atmospheric phenomena, characterized 
by their rapidly rotating columns of air that extend from 
a thunderstorm to the ground.

Formation:
Preconditions: Tornado formation typically requires 
three primary conditions:

	� Warm, moist air: Often sourced from tropical 
regions, this air provides the necessary humidity.

	� Cold, dry air: Usually descending from polar 
regions, this air layer contributes to the instability 
needed for severe thunderstorms.

	� Wind Shear: A difference in wind speed and 
direction with altitude creates a rotating horizontal 
column of air.
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Comparison Between Pacific Decadal Oscillation (PDO) and Southern Oscillation (SO)

Pacific Decadal Oscillation (PDO) Southern Oscillation (SO)

A long-term ocean fluctuation of the Pacific Ocean 
with a cycle lasting 20-30 years. 

	� It involves changes in the ocean surface temperatures 
and the atmospheric conditions over the Pacific 
Ocean.

A periodic variation in winds and sea surface 
temperatures over the tropical eastern Pacific Ocean, 
influencing the climate. It is associated with El Niño 
and La Niña phenomena and has a cycle of 2-7 years.

	� The PDO consists of two main phases: warm 
(positive) and cool (negative). During the warm 
phase, the western Pacific becomes cooler and part 
of the eastern ocean warms; during the cool phase, 
the opposite pattern is observed. 

	� These phases involve changes in the strength and 
position of the Aleutian Low, a semi-permanent low-
pressure system in the North Pacific.

	� The   is marked by fluctuations in the atmospheric 
pressure between the western and eastern tropical 
Pacific. The pressure variations are part of a 
coupled ocean-atmosphere system called the El 
Niño-Southern Oscillation (ENSO).

	� During El Niño, the eastern Pacific warms, causing 
higher pressure in the western Pacific; during 
La Niña, the eastern Pacific cools, and pressure 
decreases in the western Pacific.

In essence, while both the PDO and SO influence Pacific Ocean climate variability, the PDO acts as a long-term 
background state upon which the shorter-term ENSO cycle, driven by the SO, operates. 
Understanding the interplay between these oscillations is crucial for predicting long-term climate trends and 
their potential impacts on marine ecosystems and global weather patterns.

Global Distribution: While tornadoes can occur anywhere in the world, they are most common in:
	� Tornado Alley (USA): The central United States, including Texas, Oklahoma, Kansas, and Nebraska, is particularly 
prone to tornadoes due to the interaction of warm, moist air from the Gulf of Mexico and cold, dry air from Canada.

	� Southern Brazil and Northern Argentina: Tornadoes occur here, influenced by the South Atlantic Convergence 
Zone.

Global Teleconnections
It refer to climate 
anomalies being 
related to each 
other across large 
distances, typically 
thousands of kilometers 
apart. 
These connections arise 
from large-scale ocean-
atmosphere interactions 
and can significantly 
influence weather 
patterns worldwide. El 
Niño and La Niña are 
prime examples of such 
teleconnections.
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El Niño La Niña

	� Characterized by warmer-than-average sea surface 
temperatures in the central and eastern tropical 
Pacific Ocean.

	� Global impacts include: 
a)	 Increased rainfall in the southern United States 

and Peru 
b)	 Droughts in Australia, Indonesia, and parts of 

southern Africa 
c)	 Reduced hurricane activity in the Atlantic 
d)	 Warmer winters in Canada and the northern United 

States

	� Characterized by cooler-than-average sea surface 
temperatures in the same region. 

	� Global impacts include: 
a)	 Increased hurricane activity in the Atlantic 
b)	 Cooler and wetter conditions in the Pacific 

Northwest of the United States 
c)	 Droughts in the southern United States 
d)	 Increased rainfall in Australia and Southeast Asia

Climatic classification:  Köppen’s Climate 
Classification, Thornthwaite’s Climate Classification, 

Trewartha’s Climate Classification

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Describe latitudinal distribution of Köppen’s 
classification of world climate.(15 M, 2024)

2)	 Explain the techniques to calculate potential 
evapotranspiration suggested by Thorntwaite. ( 
10M, 2019) 

3)	 Critically examine the basis and scheme of climatic 
classification proposed by G.T. Trewartha. ( 15M, 
2018) 

4)	 Discuss the basis of Koppen’s climatic classification. 
Bring out the salient characteristic of Cs type of 
climate. ( 20M, 2015) 

	� The questions from 2015 to 2024 show a 
consistent focus on different climatic classification 
systems, with each question addressing a specific 
classification method or related concept. 

	� There’s no clear shift in the type of questions 
over this period, but rather a comprehensive 
coverage of major classification systems 
(Köppen, Trewartha) and related meteorological 
concepts (potential evapotranspiration). This 
trend suggests an emphasis on understanding 
various approaches to climate classification and 
their underlying principles.

	� The climate classification models need to be 
prepared in detail.

Climate Classification 

Empirical 

Observable feature 
Temperature, 
precipitation  

Koeppen 

Genetic 

Cause 
Solar radiation, 

pressure difference  

Trewatha 

Applied 

Application of 
process of classifica-

tion 

Thornthwaite

Climate Classification
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First letter Second letter Third letter 

A TROPICAL 
Coolest month greater 
than 18°C (64.4ºF)

CMILD MID-LATITUDE 
At least one month greater 
than 10ºC (50ºF) 
Coldest month 18°C (64.4°F) 
and o°C (32°F) 

Constantly moist. Driest 
month has at least 6 cm 
(2.4 in) precipitation 
A dry season in an otherwise 
excessively moist climate 
Dry in winter, wet in summer  

Dry season in summer 
Dry in winter, wet in 
summer 
Constantly moist. Driest 
month has at least 3 cm 
( 1.2 ln) precipitation   

a  Warmest month above 
     22ºC (71.6°F) 
b  Warmest month below 
    22ºC (71.6°F) / with 4 months 
    about 10°C (50°F) 
c   Warmest month below 
     22ºC(71.6°F) but with 1 to 
     3 months above 10ºC (50ºF) 
d  As for c but with coldest 
     month below - 38ºC
    (- 36.4ºF)    

h   Mean annual temperature 
      greater than 18ºC (64.4ºF) 
k   Mean annual temperature 
     below 18ºC 64.4°F

T  Warmest month between 
    10ºC (50ºF) and o°C (32ºF) 
F  Warmest month below 
    o°C (32ºF)    

S  Semiarid 
W  Arid     

D SEVERE MID-LATITUDE 
At least one month greater 
than 10°C (50°F), Coldest 
month less than o°C (32°F) 

E POLAR 
Warmest month less than 
10°C (50°F) 

B DRY 
Potential evapotranspiration 
exceeds precipitation on the 
average throughout the year 

H HIGHLAND 
Climates of great variability 
due to altitude and aspect 
variation 

f

f

s

m

w

w

Koppen Climatic classification in detail

Features Köppen Thornthwaite Trewartha

Basis

Monthly temperature, 
precipitation, and 
seasonality

Physical interaction between 
precipitation and temperature, focusing 
on surface water availability

Modified Köppen system, with 
adjustments to better reflect 
vegetation patterns, particularly in 
North America.

Complexity
Simple Complex, due to intricate calculation of 

Potential Evapotranspiration (PE)
Moderate

Focus
Biome and soil type 
correspondence

Precise climate information, 
particularly moisture availability

Similar to Köppen, with emphasis 
on reflecting vegetation patterns, 
especially in North America.

Indices

Uses temperature 
and precipitation 
thresholds

Moisture Index (MI), Thermal 
Efficiency Index (T/ET), Dryness Index 
(DI), Humidity Index (HI), Summer 
Concentration of Thermal Efficiency

Similar to Köppen, with modified 
thresholds and criteria to better 
align with North American 
vegetation patterns.
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Strengths

Widely used, simple, 
correlates with 
biomes and soil types

More precise, incorporates energy as a 
driver of evaporation

Aims for improved accuracy in 
reflecting vegetation patterns, 
particularly in North America, 
compared to the original Köppen 
system.

Limitations

May not accurately 
reflect local climate 
variations or non-
climatic influences on 
vegetation

Complex, potentially cumbersome More regional in focus, primarily 
designed for North America.

Revisions/ 
Modifications

Revised by Geiger 
(1961) and Trewartha 
and Horn (1980)

Various modifications exist, but the 
core principles remain the same.

The Trewartha scheme itself is 
a significant modification of the 
Köppen system.

Example 
Application

Identifying broad 
climate regions and 
their associated 
ecosystems.

Agricultural planning, hydrology, and 
environmental studies where precise 
moisture information is crucial

Studying the relationship between 
climate and vegetation patterns, 
particularly in North America.

Some specific concepts of Thornthwaite
Thornthwaite developed a surface water balance model in the 1940s for classifying climates based on surface water 
availability. 
Thornthwaite’s water balance, sometimes referred to as the Thornthwaite potential evapotranspiration, is a significant 
concept in climatology, as it affects both the energy and water balances simultaneously.

	� This approach recognizes that while the global water balance balances on a global, annual scale, local balances of 
precipitation and water removal via evapotranspiration and runoff may not be balanced at a given time and place. 

Thornthwaite’s model focuses on the following key elements
	� Potential Evapotranspiration (PE): PE is a key concept in Thornthwaite’s water balance, representing the amount 
of water that could evaporate and transpire from a surface with a constant water supply.

	� Soil Moisture Storage: Soil moisture storage plays a crucial role in the annual variation of the terrestrial water 
balance. The model uses the concept of field capacity, representing the maximum amount of water soil can hold 
against gravity. When precipitation exceeds PE, and the soil is at field capacity, the excess water becomes surplus, 
leading to runoff. The timing and magnitude of surplus and deficit periods throughout the year shape the local climate 
and influence vegetation, agriculture, and human habitation.

	� Moisture Index (MI): Thornthwaite’s climatic classification system employs a moisture index (MI) calculated from 
precipitation and PE to classify climates based on water availability. The MI quantifies the degree of humidity or 
aridity at a location.

Climatic types based on the 1948 Thornthwaite moisture index 

A - Perhumid B2-Humid C1-Dry subhumid 

B4-Humid B1-Humid D-Sermiarid 

B3-Humid C2-Moist subhumid E-Arid
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Treeline and Its Use in the Köppen Climate Classification System
The treeline, also known as the tree line or timberline, is the boundary beyond which trees cannot grow due to 
environmental conditions. It marks the transition zone between forested areas and regions where trees are 
replaced by shrubs, grasses, or tundra vegetation. 
The treeline is influenced by factors such as temperature, soil conditions, altitude, and latitude.

Factors Influencing the Treeline:
1)	 Temperature: In cold regions, such as the Arctic and high mountain areas, low temperatures limit tree growth. The 

treeline is often defined by the mean temperature of the warmest month.
2)	 Altitude: In mountainous regions, the treeline is determined by altitude. As altitude increases, temperatures 

generally decrease, limiting the growth of trees.
3)	 Latitude: The treeline varies with latitude, being lower in higher latitudes due to cooler temperatures.
Use in the Köppen Climate Classification System: The Köppen Climate Classification System categorizes climates 
based on temperature, precipitation, and seasonal variations. The treeline is relevant in this system, particularly in the 
following ways:

	� Climate Zones: The treeline helps define the boundaries of various climate zones within the Köppen system. For 
example:
	� Tundra (ET) Zone: The treeline represents the southern boundary of the tundra climate zone, where permafrost 

and very short growing seasons limit tree growth.
	� Taiga (Dfc, Dfd, etc.) Zone: The treeline separates the taiga (boreal forest) from the tundra. The taiga is 

characterized by colder temperatures and shorter growing seasons compared to temperate forests.
	� Climate Classification Boundaries: The position of the treeline can influence the classification of regions within 
the Köppen system. Areas with treelines are often used to demarcate boundaries between different climate types, 
such as between boreal forests and polar regions.

Example: Tibetan Plateau:
	� The treeline on the Tibetan Plateau is influenced by high altitude and low temperatures.
	� The treeline is found at around 3,800 to 4,500 meters above sea level. Beyond this, tree growth is limited by the 
harsh climate and low oxygen levels.

	� A 2023 study reported that the treeline on the Tibetan Plateau has been shifting upward due to rising temperatures, 
which could affect local ecosystems and biodiversity.

Hydrology and water cycle: Hydrology

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Explain the role of evaporation in the hydrological 
cycle. ( 10M, 2018) 

2)	 What is potential Evapotranspiration? Explain how 
it is used in assessing the water balance in an area. 
(15M, 2015)

	� The questions that appear from this topic are 
not regular in nature. They are directly related to 
hydrological cycle.

	� The 2015 question specifically addresses the 
concept of potential evapotranspiration and its 
application in water balance assessments, while 
the 2018 question asks for a broader explanation 
of evaporation’s role in the hydrological cycle. 

	� This suggests that hydrological cycle, its 
components are important to understand.

Hydrological Cycle
The hydrological cycle, commonly known as the water cycle, is the continuous movement of water on, above, and 
below the Earth’s surface. This cycle is essential for distributing fresh water across the planet, supporting all forms of life, 
and regulating climate patterns.
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The cycle of water 
The world's water is in constant motion. It is a process that 
begins with T the evaporation of water from the surface of 
seas and oceans and continues with the formation of 
clouds, rain and water transport through rivers and 
groundwater filtrations back to the sea. This process is 
known as the water cycle, which ensures access to this 
element vital to plants and all living creatures of Earth.

CONDESATION 
When water vapor cools 
off, it condenses and 
forms clouds. The wind 
pushes them towards 
the continent. 

TRANSPIRATION 
Human beings as well as 
plants also contribute 
water to the atmosphere 
through transpiration. 

When temperatures rise, 
water vapor escapes 
through the leaves. 

The human 
body is about 

70% 
water

The total amount 
of water in the 

planet is always 
the same. it only 

changes its 
state. 

ALWAYS THE 
SAME 

EVAPORATION 
The Sun heats 
the ocean's 
water which 
rises to the 
atmosphere 
as water 
vapor. 

RETURN TO THE SEA 
Finally water returns 
to the soo through 
rivers as well as 
through underwater 
canals

UNDERGROUND 
CIRCULATION 
A large amount of 
water is filtered 
through the ground 
and runs through 
underground canals. 

AQUIFERS 
Sometimes water 
infiltrates between 
rocks creating 
underground water 
reservoirs. Тhese are 
called aquifers. 

RUNOFF 
Water coming 
from rain or 
mited snow, 
slides down 
Through rivers 
and streams. 

PRECIPITATION 
When moistened air 
cools off, water 
vapor turns to liquid 
water and falls in the 
form of rain. SNOW

SEA

RIVER

LAKE

CLOUDS WIND

RAIN

PERMEABLE
LAYERS

INFILTRATION

IMPERMEABLE 
LAYERS

THE THREE STATES OF WATER 
Eeach water molecule is 
made up of an oxygen atom 
and two hydrogen atoms. 
Water molecules move: they 
repel and attract each other. 
The distance between them 
and their relative movement 
determines in which state it 
is: water vapor, Liquid water, 
or ice. 

300 km³ 
of water falls daily in the 
form of precipitations. 

SNOW 
When clouds reach 
colder layers, snow 
crystals are created. 

1

2

3

4
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Impacts of anthropogenic activities on Hydrological Cycle
Human activities have significantly altered the natural hydrological cycle, leading to profound changes in water distribution, 
availability, and quality. 

	� Deforestation: It contribute to the reduction of the key reservoirs of water within the global hydrological cycle. 
	� Example: Deforestation in the Amazon rainforest, which has seen a significant reduction in water vapor released 

into the atmosphere, affecting regional and global precipitation patterns.
	� Urbanization and impermeable surfaces: The rapid expansion of urban areas with extensive concrete and asphalt 
surfaces disrupts the natural hydrological cycle. 
	� Example: In Beijing, China, where the increased urbanization has led to the decline in groundwater levels 

by 11 cm and the drying up of rivers due to increased surface runoff
	� Agricultural practices: Intensive agricultural practices have a significant impact on the hydrological cycle.

	� Example: In Punjab region of India, where the intensive use of irrigation and chemical inputs has resulted 
in the depletion of groundwater resources and the pollution of rivers.

	� Climate change: As temperatures rise, glaciers melt faster, impacting the natural storage of water and the timing of 
freshwater availability for downstream regions that depend on glacial meltwater. 
	� Example- Lake Toba, Indonesia: Research has shown that climate change, along with human activities, has led 

to fluctuations in the water level of Lake Toba, affecting water availability and quality for surrounding communities. 

Reports related to Hydrological Cycle:
	� NASA’s Findings on Human-Induced Shifts in the Global Water Cycle: In January 2025, NASA scientists 
published a study revealing that human activities, particularly agriculture, have led to unprecedented shifts in the 
global water cycle over the past two decades. 

These changes are affecting ecosystems and water management practices, underscoring the need for sustainable 
water use and conservation strategies.

	� The WMO’s (State of Global Water Resources 2022 report) highlights the severe impact of climate change and 
human activities on the hydrological cycle. Significant glacial melting in the Hindu Kush Himalaya Region altered 
major river flows, affecting nearly two billion people’s water supply.
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Climate change

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Climate change is a reality. Explain with suitable 
examples. ( 20M, 2020) 

2)	 Discuss the significance of World Climate Research 
Programme (WCRP) and its core projects in the 
understanding of climate change. ( 20M, 2016) 

3)	 Contemporary global climate change is an 
anthropogenic phenomenon. Discuss. ( 30M, 2011)

	� The questions from 2011 to 2020 show an 
evolution in the approach to climate change 
topics. 

	� The 2011 question focuses on the anthropogenic 
nature of climate change, indicating an interest in 
the causes. 

	� The 2016 question shifts to the significance of 
research programs in understanding climate 
change, suggesting a focus on scientific efforts 
and methodologies. The 2020 question takes a 
more assertive stance, asking for evidence of 
climate change as a reality. 

	� This trend indicates a progression from debating 
causes to emphasizing research efforts, and 
finally to demonstrating the tangible effects of 
climate change.

Climate Change
Climate change refers to long-term alterations in temperature and weather patterns, primarily driven by human 
activities such as burning fossil fuels. While natural factors like solar variations and volcanic eruptions also contribute, 
scientific evidence overwhelmingly attributes recent climate changes to human-induced greenhouse gas emissions.

Evidence of Climate Change
Scientific data confirms that human activities are the dominant cause of climate change.

	� Atmospheric CO₂ concentration has increased by over 40% since 1800, contributing to higher global temperatures.
	� Evidence such as shrinking Arctic sea ice, rising sea levels, increased ocean heat content, and altered weather 
patterns aligns with climate model predictions.

	� The simultaneous warming of the lower atmosphere and cooling of the stratosphere further supports human influence 
over natural climate variability.

Changing rainfall 
pattern 

Air temperatures 

Number of hot 
days per year  

Glaciers and 
ice sheets 

Arctic sea ice 

Sea surface 
temperatures Sea 

levels 

Ocean 
acidification

Ocean heat 
content 

Changing 
Southern 
Ocean currents 

Intensity and 
frequency of 
extreme 
weather events 
(e.g. fires, 
floods

Number of cold 
days per year 
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Why is Climate Change a Concern Now?
Despite historical climate variability, the current warming rate is unprecedented—nearly 10 times faster than past climate 
shifts. 
The Industrial Revolution’s CO₂ emissions have accelerated global warming, increasing temperatures by approximately 
1°C since the 19th century. If emissions continue unchecked, critical ecosystems may struggle to adapt, leading to severe 
consequences for life on Earth.

IPCC assessment report 6 – Observed Trends and Future Projections of the regional climate of South Asia 

Observed Trends: 
Annual mean land temperatures 
over India warmed at a rate of 
around 0.6°C per century during 
1901-2018. 

Observed Trends: 
The annual average of daily maximum 
and minimum temperatures has 
increased over almost all Pakistan 
with a faster increasing trend in the 
south

Future Projections: 
The South Asian Region 
shows higher sensitivity to greenhouse gas emissions projecting 
higher warming for a given emission scenario. The north-western 
parts of South Asia, mainlycovering Karakorum and Himalayan 
mountain ranges, are projected to warm more (over 6°C under high 
emissions, with higher warming in winters than in summer) and this will 
accelerate glacier melting in the region. The warming pattern of 
maximum and minimum temperatures is projected to intensify in 
higher latitudes compared with mid-latitudes of South Asia.

Heat waves and humid heat stress 
will be more intense and frequent 
during the 21st century

Land data prepared by Berkeley Earth and combined 
with ocean data adapted from the UK Hadley Centre 
Global temperature anomalies relative to 1850-1900 
average Vertical lines indicate 95% confidence intervals

Global Average Temperature 1850 - 2023 
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Case study: Arctic Ice Melt

Case study: The Thwaites Glacier, Antarctica

Case study: Heatwaves in Europe 

Case study:  Rising Sea Levels in the Maldives 

	� The Arctic region has experienced a significant reduction 
in sea ice extent over the past few decades. 

	� NASA reports a 13% decline per decade since 1979. 
	� The melting ice contributes to rising sea levels and disrupts 
local ecosystems, affecting species such as polar bears and 
seals. 

	� The loss of ice reduces the Earth’s albedo effect, causing 
more solar energy to be absorbed and accelerating global 
warming. 

	� This creates a feedback loop that exacerbates climate change.

	� Thwaites Glacier, also known as the “Doomsday Glacier,” is 
one of the most critical glaciers in Antarctica due to its potential 
to significantly raise sea levels. 

	� Recent studies have shown that warm ocean currents are 
melting the glacier from below, causing it to lose ice at an 
alarming rate.

	� The retreat of Thwaites Glacier is driven by warm ocean water 
penetrating beneath the ice shelf, which destabilizes the glacier. 

	� The grounding line, where the glacier meets the sea floor, is 
retreating, leading to accelerated ice flow into the ocean. 

	� Europe has experienced increasingly frequent and severe 
heatwaves, with recent records set in 2019 and 2020. 

	� These heatwaves are linked to anthropogenic climate change, 
which is causing average global temperatures to rise. 

	� Heatwaves pose significant health risks, particularly to 
vulnerable populations such as the elderly and those with 
preexisting conditions. 

	� The extreme temperatures also stress infrastructure, agriculture, 
and ecosystems.

	� The Maldives, a low-lying island nation, faces existential threats 
from rising sea levels caused by global warming. 

	� Thermal expansion of seawater and melting ice sheets 
contribute to this rise. 

	� Rising sea levels lead to coastal erosion, increased flooding, 
and contamination of freshwater resources, threatening the 
livelihood and habitat of the Maldivian people. 

	� The country has become a vocal advocate for global climate 
action, emphasizing the need for international cooperation to 
mitigate climate change. 

Melting Arctic 
sea ice warming 
the planet  

1. Arctic sea ice is melting due to 
the climate crisis and the effects 

of pollutants like black carbon 
coming from ships   

4. And releases more 
heat into the 

atmosphere, causing 
more Arctic and global 
warming, exacerbating 

the climate crisis 

3. The ocean absorbs more heat  

2. When the sea 
ice disappears the 
dark surface of 
the ocean is 
exposed, 
reflecting less 
sunlight 

Thwaites Glacier 

East 
Antarctica  

South Pole 

West 
Antarctica 

Amundsen 
Sea 

Temperature difference from 
historical average 
Tuesday's forecast compared 
to July 19 in past years 

-10º +10º +20ºF

SPAIN

20°F or more 
above average 

FRANCE 

SWITZERLAND 

ITALY 

AUSTRIA 

GERMANY 

U.K.

0º

Sea Levels Continue to Rise 
Sea level rise since 1993 (in millimeters) 

Divergence 

Sea levels are 
rising on average 
3.5mm per year  
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Equilibrium Climate Sensitivity (ECS)
	� Equilibrium Climate Sensitivity (ECS) refers to the long-
term change in global mean surface temperature that 
would result from a sustained doubling of atmospheric 
CO2 concentrations.

	� It’s a crucial metric for understanding the Earth’s 
response to greenhouse gas emissions and predicting 
future climate change.

Components of ECS:
	� Fast Feedbacks: These include processes like changes in water vapor, clouds, and sea ice, which respond quickly 
to temperature changes.

	� Slow Feedbacks: Processes like ice sheet dynamics and deep ocean circulation can take much longer to fully 
respond, impacting the eventual equilibrium temperature.

	� Forcing and Feedback Mechanisms: The radiative forcing due to increased CO₂ and the feedback mechanisms 
(both positive and negative) that amplify or dampen the temperature response are central to determining ECS.

Milankovitch cycles
The Milankovitch cycles are a set of periodic variations in the Earth’s orbital parameters that have a significant influence 
on the planet’s climate over long timescales. 

These cycles are considered a major driver of the Earth’s long-term climate changes, with their influence being 
observed in various geological and paleoclimatic records, such as ice cores, marine sediments, and tree rings.

Climate 
sensitivity 

Initial 
warming 

Feedbacks

Recent research and findings
	� IPCC Sixth Assessment Report (AR6, 2021): 

	� Narrowed the likely range of ECS to 2.5°C to 4°C, with a best estimate of 3°C.
	� This is a refinement from the previous report (AR5, 2013), which gave a range of 

	� Nature Climate Change study (2022): 
	� Researchers used machine learning techniques to analyze climate model simulations.
	� They estimated an ECS of 3.4°C, with a likely range of 2.8°C to 4.0°C

Eccentricity Earth encounters more 
variation in the energy that it 
receives from the sun when Earth's 
orbit is elongated than it does when 
Earth's orbit is more circular. 

Earth

Earth

Sun

Tilt The tilt of Earth's axis 
varies between 22.2 and 24.5°. 
The greater the tilt angle is, 
the more solar energy the 
poles receive. 

Precession A gradual change, 
or "wobble," in the orientation 
of Earth's axis affects the 
relationship between Earth's 
tilt and eccentricity.

Sun

0 23.5º 
24.5º 

22.2º 
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The combined effects of these three cycles influence the distribution of solar radiation received by the Earth, 
which in turn affects global temperature patterns, precipitation, and the waxing and waning of ice ages.

Case Studies and Evidence 
Ice Core Data: Ice core samples from Antarctica and Greenland provide evidence of the correlation between 
Milankovitch cycles and climatic changes. These cores show regular patterns of temperature fluctuations that align 
with the periodicity of Milankovitch cycles.
Marine Sediment Records: Marine sediments contain foraminifera shells and other biological markers that reflect 
past ocean temperatures. These records have revealed cycles of glaciation and deglaciation corresponding to changes 
in Earth’s orbital parameters.

Hydroclimate Whiplash
According to a study by climate 
attribution group ClimaMeter, 
three wildfires that have 
devastated large parts of Los 
Angeles city are mainly due to a 
‘hydroclimate whiplash’.

Hydroclimate whiplash refers to 
sudden and extreme shifts between 
very wet and very dry weather 
conditions in a region. These rapid 
changes can lead to significant 
challenges, including increased risks 
of floods, droughts, and wildfires.

Causes of Hydroclimate Whiplash
	� As the Earth’s atmosphere 
warms due to climate change, 
it can hold more water vapor—
approximately 7% more for 
every degree Celsius increase in 
temperature. This enhanced capacity means that during wet periods, more moisture is available, leading to heavier 
rainfall. 

	� Conversely, during dry periods, the atmosphere’s increased “thirst” can draw more moisture from the soil and 
vegetation, intensifying drought conditions. This dynamic creates a cycle of extreme weather fluctuations.

Milankovitch cycles affect Earth’s climatic patterns

Eccentricity Cycle Obliquity Cycle Precession Cycle

	� Cycle length: 100,000 years
	� Describes the shape of Earth’s 
orbit around the Sun, ranging 
from more circular to more 
elliptical

	� Affects the amount of solar 
radiation received by the Earth, 
with more elliptical orbits resulting 
in greater seasonal variations

During periods of high eccentricity, 
the increased seasonal variation 
in solar radiation can lead to more 
pronounced climate fluctuations.

	� Cycle length: 41,000 years
	� Describes the tilt of Earth’s 
axis relative to the plane of its 
orbit

	� Affects the contrast between 
summer and winter seasons, 
with greater tilt leading to 
more extreme seasons.

Periods of high obliquity can 
result in more extreme seasonal 
contrasts, affecting the growth 
and retreat of continental ice 
sheets.

	� Cycle length: 23,000 years
	� Describes the gradual “wobble” 
of Earth’s axis, like a spinning top

	� Affects the timing of the seasons, 
with the seasons occurring at 
different points in Earth’s orbit 
around the Sun

Changes in the precession cycle 
can shift the timing of the seasons, 
altering the distribution of solar 
energy and impacting regional 
climate patterns.

North-Central USA 
Jan 2020-Jan 2021 

wet to dry 
Impacts: flooding. 

crop loss, hydropow-
er loss, wildfire 

Southern Chile and Argentina 
Dec 2016-Dec 2017 dry to wet 

Impacts: wildfire, flooding. 
landslides 

Central America
Nov 2019-Nov 2020 dry 

to wet 
Impacts: flooding, 

landslides, crop loss, 
human displacement  

West Africa 
Jun 2020-Sep 2020 

dry to wet 
Impacts: flooding, 

human displacement, 
disease outbreak 

East Africa 
Sep 2023-Dec 2023 

dry to wet 
Impacts: crop and 
livestock loss, food 
shortages. flooding 

Southeast Australia 
Dec 2019-Dec 2020 

dry to wet 
Impacts: wildfire, 

flooding

Southern China 
Jun 2022-Sep 2022 

wet to dry 
Impacts: crop loss. 

hydropower loss 

Pacific Southwest 
Oct 2022-Oct 2023 

dry to wet 
Impacts: wildfire, 

flooding. landslides 

Iran, Pakistan and Eastern 
Arabian Peninsula 

May 2022-Aug 2022 dry to 
wet 

Impacts: flooding. 
landslides, infrastructure 

damage 

Northern and Central Europe 
Jan 2018-Jan 2019 wet to dry 
Impacts: flooding. extreme 

heat, crop loss 
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Impacts of Hydroclimate Whiplash
	� Increased Floods and Droughts: The alternation between heavy rainfall and prolonged dry spells can lead to 
severe flooding followed by intense droughts, straining water resources and ecosystems.

	� Wildfire Risks: Periods of abundant rainfall promote vegetation growth. When followed by drought, this lush 
vegetation dries out, becoming highly flammable and increasing the likelihood of wildfires.

	� Health Concerns: Wildfires produce smoke that can exacerbate respiratory and cardiovascular issues. Additionally, 
flooding can create conditions conducive to waterborne diseases, such as cholera and leptospirosis.

Applied climatology and urban climates

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Explain the nature of urban climates and 
their impact on global environmental 
change. ( 15M, 2019) 

	� The question focuses on urban climates and their global 
environmental impact. 

	� This suggests understanding the localized effects of human 
activities on climate and how these local changes contribute 
to broader global environmental shifts.

	� This topic remains unexplored and can be asked by upsc in 
different forms.

Climate-Smart Agriculture (CSA) in Mali: 

Mali developed a Climate-Smart Agriculture Investment 
Plan to complement its agricultural policies. 
This plan focuses on implementing CSA practices 
that enhance productivity, resilience, and carbon 
sequestration.

Regenerative Farming Practices:

Farmers worldwide are adopting regenerative farming 
techniques to combat climate change. 
These practices include crop diversification, cover 
cropping, and reduced tillage, which improve soil health 
and increase resilience to climatic variations.

Applied Climatology
Applied climatology refers to the study of climate’s effects on natural and social systems. It is distinct from general 
climatology because it focuses on practical applications rather than just theoretical climate analysis​.

Definitions of Applied Climatology
	� K. Smith: It is the use of real-time and historical climate information to solve social, economic, and environmental 
problems​.

	� G.A. Marotz: It is the use of climatic data and theoretical models to solve specific problems​.

Applications of Applied Climatology

Applied climatology examines how climate influences various human activities and natural systems, providing essential 
insights for sectors such as agriculture, transportation, urban planning, tourism, and public health.

	� Agriculture: Climate parameters like temperature and precipitation critically affect crop growth, yield, and the 
occurrence of agricultural disasters such as droughts and frosts.

Importance of Applied Climatology

Agricultural 
Patterns

Determines crop 
types and yields.

Influences aviation 
climatology and road 

safety.

Affects heating and 
cooling demande.

Plays a role in 
insurance and public 

health.

Transportation Energy 
Consumption

Disaster Risk 
Management
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Urban Climate
Urban climate refers to the localized climatic conditions experienced within cities, distinct from surrounding rural 
areas due to human activities and infrastructure​.      

	� Urban Planning: Incorporating climatological data into urban planning is vital for developing sustainable and resilient 
cities
	� Cheonggyecheon Stream Restoration in Seoul: Seoul transformed a congested highway into the Cheonggyecheon 

stream, creating a cultural corridor that provides environmental and social benefits. 
	● This project has reduced air pollution, fostered biodiversity, and cooled urban areas, demonstrating the positive 
impact of integrating climatological considerations into urban redevelopment.  

Major Aspects of Urban Climate

Urban Heat Island 
(UHI) Effect

Air Quality and 
Pollution

Altered Wind 
Patterns

Urban 
Precipitation 

Changes

Impact on 
Human Health

Urban areas tend to be 
significantly warmer than 
rural areas due to heat 
absorption by concrete, 
asphalt, and buildings.
Reduced vegetation 
and increased energy 
consumption contribute 
to higher temperatures​.

Urban climates often 
have higher levels 
of pollutants such 
as CO₂, NO₂, and 
particulate matter.
Temperature 
inversions can trap 
pollutants, worsening 
air quality​.

Buildings and 
skyscrapers 
modify local 
wind flow, 
reducing 
ventilation and 
increasing heat 
retention​.

Cities experience 
higher rainfall 
due to enhanced 
convection 
and pollution-
induced cloud 
condensation 
nuclei​.

Higher 
temperatures 
exacerbate 
heat stress, 
cardiovascular 
diseases, and 
respiratory 
illnesses​.

Urban Climate Mitigation Strategies 

Sustainable 
Transport 

Sustainable 
transport reduc-
es emissions but 
involves complex 

implementation

Reflective 
Surfaces 

Reflective 
surfaces are easy 
to implement but 

have limited 
environmental 

impact

Urban Planning 
Urban planning 
maximizes 
environmental. 
impact with 
relatively low 
complexity. 

Green Infrastruc-
ture 
Green infrastruc-
ture offers 
significant 
environmental 
benefits but 
requires complex 
implementation
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Case study: Air Pollution and Urban Climate in Beijing

Case study: Urban Flooding and Climate Change in Mumbai

Case study: Urban Microclimates and Green Spaces in Singapore

Case study: Climate Adaptation in Urban Planning in Copenhagen

	� Beijing’s urban climate is significantly affected by air pollution from industrial activities and vehicular emissions. 
Temperature inversions often trap pollutants, exacerbating smog conditions. 

	� Studies have shown that emission control measures implemented between 2013 and 2023 led to a 35% reduction 
in PM2.5 concentrations, highlighting the effectiveness of coordinated pollution reduction strategies.

	� Mumbai faces increased urban flooding due to climate change and rapid urbanization. Hydrological modeling and 
GIS mapping have revealed that altered rainfall patterns and inadequate drainage systems contribute to severe 
flooding. 

	� A study integrating GIS and the Analytic Hierarchy Process (AHP) identified flood-prone areas, informing urban 
planning initiatives focused on enhancing drainage infrastructure and implementing sustainable urban designs to 
mitigate flood risks.

	� Singapore’s extensive green spaces and urban forestry play a crucial role in moderating its urban climate. 
	� Research indicates that parks and green roofs help cool the urban environment, reducing the Urban Heat Island 
(UHI) effect. Studies utilizing remote sensing and field data emphasize that urban green spaces can effectively 
lower ambient temperatures, enhancing urban microclimates and promoting sustainability.

	� Copenhagen integrates climate adaptation into urban planning to address rising temperatures and sea levels. 
Initiatives guided by climate models and risk assessments include flood defenses, green roofs, and permeable 
surfaces to manage stormwater. 

	� The city’s Climate Adaptation Plan emphasizes the use of blue and green infrastructure to enhance urban resilience 
and mitigate climate impacts.

Urban Canyon Effect
	� The urban canyon effect refers to the 
influence of building and street 
architecture on street-level airflow. This 
effect significantly elevates traffic-related 
air pollution along roads bordered by tall 
buildings. 

	� When tall buildings line both sides of city 
streets, they restrict air movement, leading 
to higher concentrations of pollutants in 
the ambient air.

Background pollution 
Roof level wind 

Recirculating air 

Direct plume Leeward 
sider 

Windward 
sider
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OCEANOGRAPHY
Syllabus - Bottom topography of the Atlantic, Indian and Pacific Oceans; Temperature and salinity of the oceans; Heat 
and salt budgets, Ocean deposits; Waves, currents and tides; Marine resources; biotic, mineral and energy resources; 
Coral reefs coral bleaching; Sea-level changes; Law of the sea and marine pollution. 

Bottom topography of the Atlantic, Indian and Pacific Oceans

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 With suitable sketches elaborate the bottom 
topography of the Indian Ocean. (15M, 2024)

2)	 Give a detailed account of the bottom topography 
of the Pacific Ocean. (15M, 2021)

3)	 Describe the configuration of the Pacific Ocean 
floor. (15M, 2017)

4)	 Write short note on different layers of ocean 
water above abyssal plain (12M, 2012)

	� The last question on this topic appeared in 2024, 
and before that, in 2021, 2017, and 2012. 

	� This indicates a gap of 2 to 4 years between 
each occurrence. The questions have been 
straightforward, focusing on various aspects of 
ocean bottom topography and its components.

	� For the 2025 examination, it’s advisable to study the 
basics of ocean bottom topography, with a particular 
emphasis on the Atlantic Ocean’s topography. 
Additionally, a broad comparison of the bottom 
topography of major oceans is recommended.

Continental Margins 
A continental margin is the outer edge of continental crust that meets oceanic crust under coastal waters. Continental 
margins can be classified as either passive or active, depending on their proximity to plate boundaries. 

Passive continental margin Convergent active continental margin 

Land Land Continental shelf 

Continental slope 

Continental slope 

Continental slope 

Ocean floor 

Continental shelf

Continental rise 

Continental 
margin 

Continental 
shelf Rift valley 

Seatableland 
(guyots)

Seamounts 

Rise of Magma Ocean Floor

Rise 
Abyssal plain 

4 Kilometers 

Slope

Shelf 
break 

Shelf 

Continental 
margon 

Abyssal 
plain 4 km 4 km

Ocean 
trench 

Sea level 

Sea level 

Sea level 

Con�guration of Ocean Floor
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Passive Continental Margins Active Continental Margins

	� Formation: These margins develop when continental 
landmasses split apart (a process called rifting), 
followed by seafloor spreading that pushes the margins 
away from the center.

	� Tectonic Activity: They have low tectonic activity, with 
minimal earthquakes and volcanic activity.

	� Key Features:
	� Wide continental shelves
	� Gentle continental slopes
	� Absence of deep oceanic trenches

	� Examples: These margins are found along the Atlantic 
Ocean, such as the eastern coast of North and South 
America and the western coast of Africa.

	� Formation: These margins form when oceanic 
plates move beneath continental plates (a process 
called subduction) or when plates slide past each 
other (transform boundaries).

	� Tectonic Activity: They experience high tectonic 
activity, including frequent earthquakes and 
volcanic eruptions.

	� Key Features:
	� Narrow continental shelves
	� Steep continental slopes
	� Deep oceanic trenches

	� Examples: These margins are found along the 
Pacific Ocean, such as the west coast of North and 
South America.

Bottom Relief of Atlantic, Pacific and Indian Ocean 
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Differences Between Bottom Topography of Atlantic, Pacific and Indian Ocean

Feature Atlantic Ocean Pacific Ocean Indian Ocean

Continental Shelves wider and flatter, shaped 
primarily by sedimentation.

Generally narrower and 
less flat, influenced more by 
faulting, volcanism, and tectonic 
deformation.

Moderately wide with 
prominent continental 
shelves

Abyssal 
Plains 

More common due to a greater 
number of sediment-laden rivers 
and fewer trenches trapping 
sediment.

Relatively rare; deep-ocean 
trenches trap sediments moving 
toward basin centres.

Moderate size, 
interrupted by ridges 
and seamounts

Oceanic 
Ridges 

Characterized by the Mid-Atlantic 
Ridge, a prominent, relatively slow-
spreading ridge with a central rift 
valley.

Features the East Pacific Rise, 
a fast-spreading ridge that 
is less prominent and lacks a 
central rift valley.

Central Indian Ridge 
is intermediate in 
spreading rate and 
elevation

Trenches Fewer in number. The majority of ocean trenches 
are found along the margins of 
the Pacific Ocean.

Moderate number 
and depth (e.g., Java 
Trench)
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Sediment 
Thickness 

Generally thicker, averaging about 
1 kilometre. This is influenced by a 
greater number of sediment-laden 
rivers and a smaller overall ocean 
area.

Averages less than 0.5 
kilometers in thickness. 
Many oceanic trenches trap 
sediments moving toward basin 
centres.

Variable, generally 
thinner, with thicker 
layers near margins

Volcanic 
Peaks 

Abyssal hills are often buried 
beneath abyssal plain sediment.

Extensive abyssal hill 
provinces are common due 
to lower sediment deposition 
rates; trenches trap much of the 
sediment.

Numerous 
seamounts, volcanic 
islands, and plateaus

Age of 
Ocean 

Floor Younger overall, with a 
simpler, more symmetric pattern of 
age distribution. This is a result of 
the relatively recent formation of the 
Mid-Atlantic Ridge.

Older overall with the least 
symmetric age distribution. This 
is because many subduction 
zones surround it.

Intermediate, with a 
complex age pattern

Physical properties of oceans:  Temperature and Salinity Variations in 
the Oceans, Heat Budget of the Oceans, Salt Budget of the Oceans

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Rise of surface temperature brings severe 
consequences. Elaborate the potential changes 
and threats associated with it in the world. (20M, 
2022)

2)	 Discuss the hazards associated with the rising of 
sea surface temperature. (10M, 2021)

3)	 Write a short note on salinity patterns of Indian 
Ocean. (12M, 2011)

4)	 “Temperature, salinity and density differences in 
ocean water are the prime causes of ocean water 
circulation”. Elaborate. (30 M, 2011)

	� The physical properties of oceans are an important 
core area of oceanography. Conceptual questions on 
these properties appear with a gap of 2 to 5 years.

	� For the 2025 examination, prepare the temperature 
and salinity patterns of oceans, and study the heat 
and salinity budgets of the oceans. 

Temperature Variations in the Oceans
The temperature of ocean water is influenced by several 
factors, including latitude, land-water distribution, 
prevailing winds, and ocean currents.

	� Horizontal Distribution
	� Surface temperature decreases from the equator to 

the poles due to variations in insolation.
	� Land-sea contrast affects ocean temperatures, with 

enclosed seas like the Red Sea and Persian Gulf 
being warmer due to intense heating from surrounding 
landmasses.

	� Warm and cold ocean currents modify regional 
temperatures, such as the Gulf Stream warming the 
eastern North Atlantic and the Labrador Current cooling 
the northwest Atlantic.

	� Vertical Distribution

Thermal Equator Thermal Equator 

Figure 9.4 (a): The distribution of surface air temperature in the month of January
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	� The ocean’s temperature declines with depth, but the rate varies across different zones:
	● Surface Layer (0–500m): Warmest layer due to 
direct sunlight, with temperatures around 20–25°C in 
the tropics.

	● Thermocline (300–1000m): A zone of rapid 
temperature decrease, acting as a barrier to vertical 
mixing.

	● Deep Ocean (>1000m): Cold and stable, with 
temperatures averaging around 4°C.

	� In polar regions, surface temperatures are lower, and 
deep waters are nearly uniform in temperature.

	� Seasonal and Diurnal Changes
	� Daily temperature variation is minimal (around 1°C), while annual variations depend on latitude and the size of the 

water body.
	� Enclosed seas like the Mediterranean experience more pronounced seasonal variations compared to the open 

ocean.

Vertical Distribution Of Temperature in 
The Oceans 

Oceanic zone Neritic 
zone

Intertidal 
zone

Photic zone 

Aphotic zone 

Abyssal zone 
Pelagic realm

10,000 m 

Benthic realm

Continental shelf 

200 m 

4,000 m 

Changes in Earth’s Systems Linked to Ocean Warming
Ocean warming, a direct consequence of climate change, has profound impacts on Earth’s systems. 
As oceans absorb over 90% of the excess heat trapped by greenhouse gases, these changes are becoming 
increasingly evident across various environmental domains.​(Explained in the Image).

Atmosphere 

Global increase  
Global decrease   

Rainfall Tropical cyclone intensity  

Coastal infrastructure 

CO, concentration 

Evaporation 
Sea ice 

Ice sheets 

Cryosphere Salt water 

Land Coastal Coastal 
flooding erosion 

Ocean ecosystems 
and biodiversity Fisheries and 

aquaculture 
systems 

Ocean 

Ocean 
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Ocean warming 
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level 

Marine 
heat waves 
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impact  ΕΕΙ   

Changes in the Earth system linked to ocean warming. (Image by CHENG Lijing) 
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Case study: Warming of the North Atlantic Ocean

	� The North Atlantic Ocean is experiencing significant temperature increases due to climate change. This warming 
affects the Atlantic Meridional Overturning Circulation (AMOC), which regulates climate by transporting warm water 
from the tropics to the North Atlantic. 

	� Recent studies using satellite data indicate a slowdown in AMOC, impacting weather patterns and marine ecosystems. 
The mechanism involves increased freshwater input from melting ice sheets and enhanced stratification, reducing 
deep water formation.

Marine Heat Waves
Marine heat waves (MHWs) are periods of unusually high ocean temperatures that persist for days to months. 
These events have gained increasing attention in recent years due to their significant impacts on marine ecosystems 
and their apparent increase in frequency and intensity due to climate change.

MARINE 
HEATWAVES 

MHW are extended periods of regional 
ocean warming. They have major impacts 
on marine life and human society. 

EXTREME WEATHER 
Warm waters 
increase tropical 
storms and hurricaines 

INCREASED OCEAN 
STRESSORS 
Stratification 
Acidification 
Deoxygenation 

BIODIVERSITY & 
HABITAT LOSS 
Habitat compression 
Food web disruption 
Species migration 
Mass mortalities  

10x intensity compared to 
pre-industrial times 

50% increase in MHWs in 
the past 10 years 

20-50 more 
MHWs by 2100 

ECONOMIC LOSS 
Increased mortality of 
economically important 
species  

Weakened North Pacific 
High Winds 

Less evaporative 
cooling at ocean 

surface 

Reduced cloud cover 
contributes to mixed 
layer heating by the 

sun Less mixing 
between 
surface and 
cooler water 

Thinner mixed 
layer heats up 

more easily from 
the sun 

New, thinner mixed layer 

Previous, thicker mixed layer  

Typical warm patch size: 500-2000 km 

Cooler water at depth   

Salinity Variations in the Oceans
Salinity, measured in parts per thousand (‰), represents 
the concentration of dissolved salts in seawater. The global 
average salinity is 35‰, but it varies due to evaporation, 
precipitation, river inflow, and ice formation.

	� Latitudinal Variations
	� Equatorial Zone: Moderate salinity due to high 

evaporation balanced by heavy rainfall.
	� Tropical Zone (10°–30°): Highest salinity due to strong 

evaporation and low precipitation.
	� Temperate Zone: Lower salinity due to increased 

precipitation and reduced evaporation.
	� Polar Regions: Lowest salinity due to melting ice and 

reduced evaporation.
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	� Vertical Distribution
	� Surface Mixed Layer (0–200m): Uniform salinity due to 

wave action and currents.
	� Halocline (200–1000m): Rapid salinity change with 

depth, varying by region.
	� Deep Ocean (>1000m): Relatively uniform salinity with 

minimal variation.
	� Regional Variations

	� The Atlantic Ocean has the highest salinity (~36‰), 
especially between 20°N–30°N.

	� The Pacific Ocean shows lower salinity in the northern regions due to Arctic meltwater influence.
	� The Indian Ocean has varied salinity, with high values in the Arabian Sea and low values in the Bay of Bengal due 

to river inflows.
	� Enclosed seas like the Mediterranean exhibit higher salinity due to evaporation, while the Baltic Sea has low 

salinity due to freshwater input.

Heat budget of the Ocean and its role in regulating Earth’s global climate system
The ocean heat budget refers to the balance between 
the various heat exchanges between the ocean and its 
surroundings. This budget determines the temperature of the 
ocean and its ability to store and transfer heat.

Here’s how the ocean heat budget regulates global 
climate:

	� Heat Absorption and Storage: Oceans, covering over 
70% of Earth’s surface, act as the largest solar energy 
collector. 

	� Heat Transport: Ocean currents transfer heat from 
equatorial to polar regions, moderating global temperatures. 
Thermohaline circulation, driven by heat and salinity 
differences, also distributes heat worldwide.

	� Heat Exchange with the Atmosphere: Evaporation cools 
the ocean surface, transferring heat to the atmosphere as 
latent heat. This heat is released during condensation, forming clouds and precipitation, which are crucial for the water 
cycle and weather patterns.

	� Climate Feedback Mechanisms: Oceans absorb significant atmospheric CO₂. When they warm, they release CO₂, 
enhancing the greenhouse effect, while cooler oceans absorb more CO₂, reducing its impact.

	� Influence on Weather and Climate Patterns: Phenomena like El Niño and La Niña, driven by ocean temperature 
variations in the Pacific, affect global climate. Ocean surface temperatures also influence monsoon systems in the 
Indian subcontinent.

Decreasing density                                                          Increasing salinity (%)
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Case study:  Changing Salinity Patterns in the Indian Ocean

The Indian Ocean is witnessing notable variations in salinity levels, primarily due to climate change and increased 
precipitation in the equatorial region. 

	� One key factor influencing salinity is the Indian Ocean Dipole (IOD), a climate phenomenon that causes shifts in 
sea surface temperature and salinity between the eastern and western parts of the ocean.

	� Recent research shows a freshening of the eastern Indian Ocean near Indonesia and an increase in salinity in 
the Arabian Sea due to higher evaporation and reduced rainfall. 

	� These changes affect monsoon behavior, fisheries, and ocean circulation, contributing to regional climate 
anomalies like droughts in Australia and floods in East Africa. 

	� The shift in salinity also impacts thermohaline circulation, disrupting nutrient distribution and marine life in coastal 
regions.
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Salt Budget of the Ocean and Its Significance
The salt budget of the oceans refers to the balance between the addition 
and removal of salts in ocean water, which has remained relatively 
stable for approximately 1.5 billion years. 
This balance, also known as a steady-state equilibrium, ensures that 
the overall salinity of the oceans remains relatively constant over time.
The significance of this balanced salt budget, with consistent input 
and output of salts, is that it contributes to the long-term stability of ocean 
salinity. 
This stability is vital for various oceanographic processes, including:

	� Density-driven currents: Salinity, along with temperature, determines 
the density of seawater, which drives thermohaline circulation—a 
global system of currents that transports heat, influencing climate patterns.

	� Marine life: A stable salinity level provides a consistent environment for marine organisms, many of which are adapted 
to specific salinity ranges.

	� Climate regulation: The ocean’s salinity affects its ability to absorb and store heat, playing a crucial role in regulating 
Earth’s climate

Ocean Deposits: Types of Ocean Deposits, Sediment 
Distribution in Oceans

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Describe the characteristics of different types of 
pelagic deposits. ( 10M, 2015)

2)	 Write a short note on ocean deposits. ( 15M, 
2010)

	� There appears to be a shift from a broad, 
comprehensive question in 2010 to a more specific, 
focused question in 2015. 

	� This could indicate a trend towards more detailed, 
specialized knowledge in recent years.

Ocean Deposits
Ocean deposits, also known as marine sediments, are materials that accumulate on the ocean floor and can be 
classified based on their origin: lithogenous, biogenous, hydrogenous, or cosmogenous.
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Comparison of Ocean Deposits
	� Lithogenous sediments are the most abundant type of ocean deposit, making up approximately 45% of the ocean 
floor. They are derived from the weathering and erosion of preexisting rocks on land and are transported to the ocean 
by rivers, wind, ice, and gravity.
	�  Lithogenous sediments are typically found near continental margins and islands and have a wide range of particle 

sizes, with coarser sediments closer to shore and finer sediments farther offshore.
	� Biogenous sediments are composed of the remains of marine organisms, primarily the hard skeletal parts of plankton. 
These sediments can be classified as either calcareous or siliceous based on their chemical composition. 
	� Calcareous oozes are primarily composed of calcium carbonate and form in areas with high biological productivity 

in warm surface waters above the CCD, which is the depth at which calcium carbonate readily dissolves in seawater. 
Siliceous oozes, composed mainly of silica, form in colder, nutrient-rich waters where silica-secreting organisms 
thrive.

	� Hydrogenous sediments precipitate directly from seawater and are often found in the form of manganese nodules, 
phosphates, carbonates, and metal sulfides. 
	� Manganese nodules, for example, are rounded, black to brown concretions found on the deep-ocean floor. They 

form extremely slowly, accumulating at rates of millimeters per million years. [This information about accumulation 
rates is not from the provided sources and may require verification.

	� Cosmogenous sediments are extraterrestrial in origin, derived from space dust that settles on the ocean floor. They 
are the rarest type of ocean deposit and are typically found in very small quantities mixed with other sediment types. 
	� Cosmogenous sediments can include microtektites, which are tiny glassy particles formed during meteoroid impacts, 

and macroscopic meteorite debris

Carbon compensation depth
The carbon compensation depth (CCD) is the depth 
in the ocean at which the rate at which calcareous 
sediments accumulate equals the rate at which 
those sediments dissolve.  This depth is usually 
about 4,500 meters (14,800 feet).
Several factors influence the CCD which are as 
follows:-

	� At great depths, seawater contains more 
carbon dioxide than seawater near the 
surface. 

	� This, combined with the increased solubility of 
calcium carbonate in cold water under pressure, 
causes the shells of marine organisms to dissolve 
more rapidly.

	� The lysocline is the depth at which calcareous skeletal material first begins to dissolve. 
	� Below the lysocline, seawater becomes undersaturated in dissolved calcium carbonate, and progressively less 
calcareous material is preserved in the sediment.

Calcareous ooze tends to accumulate on the sea floor at depths above the CCD and is generally absent below 
it. Calcareous oozes are found at temperate and tropical latitudes in shallower areas of the sea floor, such as 
the Caribbean Sea, on elevated ridge systems, and in coastal regions
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Waves, Currents, and Tides: Ocean Waves, Ocean Currents, 
Tides and Tidal Phenomena

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 How are ocean currents generated? Discuss 
their effects on coastal climates with Special 
reference to pacific ocean. (15M, 2023)

2)	 What is the relationship between ocean currents 
and global surface wind system? Explain with 
examples how does the gyre in the northern 
hemisphere differ from the one in the southern 
hemisphere. ( 15M , 2022)

3)	 Explain the currents of the North Atlantic Ocean 
and their significant role in the climate of Western 
Europe. (15M, 2020)

4)	 How are ocean waves formed? Distinguish 
between a wave of oscillation and a wave of 
translation. (15M, 2019)

5)	 Discuss the impacts of ocean currents on air 
mass behaviour. ( 15M, 2020)

6)	 The relationship between the winds and the 
currents is best seen in the Indian Ocean. Justify. 
( 15M, 2016)

7)	 Illustrate the origin and nature of Sargasso sea 
and lagoon. ( 10M, 2010)

8)	 Differentiate storm surges and seiche. ( 13M, 
2010)

	� Earlier Years (2010-2019): Questions were more 
diverse, covering a broader range of topics including 
ocean waves, specialized water bodies (Sargasso 
Sea, lagoons), and specific phenomena like storm 
surges and seiches.

	� Recent Focus (2020-2023): Questions have 
predominantly centered on ocean currents, their 
generation, and their impacts on climate and air 
mass behavior. 

	� There’s a particular emphasis on specific ocean 
basins (Pacific, North Atlantic) and their regional 
effects.

Ocean waves
Ocean waves are “surface disturbances that propagate through the water, primarily generated by the transfer of 
energy from wind to the water’s surface.”

Waves, currents, and tides are fundamental oceanographic phenomena that govern the movement and behavior 
of ocean waters. These processes interact with one another and significantly influence marine ecosystems, coastal 
environments, and human activities. 

Wave Type Definition Formation

Seiches A standing wave oscillation in enclosed or partially 
enclosed water bodies.

Induced by wind, atmospheric 
pressure variations, or seismic 
events.

Storm Water Level

Undisturbed water level

Wind

LAKE PROFILE SHOWING WIND SET -UP

Wind
set-up
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Storm Surge An abnormal rise in sea level due to storm winds 
pushing seawater toward shore.

Driven by intense storm winds and 
low atmospheric pressure.

Tsunamis Large, powerful waves generated by the displacement 
of massive water volumes.

Caused by seismic events, volcanic 
eruptions, or landslides.

Edge Waves Waves traveling along the shore, influenced by 
coastline shape and seabed topography.

Formed due to shoreline boundary 
effects and underwater topography.

Storm surge
Shoaling and run-up at the shore 

Smallor wavelength
Shorter wave periods
Smaller wave run-up

1000s of waves
Turbullent upper surface
layer

tsunami

-large wavelength 
-long wave period 
-large wave run-up 

-few number of waves 
-kinetic energy of the wave 
evenly distributed throughout 
the water column 

Recent Developments in Ocean Wave Research and Phenomena
	� Increasing Wave Heights Attributed to Climate 
Change: Studies reveal that ocean waves are growing 
larger and more powerful due to rising sea temperatures 
and shifting weather patterns caused by climate change. 
	� The Southern Ocean, for example, experienced a 30-

cm increase in wave height between 1985 and 2018. 
Without significant carbon emission reductions, wave 
energy and size are expected to continue increasing, 
leading to severe coastal flooding and economic 
impacts.

	� Observations of Dangerous ‘Square Waves’: In 
Turkey, a fishing crew encountered rare ‘square waves,’ 
a phenomenon where two wave systems intersect at 
different speeds and angles, creating a grid-like pattern 
on the ocean surface. Similar occurrences have been 
reported in locations such as Isle de Re, Lisbon, and 
Hawaii.

	� Ocean Waves Surpassing Known Height Limits: Researchers have discovered that under specific conditions, 
where waves converge from different directions, they can reach heights four times steeper than previously thought 
possible. 

https://visionias.in/
https://visionias.in/
tel:+918468022022/


89

Ocean Tides 
Tides are “the periodic rise and fall of sea levels caused by the gravitational 
pull of the moon and the sun, combined with Earth’s rotation.”

Tidal-Generating Forces

Tides result from the gravitational interactions among Earth, the Moon, and 
the Sun:

	� Gravitational Attraction: The Moon’s gravity pulls Earth’s water toward 
it, creating a bulge. A second bulge occurs on the opposite side due to the 
centrifugal force from Earth’s rotation.

	� Solar Influence: The Sun’s gravity also affects tides, though its impact 
is less than half that of the Moon’s. When the Sun and Moon align during 
full and new moons, their combined gravitational pull results in higher high 
tides and lower low tides, known as spring tides.

The primary theories explaining the origin and characteristics of tides:

Forces that result in ocean tides
Resultant force 

(gravity minus Centrifugal
forces)

Lunar gravitational 
pull (variable)

Tidal bulge
Earth 

oceans

Opposing 
centrifugal force 

(same everywhere)

Equilibrium Theory
Developed by Isaac Newton, this theory simplifies tidal dynamics by 
assuming an idealized scenario:

	� Idealized Ocean: Envisions an Earth entirely covered by a uniform 
layer of water.​

	� Assumptions:​
	� The ocean’s surface instantly adjusts to the gravitational forces 

exerted by the Moon and the Sun.​
	� The seafloor has no influence on tidal movements.​

	� Tidal Bulges: Predicts two tidal bulges on opposite sides of Earth—
one facing the Moon and another on the far side—resulting in two 
high and two low tides daily. 

Equilibrium theory of tides

sun
Gravity CentrifugalW

at
er

W
aterMoon Earth

Dynamic Theory

Proposed by Pierre-Simon Laplace, this theory offers a more nuanced 
explanation by considering:

	� Ocean Basins: Recognizes that Earth’s oceans are confined to 
seas and ocean basins fixed on a rotating planet.

	� Wave Propagation: Considers tides as waves traveling through 
these basins, influenced by the Earth’s rotation and the presence 
of landmasses.

	� Tidal Patterns: Explains the observed variations in tidal patterns, 
including the existence of amphidromic points—locations where the 
tidal range is zero and water rotates around these points.

Dynamic theory of Tides and Amphidromic points

Development of Amphidromic
Circulation 

Tide crest enters basin,
trends toward right side
(in Northern Hemisphere
due to Coriolis effect.  

High tide

High
tide

High 
tide

Rising tide
Rising tide

Falling 
tide Falling tide

Low 
tide Low 

tide 

A.P. = amphidromic point 

Continental margins and the Coriolis effect 

A.P.

Progressive Wave Theory

Focuses on the movement of tidal waves across the ocean:
	� Wave Movement: Describes tides as waves that travel across the 
ocean basins, with their characteristics influenced by the Earth’s 
rotation and the shape of the ocean floor.

	� Tidal Wave Age: Suggests that the age of tidal waves increases 
as they move northward, due to the Coriolis effect and the Earth’s 
rotation.

PROGRESSIVE WAVES
Crest

Amplitude

Wavelength

Trough Direction 
of disturbance

Equilibrium
position

Direction 
of travel
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*Note: In contemporary times, the Dynamic Theory is widely accepted for explaining tidal behaviors. This theory 
accurately accounts for the complexities introduced by Earth’s rotation, the presence of continents, and varying ocean 
depths.

Tidal Bore
Tidal bores are a tidal phenomenon 
that occurs in specific coastal regions 
around the world. A tidal bore is a steep 
wall of water, that travels upstream in 
certain rivers or bays due to an incoming 
high tide. 

The formation of a tidal bore requires a 
unique set of conditions:

	� Large Tidal Range: A significant 
difference between high and low tide 
levels, typically at least 6 meters (20 
feet), is necessary to generate the 
force needed to push the tide upstream 
against the river’s flow.

	� Abrupt Flood Tide, Elongated Ebb 
Tide: A tidal cycle with a quick surge 
of water during the flood tide phase 
and a prolonged ebb tide phase helps 
to create the steep wave front.

	� Persistent Seaward Current: A river 
with a continuous flow towards the sea during the incoming high tide provides resistance against the advancing 
tide, causing it to build up.

	� Shallow & Narrowing Basin: As the basin gradually narrows and becomes shallower upstream, the incoming tidal 
water is compressed and forced upward, amplifying the wave height.

The height of a tidal bore is not solely determined by the tidal range. The width of the bay or river mouth also plays a 
crucial role. 

	� For example, the Bay of Fundy, known for having the world’s largest tidal range, has a relatively small tidal bore 
due to its wide opening.

Tidal bores, while potentially hazardous due to their sudden arrival and strong currents, have also become popular 
spots for activities like rafting, kayaking, and even surfing.

Tidal Bore

Tidal Bore
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Ocean Currents
Ocean currents are continuous, directed movements of seawater generated by forces such as wind, Earth’s rotation 
(Coriolis effect), and variations in water density due to temperature and salinity differences. They play a crucial role in 
regulating Earth’s climate by redistributing heat and nutrients across the globe.

Types of Ocean Currents

Type Description

Surface Currents Driven by wind and the Coriolis effect; affect the upper 400 meters of the ocean.

Deep Ocean Currents Result from density differences due to temperature and salinity; form part of the 
thermohaline circulation.
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Surface Ocean currents are Warm and Cold based on their temperature and are present in the figure below. 

Ekman Spiral

The Ekman spiral is a theoretical model that explains how wind 
and the Coriolis effect interact to influence the movement of 
surface ocean currents.

	� The Ekman Spiral phenomenon arises due to the Coriolis 
effect, which deflects moving objects to the right in the 
Northern Hemisphere and to the left in the Southern 
Hemisphere.

	� As wind blows across the ocean surface, it drives surface 
water at an angle to the wind direction.

	� With increasing depth, friction between water layers slows 
the flow and causes further deflection from the layer above, 
creating a spiraling pattern of water movement. 

	� This results in Ekman transport, where the net movement 
of water is approximately 90° to the right of the wind in the 
Northern Hemisphere and 90° to the left in the Southern 
Hemisphere.

Net water 

transport

100 meters

45º
W

in
d

surface current

Thermohaline Circulation
Thermohaline circulation, often termed the “global conveyor 
belt,” is a critical component of Earth’s climate system. This 
slow-moving, deep-ocean current plays a pivotal role in 
regulating temperatures and distributing heat across the planet.​

Mechanisms Driving Thermohaline Circulation
	� Density Variations: The movement of ocean waters is 
primarily driven by differences in water density, which are 
influenced by temperature (“thermo”) and salinity (“haline”).​

	� Cooling and Sinking: In polar regions, seawater cools, 
increases in density, and sinks, initiating deep ocean 
currents.​

	� Upwelling: The sinking of dense water is compensated by the upward movement of less dense water from deeper 
ocean layers.​

Sea-to-Air 
Heat Transfer

Solar Warming
 of Ocean Waters 

Warm Shallow Current

Cold and Salty Deep Current

Warm and Cold ocean currents
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Loop currents
Loop currents are warm ocean surface currents. An example of a 
loop current is the Loop Current in the Gulf of Mexico. 

	� This Loop Current branches off of the warm Gulf Stream, which 
originates in the Caribbean Sea. 

	� It flows west of the Florida coast, loops across a section of the Gulf of 
Mexico, and then moves into the Atlantic Ocean between Florida and 
Cuba.

Relationship of Loop Currents with Hurricanes:
	� Energy Source: Loop currents provide a reservoir of warm water, 
which is the primary energy source for hurricanes.

	� Rapid Intensification: Hurricanes passing over loop currents or their 
eddies can undergo rapid intensification. Example: Hurricane Ida (2021) 
rapidly intensified to Category 4 after passing over a warm eddy shed by the loop current.

Western boundary intensification
Western boundary intensification is the high velocity and 
narrow width of western boundary surface currents. 

This is caused by the steep gradient of central water 
mounds (hills) in the western arms of circulation gyres in 
both the northern and southern hemispheres. 
This intensification is a crucial aspect of ocean circulation 
patterns, particularly in the context of major ocean currents 
like the Gulf Stream in the North Atlantic and the Kuroshio 
Current in the North Pacific.

Here are some of the repercussions of western boundary 
intensification:

	� Impact on Climate: Warm western boundary currents 
carry warm equatorial surface water to higher latitudes, which moderates the climates of nearby landmasses. 
	� For example, the Kuroshio Current moderates the climate of Japan and northern Asia, and the Gulf Stream 

moderates the climates of the British Isles and northern Europe.
	� Formation of Eddies: As western boundary currents move poleward, they meander and sometimes form turbulent 
rings, or eddies, that trap cold or warm water in their centers. 
	� For example, cold-core eddies form in the Gulf Stream as it meanders eastward upon leaving the coast of North 

America off Cape Hatteras.Warm-core eddies can form north of the Gulf Stream when the warm current loops 
into the cold water.

	� Slow Movement: These deep currents are much slower and carry larger volumes of water compared to surface 
currents.​

Role in Climate Regulation
	� Heat Redistribution: Thermohaline circulation transports warm tropical waters toward the poles and cold polar 
waters toward the equator, playing a significant role in Earth’s heat distribution.​

	� Climate Impact: By redistributing heat, this circulation influences regional climates, particularly in Europe and 
North America.​

Recent Observations and Studies
	� Weakening Trends: Studies indicate that the Atlantic Meridional Overturning Circulation (AMOC), a key component 
of thermohaline circulation, has been weakening over the past century.

	� Potential Collapse: Research suggests that continued climate change could lead to a collapse of the AMOC, with 
significant implications for global climate systems.​

Loop Current

Cyclonic Eddy

Anticyclonic Eddy

Gulf of Mexico
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Marine Resources: Biotic Resources in the Oceans, Mineral 
Resources in the Oceans, Energy Resources from the Oceans

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Give an account of marine resources and their 
economic significance. How has marine pollution 
affected such resources? (20M, 2023) 

2)	 What is ocean ranching? How are aqua-cowboys 
related to such activities? ( 10M, 2023) 

3)	 Marine resources are economically very 
significant. Discuss citing suitable examples. 
(10M, 2020) 

4)	 Describe the potential marine energy resources 
with reference to their benefits harvestibility and 
environmental impacts. (20M, 2018) 

5)	 Bring out the various ecological problems 
associated with the exploitation and use of 
oceans and their resources. (20M, 2016) 

	� The last question on this topic appeared in 2023, 
and before that, in 2020, 2018, and 2016.

	� This indicates a gap of 2 to 4 years between 
occurrences. The focus has been consistent on 
the economic significance of marine resources 
(2023, 2020), marine energy potential (2018), and 
ecological challenges (2016). 

	� The 2023 exam also introduced a specific question 
on ocean ranching, highlighting emerging trends in 
marine resource utilization.

Marine Resources
The world’s oceans are a vast reservoir of resources essential for human survival and economic development. Marine 
resources are broadly categorized into biotic resources (living resources), mineral resources (non-living resources), 
and energy resources (renewable and non-renewable). 

Ocean 
Resources

Biotic 
Resources 

Food 
Resources 

Non-food 
Resources 

Mineral 
Resources 

Energy 
Resources

Abiotic 
Resources 

Category Description Examples

Biotic Resources 
in the Oceans

These include all living resources 
derived from the ocean, important for 
food and commercial use.

Fish (e.g., tuna, sardines), Shellfish (e.g., prawns, 
oysters), Seaweed (e.g., kelp, agar), Whales 
(regulated hunting), Coral (used in jewelry and 
medicine)

Mineral Resources 
in the Oceans

Non-living materials found on or 
beneath the ocean floor, used in 
construction, electronics, and industry.

Manganese nodules, Polymetallic sulphides, 
Phosphorite deposits, Salt, Sand and gravel, 
Limestone

Energy Resources 
from the Oceans

Oceans provide both renewable and 
non-renewable energy sources.

Renewable: Tidal energy, Wave energy, Ocean 
thermal energy (OTEC)
Non-renewable: Offshore oil and gas (e.g., 
Mumbai High), Methane hydrates
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Case study: Sustainable Fisheries Management in Norway

Case study: Polymetallic Nodules in the Clarion-Clipperton Zone (CCZ) 

Case study: Cobalt-Rich Ferromanganese Crusts in the Central Indian Ocean

Case study: Phosphorite Deposits off the Coast of Namibia

	� Norway’s fisheries management is a global model for 
sustainable biotic resource use. 

	� The country employs an ecosystem-based management 
approach, integrating scientific data to set quotas and protect 
marine biodiversity. Key species include Atlantic cod and herring. 

	� The Norwegian government collaborates with international 
bodies like the International Council for the Exploration of the 
Sea (ICES) to ensure sustainable stock levels.

	� The Clarion-Clipperton Zone (CCZ), located in the central Pacific Ocean, is rich in polymetallic nodules containing 
manganese, nickel, copper, and cobalt. These resources are crucial for high-tech industries and green technologies. 

	� The International Seabed Authority (ISA) regulates exploration in this area. Recent studies show that companies 
like Global Sea Mineral Resources (GSR) are conducting pilot mining tests. Mechanisms involve deep-sea mining 
robots that collect nodules from the seabed. However, environmental impacts such as habitat disruption are 
significant concerns.

	� The central Indian Ocean features cobalt-rich ferromanganese crusts on seamounts, containing valuable metals 
like cobalt, manganese, and iron. 

	� India’s National Institute of Ocean Technology (NIOT) has been exploring these resources under ISA licenses. 
Mechanisms include remotely operated vehicles (ROVs) that map and sample crusts. Recent data indicates 
significant potential for these minerals to support battery production for electric vehicles

	� Off the coast of Namibia, 
extensive phosphorite 
deposits are found, 
which are essential for 
fertilizer production. 

	� The Namibian Marine 
Phosphate (NMP) 
company is leading 
the exploration. 
Mechanisms involve 
dredging techniques 
to harvest phosphate-
rich sediments from the 
seabed. 

	� Recent studies have 
shown the deposits’ 
economic viability but 
raised concerns about impacts on marine life, particularly benthic communities.

Scientists use 
data to assess 

fish stock health
Observers 
collect data 

Sustainable
Fisheries

Data
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Fishing 

Management 

Fishermen 
support science 
and management 

Managers use 
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set regulations 
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Case study: Offshore Wind Energy in the North Sea

Case study: Marine Biomass Energy in South Korea

	� The North Sea is a leader in offshore wind energy, with extensive wind farms like Hornsea Project One and Two 
in the UK. These projects utilize large turbines anchored to the seabed or floating platforms to generate electricity. 

	� Mechanisms involve sophisticated technologies for turbine installation and grid integration. As of 2023, Hornsea 
One produces 1.2 GW, powering over one million homes. Environmental studies focus on minimizing impacts on 
marine ecosystems and navigation.

	� South Korea is pioneering marine biomass energy, focusing on algae-based biofuels. The Uljin marine biomass 
facility cultivates macroalgae, converting it into biogas and bioethanol. Mechanisms include large-scale algae 
farms and bioconversion technologies. 

	� In 2022, this project produced significant energy outputs, contributing to South Korea’s renewable energy goals. 
Research ensures sustainable cultivation practices that do not disrupt marine ecosystems.

Hydrothermal vents and their economic significance
Hydrothermal vents are similar to geysers or hot springs found on the ocean floor. They are formed along mid-
ocean ridges where tectonic plates spread apart.

Economic Significance of Hydrothermal Vents 
The economic significance of hydrothermal vents stems from the rich mineral deposits they create and the potential 
they hold for various applications. 

	� Metal Deposits: They are reservoirs of seafloor massive sulfides (SMS). These sulfide deposits are rich in valuable 
metals like silver, gold, manganese, cobalt, and zinc.

	� Pharmaceutical Potential: The unique organisms found in hydrothermal vent ecosystems are a valuable resource 
for discovering new chemical compounds with potential medical applications.

	� Rare Earth Elements: They function as a net sink for rare earth elements in the ocean, drawing these elements 
from both the vent fluid and seawater.

	� Green Energy Source: Research indicates that a single hydrothermal vent could generate a considerable amount 
of electricity—potentially enough to power thousands of homes—using methods that would not harm the ecosystem. 
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The Deep Scattering Layer (DSL) and Diel Vertical Migration (DVM): Impacts on Ocean Ecosystems

Diel Vertical Migration refers to the daily upward and downward movement of marine organisms. 
This migration is driven by various factors, including light availability, temperature, food abundance, and predation 
risk. The migration helps organisms access food-rich surface waters at night while minimizing predation.

Ecological Significance:
	� Food Chain: The DSL plays a critical role in the marine food chain. Predators like whales and dolphins feed on 
organisms in the DSL, and marine snow—organic material falling from the DSL—provides essential nutrients to 
organisms at the seafloor.

	� Carbon Cycle: DVM contributes significantly to carbon sequestration. As animals return to deeper waters, their 
waste accelerates the transport of carbon to the ocean floor, impacting global carbon cycles.

	� Ecosystem Health: Shifts in DVM behavior due to climate change could influence marine ecosystems and the 
carbon cycle. Understanding these migrations is vital for maintaining oceanic health amidst climate shifts.

The Deep Scattering Layer (DSL) is a region in the ocean where marine organisms, such as fish, squid, and 
jellyfish, congregate and reflect sound waves. Discovered during World War II through sonar technology, it was 
initially mistaken for the seafloor.
The organisms in the DSL, including those with swim bladders, reflect sonar signals, creating a “false bottom” 
effect. The DSL typically ranges from 300 to 500 meters deep and changes depth based on diel vertical migration 
(DVM).
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This echogram illustrates the ascending and descending phases of the diel vertical migration 
through the water column. The yellows and reds are indicative of the great animals.
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Deep Sea Corals

Deep sea corals are corals that thrive in the dark, cold depths of 
the ocean, typically found at depths ranging from 200 meters to 
over 2,000 meters below the surface. 
Unlike shallow-water corals, deep sea corals do not rely on 
sunlight and photosynthesis for energy. Instead, they obtain their 
nutrients from plankton and organic matter that drifts down from 
the upper layers of the ocean.

Coral Reefs and Coral Bleaching: Formation and Ecology of 
Coral Reefs, Coral Bleaching and its Causes

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 When corals are affected by stress it causes them 
to turn completely white. Explain the reasons of 
such an occurrence. (10M, 2022) 

2)	 Discuss the concept of coral bleaching, its 
recovery and macroalgal regime shifts due to 
this process. (15M, 2020) 

3)	 Distinguish between low energy coasts and coral 
coasts. (10M, 2017) 

4)	 Give an account of recent observations of coral 
bleaching with reference to Clive Wilkinson’s 
report. (15M, 2014) 

5)	 Compare the subsidence and Glacial control 
theories on the formation of coral reefs. (25M, 
2013) 

6)	 Atolls present the most challenging explanation 
in the evolution of coral reefs. Discuss. (20M, 
2012) 

	� The last question on this topic appeared in 2022, with 
previous occurrences in 2020, 2017, 2014, 2013, 
and 2012. This shows a recurring pattern every 2 
to 4 years, covering different aspects of coral reefs, 
bleaching, and their formation theories.. 

	� Additionally, understanding the impact of climate 
change,and anthropogenic stressors on corals, 
along with a comparison of different reef formation 
theories, will be beneficial.

Coral reefs
Coral reefs are one of the most diverse and 
productive ecosystems on Earth, often referred 
to as the “rainforests of the sea.”
 They provide habitat for nearly 25% of all 
marine species, offer coastal protection, and 
support millions of people through fisheries and 
touris

Ideal Conditions for Coral Growth

Corals require specific conditions for optimal growth:
	� Temperature: 23–29°C (Warm tropical waters)
	� Salinity: 32–35 PSU (Stable salinity levels)
	� Sunlight: For photosynthesis (found in depths up to 50 meters)
	� Clear Water: Low turbidity for maximum light penetration
	� Stable Substrate: Hard surfaces for coral larvae settlement

Types of Coral Reefs

Fringing Reefs 
Directly attached to

shorelines.

Barrier Reefs 
Separated from land

by a lagoon.

Atoll Reefs 
Ring-shaped reefs 
around submerged 

islands.

Deep-Sea Corals 

Found in waters deeper than 50 meters (164 feet). 

Thrive in cold waters that are 4-12°C (39-54°F), and have been found as cold as 
-1°C (30°F). 

Live in deep water that has little to no light, so they lack photosynthetic 
zooxanthellae and instead get all of their nutrients by using the tentacles on their 
polyps to filter food out of the surrounding waters. 

Most species grow very slowly, some only a few millimeters per year. 

Many live for hundreds of years, with some colonies living over 4,000 years. Over 
time, these slow-growing corals can build mounds that rise over 150 meters (500 
feet) off the seafloor.
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Comparison of Different Coral Reef Formation Theories

Theory Assumption Process of formation Limitations

Subsidence Theory of Charles 
Darwin

	� Coral polyps 
can only grow in 
shallow, warm 
tropical waters (up 
to ~30m deep).

	� Coral growth 
keeps pace with 
slow, continuous 
subsidence of 
the ocean floor or 
volcanic island.

	� Subsidence is 
uniform and 
gradual.

	� Coral cannot grow 
on cold, deep 
ocean floors

	� Coral starts as a 
fringing reef around a 
volcanic island.

	� As the island subsides, 
the reef continues 
to grow upward and 
outward.

	� This forms a barrier reef 
separated by a lagoon.

	� With complete 
submergence of the 
island, a ring-shaped 
atoll remains with a 
central lagoon.

Example: Funafuti Atoll 
(Pacific Ocean)

	� Lack of universal 
geological evidence 
for widespread 
subsidence.

	� Some islands have 
both fringing and 
barrier reefs (e.g., 
Narai Island).

	� Doesn’t explain reef 
formation where no 
central island ever 
existed.

Standstill Theory  of John 
Murray 

	� Coral reefs grow 
on submarine 
platforms or 
oceanic shoals that 
remain stable and 
near sea level.

	� Reef growth 
is upward and 
outward.

	� Coral debris and 
chemical solution 
processes form the 
lagoon.

	� Coral colonizes stable 
submarine platforms at 
suitable depths (~55m).

	� Continuous upward 
growth leads to reef 
emergence.

	� Lagoon forms due to 
coral death, wave 
erosion, and chemical 
solution in the inner 
zone.

	� Reef widens seaward 
forming barrier-like 
structure.

	� Requires multiple 
stable platforms close 
to the surface globally.

	� Doesn’t adequately 
explain uniform 
lagoon depths.

	� Sedimentation should 
fill lagoons over time, 
but many remain 
clear.

Glacial Control Theory of 
Reginald Daly

	� Sea level dropped 
significantly (~60–
90m) during Ice 
Ages due to glacial 
formation.

	� Exposed coral 
reefs died.

	� Wave-cut 
platforms were 
formed on exposed 
slopes.

	� After Ice Age, sea 
level rose, allowing 
coral regrowth.

	� Ice Age: sea level falls, 
exposing coral reefs and 
killing polyps.

	� Wave erosion cuts flat 
platforms along island 
shores.

	� Post-glacial sea 
level rise floods the 
platforms.

	� Coral recolonizes and 
grows vertically, forming 
fringing reefs –> barrier 
reefs –>  atolls.

	� Central lagoon forms 
due to submergence of 
island or erosion.

	� Example: Caribbean 
Atolls

	� Fails to explain 
variability in lagoon 
depths.

	� No uniform wave-cut 
platforms observed.

	� Many islands still 
persist within lagoons 
(not fully submerged).

 

Formation of Fringing Reef

Coral reef

Lagoon

Lagoon Atoll

Barrier reef

Formation of Barrier reef due to Subsidence of land

Formation of Atoll due to Further Subsidence

Ring Of Coral Reef

Deposition of marine sediments

Submanne platforms

Lagoon

Pinnacles�

Pinnacles�

Glacial maximum
Truncated platfrom

Sea level

Sea level

Present Sea level

Lower
temperature

Rim Rim

Rim

Lagoon

Lagoon

Basment

Basment

Basment

A

B

C

https://visionias.in/
https://visionias.in/
tel:+918468022022/


99

Fourth Global Mass Coral Bleaching
The fourth global mass coral bleaching event has been triggered by unprecedented ocean temperatures, as reported 
by the US National Oceanic and Atmospheric Administration (NOAA).

	� Since mid-March 2023, the average sea 
surface temperature has been abnormally 
high, reaching a record of 21.07°C in March 
2024. 

	� This extreme heat has led to widespread coral 
bleaching across multiple regions, including 
the Great Barrier Reef, where severe bleaching 
has been observed in a third of the reefs 
surveyed. 

	� Over 54% of the world’s coral areas have experienced bleaching-level heat stress in the past year, with this 
number rising weekly. The current bleaching event is exacerbated by the El Niño weather pattern, which contributes 
to warmer ocean conditions. 

Major Coral Bleaching Events

1998: First Mass 
Bleaching

	� Triggered by El Niño-induced sea surface temperature rise in Pacific Ocean 
	� Resulted in mortality of 8% of global coral population

2010: Second 
Mass Bleaching

	� Intensified coral destruction, affecting 35% of coral reefs worldwide

2014-2017: Third 
Mass Bleaching

	� Widespread impact across multiple oceanic regions: Western Pacific (including Guam), 
North and South Pacific, Indian Ocean.

	� Affected 56% of coral reefs globally

W.M. Davis’s Modification 	� Supported Darwin’s 
subsidence idea, 
but with focus on 
physiographic 
evolution.

	� Believed marine 
erosion and 
sedimentation 
shaped reef 
structures.

	� Reefs maintain 
continuity via coral 
debris and marine 
deposits

	� Coral growth begins 
on subsiding volcanic 
islands.

	� Marine erosion flattens 
volcanic summits, aiding 
lagoon formation.

	� Coral continues upward 
growth forming fringing 
reefs—> barrier reefs—> 
atolls.

	� Sedimentation maintains 
reef shape and lagoon 
depth.

	� Mostly a refinement 
of Darwin’s theory.

	� Doesn’t introduce a 
fundamentally new 
mechanism.

	� Assumes universal 
physiographic 
evolution without 
accounting for local 
anomalies.

Major Causes of Coral Bleaching 

Climate Change 
Climate change 

increases 
coral bleaching 

risks. 

Ocean 
Acidification 

Lower pH levels 
weaken coral 

structures. 

Marine 
Pollution 

Pollution harms 
coral health and 

growth. 

Overfishing 
Overfishing 

disrupts 
coral 

ecosystems. 

Coral Diseases 
Diseases and 

invasive species 
threaten 
corals.
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Case study: Great Barrier Reef, Australia

	� The Great Barrier Reef, the world’s largest coral reef 
system, has experienced significant coral bleaching events 
in recent years. 

	� The 2016 and 2017 bleaching events were particularly 
severe, affecting approximately two-thirds of the reef. 

	� These events were primarily driven by rising sea 
temperatures due to global warming and El Niño events. 

	� Increased water temperatures cause corals to expel the 
symbiotic algae (zooxanthellae) that provide them with 
nutrients and color, leading to bleaching. 

	� Recovery efforts focus on reducing local stressors like 
water pollution and promoting coral resilience through 
restoration projects. 

CORAL BLEACHING OF AUSTRALIA'S GREAT BARRIER REEF
STAGES OF CORAL BLEACHING 

Healthy coral 
healthy symbiosis between
coral and algae.

BLEACHED AREAS 

PACIFIC
OCEAN 

AUSTRALIA 
GREAT BARRIER REEF  

Coral 
Sea  

Mast severe bisaching in 2016 

Most severe bleaching in 2017 

Most severe aching in 2020 

1

Coral under stress 
symbiosis breaks down 
algae depart

Bleached coral
Algae absent ,coral 
skeleton turns 
white

2

3

Death 
other algae species encrust 
coral skeleton.4

Sea-level Changes: Causes and Consequences of Sea-level Changes

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 With suitable examples explain the factors 
causing sea level changes.(10 M, 2024)

2)	 Describe the causes and consequences of Sea 
level changes. (10M, ,2018) 

3)	 Write a short note on: Eustatic changes of sea 
level. (20M, 2007)

	� The recent 2024 question has brought this topic into 
the spotlight, especially due to global warming and 
concerns about sea level rise. 

	� However, questions from this topic have not appeared 
very regularly. This topic can generally be prepared 
by focusing on previous year questions.

Sea level changes
Sea level changes refer to the fluctuations 
in the average level of the Earth’s oceans 
relative to the land. These changes can 
occur on both short-term and long-term 
scales and are influenced by a variety of 
natural and human-driven factors. 
They are critical indicators of climate 
change and have significant impacts on 
coastal areas, ecosystems, and human 
infrastructure. + Greenland & Antarctic Ice Sheets 

+ Thermal expansion 

SATELLITE DATA 

+ Mountain glaciers 
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First Local Plant Extinction in the US Due to Rising Sea Levels
	� The Key Largo tree cactus (Pilosocereus millspaughii) is the first 
recorded plant species in the US to go extinct due to rising sea levels, 
showcasing climate change’s impact on biodiversity

Comparison of Isostatic and Eustatic Sea Level Changes

Aspect Isostatic Sea Level Change Eustatic Sea Level Change

Definition
Changes in sea level relative to the land, 
caused by vertical movements of the Earth’s 
crust.

Changes in global sea level due to variations 
in the amount of water in the oceans.

Causes

	� Glacial Isostatic Adjustment (GIA): 
The Earth’s crust rebounding after being 
depressed by ice sheets. 

	� Tectonic Activity: Movements of the 
Earth’s crust due to plate tectonics.

	� Melting of Ice Sheets and Glaciers: 
Increases in water volume from melting 
ice 

	� Thermal Expansion: Water expands as 
it warms, increasing sea levels.

Time Scale

	� Thousands to millions of years for significant 
changes. 

	� Can be rapid during post-glacial rebound 
periods.

	� Decades to centuries for noticeable 
changes. 

	� Faster changes in response to recent 
global warming.

Geographical 
Impact

	� Localized: Affects specific regions depending 
on crustal movements. 

	� Examples: Post-glacial rebound in 
Scandinavia and Canada.

	� Global: Affects sea levels worldwide 
uniformly. 

	� Examples: Global sea level rise due to 
melting polar ice caps.

Implications for 
Coastal Areas

Can lead to either relative sea level rise or 
fall, depending on the direction of crustal 
movement.

Consistent global sea level rise threatens 
coastal regions worldwide

 

Case study: Sea Level Rise

Sea-Level Rise in the Maldives Impact on the Nile Delta, Egypt

	� The Maldives, an archipelago of low-lying islands 
in the Indian Ocean, faces significant threats from 
sea-level rise. 

	� Recent studies indicate an annual sea-level rise of 
approximately 3.6 mm. 

	� This rise, driven by thermal expansion of seawater 
and melting ice sheets, could submerge large 
portions of the Maldives by the end of the century. 

	� The government has initiated adaptive measures, 
such as constructing artificial islands and 
implementing coastal protection projects, to mitigate 
impacts on its economy and population.

	� The Nile Delta, a critical agricultural region in 
Egypt, is threatened by sea-level rise and saltwater 
intrusion. 

	� The Mediterranean Sea is rising at a rate of about 
3.2 mm per year, impacting the delta’s fertility and 
freshwater availability. 

	� Key mechanisms include thermal expansion and 
glacial melt. 

	� To address these issues, Egypt is implementing 
coastal protection measures such as building 
sea barriers, enhancing irrigation efficiency, and 
promoting salt-tolerant crops.
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Law of the Sea: International Law of the Sea, Maritime Boundaries 
and Jurisdiction

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Maritime security is being neglected. Indicate the 
major challenges and suggest solutions in the 
context of the law of the sea. (15M, 2021)

2)	 Discuss Maritime Zones. (10M, 2016)

	� Law of sea- UNCLOS, Countries claiming Continent 
margins), remain in news now and then. Questions 
appeared in 2016 and 2021; details about these 
topics can be prepared.

Law of the Sea
The United Nations Convention 
on the Law of the Sea (UNCLOS), 
also known as the Law of the 
Sea Treaty, is an international 
agreement that establishes the 
legal framework for maritime 
activities. 

Adopted in 1982 and effective 
since 1994, UNCLOS governs the 
rights and responsibilities of 
nations in their use of the world’s 
oceans, including guidelines for 
business, the environment, and 
the management of marine natural 
resources.

Sovereign rights to the water column and the continental shelf
Sovereign
territory

All at sea

BA
SE

LI
N

E

Territorial water:
It usually begins at the mean 
low-water baseline. Sovereignty 
covers the airspace above and 
the seabed below.

Exclusive economic zone:
Within the EEZ, states have control of economic resources 
(including mining and oil explorations), but cannot prohibit 
legal passage and loitering. They can request an extension 
to their EEZ to cover part or all of the continental shelf.

The high seas:
Also known as international waters, they are
beyond national jurisdiction.

Contiguous zone:
States may exercise the control 
necessary to prevent others 
from infringing its customs, 
immigration and other laws.

12nm 12nm

Extension 
possible to 

cover 
continental 

shelf

UNCLOS I, II, and III:

UNCLOS I: The 1958 conference resulted in four treaties defining territorial sea, continental shelf, high seas, and 
fishing rights. It did not resolve the breadth of territorial waters.
UNCLOS II: The 1960 conference aimed to address unresolved issues from UNCLOS I but failed to reach new 
agreements, highlighting the divide between developed and developing nations.
UNCLOS III: The 1973-1982 conference established comprehensive regulations, including EEZs, territorial seas, 
and deep seabed mining, leading to the creation of the International Seabed Authority and ITLOS.

International Seabed Authority (ISA)

The International Seabed Authority (ISA) is an autonomous international organization established under the 
United Nations Convention on the Law of the Sea (UNCLOS) to regulate and manage activities related to the 
exploration and exploitation of mineral resources on the deep seabed, known as “the Area.” The Area refers to the 
seabed and ocean floor beyond the limits of national jurisdiction, which are considered the common heritage of 
mankind.
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Case study: South China Sea Dispute

Case study: Arctic Ocean Jurisdiction

Case study: Chagos Archipelago Dispute

	� Countries like China, Vietnam, the Philippines, Malaysia, and 
Brunei claim overlapping maritime zones. 

	� The 2016 UNCLOS ruling rejected China’s claims, upholding 
EEZ rights of other nations. However, China continues asserting 
control, affecting fishing rights and navigation.

	� Melting ice has led to competing claims over seabed resources by Russia, Canada, and Denmark. 
	� Under UNCLOS, nations submit claims for extended continental shelves. Russia’s 2021 claim, covering the 
North Pole, highlights growing geopolitical stakes.

	� Mauritius and the UK dispute sovereignty over the Chagos Islands. 
	� In 2019, the ICJ advised the UK to return the islands, citing UNCLOS decolonization principles. The case 
impacts marine resource rights and sovereignty.

COUNTRIES WITH CLAIMS 

CHINA 

PHILIPPINES 

BRUNEIMALAYSIA 

VIETNAM 

PARACEL 
ISLANDS SCARBOROUGH

SHOAL 

SPRATLY
ISLANDS 

CHINA’S NINE - D
ASH LI

NE 

Biodiversity Beyond National Jurisdiction (BBNJ) and its Complexities
The Biodiversity Beyond National Jurisdiction (BBNJ) refers 
to the marine biodiversity in areas beyond national 
jurisdiction, which includes the high seas and the deep 
seabed, adopted in March 2023
These areas, which cover nearly half of the Earth’s 
surface, present unique challenges for conservation 
and sustainable use due to their spatial and functional 
complexities. 

Spatial Complexities
	� Vast and Remote Areas: The remoteness and size 
of these areas pose significant logistical and financial 
challenges for conservation efforts.

	� Lack of Defined Boundaries: The high seas lack clear, 
internationally agreed-upon boundaries, leading to 
jurisdictional ambiguities. This makes it challenging to 
implement and enforce conservation measures

	� Ecological Connectivity: Marine species and 
ecosystems are highly interconnected, with many 

Marine Biodiversity Beyond 
National Jurisdiction (BBNJ) 

Agreement

On 4 march 2023 the 
international community successfully 

concluded neogotitaions on a 
new international agreement to 

protect our oceans!
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species migrating across large distances. Conservation efforts in one area can be undermined by activities in 
another, highlighting the need for coordinated, transboundary management.

Functional Complexities
	� Multiple Stakeholders: The high seas are used by various stakeholders, including nations, international 
organizations, Balancing these diverse interests requires comprehensive governance mechanisms.

	� Regulatory Gaps: Existing international agreements, such as the United Nations Convention on the Law of the 
Sea (UNCLOS), provide a framework for ocean governance but lack specific provisions for BBNJ. 

	� Technological and Scientific Challenges: Limited access to real-time data and the high cost of deep-sea 
exploration hinder effective management and enforcement.

Marine Pollution: Types of Marine Pollution, Effects and Mitigation of 
Marine Pollution

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Give a critical account of reasons and 
consequences of marine pollution. (15M, 2014)

	� Current developments on these topics can be 
prepared.

Marine pollution
Marine pollution refers to the introduction of harmful substances and energy into the ocean, resulting in deleterious 
effects on marine life, human health, and coastal economies. An estimated 80% of marine pollution originates from 
land-based sources​ carried by rivers or runoff into the seas. 

Understanding Marine Pollution

Noise Pollution
Disruption of marine 
communication and 

navigation

Toxic Pollution
Chemicals and heavy 
metals from industrial 

runoff

Nutrient Pollution
Excess nutrients 
causing harmful 

algal blooms

Ocean Acidification
Increased CO2 absorption 

affecting water 
chemistry

Plastic Pollution
Harmful plastics 
from large items 
to microplastics

Marine Debris
 Pollution

Human-made 
materials littering

 the ocean
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Mitigating Marine Pollution

Marine pollution, due to its transboundary nature, requires coordinated action at global, national, technological, and 
community levels.

International Efforts Technological 
Innovations

Community 
Actions National Policies (India)

	� Treaties like MARPOL 
regulate vessel-source 
pollution, while the London 
Convention (1972) restricts 
ocean dumping. 

	� The UNEP-led Regional 
Seas Program and 
Global Programme of 
Action address land-based 
pollution. 

	� In 2022, 173 nations 
committed to a legally 
binding treaty on plastic 
pollution by 2024, similar 
to the Paris Agreement.

	� SDG 14 further drives 
international cooperation, 
while the UN Decade of 
Ocean Science (2021–
2030) prioritizes research 
on pollution control.

	� Bioremediation, 
AI-driven pollution 
tracking, and 
devices like The 
Ocean Cleanup’s 
booms, WasteShark, 
and Seabin aid 
cleanup. 

	� Satellite monitoring 
detects oil spills, 
while biodegradable 
fishing gear reduces 
marine waste. 

	� Advanced 
wastewater 
treatment and urban 
filtration systems 
curb runoff pollution.

	� Citizen science 
projects, 
such as the 
International 
Coastal 
Cleanup, 
mobilize 
global 
volunteers to 
remove marine 
litter and 
track pollution 
trends. 

	� Such initiatives 
enhance 
awareness and 
drive policy 
changes.

	� India’s Draft National 
Blue Economy Policy 
(2021) aligns with SDG 14, 
emphasizing sustainable 
ocean resource use. 

	� The Coastal Regulation 
Zone (CRZ) Rules and 
Environment Protection Act 
regulate coastal activities.

	�  Initiatives like the Swachh 
Sagar, Surakshit Sagar 
campaign and National Oil 
Spill Disaster Contingency 
Plan enhance pollution 
control. Similar frameworks 
exist globally, such as the 
USA’s Clean Water Act and 
the EU Marine Strategy 
Framework Directive.

 

Latest Reports on Marine Pollution

UNEP’s Global Marine Pollution Outlook 2024 NOAA & MoEFCC Coastal Pollution Reports

	� Rising Pollution: Despite some regional 
improvements, overall marine pollution is 
increasing due to population growth and 
unsustainable consumption.

	� Plastic Waste Surge: Plastic waste entering 
oceans could triple by 2040 without 
intervention.

	� Progress Noted: The number of nations 
banning or taxing single-use plastics has 
more than doubled. Wetland restoration 
projects have helped reduce nutrient inflows.

	� U.S. (NOAA 2023):
	� Half of U.S. coastal waters are rated “fair” to “poor” due 

to excess nutrients and contaminants.
	� The Gulf of Mexico Dead Zone remains large (~4 

million acres), exceeding targets.
	� Plastics dominate shoreline debris; fishing gear is a 

major large-marine debris source.
	� India (MoEFCC 2022):

	● Urban beaches have 0.5–1.5 kg/m2 of litter, mostly 
plastic.

	● East coast has more microplastics than the west, 
likely due to river inputs.

	● 77% of coastal waters meet safe limits, but fecal 
coliform levels are high near megacities, indicating 
sewage issues.

	● Heavy metals in sediments near industrial zones, 
e.g., high mercury off Mumbai.
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Case study: Great Pacific Garbage Patch

Case study: Nutrient Pollution in the Gulf of Mexico

Case study: Heavy Metal Contamination in the Baltic Sea

	� Located between Hawaii and California, the Great Pacific 
Garbage Patch is the world’s largest plastic accumulation 
zone. 

	� It holds about 1.8 trillion plastic pieces, weighing 
80,000 metric tons. Plastics come from land and 
maritime sources, trapped by ocean currents. 

	� Organizations like The Ocean Cleanup work to remove 
debris using advanced collection systems.

	� Agricultural runoff rich in nitrogen and phosphorus 
creates a hypoxic “Dead Zone” in the Gulf of Mexico, 
sometimes exceeding 6,000 square miles. 

	� Excess nutrients fuel algal blooms, which deplete 
oxygen as they decompose, harming marine life and 
fisheries.

	� The Baltic Sea suffers from high levels of mercury, 
cadmium, and lead due to industrial pollution and river 
runoff. 

	� These toxins affect marine organisms and seafood safety. 
	� HELCOM leads regional efforts to monitor and reduce 
heavy metal contamination through regulations and 
cleanup projects.
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BIOGEOGRAPHY
Syllabus - Genesis of soils; Classification and distribution of soils; Soil profile; Soil erosion, Degradation and conservation; 
Factors influencing world distribution of plants and animals; Problems of deforestation and conservation measures; Social 
forestry, agro-forestry; Wild life; Major gene pool centres. 

Soil Science: Genesis of Soils, Soil Profile, Classification and 
Distribution of Soils, Soil Erosion, Degradation, and Conservation

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 “Soil erosion is creeping death.” 
Explaining the statement, suggest 
various soil conservation measures.(15 
M, 2024)

2)	 Explain the natural processes of soil 
enrichment and its impact on food 
production. (10M, 2023)

3)	 Differentiate between the characteristics 
of organic horizons and mineral horizon, 
in a generalised soil profile. (15M, 2023)

4)	 Well-developed soils typically exhibit 
distinct layers in their soil profile. 
Elaborate. ( 10M, 2022)

5)	 Soil erosion and soil degradation are 
threats to food supply. Discuss. ( 15M, 
2021)

6)	 Land use/land cover and soil types 
influence forage quantity and quality in 
semi-arid regions of the world. Discuss 
with relevant examples. (15M, 2020)

7)	 How are soil acidity and alkalinity related 
to soil fertility? (15M, 2019)

8)	 Distinguish between intrazonal and 
azonal soils. Describe in brief the 
characteristics and importance of azonal 
soils. (10M, 2018)

9)	 Distinguish between the characteristics 
of chernozems and Sierozem soils. ( 
15M, 2017)

10)	Classify soils based on their zonal 
distribution and describe the 
characteristics of pedocals.(15M, 2015)

11)	Write short note on soil profile in zonal 
and azonal soils. ( 12M, 2011)

	� The last question on this topic appeared in 2024, and before 
that, in 2023, 2022, 2021, 2020.

	� This indicates a frequent recurrence with a gap of 1 to 3 
years. The focus has been consistent on soil erosion and 
conservation (2024, 2021), soil enrichment and fertility (2023, 
2019), soil classification and profiles (2023, 2022, 2018, 
2017, 2015), and land use interactions (2020). 

	� In recent years, questions related to practical applications, 
such as soil enrichment, land use cover, and soil degradation, 
have been asked. 

	� Since most questions have been direct, prepare each keyword 
of the syllabus in detail.
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Soil 

Soil Horizons

Soil is the uppermost layer of the earth’s crust, which can be dug or ploughed, and in which plants grow. Land is a solid, 
substratum which supports human and many other organisms.

Soil horizons are distinct layers in the soil profile that form as a result of soil formation processes. 
These horizons differ in their composition, texture, color, and other physical and chemical properties.

Soil Functions
Soil plays a critical role in any ecosystem. 

Modulates the 
dynamics of the 
atmosphere
by emitting and 
sequestering 
certain gases. 

Absorbs and 
purifies most 

of the water 
on land. 

 Is the foundation 
of human nutrition 

and welfare by 
assuring 

agricultural 
productivity 

and 
environmental 

stability. 

Recycles nutrients, 
including carbon, making 
it available to be used and 
re-used by living organisms. 

Regulates 
the climate.  

Source 
of chemical 

and genetic 
resources. 

Belongs to 
the cultural
heritage 
of regions. 

Serves as an engineering 
media for human-made 

constructions. 

Functions as a media 
for the growth of 

land plants.

Provides habitat for 
fauna and microbes. 

Functions of Soil

O (humus 
or organic) 

O HORIZON 
Surface litter: Partially 
decomposed organic matter 

A HORIZON 
Topsoil: Humus, living 
creatures, inorganic minerals 

E HORIZON 
Zone of leaching, mate-rials 
move downward 

B HORIZON 
Subsoil: iron, aluminium 
humic compounds are 
accumulated and clay 
leached down from A and E 
horizons 

C HORIZON 
Weathered parent material: 
Partial break-down of 
Inorganic minerals 

R HORIZON 

A (topsoil) 

E (eluviated 
horizon) 

B (subsoil) 

C (parent 
material) 

R (bedrock) 

Tree stratum 

Vegetation strata 

Bush stratum 

PARENT MATERIAL Unweathered 
rock

Depth of weathering zone 

Litter fermentation and 
humus 

RHIZOSPHERE root 
zone 

REGOLITH 
weathered 
unconsolidate
d layer above 
parent rock 

Inorganic uninhabited 
weathered rock 

Field stratum 
(grasses, herbs and 
flowering plants) 
Ground stratum 
(mosses & lichens 
and other ground 
living plants) 
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Soil Forming Factors and Processes
Soil formation is a gradual and dynamic process resulting 
from the interaction of various natural factors and processes 
over time. It involves the transformation of parent rock 
material into soil through physical, chemical, and biological 
mechanisms. 
The development of soil depends on both factors that 
influence its formation and the processes that act upon it.

Soil: Fact Check

A whopping 95 percent of the food we eat comes directly or indirectly from our soils, which have the extraordinary 
capacity to store, transform, and recycle nutrients that we all need to survive, allowing life to continue. Of the 18 
nutrients essential to plants, 15 are supplied by soils - if they are healthy.

Soil Catena
A soil catena is a sequence of distinct 
soil profiles arranged along a slope, 
from the summit to the valley floor. 
These profiles develop under uniform 
climatic conditions and from similar 
parent materials, with topography 
being the primary differentiating factor.​
The development of a soil catena 
is influenced by the topography 
of the landscape. Factors such as 
slope gradient, aspect, and position 
(e.g., summit, shoulder, backslope, 
footslope, and toeslope) play crucial 
roles in shaping soil properties.​

Significance of Soil Catena Analysis
	� Soil Formation Processes: 
Understanding how different 
positions on a slope contribute to 
soil development.​

	� Erosion and Deposition Patterns: Identifying areas prone to soil loss or accumulation.​
	� Land Use Planning: Guiding agricultural practices and conservation efforts by recognizing soil variability across 
landscapes.​

	� Ecological Studies: Assessing how soil properties influence vegetation distribution and ecosystem dynamics.
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Soil Forming Factor Description

Parent Material The underlying geological material (rock or sediments) from which soil develops. It affects 
soil texture, mineral composition, and fertility.

Climate Temperature and precipitation influence the rate of weathering, leaching, and biological 
activity. Warm, wet climates accelerate soil formation.

Topography The landscape’s slope and elevation affect drainage, erosion, and deposition patterns. 
Steep slopes have thinner soils.

Organisms Plants, animals, fungi, and microorganisms affect decomposition, organic matter 
accumulation, and soil mixing.

Time Soil develops over thousands of years; older soils tend to be more developed and layered 
than younger soils.

Soil Forming 
Process Description Climatic/Geographic 

Conditions Impact on Soil

Laterisation Intense leaching removes silica, 
leaving behind iron and aluminum 
oxides, forming reddish soils.

Tropical, hot and 
humid climates with 
heavy rainfall.

Soils become nutrient-poor 
and acidic; rich in iron (Fe) 
and aluminum (Al).

Podzolisation Organic acids leach iron and aluminum 
from the upper soil layers, forming 
ash-grey topsoil.

Cool, humid climates; 
typically under 
coniferous forests.

Nutrient-poor, acidic soils; 
well-developed E (leached) 
horizon.

Gleization Poor drainage leads to waterlogging, 
reducing conditions cause iron to 
accumulate and turn blue-grey.

Cold, wet climates; 
waterlogged or 
marshy areas.

Low-oxygen, saturated soils 
with poor fertility; bluish-grey 
color.

Calcification Accumulation of calcium carbonate 
in the B horizon due to limited leaching.

Semi-arid to arid 
climates with low 
rainfall.

Formation of caliche or 
hardpan layers; fertile but 
hard to plough.

Illuviation Deposition of leached materials (clay, 
iron, humus) from upper to lower 
horizons.

Occurs in many soil 
types and climates.

B horizon becomes enriched; 
contributes to horizon 
development and fertility.

Eluviation Leaching or washing out of minerals 
and organic matter from the upper 
horizons.

Humid climates with 
significant rainfall.

Depletion of nutrients in 
topsoil (E horizon); precursor 
to illuviation.

Soil Organic Carbon
Soil Organic Carbon (SOC) refers to the carbon stored in the organic matter of soil, which includes plant and animal 
residues in various stages of decomposition. 
It is a crucial component of soil health and plays a significant role in maintaining soil fertility, water retention, nutrient 
cycling, and overall ecosystem functioning.

Role of SOC in Mitigating Climate Change
	� Carbon Sequestration: Healthy soils with high SOC levels can sequester large amounts of carbon, reducing 
atmospheric CO₂ levels and mitigating climate change. Practices such as conservation agriculture, agroforestry, and 
reforestation can enhance SOC sequestration.
	� Example: The “4 per 1000” initiative, launched at the COP21 in 2015, aims to increase SOC stocks by 0.4% 
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annually. This initiative highlights the 
potential of SOC sequestration as a 
strategy to offset global greenhouse 
gas emissions.

	� Climate-Resilient Agriculture: 
Enhancing SOC levels improves soil 
fertility, water retention, and resilience 
to extreme weather events, supporting 
sustainable agriculture and food security 
in the face of climate change.
	� Case Study: A study in Science 

Advances (2022) found that 
regenerative agriculture practices, such 
as cover cropping and reduced tillage, 
can significantly increase SOC levels 
and improve crop yields, providing a 
buffer against climate-induced crop 
failures.

Loss of Soil Inorganic Carbon (SIC) Due to Acidification

Soil acidification is harming India’s agricultural productivity and carbon storage capacity. A recent study shows that 
over 30% of India’s cultivable land is acidic, which leads to the loss of Soil Inorganic Carbon (SIC) — a stable 
carbon pool vital for soil fertility and climate regulation.

	� SIC, stored in mineral forms like calcium carbonate, helps in carbon sequestration.
	� Acidification, worsened by industrial pollution and heavy nitrogen fertilization, dissolves carbonates, releasing 
CO₂ and weakening soil health.

	� India could lose 3.3 billion tonnes of SIC over 30 years.
	� Crop productivity drops in acidic soils due to reduced nutrient availability, especially in the Northeast, where up 
to 95% of soils are acidic.

	� Mitigation includes reducing nitrogen use, improving pH balance, and adopting sustainable farming.
The study calls for more research to track SIC fate (deep soil, atmosphere, or water bodies) and develop resilient 
agricultural practices.

Edaphic factors and their role in ecosystem development
Edaphic factors refer to the physical, chemical, and biological properties of soil that influence the development and 
functioning of ecosystems. These factors are crucial in determining the distribution of plant and animal species, the 
structure of vegetation, and overall ecosystem productivity.

Key Edaphic Factors and Their Roles

Land uses
- Forest

- Agriculture
- Horticulture
- Grassland

- Agro-forestry
- Barren land

Chemical properties 
- pH & EC 

-Nutrients availability 
-CEC 

-Redox potential 

Climate 
- Rainfall 

- Temperature 
- Radiation 

Management practices 
Tillages 

- Nutrient management 
Cover crops 

-Water/irrigation 
- Liming 

- Crop rotation 
- Pesticides 

- Manures/Compost 
Residues/mulching 

Biological properties 
-Bacteria, fungi, algae, 

actinomycetes, 
protozoa, earthworms, 
termites, nematodes 

- Enzyme activity 
- Mycorrhizae

Physical properties 
- Bulk desnity 

- Porosity 
- Soil moisture 

-Texture & structure 
-Aggregation 

-Leaching/Drainage 
- Erosion

Soil 
Organic 
Carbon 
(SOC)

Geological properties 
-Parent materials 

-Topography 
- Mineralogy 
-Soil types

Biomass/
vegetation

input 

Soil 
Texture

Impact on Water Retention and Root Penetration: Soil texture, determined by the proportion of 
sand, silt, and clay, affects water retention, drainage, and root penetration. Sandy soils, for example, 
drain quickly but hold little water, whereas clayey soils retain water but can impede root growth.

	� Example: In arid regions, sandy soils often support xerophytic vegetation like cacti, which 
have adapted to low water availability. Conversely, clayey soils in tropical regions support lush 
rainforests due to their ability to retain moisture.

	� Research Insight: A study in Geoderma (2022) found that soil texture is a key determinant in the 
resilience of grassland ecosystems to drought, with finer-textured soils providing greater drought 
resistance due to better water retention.
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Soil pH

Influence on Nutrient Availability: Soil pH affects the availability of essential nutrients like 
nitrogen, phosphorus, and potassium. Acidic soils (low pH) may limit nutrient availability, while 
alkaline soils (high pH) can lead to nutrient imbalances.

	� Example: The acidic soils of the boreal forests limit nutrient availability, leading to slow 
decomposition rates and a buildup of organic matter, which influences the structure and function 
of these ecosystems.

	� Case Study: In the Amazon rainforest, soil pH varies widely, influencing plant species 
composition and the distribution of nutrient-rich and nutrient-poor areas. A study published in 
Nature Ecology & Evolution (2021) highlighted how variations in soil pH drive the diversity of tree 
species in different parts of the Amazon.

Soil 
Organic 
Matter 
(SOM)

Role in Soil Fertility and Structure: Soil organic matter is critical for maintaining soil fertility, 
improving soil structure, and supporting microbial activity. High levels of SOM enhance nutrient 
cycling and water retention, fostering productive ecosystems.

	� Example: The prairies of North America have deep, rich soils with high organic matter content, 
supporting diverse grassland ecosystems with high primary productivity.

	� Recent Research: A study in Global Change Biology (2022) found that increasing SOM through 
practices like cover cropping and reduced tillage can enhance soil health and boost ecosystem 
resilience to climate change.

Soil 
Moisture

Impact on Vegetation and Microbial Activity: Soil moisture availability influences plant growth, 
species composition, and microbial activity. Ecosystems with consistent moisture availability, such 
as wetlands, support unique plant and animal communities.

	� Example: The Sundarbans mangrove forest, located at the confluence of the Ganges, 
Brahmaputra, and Meghna rivers, relies on the interplay of soil moisture and salinity. The 
unique soil moisture conditions allow the growth of mangrove species that can tolerate high 
salinity and periodic flooding.

	� Case Study: In a study published in Wetlands Ecology and Management (2023), researchers 
found that changes in soil moisture due to rising sea levels are altering the distribution of 
mangrove species in the Sundarbans, with potential implications for ecosystem services like 
coastal protection.

Soil Classification system
Soil classification systems are essential tools 
in soil science, enabling the systematic 
categorization of soils based on their 
properties, genesis, and distribution. 
These systems facilitate communication 
among scientists and inform land 
management and agricultural practices. 
Over time, various classification systems 
have been developed, each with unique 
criteria and methodologies. Notable among 
these are the Zonal, World Reference Base 
(WRB), and USDA Soil Taxonomy systems.

1.  Zonal Soil Classification:
The Zonal classification system is primarily 
based on the concept of soil zonation, which 
correlates soil types with climatic regions. This system emphasizes the influence of climate on soil formation, suggesting 
that the predominant climate of a region dictates the soil’s characteristics. 
For instance, the occurrence of laterite soils in tropical rainforests is attributed to high rainfall and temperature, leading to 
intense leaching and soil development.

Soil Classification 

Zonal 

Pedalfar Hydromorphic Lithosol 

Tundra 

Chernozem 

Chestnut Brown 

Grey Desert/Sierozem 

Calcimorphic Alluvial 

Podzol 

Prairie 

Laterite/Latsol 

Grey Brown Podzol 

Halomorphic Regosol 

Red Yellow Podzol

Pedocal

Azonal Intrazonal 
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Case study: Zonal Soils: Chernozem in Ukraine

Case study: Azonal Soils: Alluvial Soils in the Nile Delta

	� Chernozem, a type of zonal soil, is found extensively in the Ukrainian steppe region. These soils develop under 
grassland vegetation in a temperate climate with moderate rainfall. Chernozem profiles exhibit a rich, dark humus 
layer (A horizon) that can be up to one meter thick, overlying a lighter-colored B horizon. 

	� The organic matter accumulation results from the decomposition of grass roots, while the limited leaching ensures 
nutrient retention. This profile supports highly fertile agricultural land, crucial for Ukraine’s grain production.

	� Alluvial soils in Egypt’s Nile Delta are prime examples of azonal soils, formed by the deposition of river sediments 
rather than climatic conditions. These soils are characterized by a stratified profile reflecting successive flood 
events. 

	� The fine-textured layers of silt and clay, rich in nutrients, support intensive agriculture. Annual flooding of the Nile 
historically replenished soil fertility, crucial for Egypt’s agricultural sustainability. Modern irrigation practices now 
maintain these fertile conditions.

2.  World Reference Base (WRB)

The World Reference Base for Soil Resources (WRB) is an international soil classification system developed to provide 
a standardised framework for naming soils and creating legends for soil maps globally. It is endorsed by the International 
Union of Soil Sciences (IUSS) and serves as a common language for soil scientists worldwide.
The WRB uses a two-tiered classification system: 
1)	 First Level: Comprises 32 Reference Soil Groups (RSGs), which represent major soil types based on dominant 

formation processes.
	� Examples include Histosols (organic-rich soils), Ferralsols (weathered tropical soils), and Cryosols (permafrost-

affected soils).
2)	 Second Level: Adds qualifiers to further describe specific soil characteristics.

	� There are 202 qualifiers, categorised as:
	● Principal Qualifiers: Indicate major subdivisions or critical properties.
	● Supplementary Qualifiers: Provide additional details about the soil.

Unlike national systems, WRB is designed for international use and does not replace local classifications but complements 
them. It facilitates correlation between different systems like USDA Soil Taxonomy or Russian soil classification.

3.  USDA Soil Taxonomy:

Developed by the United States Department of 
Agriculture (USDA), this system is widely used 
in the U.S. and has influenced international 
soil classification. It is hierarchical, comprising 
six levels:
1)	 Order: Broadest category based on soil 

properties.
2)	 Suborder: Further division based on soil 

characteristics.​
3)	 Great Group: Grouping based on soil 

horizons and moisture regimes.​
4)	 Subgroup: Subdivisions within great 

groups.​
5)	 Family: Based on texture, mineralogy, 

and temperature.​
6)	 Series: Specific soil profiles with unique properties.​
This system emphasizes soil properties such as texture, structure, and composition, facilitating detailed soil mapping and 
land-use planning.​

Raw parent 
material 

Entisols

Oxisols

Wet sites
high water table 

Site-dominated
pathways 
Climate

dominated pathways Time-dominated 
pathways 

Inceptisols

Older soils warm, humid 
climate 
Ultisols

Extremely old soils hot, humid 
climate 

USDA Soil classification

Deciduous vegetation warm
humid climate 

Alfisols 

Coniferous vegetation 
cool, humid climate 

Spodosols

Parent material-dominated 
pathways 

Volcanic materials 

Andisols 

Clayey materials
wet-dry climate 

Vertisols

Histosols

Cold climates 

Gelisols 

Grasslands, semiarid 
climates 

Mollisols 

Dry climates
Aridisols 
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Limitations of Soil Classification Systems

Soil Classification 
System Limitations

Zonal, Azonal, 
and Intrazonal 
System

	� Overemphasis on Climate and Vegetation: Focuses primarily on climate and vegetation, 
potentially overlooking other influential factors like parent material and time.

	� Subjectivity in Classification: The subjective nature of defining what constitutes ‘normal’ 
conditions can lead to inconsistencies.

	� Limited Applicability: May not be applicable in regions with complex soil-forming factors 
beyond climate and vegetation.

USDA Soil 
Taxonomy

	� Complex Hierarchical Structure: The detailed and hierarchical nature can be cumbersome 
for practical applications.

	� Emphasis on Morphological Features: Heavy reliance on observable soil properties 
may not capture all soil characteristics.

	� Limited Flexibility: The system’s rigid structure may not accommodate soils with atypical 
characteristics effectively.

WRB (World 
Reference Base)

	� Flat Classification Structure: The lack of a hierarchical structure can make it challenging 
to understand soil relationships.

	� Complex Terminology: The use of qualifiers and complex naming conventions can be 
difficult to interpret.

	� Limited Global Applicability: May not adequately address soil types unique to certain 
regions.

Soil Degradation 
It is the decline in soil quality, making it less fertile and productive. It involves the loss of essential  nutrients, soil structure, 
and moisture retention ability, leading to reduced crop yields, water retention issues, and ecosystem imbalances. 

Soil Erosion
	� It is the removal of the top layer of soil by natural 
forces such as wind,  water, and ice, or by human 
activities like deforestation and overgrazing. 

	� The topsoil, which is rich in organic matter and 
nutrients, is essential for plant growth. 

	� When it is lost, the land becomes less productive, 
leading to soil degradation.

Example: 

In Madagascar, severe soil erosion has been caused by 
deforestation (over the past 50 years, Madagascar has 
lost over 90% of its original forest cover) and slash-and-
burn agriculture. This led to the loss of fertile topsoil.
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Nutrient Depletion
	� It occurs when essential nutrients such as nitrogen 
(N), phosphorus (P), and potassium (K) are lost 
due to leaching, soil erosion, crop harvesting, 
and residue burning. 

	� Growing the same crop repeatedly  depletes soil 
nutrients, leading to soil degradation.

	� In addition, Excessive rainfall or irrigation causes 
water to wash away essential nutrients.

	� This results in low soil fertility, altered soil 
chemistry, and reduced plant growth, especially in 
intensive monocropping systems where nutrients 
are not replenished.

Example: In Punjab, India, excessive fertilizer use 
and intensive farming have led to severe nutrient 
depletion, reducing soil fertility and impacting agricultural 
productivity, posing long-term risks to food security.

Soil Salinization
	� It is the accumulation of soluble salts (Na⁺, K⁺, 
Mg²⁺, Ca²⁺) in the soil profile, making it difficult for 
plants to absorb water. 

	� This occurs in arid and semi-arid regions where 
high evaporation rates, poor drainage, over-
irrigation, and excessive fertilizer use contribute 
to salt buildup.

	� In addition, deforestation and natural processes 
such as the weathering of salt-rich parent material 
are other causes of soil salinization.

Example: The Aral Sea Basin suffers from severe 
salinization due to poor irrigation management, leading 
to declining agricultural productivity.

Soil Acidification
	� It happens when the soil pH falls below the optimal 
range (5.5–7.5), affecting nutrient availability and 
microbial activity. 

	� It occurs due to leaching of essential cations (Ca2+, 
Mg2+, K+), excessive use of ammonium-based 
fertilizers, and acid rain from industrial pollution. 

	� Acidic soil makes it difficult for plants to absorb 
nutrients, leading to stunted growth and poor 
yields.

Example: Tea plantations in Assam, India, are facing 
soil acidification due to excessive use of ammonium-
based fertilizers, leading to reduced nutrient availability 
and negatively impacting crop productivity and soil 
health.

Physical Degradation (Compaction & Surface 
Sealing)

	� This includes soil compaction and surface sealing, 
both of which reduce water infiltration, restrict 
root penetration, and limit gas exchange.

	� Soil Compaction: Occurs due to heavy machinery 
use, overgrazing, and intensive tillage, reducing 
soil porosity.

	� Surface Sealing (Crusting): Forms an impermeable 
crust when raindrop impact disperses soil 
aggregates, making it harder for water to infiltrate.

Example: Overgrazed rangelands in Australia have 
experienced severe soil compaction, reducing land 
productivity.

Overloaded soils 
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Soil Contamination
	� It occurs when toxic substances such as 
pesticides, heavy metals (Pb, Cd, Hg, As), and 
industrial pollutants accumulate in the soil. 

	� Additionally, improper waste disposal and 
untreated sewage contribute significantly to soil 
degradation.

	� These contaminants disrupt microbial activity, 
alter biochemical cycles, and pose risks to food 
safety and human health.

Example: Uranium Mining in Fergana Valley 
(Uzbekistan) 

The Fergana Valley, a densely populated region 
in Uzbekistan, has faced severe soil and water 
contamination due to poorly managed uranium mining 
waste. Hazardous radioactive waste from mining 
and processing activities has polluted agricultural 
lands and groundwater, posing serious health and 
environmental risks.

Soil Conservation
Soil conservation strategies can be broadly categorized into farming-based and non-farming-based methods. 
Farming strategies focus on sustainable agricultural practices to maintain soil health, while non-farming strategies involve 
broader environmental and structural measures to prevent soil degradation.

	� Farming-Based Strategies
These techniques help maintain soil fertility, reduce erosion, and enhance moisture retention in agricultural lands.

Farming Methods that Reduce Soil Loss

Strip Cropping 
Groundcover plants such as 
grasses are planted in strips 
between fields of crops. The strips 
of groundcover soak up rain and 
slow runoff. 

Terracing 
Step-like terraces are built on 
slopes. They prevent runoff from 
rushing downhill and carrying away 
the soil. 

Windbreaks 
Rows of trees are planted between 
fields. The trees slow down the 
wind and reduce wind erosion.

Contour Cropping 
Crops are planted in curving rows 
to follow the contour of hills. This 
slows runoff and reduces erosion. 

Cover Crops 
Fields are planted year-round, 
even in seasons when crops don't 
grow. The plants cover the soil and 
hold it in place.

No Till Planting 
Seeds are planted in the ground 
without first tilling (plowing) the soil. 
Dead plants from the previous crop 
remain on the ground. Their roots 
hold the soil in place. 
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	�  Non-Farming-Based Strategies

These methods focus on environmental protection, infrastructure planning, and policies to prevent soil degradation.

Method Description

Afforestation & 
Reforestation

Afforestation is the process of establishing forests in 
areas that have never had forests, while reforestation 
is the process of replanting trees in areas that have 
previously been forested.

Buffer Strips Planting vegetation along riverbanks and water bodies 
to prevent soil erosion.

Grassed 
Waterways

These are vegetated channel that carries water runoff 
from agricultural areas to a stable outlet. They are 
designed to prevent erosion and improve water quality

Check Dams & 
Rock Barriers

These are small, sometimes temporary, dam 
constructed across a drainage ditch, or waterway to 
counteract erosion by reducing water flow velocity.

Biochar Biochar is a carbon-rich material produced by 
pyrolysis (burning organic matter in a low-oxygen 
environment). 
By increasing soil organic matter, biochar improves 
nutrient availability, reduces soil acidity, and 
promotes microbial activity, making it particularly 
beneficial for degraded and nutrient-poor soils.

South Korea success of reforestation

South Korea initiated the reforestation programme 
in 1970s with the aim of restoring the forests to pre-
war years. 
As a consequence forest cover increased from 11 
million hectares in 1973 to 150 million hectares 
in 2016. This has cascading effect on reducing soil 
losses and improved agriculture.

Example: Under the Namami Gange Program, 
Uttar Pradesh and Bihar have implemented 
riparian buffer plantations along the Ganga 
River to filter pollutants from agricultural runoff and 
prevent riverbank erosion.

Reforestation Process 
FUTURE

STANDING FOREST 

NON-FORESTAREA FORESTPLANTING 
STANDINGFOREST

PAST 
(usually 

less than 50 
years ago)

PAST

PAST

PRESENT 

PRESENT 
FUTURE

FOREST CUTOR BURNED 
REPLANTINGFOREST

Afforestation Process 

Stiff-stemmed plants in 
filter strips

Filter strips to trap 
sediment 

Grassed 
waterway 

Flexible grass in channel

Plant growth-promoting bacteria (PGPB)

Pyrolysis 

Phytovolatilization of 
volatile organic compounds 

Biochar-based PGPB 

Pollutant 
accumulation in 

plants 

Biomass waste 

Phytodegradation 

Improved soil
aggregation 

Degradation 
products 

Plant growth 
regulation and 

stimulation 

Enhanced soil 
processes and 

functions 

Reduced 
pollutant toxicity 

Plant 
protection 

Organic pollutant Fungi Endophyte 

Biochar Identification of 
potent PGPB 
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Impact of Climate Change on Soil Health
Climate change has profound and multifaceted effects on soil health, influencing its physical, chemical, and biological 
properties. These impacts include:

Forest Dieback
Forest dieback refers to the phenomenon of trees losing health and dying without an obvious cause. Climate change 
drives changes to vegetation composition through disturbances that lead to biome shifts and increased tree mortality 
rates. 

	� This process reduces carbon turnover time and storage, increases temperatures and vapor pressure deficits, and 
leads to abrupt biogeochemical changes in tropical, temperate, and boreal forests.

	� Examples include the dying back of Tropical Upper Montane Rain Forests in Sri Lanka, tropical forest dieback in 
the Amazon watershed, and boreal forest dieback in Eurasia and North America.

Soil Erosion and Degradation:
	� Increased Rainfall Intensity: Climate change is 
associated with more frequent and intense rainfall 
events, which can accelerate soil erosion. 

	� Example: In India, the 2019 monsoon season saw 
extreme rainfall events, particularly in the Western 
Ghats region, leading to significant soil erosion.

Soil Moisture and Drought:
	� Altered Precipitation Patterns: Changes in 
precipitation due to climate change can lead to 
prolonged droughts, reducing soil moisture content. 
Dry soils become more prone to wind erosion, 
compaction, and loss of organic matter.

	� Example: The 2022 European drought severely 
affected soil moisture levels across the continent.

Soil Organic Matter (SOM) and Carbon 
Sequestration:

	� Temperature Increases: Rising temperatures 
accelerate the decomposition of organic matter in 
soils, reducing soil organic carbon (SOC) stocks. 
This loss of SOC contributes to a decline in soil 
fertility and structure.

	� Example: A study published in Nature (2023) 
found that Arctic soils are losing carbon at an 
unprecedented rate due to warming temperatures. 

Soil Biodiversity:
	� Changes in Temperature and Moisture: Climate 
change affects soil microbial communities, which 
are crucial for nutrient cycling, organic matter 
decomposition, and plant growth. Alterations 
in temperature and moisture can disrupt these 
communities, leading to reduced soil fertility.

	� Case Study: Research in the Amazon Basin 
indicated that rising temperatures are causing a 
shift in soil microbial communities, with potential 
long-term impacts on forest health and carbon 
sequestration.
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Biodiversity and Ecology: Factors Influencing World Distribution of 
Plants and Animals, Wildlife, Major Gene Pool Centers

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Plants and animals that exist in a particular ecosystem are 
those that have been successful in adjusting to their habitat and 
environmental conditions. Elucidate with examples. ( 15M, 2022)

2)	 Gene pool centres are ‘Good Hope’ for biodiversity conservation. 
Elucidate. ( 10M, 2021)

3)	 Which factors influence the growth of wild plants in India? Discuss 
their economic significance. (10M, 2020)

4)	 Why it is necessary to conserve genetic diversity of species? Do 
protected areas serve any useful purpose in this context? ( 20M, 
2019)

5)	 Amensalism is a biotic factor that determines the geograpvhic 
limits of species. Explain. (10M, 2019)

6)	 Give the classification of plants based on the amount of water 
requirement. (15M, 2017)

7)	 Describe the Newbigin’s scheme of floristic regions of the world 
and explain the Mediterranean floristic region. (15M, 2016)

8)	 Bring out the ecological significance of Tropical rainforest biome. 
(10M, 2016)

9)	 Define the Zoogeographic regions. Also describe the basic faunal 
makeup of the Neo-Arctic zoogeographic region. ( 15M, 2014)

10)	State the uniqueness of the Eurasian steppe Biome. (10M, 2014)
11)	Write short note: Type of endemic plants and their degree of 

vulnerability to extinction. ( 10M, 2013)
12)	Answer the following: Adaptation and distribution of animals in 

the Ethiopian realm. (20M, 2012)

	� The last question on this topic 
appeared in 2022, and before 
that, in 2021, 2020, 2019, 2017.

	� This indicates a gap of 1 to 3 years 
between occurrences. The focus 
has varied from broad ecological 
concepts like adaptation and 
biome classification (2016, 2017, 
2014, 2012) to more applied 
aspects like genetic diversity 
conservation (2021, 2019) and 
economic significance of wild 
plants (2020). 

	� The 2022 question emphasized 
ecological adaptation, reflecting 
a shift toward climate resilience 
themes.

	� For the 2025 examination, it 
is advisable to study recent 
biodiversity conservation 
strategies, including gene 
pool centers, biogeographic 
classifications, and the impact 
of climate change on species 
distribution. 

Factors Influencing World Distribution of Plants and Animals
The distribution of plants and animals across the globe is influenced by a combination of historical events, geographical 
features, environmental conditions, and biological interactions. Understanding these factors helps explain why 
certain species are found in specific regions.​

Historical Factors Geographical and Environmental 
Factors Biological Factors

	� Movement of Earth’s Plates: 
Over millions of years, Earth’s 
tectonic plates have shifted, 
causing continents to move. 
This movement has led to 
the separation and joining of 
landmasses, affecting how 
species spread and evolve. 

For example, the separation of 
Australia from other continents 
allowed marsupials to develop 
uniquely there.​

	� Natural Barriers: Features like 
oceans, mountains, and deserts 
can prevent species from moving 
freely, leading to distinct regional 
populations. For instance, the 
Himalayas have limited the 
movement of many species 
between the Indian subcontinent 
and the rest of Asia.​

	� Movement Pathways: Land 
bridges and corridors allow 
species to migrate between 
regions. The Bering Land Bridge, 

	� Interactions Among Species: 
Relationships like predation, 
competition, and symbiosis 
affect where species can live. 
For example, the introduction of 
a new predator can force native 
species to relocate or adapt.​

	� Ability to Spread: Some species 
can travel long distances by 
wind, water, or with the help of 
other animals, allowing them to 
inhabit new areas.​
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	� Past Climate Changes: 
Changes in Earth’s climate, 
such as ice ages, have caused 
species to migrate, adapt, or 
face extinction. These climatic 
shifts have reshaped habitats, 
influencing where plants and 
animals can live.​

	� Evolutionary Development: 
Species evolve over time, 
adapting to their environments. 
The way species have spread and 
changed due to natural barriers 
and new habitats has resulted in 
the diverse distribution we see 
today.

for example, enabled species to 
move between Asia and North 
America during certain periods.​

	� Climate Conditions: 
Temperature, rainfall, and 
seasonal changes determine 
which species can thrive in an 
area. Tropical rainforests, with 
their warm temperatures and 
heavy rainfall, support a vast 
array of species, while deserts, 
with their dry conditions, support 
fewer.​

	� Soil and Water: The type of 
soil and the availability of water 
influence which plants can grow 
in an area, which in turn affects 
the animals that depend on them.

Ecological Roles: Each species 
has a role in its ecosystem. 
Changes in one species’ population 
can impact others, influencing the 
overall distribution of species.

Case study: Altitude Influence on Plant Distribution- Himalayan Vegetation Zones

	� The Himalayas exhibit distinct vegetation zones influenced by altitude. The mechanism involves varying temperature 
and moisture conditions across altitudinal gradients. 

	� Low altitudes support tropical and subtropical forests, mid-altitudes harbor temperate forests, and high altitudes 
sustain alpine meadows. For instance, the alpine zone (above 4000 meters) hosts species like Rhododendron and 
Juniper. 

Diagrammatic section of the western Himalayas in northern India, showing the approximate 
altitudinal limits of the major vegetation types. With increasing altitude, one passes through 
vegetation belts similar to those found on passing from lower into higher latitudes. The scrub zone 
(900-1400 m) is strongly modified by human deforestation and subsequent grazing.

3400m 

1400m

South North

900m Scrub

4500m 

Temperate 
broad-leaved forest 

Betula utilis Juniperus 
spp. Rhododendron spp. 

Abies pindrow 
Pinus excelsa 

Cedrus deodara 

Temperate
coniferous forest 

Alpine 

Quercus incana 
Rhododendron arboreum 

Subtropical mixed 
deciduous forest 
Shorea robusta 
Terminalia spp. 
Dendrocalamus strictus 

High 
Himalayas 

Lesser 
Himalayas 

Siwalik 
Range 
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Case study: Fire Influence on Plant Distribution: Australian Eucalypt

Case study: Human Influence on Plant Distribution: Urbanization and Green Spaces in Singapore

Case study: Altitude Influence on Animal Distribution: Snow Leopards in the Himalayas 

	� Eucalypt forests in Australia are adapted to frequent fires, which play a crucial role in their distribution. Fire 
promoting seed germination and reducing competition by clearing underneath vegetation. Eucalypt species, like 
Eucalyptus regnans, have thick bark and resprouting ability to survive fires. 

	� Recent changes in fire regimes due to climate change and human activities have altered forest composition, 
increasing fire frequency and intensity. Management practices include controlled burns and firebreaks to maintain 
ecosystem balance and protect biodiversity.

	� Singapore’s urban green spaces showcase human influence on plant distribution. Despite dense urbanization, 
47% of Singapore’s land area is green, including parks, gardens, and nature reserves.. 

	� Native and exotic species are cultivated to enhance ecological services, such as air purification and temperature 
regulation. Initiatives like the Park Connector Network link green spaces, promoting plant dispersal and habitat 
connectivity. This urban model balances development with conservation, enhancing urban biodiversity

	� Snow leopards inhabit the rugged terrains of the Himalayas, typically found at altitudes between 3,000 to 4,500 
meters. The mechanism involves the species’ adaptation to cold, mountainous environments with sparse vegetation, 
relying on prey such as blue sheep. 

	� Climate change and human encroachment are shrinking their habitat, leading to a decrease in prey and increased 
conflict with herders. Recent estimates suggest only 4,000-6,500 snow leopards remain. Conservation efforts 
include anti-poaching measures and community-based initiatives to promote coexistence.

Case study: Climate Influence on Animal Distribution: Polar Bears in the Arctic 

	� Polar bears are primarily found in the 
Arctic, dependent on sea ice for hunting 
seals, their primary prey. Climate 
change is drastically reducing sea ice 
cover, with Arctic ice declining by 13.1% 
per decade. 

	� This involves the loss of sea ice, 
reducing hunting grounds and forcing 
polar bears to swim longer distances, 
increasing energy expenditure and 
reducing survival rates. 

	� Recent data from the IUCN indicate a 
30% decline in polar bear populations 
over the last 45 years. Conservation 
efforts include mitigating climate change 
and protecting critical habitats.

Included skins, claws, meat, teeth, skulls

Polar bears at risk 
Population of the Arctic's top 
predator expected to decline 
30 percent by 2050 
Major threats
Climate change 
Sea ice retreating because of global warming 
Habitat decreasing in both quality and area 

Other threats 
Increased interactions with humans 
Illegal killings 
Pollution 
Disturbance from shipping 
Legal killings by indigenous people 
Legal trade in skins and animal parts 
Global range 
Range limited by southern 
extent of sea ice 

Protected from hunting since 1973 

32,000 body parts recorded in legal trade 2001-2010 

Largest bear species 
Max lifespan 

Male: 25 years 
Female: 30 years 

Arctic 
Ocean

Alaska 
(US) 

CANADA

Greenland 

Status 
Vulnerable (IUCN)
 
Population 
22,000-31,000 

RUSSIA 

Classified as a marine animal 
as its range is on sea ice

Declining
Stable

Data deficient 
Increasing
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Case study:  Food Availability Influence on Animal Distribution: African Elephants- Impact of 
Drought on African Elephant Populations 

	� African elephants are widely distributed across sub-Saharan Africa, dependent on large quantities of water and 
vegetation. Drought, exacerbated by climate change, affects their distribution by limiting food and water sources.  
Reduced rainfall leading to water scarcity and vegetation loss, forcing elephants to travel greater distances and 
increasing mortality rates. 

	� For instance, the 2019 drought in Botswana led to the death of over 100 elephants. Conservation efforts focus on 
securing water sources and transboundary management to ensure access to resources.

Ecological amplitude
Ecological amplitude refers to the range of variation in environmental factors that a species can tolerate. It includes:

	� Tolerance range: The span of environmental conditions in which an organism can survive
	� Optimal range: The conditions where the species thrives best
	� Limiting factors: Environmental variables that restrict a species’ distribution

Species with high ecological amplitude are generally more adaptable to changes in their habitat and can occupy 
diverse ecological zones. Conversely, species with low ecological amplitude are more vulnerable to changes and often 
found in specific or stable environments.

	� Example: Polar Bear (Ursus maritimus) 
	� Narrow amplitude for sea ice conditions
	� Threatened by Arctic warming
	� 2022 study in Nature Climate Change: Projected 30% population decline by 2050

Ecological amplitude
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Continental vs. Island Biogeography

Continental Biogeography Island Biogeography

Continental biogeography focuses on the distribution 
and diversity of species across large landmasses.

Island biogeography examines the factors influencing 
species diversity and distribution on islands.

https://visionias.in/
https://visionias.in/
tel:+918468022022/


123

Characteristics:
	� Larger land area
	� Greater habitat diversity
	� More stable environments over geological time
	� Continuous land connections allowing species 
movement

Characteristics:
	� Limited land area
	� Isolation from mainland
	� Unique evolutionary pressures
	� Higher endemism rates

Major theories and concepts:
a)	 Latitudinal Diversity Gradient: Biodiversity 

generally increases from poles to tropics
b)	 Elevational Gradients: Species diversity often 

peaks at mid-elevations
c)	 Biomes and Ecoregions: Large-scale ecosystem 

classifications based on climate and vegetation

Major theories and concepts:
a)	 Theory of Island Biogeography: Species 

richness on islands is a balance between 
immigration and extinction rates

b)	 Island Rule: Tendency for small animals to 
become larger and large animals to become 
smaller on islands

c)	 Adaptive Radiation: Rapid diversification of 
species in isolated environments

Case Study: Amazon Rainforest (South America): The 
Amazon is a prime example of continental biogeography, 
hosting around 10% of the world’s known species. Its 
vast area, diverse habitats, and stable climatic conditions 
have contributed to the evolution of a highly diverse 
ecosystem.

Case Study: Galápagos Islands (Pacific Ocean): 
The isolation of these islands has led to the evolution 
of unique species, such as the Galápagos finches, 
which have adapted to different ecological niches.

Equilibrium Theory of Island Biogeography

The Equilibrium Theory of Island Biogeography (ETIB) 
posits that the number of species on an island is 
determined by a balance between the rate of new species 
colonizing the island (immigration) and the rate at which 
established species go extinct. 
This balance is influenced by the island’s size and its 
distance from the mainland. 

The Equilibrium Theory of Island Biogeography 
1. Number of species on 
small islands can only 
increase through immigration 
or colonization - too small for 
speciation.

4. Extinction rates increase with 
increasing number of species 
because the available niches are 
being filled. 

C (colonization) 

E (extinction)

Number of Species on Island

3. When all m ainland and 
neighbouring island 
species have arrived, the 
immigration rate is 
zero. 

2. As the number of 
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Physiological and Behavioural Strategies of Adaptation in Animals
Adaptation is a critical process by which animals survive and thrive in their environments. These adaptations can be 
physiological, involving changes in an organism’s internal processes, or behavioral, involving changes in how an animal 
acts. 

	� These strategies help animals cope with environmental stresses, find food, avoid predators, and reproduce successfully. 
Understanding these adaptations is key to understanding how species evolve and maintain ecological balance.

Physiological Strategies of Adaptation Behavioural Strategies of Adaptation

	� Thermoregulation:
	� Endothermy: Animals like birds and mammals 

maintain a constant body temperature through 
metabolic processes. For instance, polar bears

	� Migration:
	� Seasonal Migration: Many bird species, like 

the Arctic Tern, migrate thousands of miles 
between breeding and wintering grounds, 
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have a thick layer of blubber that insulates them 
against the cold, allowing them to survive in Arctic 
conditions.

	� Ectothermy: Reptiles and amphibians rely on 
external heat sources to regulate their body 
temperature. For example, lizards bask in the sun 
to raise their body temperature, enabling them to 
become active.

	� Osmoregulation:
	� Desert Animals: Camels can survive in arid 

environments by efficiently conserving water. They 
produce highly concentrated urine and dry feces, 
minimizing water loss.

	� Marine Animals: Saltwater fish have specialized 
gills that excrete excess salt, helping them maintain 
osmotic balance in saline environments.

	� Respiratory Adaptations:
	� High Altitude: Animals like the snow leopard have 

increased hemoglobin affinity for oxygen, allowing 
them to survive in low-oxygen environments at high 
altitudes.

	� Diving Adaptations: Marine mammals like seals 
have a higher concentration of myoglobin in their 
muscles, allowing them to store more oxygen and 
stay underwater for extended periods.

	� Hibernation and Aestivation:
	� Hibernation: Bears enter a state of reduced 

metabolic activity during winter, conserving energy 
when food is scarce. Their heart rate and body 
temperature drop significantly during this period.

	� Aestivation: Some amphibians, like the African 
lungfish, undergo aestivation during hot and dry 
periods, burrowing into mud and slowing their 
metabolism to survive until conditions improve.

taking advantage of seasonal food 
availability and favorable climates.

	� Vertical Migration: Some marine species, 
such as zooplankton, migrate vertically in the 
water column daily, staying in deeper, cooler 
waters during the day to avoid predators and 
rising to the surface at night to feed.

	� Foraging and Feeding Behaviors:
	� Tool Use: Chimpanzees are known to use sticks 

to extract termites from mounds, showcasing an 
advanced foraging technique that allows them 
to access food sources that would otherwise be 
unavailable.

	� Caching: Animals like squirrels cache food in 
various locations, creating reserves that they 
can access during times of scarcity.

	� Predator Avoidance:
	� Camouflage: The chameleon changes its skin 

color to blend into its surroundings, making it 
harder for predators to spot it.

	� Mimicry: The harmless milk snake mimics the 
color patterns of the venomous coral snake, 
deterring potential predators through deceptive 
appearance.

	� Reproductive Behaviors:
	� Courtship Displays: Birds of Paradise perform 

elaborate courtship dances to attract mates, 
ensuring that only the most fit individuals 
reproduce.

	� Parental Care: Species like the emperor 
penguin exhibit extensive parental care, with 
males incubating eggs on their feet to protect 
them from freezing temperatures.

Ecological Connectivity and its importance to global environmental integrity
Ecological Connectivity refers to the 
degree to which landscapes facilitate the 
movement of organisms and their genes. It 
encompasses:

	� Structural connectivity: Physical 
linkages between habitat patches

	� Functional connectivity: How well 
organisms can move through the 
landscape

Importance to Global Environmental 
Integrity:

	� Biodiversity Conservation: 
	� Facilitates gene flow, preventing 

inbreeding depression
	� Enables species to access resources 

Ecological connectivity: 
The connectedness of 
ecological processes at 

multiple scales 

Ecological connectivity: 
The connectedness of 
ecological processes at 

multiple scales 

Effect will wary 
between species 

Effect will wary 
between species 

Likely positive 
relationship 

Landscape connectivity: 
The connectedness of 

vegetation cover within a 
given landscape
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and breeding sites
	� Supports metapopulation dynamics

	� Ecosystem Resilience: 
	� Enhances adaptability to environmental changes, including climate change
	� Promotes recovery after disturbances

	� Ecosystem Services: 
	� Maintains pollination networks
	� Supports nutrient cycling and water regulation

	� Climate Change Mitigation: 
	� Allows species to shift ranges in response to changing conditions
	� Enhances carbon sequestration through landscape-scale processes

Case study: European Green Belt

Case study: Mesoamerican Biological Corridor

	� 12,500 km ecological corridor along former Iron 
Curtain

	� Connects 24 countries
	� Serves as migration route for wolves, bears, and 
lynx 

	� Spans from Mexico to Panama
	� Aims to protect 10% of the world’s biodiversity
	� Success: Jaguar populations stabilized in connected 
areas
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Lessepsian Migration
Lessepsian migration refers to the migration of marine species from 
the Red Sea to the Mediterranean Sea through the Suez Canal. It 
is named after Ferdinand de Lesseps, the French diplomat who 
developed the Suez Canal. 

Highlights:
1)	 Unidirectional: Primarily from the Red Sea to the Mediterranean
2)	 Ongoing process: Continues since the canal’s opening in 

1869
3)	 Major driver: Anthropogenic alteration of natural barriers.

Example: Rabbitfish (Siganus rivulatus and S. luridus): 
	� Among the most successful Lessepsian migrants
	� Altered Mediterranean algal forests
	� Economic impact: Now important in Eastern Mediterranean 

fisheries

TBC(Trans-Boundary conservation)
Transboundary Conservation (TBC) refers to the collaborative 
management of protected areas and natural resources that 
span across national borders. It involves cooperation between 
neighboring countries to protect and manage ecosystems, 
wildlife, and natural resources that are shared or migratory in 
nature. 

Typology of Transboundary Conservation Areas (TBCA) 

Type 1: 

Transboundary Protected Area (TΒΡΑ) 
Type 2: 

Transboundary Conservation Landscape and/or Seascape 
(TBCL/S) 
Type 3: 

Transboundary Migration Conservation Area (TBMCA) 
Special designation: 

Park for Peace

Objectives of TBC: 
a. Biodiversity conservation; 
b. Cultural heritage and exchange; 
c. International cooperation; 
d. Maintenance of peace and security; 
e. Promotion of sustainable development; 
f. Regional economic integration; 
g. Restitution of land tenure; 
h. Local economic development; and 
i. Poverty alleviation, etc
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Case study:  The Greater Limpopo Transfrontier Park (GLTP)

Spanning South Africa, Mozambique, and Zimbabwe, the GLTP is one of Africa’s largest transboundary conservation 
areas.

	� This park aims to restore the ecological connectivity of the Kruger National Park, Gonarezhou National Park, 
and Limpopo National Park. It facilitates wildlife migration corridors, enabling species such as elephants and 
lions to move freely across borders.

	� A 2024 study reported a significant increase in elephant populations within the GLTP, with a growth rate of 5% 
annually, attributed to the improved connectivity and collaborative anti-poaching measures.

Major Gene Pools
A gene pool refers to the complete set of genetic information—comprising all the genes and their alleles—present 
within a sexually reproducing population at a specific point in time

	� Nikolai Vavilov,  introduced the concept of major gene pool centers in the early 20th century. He identified 
specific geographical regions where domesticated plants and their wild relatives originated and exhibited the 
highest genetic diversity. 

	� These regions, known as Vavilov Centers of Origin, are crucial for understanding plant domestication and 
conserving genetic resources

Maize 
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Custard apples 
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Strawberries. 
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Pineapples 
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1. The South-Asiatic Tropical Centre 

2. The East-Asiatic Tropical Centre

3. Southwestern-Asiatic Centre

4. Mediterranean Centre 

5. Abyssinian Centre 

6. Central American Centre 

7. Andean Centre

Major Gene Pool Centres 

Case study: The Vavilov Centers: Fertile Crescent: 

Case study: The Andean Highlands: Potato Diversity 

	� The Fertile Crescent, spanning parts of modern-day Iraq, Syria, Lebanon, Israel, Palestine, Jordan, and Egypt, 
is recognized as one of Vavilov’s primary centers of origin. This region is crucial for the domestication of wheat, 
barley, lentils, and various legumes. 

	� Recent genomic studies have traced the genetic diversity of wheat to this area, indicating it as the source of 
numerous alleles crucial for drought and disease resistance.

	� The Andean Highlands in Peru and Bolivia are renowned for their genetic diversity in potatoes, another Vavilov 
center. The region hosts over 4,000 potato varieties adapted to various altitudes and climates. 

	� The genetic mapping of these varieties, revealing significant traits for resistance to pests and diseases, as well 
as climate adaptability. Conservation efforts include community-based seed banks and participatory breeding 
programs that involve local farmers in maintaining and utilizing this genetic diversity
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Case study: Gudalur’s Gene Pool Garden 

	� Established in 1989 under the Hill Area 
Development Programme, Gudalur’s Gene 
Pool Garden in Tamil Nadu’s Nilgiris district 
aims at in situ and ex situ conservation of endemic 
plant species. 

	� Initially facing neglect due to funding issues, it 
was redeveloped as an eco-tourism spot involving 
the local Paniya tribal community, ensuring 
economic benefits through the Eco-Development 
Committee. This participatory management model 
highlights the success of community involvement 
in forest conservation and eco-tourism.
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Major biomes, their characteristics, and their ecological significance

Biome Location Climate Vegetation Ecological Significance

Tropical 
Rainforest

Near the equator 
(Amazon Basin, 
Congo Basin

Warm temperatures, 
high rainfall (2000-4000 
mm/year)

Dense, diverse 
forests with 
multiple canopy 
layers

High biodiversity; 
carbon storage; oxygen 
production
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Savanna
Africa, South 
America, Australia

Warm temperatures, 
seasonal rainfall (500-
1500 mm/year)

Grasses with 
scattered trees 
(Acacia, Baobab

Supports large herbivores 
and predators; nutrient 
cycling

Desert
Sahara, Arabian 
Desert, Mojave 
Desert

Very low rainfall (<250 
mm/year), extreme 
temperatures

Sparse vegetation 
(cacti, shrubs)

Adapted species; water 
conservation; mineral 
resources

Temperate 
Grassland

North America 
(Prairies), Eurasia 
(Steppes)

Moderate rainfall (300-
1000 mm/year), hot 
summers, cold winters

Grasses and 
herbaceous plants

Rich soil; agriculture; 
carbon storage

Tundra

Arctic regions, 
high mountain 
tops

Very cold, low rainfall 
(<250 mm/year)

Low-growing 
plants (mosses, 
lichens, dwarf 
shrubs)

Carbon sink in 
permafrost; climate 
regulation

Global Biodiversity Framework and the North-South Divide
The Kunming-Montreal Global Biodiversity Framework (GBF), adopted at COP15 in November 2022, has been widely 
praised, particularly by the European Union, which called it a “historic deal for nature and people.”

WWF - Ecoregions 
The World Wildlife Fund (WWF) defines ecoregions as large areas of land or water that contain distinct assemblages 
of natural communities. These ecoregions are characterized by:

	� Geographically distinct communities: Ecoregions have a unique combination of species and ecological dynamics 
that are relatively consistent throughout the area.

	� Similar environmental conditions: The regions share similar climatic, geological, and hydrological features that 
influence the ecosystems present.

Example - The refusal of the Democratic Republic of the Congo (DRC) to accept the GBF highlights the inequities 
in the framework. The Congo Basin forests, crucial for global carbon sequestration, illustrate the lack of adequate 
financial support for the Global South’s environmental contributions. 

Global Biodiversity Framework North-South Divide

Main Goals

1. Conserve 30% of land and sea
2. Reduce pollution
3. Integrate biodiversity in policy

Developed countries have greater capacity 
and resources for conservation; developing 
countries often face challenges

Funding and 
Resources

Mobilize financial resources for 
biodiversity initiatives

Northern countries typically have more 
financial resources; Southern countries often 
lack sufficient funding

Technology 
and Expertise

Promote transfer of technology and 
scientific knowledge

Northern nations have advanced technology 
and expertise; Southern nations may lack 
access and training

Equity and 
Inclusion

Emphasize equity in decision-making and 
benefit-sharing

Developing countries may struggle with 
representation and equitable access to 
benefits
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Biotic Homogenization
Biotic homogenization is the process where regional biological diversity declines as a result of the increased similarity 
in species composition. The increasing connectivity of the world has resulted in a greater introduction of non-native 
species into many regions, and this has the potential to overshadow the unique biodiversity present in these areas.

	� One example of the process of biotic homogenization is the introduction of the house sparrow (Passer domesticus). 
Originally from Eurasia, this species has been introduced worldwide and can now be found at nearly every airport.2 
The increasing similarity of different regions due to the introduction of the same non-native species is a common 
example of how biotic homogenization happens.

	� Ecological interactions: The communities within an ecoregion interact in ways that are essential for their long-
term sustainability and health.

The WWF’s approach to ecoregions emphasizes their importance for biodiversity conservation and provides a 
framework for identifying priority areas for conservation efforts. This classification system also supports the WWF’s 
Global 200 initiative.

	� The Global 200 is a selection of ecoregions recognized for their exceptional biodiversity and ecological significance. 
This initiative began in the 1990s and identified 238 priority ecoregions, which include:
	� 142 Terrestrial Ecoregions
	� 53 Freshwater Ecoregions
	� 43 Marine Ecoregions

Biodiversity and Ecology: Factors Influencing World Distribution of 
Plants and Animals, Wildlife, Major Gene Pool Centers

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Examine the impacts of social forestry in 
socio-economic transformation of rural 
areas.(10 M, 2024)

2)	 Explain the effects and cause of deforestation, 
and its impact on the pattern of agriculture in 
India. (15M, 2020)

3)	 Discuss the causes of degradation of tropical 
rainforests and suggest remedial measures 
for their prevention, conservation and 
development. (15M, 2018)

4)	 Illustrate with suitable examples the 
endeavour undertaken in augmenting 
conservation of vegetation in India (20M, 
2018)

5)	 Discuss the characteristics of biological 
deserts. (10M, 2017).

	� The last question on this topic appeared in 2024, and 
before that, in 2020, 2018, and 2017.

	� This indicates a gap of 2 to 4 years between 
occurrences. The focus has been on deforestation and 
its consequences (2020, 2018), conservation efforts 
(2018), and broader ecological concerns like biological 
deserts (2017). 

	� The 2024 question on social forestry reflects a shift 
towards its socio-economic role in rural transformation.

​Problems of Deforestation & Conservation Measures 
Deforestation, the systematic and widespread clearing of forested regions, poses significant environmental challenges 
with far-reaching consequences. 
Below is a structured overview of the problems caused by deforestation, conservation measures to address these issues, 
and real-world examples and case studies that highlight the effectiveness of these strategies.​
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What are the Causes of Deforestation? What are the Effects of Deforestation?  

Used for Urban and 
Construction Purposes: 
Forests are cleared to 
accommodate expanding 
urban areas.  

To Grow Crops: 
Forests are also cut 
down in order to 
clear land for 
growing crops.  

Cheapest method to clear 
the land: 
Forest fires are not a new 
cause of forest destruction. 
In 1982-83 huge fires in 
Kalimantan destroyed 3,5 
million hectares of forests  

Erosion of Soil:
When forest areas are cleared, it 

results in exposing the soil to the sun, 
making it very dry and eventually, 

infertile, due to volatile nutrients such 
as nitrogen being lost. Large tracts of 

land will be rendered permanently 
impoverished due to soil erosion.

Flooding and Drought: 
One of the vital unctions forests is to 

absorb and store great amounts of 
water quickly when there are heavy 

rains. When forests are cut down, this 
regulation of the flow of water is 

disrupted, which leads to alternating 
periods of flood and then drought in the 

affected area. 

Disruption of the Water Cycle:
Trees contribute in a large way in 

maintaining the water cycle the draw 
up water via their roots, which then 

released into the atmosphere. A large 
part of the water that circulates in the 

ecosystem of rainforests, for instance, 
remains inside the plants. When these 

trees are cut down it results in the 
climate getting drier in that area.

Problems of Deforestation

Problem Description Example

Loss of Carbon 
Sinks

Forests, especially tropical and boreal, 
act as primary carbon sinks, absorbing 
CO₂. Deforestation reduces this capacity, 
releasing stored carbon and contributing to 
global warming.

In Brazil, deforestation has led to significant 
CO₂ emissions, impacting global climate 
patterns.

Impact on 
Atmospheric 
Oxygen

Tropical rainforests produce a substantial 
share of Earth's oxygen through 
photosynthesis. Their elimination could 
adversely affect global oxygen levels.

Deforestation in the Amazon threatens oxygen 
production and biodiversity.

Disruption 
of Regional 
Climate

Removing forests disrupts regional 
moisture balance, leading to decreased 
rainfall and potential desertification, as 
seen in the Amazon.

In Bolivia, cattle ranching has led to 
deforestation, affecting local climate and 
biodiversity.

Soil 
Erosion and 
Sedimentation

Without forest cover, soil erosion 
accelerates, increasing sediment in water 
bodies, which can cause flooding and 
degrade water quality.

The Akure Forest Reserve faces soil erosion 
due to encroachment and deforestation, 
impacting local communities.
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Conservation Measures

Measure Description Example

Protected 
Areas

Establishing national parks and reserves to 
preserve natural habitats.

Costa Rica's establishment of national parks 
has led to a significant increase in forest cover.

Ecological 
Restoration 
Projects

Restoring degraded ecosystems through 
reforestation and afforestation to enhance 
carbon sequestration and biodiversity.

Eden Reforestation Projects in Ethiopia have 
transformed desertified land into thriving forests.

Habitat 
Corridors

Creating connections between fragmented 
habitats to facilitate species movement and 
genetic exchange.

The Akure Forest Reserve in Nigeria is 
implementing habitat corridors to connect 
isolated forest patches, promoting biodiversity.

Sustainable 
Forest 
Management

Implementing practices that allow for 
the use of forest resources without 
compromising future availability.

In Bolivia, sustainable ranching practices are 
being promoted to reduce deforestation.

Regulatory 
Measures

Enforcing laws and policies, including 
quotas and fines, to control deforestation 
activities.

Brazil's implementation of stricter environmental 
regulations has led to a significant reduction in 
deforestation rates.

Anti-Poaching 
Initiatives

Protecting forest fauna from illegal hunting 
and trade.

The Akure Forest Reserve has implemented 
anti-poaching measures to protect endangered 
species.

Invasive 
Species 
Control

Preventing the introduction and spread of 
non-native species that threaten native 
ecosystems.

Efforts in the Akure Forest Reserve include 
monitoring and controlling invasive plant 
species.

Addressing 
Drivers of 
Deforestation

Tackling underlying causes such as 
agricultural expansion and global demand 
for timber.

In Colombia, initiatives are promoting 
sustainable farming practices to reduce 
deforestation.

Promoting 
Sustainable 
Land Use

Encouraging agricultural and land-
use practices that do not require forest 
clearing.

In Bolivia, sustainable land-use practices are 
being promoted to prevent further deforestation.

Loss of 
Biodiversity 
and Habitat 
Fragmentation

Forests host a vast array of species; 
their loss leads to habitat destruction and 
fragmentation, increasing extinction risks.

In Indonesia, deforestation threatens unique 
species and disrupts ecosystems.

Impact 
on Water 
Resources

Forests play a crucial role in watershed 
protection; their removal can negatively 
affect water availability and quality.

In Mozambique, mangrove deforestation has 
led to reduced fish populations, affecting local 
fisheries.

Threat to Local 
Communities

Many communities depend on forests for 
resources; deforestation disrupts their 
livelihoods.

In Haiti, mangrove removal for charcoal 
production has led to coastal erosion, impacting 
local economies.

Contribution to 
Desertification

Deforestation contributes to desertification, 
reducing land's capacity to support life.

In Ethiopia, deforestation has led to land 
degradation, affecting agriculture and 
livelihoods.

 v
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International 
Cooperation

Engaging in global partnerships and 
agreements to combat deforestation.

The 2021 pledge by 140 countries to end 
deforestation by 2030 exemplifies international 
commitment

CARBON STORES 
Forests are the second-largest 
storehouses of carbon after 
oceans 

22% OF GLOBAL CO₂ 
Agriculture, forestry and other land 

use contributes 22% to global 
emissions and half of that is from 

deforestation and land conversion 

CARBON LOSS 
Carbon loss from tropical defor-
estation in the last two decades 

has doubled and continues to rise, 
driven largely by the expansion of 

agricultural frontiers 

NATURAL DISASTERS 
Deforestation contributes to 

climate change by intensifying the 
risk of natural disasters, for exam-

ple fires  

INCREASED RESILIENCE 
Forests provide clean air and 
water, help regulate the 
climate and buffer against 
natural disasters such as 
floods and wildfires, while 
contributing to the resilience 
of local communities 

2.4 BILLION 
Forests provide a carbon 
sink that that absorb up 
2.4 billion metric tons of 
carbon each year 

Forests are a climate solution Deforestation contributes to climate solution

Case study: Deforestation in the Amazon Basin

	� The Amazon Rainforest has faced significant deforestation 
due to agriculture, logging, and mining. In 2020, deforestation 
rates surged by 9.5%, reaching 11,088 square kilometers. 

	� This leads to habitat loss, reduced biodiversity, and 
increased carbon emissions, with the Amazon losing its 
ability to act as a carbon sink. 

Extent of rainforest and deforestation 
in the Amazon basin 

Annual deforestation 
rate Percentage 

GUYANA 

Forest and deforestation extent 
Thousands square kilometres  

Source: RAISG, Mapa Amazonia, 2012; IMAZON, Deforesta-
tion and forest degradation in the Amazon Biome, 2011.

Forest (2000) 
Deforestation 
(2001-2010) 

VENEZUELA 

FRENCH 
GUIANA 

SURINAME 

COLOMBIA 
EQUADOR  

PERU BOLIVIA   

BRAZIL  
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Case study: Deforestation in Indonesia

Case study: Forest Conservation in the Amazon: REDD+ Initiatives 

Case study: Forest Conservation in Africa: Great Green Wall Initiative 

Case study: Forest Conservation in Europe: EU Biodiversity Strategy for 2030

	� Forest Fires and Deforestation in Sumatra and Kalimantan Indonesia’s forests, are experiencing severe deforestation 
due to forest fires and land conversion for agriculture. In 2019, forest fires affected over 1.6 million hectares. 

	� Slash-and-burn practices to clear land for palm oil and pulpwood plantations, exacerbated by dry conditions from 
climate change. This leads to loss of biodiversity, air pollution, and health problems from haze.

	� The REDD+ (Reducing Emissions from Deforestation and Forest Degradation) initiative aims to curb deforestation 
by providing financial incentives for forest conservation. 

	� In 2021, Brazil received $100 million from the Green Climate Fund to support REDD+ projects. Monitoring 
deforestation rates, promoting sustainable land use practices, and compensating local communities for conservation 
efforts. Recent data shows a 6% reduction in deforestation in areas with active REDD+ projects. 

	� The Great Green Wall 
project aims to combat 
desertification by 
restoring 100 million 
hectares of degraded 
land across the Sahel 
region by 2030. 
Initiated by the African 
Union, this initiative 
involves planting trees, 
promoting sustainable 
agriculture, and 
improving water 
management. 

	� 20 million hectares 
have been restored, 
contributing to 
food security 
and biodiversity 
conservation. 

	� The mechanism 
focuses on community-
led land restoration 
and enhancing local livelihoods. Ongoing challenges include funding and political instability in the region.

	� The EU Biodiversity Strategy for 2030 aims to protect 30% of Europe’s land, including forests, and restore degraded 
ecosystems. Launched in 2020, this strategy includes legal protections for old-growth forests, afforestation, and 
reforestation projects. 

	� It involved integrating biodiversity goals into agricultural and forestry policies, enhancing the Natura 2000 network, 
and funding restoration projects. 

	� Recent data indicates an increase in protected forest areas and significant funding allocated for biodiversity 
projects. Challenges include balancing conservation with economic activities.

THE GREAT GREEN 
WALL INITIATIVE 

MAURITANIA MALI 
NIGER CHAD 

SUDAN ERITREA  DJIBOUTI 

ETHIOPIA 

NIGERIA 

PARTICIPATING 
COUNTRIES 

FOCUS AREA 

Satellite imagery: Roto Stöckli, NASA Earth Observatory 

BURKINA 
FASO 

SENEGAL  
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Range Lands

	� Rangelands are vast natural landscapes primarily utilized for grazing livestock and wildlife. They are crucial for 
biodiversity conservation, carbon sequestration, and supporting livelihoods in many regions. Rangelands generate 
16% of global food production and 70% of feed for domesticated herbivores, most significantly in Africa 
and South America.

	� Types of rangelands include: Grasslands (e.g., prairies, steppes, savannas), Shrublands (e.g., chaparral, maquis), 
Woodlands (e.g., oak savannas, miombo woodlands), Deserts (e.g., Sahara, Mojave)

Case study: The Serengeti ecosystem in Tanzania

	� The Serengeti ecosystem in Tanzania exemplifies rangeland importance. Covering 30,000 km², it hosts diverse 
wildlife, including 500 bird and 300 mammal species. The annual wildebeest migration of 1.5 million animals 
showcases its ecological significance. The Serengeti supports Maasai pastoralism, and boosts Tanzania’s 
economy through tourism.

Social forestry
Social forestry refers to the 
management and protection of 
forests with the participation of 
local communities, aiming to provide 
socio-economic benefits, improve 
environmental sustainability, and 
enhance biodiversity.

Rangeland Type 
Forest and Field 

Extreme Desert 

Tundra 

Woody 

Herbaceous 

Non-Rangeland 

Herbaceous                    12787354         16.0   

Woody                               37860450        47.3   

Tundra                               8876711           11.1    

Extreme Desert              15852157        19.8   

Open Forest and Field  4607213          5.8  
Rangeland    79983885      54.3 

Other             67333872       45.7

Rangeland Type Sq km 

Sq km 

Percent  

Land type Percent  

Social 
Forestry 

Rural 
Forestry 

Urban 
Forestry 

Farm 
Forestry 

Community 
Forestry 

Agroforestry
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Agroforestry
Agroforestry is a land-use system that integrates trees and shrubs with crops and/or livestock, creating synergies that 
enhance biodiversity, productivity, and resilience. It combines agricultural and forestry practices to optimize ecological 
and economic benefits.

Case study: Social Forestry in India

Case study: Taungya System in Myanmar

	� Joint Forest Management (JFM) in 
India involves local communities in the 
management and protection of forest 
resources. Initiated in states like West 
Bengal and Gujarat, JFM empowers 
villagers to participate in afforestation, 
forest protection, and sustainable 
resource use. By 2020, JFM covered 
over 27 million hectares, contributing to 
improved forest cover and livelihoods.

	� The Taungya system in Myanmar combines agriculture with forestry by allowing farmers to cultivate crops 
among young trees. This approach helps in reforesting degraded lands, improving soil fertility, and providing 
additional income to farmers through crop cultivation

Types of Taungya: 

	� Departmental Taungya: 
	� agricultural crops and plantation are raised by the forest department by 

employing a number of labourers on daily wages 
	� The main aim of raising crops along with the plantation is to keep down weed 

growth 
	� Leased Taungya: 

	� The plantation land is given on lease to the person who offers the highest 
money for raising crops for a specified number of years and ensures care of 
tree plantation 

	� Village Taungya: 
	� This is the most successful of the three taungya systems. 
	� In this crops are raised by the people who have settled down in a village inside 

the forest for this purpose. 
	� Usually each family has about 0.8 to 1.7 ha of land to raise trees and cultivate 

crops for 3 to 4 years.

Climate 
Mitigation 

Food Security 

Economic 
Growth

Enhances food security for 
1.3 billion people globally. 

Agroforestry sequesters 2-4 
tonnes of carbon per hectare

Diversifies income through 
timber, fruit, and medicine. 

Global 
Potential 

Agroforestry's Unified Impact 

1

3

2

Benefits of Agroforestry 

Enhance 
Biodiversity 

Supports 
diverse flora 
and fauna for 

ecosystem 
health

Improve Soil 
Health 

Prevents 
erosion and 

enhances soil 
fertility. 

Increase 
Water 

Efficiency 
Reduces 

runoff and 
improves 

water 
management 

Diversify 
Income 
Sources 
Offers 

multiple 
products for 

farmers' 
income.

GROW initiative – India 
The Greening and Restoration of Wasteland with Agroforestry (GROW) initiative aims to transform India’s 
wastelands into productive agroforestry systems, enhancing carbon sequestration and optimizing land use. The 
Bhuvan portal provides access to state and district-level data, supporting greening and restoration projects nationwide.
NOTE: 

	� India, the pioneer of the National Agroforestry Policy in 2014, aims to enhance productivity, profitability, and 
sustainability through this agroecological land use system. Agroforestry integrates trees, crops, and livestock, 
addressing food, nutrition, energy, employment, and environmental challenges. 

	� This aligns with global commitments like the Paris Agreement, Bonn Challenge, UN Sustainable Development 
Goals, United Nations Convention on Combating Desertification (UNCCD), Doubling Farmers Income, Green India 
Mission and more.
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Case study: Agroforestry in Malawi: EverGreen Agriculture 

Case study: Agroforestry in Vietnam: Three-Forest System 

Case study: BAIF’s Wadi Model in India

	� Malawi’s EverGreen Agriculture initiative promotes 
the integration of trees into agricultural landscapes to 
improve soil fertility and resilience to climate change. 

	� Farmers grow nitrogen-fixing trees alongside crops 
like maize and beans, increasing yields and reducing 
reliance on synthetic fertilizers. By 2020, over 300,000 
farmers adopted agroforestry practices, resulting in 
enhanced food security and soil health. 

	� Vietnam’s Three-Forest System involves planting trees in three layers: timber trees, fruit trees, and medicinal 
plants, alongside rice or other crops. This approach diversifies income sources, conserves soil, and enhances 
ecosystem services. By 2020, the Three-Forest System covered over 2 million hectares, improving farmer incomes 
and biodiversity conservation

	� BAIF Development Research Foundation’s Wadi model has successfully integrated fruit orchards with annual 
crops, improving livelihoods of tribal farmers in Gujarat and Maharashtra. The approach combines soil and water 
conservation measures, leading to increased agricultural productivity and income.

17 African countries are now engaged in 
EverGreen Agriculture 

SENEGAL 

Farmer Managed Natural 
Regeneration 

Conservator Agricuturs with hees 

Trees interpiarded in convertonal 
tilled cropland  
Farmer Managed Natural 
Rageneration + 
Trees in parited in conventonal 
filled cropland 

MALI NIGER CHAD 
CHAD 

BURKINA 
FASO GHANA 

NIGERIA SOUTH 
SUDAN  

UGANDA 
RWANDA 
GURUNDI 

ZAMBIA 

ZIMBABWC

MALAWI 

ΤΑΝΖΑΝΙΑ 

ETHIOPIA  

KENYA 
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ENVIRONMENTAL GEOGRAPHY
Syllabus - Principle ecology; Human ecological adaptations; Influence of man on ecology and environment; Global and 
regional ecological changes and imbalances; Ecosystem their management and conservation; Environmental degradation, 
management and conservation; Biodiversity and sustainable development; Environmental policy; Environmental hazards 
and remedial measures; Environmental education and legislation.

Principles of Ecology and Human Adaptations: Principle of 
Ecology, Human Ecological Adaptations, Influence of Man on 

Ecology and Environment

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Mountain regions are more fragile to 
ecological changes. Elucidate.(10M, 2024)

2)	 How “Deep Ecology” as a concept different 
from ‘Shallow Ecology’? Explain. (10M, 
2023)

3)	 With suitable examples, elaborate human 
ecological adaptations. Explain its impacts 
on ecology and the environment in various 
parts of the world. (20M, 2021)

4)	 Human ecology is the study of mutual 
relationship of people and their environment 
both natural and social. Discuss in detail 
using ecological concepts. (15M, 2020)

5)	 The web of life is seamless and the 
consequences of disruption to one part of 
the ecosystem ripple throughout the whole. 
Elaborate. (15M, 2019)

6)	 Explain the ecosystem approach to 
environmental management and highlight 
its advantages and disadvantages. (15M, 
2018)

7)	 Explain the different stages of ecological 
adaptation of man and bring out the 
changing balance between man and 
environment. (20M, 2015)

8)	 Explain the characteristics of ecological 
succession. (10M, 2015)

9)	 Give an account of the nature of biosphere 
as an ecosystem. (10M, 2014)

	� Questions have been regular from these topics in last few 
years.

	� The focus has varied from theoretical ecological principles 
like deep vs. shallow ecology (2023), ecological succession 
(2015), and biosphere as an ecosystem (2014) to applied 
aspects like human ecological adaptations (2021, 2020) 
and environmental fragility (2024, 2019).

	� Study the principles of ecology from Savindra Singh’s 
Environmental Geography book thoroughly. 

	� Focus on understanding the influence of humans on 
ecology and the environment, as human actions have 
significantly contributed to the decline in the health of both.

Ecology and Its Principles 
Ecology is the scientific study of these relationships, and its principles help to explain how ecosystems function, how 
organisms adapt, and how energy and nutrients flow through the environment.
The principle of ecology refers to the fundamental concepts and guidelines that govern the interactions between 
organisms and their environment.
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Principle of Ecology Case Studies 

The environmental system or ecosystem is the 
fundamental ecological unit for the study of 
environmental geography.

The environmental system, or ecosystem, is the 
basic ecological unit in environmental geography, 
encompassing the interactions between living 
organisms and their physical environment. 

It helps in understanding how biotic and abiotic 
components function together, influencing energy flow, 
nutrient cycling, and environmental changes across 
various spatial and temporal scales.

Chilika Lagoon, India

	� A study of Chilika Lagoon, India’s largest brackish 
water ecosystem, exemplifies how ecosystems serve 
as fundamental units in environmental geography. 

	� “Ecosystems” journal showed that changes in one 
aspect, like freshwater inflow, affected the entire 
system - altering salinity, biodiversity, and local 
livelihoods

The biospheric ecosystem is governed by discernible 
processes.

The biospheric ecosystem functions through 
interconnected processes like energy flow, nutrient 
cycling, and ecological succession. 

These processes regulate interactions among organisms 
and between biotic and abiotic components. 
Solar energy drives photosynthesis, while 
decomposers recycle nutrients, maintaining balance 
and supporting life across ecosystems from forests to 
oceans.

Amazon Forests, South America 
	� A study in Nature Climate Change examined 
the Amazon rainforest’s carbon cycle, illustrating 
how discernible processes govern the biospheric 
ecosystem.

	� Researchers found that rising temperatures and 
droughts are altering the forest’s carbon storage 
capacity. 

	� This change in the carbon cycle process 
affects global climate patterns, demonstrating the 
interconnected nature of biospheric processes and 
their far-reaching impacts on Earth’s systems.
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Physical and biological processes operate according 
to the law of uniformitarianism.

The law of uniformitarianism states that the physical 
and biological processes observed today, such as 
erosion, sedimentation, and evolution, have operated 
similarly throughout Earth’s history. 
This principle helps geographers and geologists 
understand past events by studying present-day 
processes, emphasizing that “the present is the key to 
the past.”

Glacial Processes in Greenland: 
	� The Greenland Ice Sheet provides a contemporary 
example of uniformitarianism, where present-day 
glacial processes offer insights into past glacial 
periods. 

	� Recent studies using satellite data and ice core 
analysis show how processes like ice flow, melting, 
and calving shape the landscape. 

	� As temperatures rise, increased surface melting 
and glacier retreat provide a modern analog to 
historical climate variations. 

	� Understanding these processes helps predict future 
sea-level rise and informs climate models.

Natural environmental system is governed by 
homeostatic mechanism.

A natural environmental system maintains balance 
through a homeostatic mechanism, where various 
components like the atmosphere, hydrosphere, 
lithosphere, and biosphere interact dynamically. 
When disturbed, the system self-regulates by adjusting 
processes—such as carbon or water cycles—to restore 
equilibrium, ensuring the stability and sustainability of 
ecosystems over time.

Forest Ecosystems in the Amazon Basin: 
	� The Amazon Rainforest exhibits homeostatic 
mechanisms through its capacity for forest 
regeneration and carbon sequestration. 

	� Mechanisms include nutrient cycling and natural 
succession, where pioneer species colonize 
disturbed areas, followed by the establishment of 
climax communities. 

	� Recent deforestation studies reveal that protecting 
large contiguous areas and implementing 
sustainable logging practices enhance the forest’s 
homeostatic ability. 

	� The rainforest’s capacity to sequester carbon 
mitigates climate change impacts, although continued 
deforestation threatens this balance.

There is reciprocal relationship between abiotic 
and biotic components of the natural environmental 
system.

The abiotic (non-living) components like climate, soil, 
water, and sunlight influence the survival, distribution, 
and functioning of biotic (living) organisms. 
In turn, biotic components such as plants and animals 
modify abiotic factors through processes like nutrient 
cycling, decomposition, and photosynthesis, creating 
a dynamic and interdependent environmental system.

Tundra Ecosystem in Alaska: 
	� The Alaskan tundra showcases the reciprocal 
relationship between abiotic and biotic 
components. 

	� As permafrost thaws due to rising temperatures, the 
soil structure and hydrology change, affecting plant 
communities. 

	� The release of previously trapped nutrients, 
promoting the growth of shrubs and other 
vegetation that were previously limited by cold and 
nutrient-poor conditions. 

	� This vegetation shift further alters the local 
microclimate and soil moisture, demonstrating how 
abiotic changes drive biotic responses, which in turn 
feed back into the abiotic environment.
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Ecosystem diversity and complexity enhances and 
maintains ecological stability.

Ecosystem diversity and complexity promote ecological 
stability by supporting a wide range of species and 
interactions. 
This diversity ensures that ecosystems can better 
withstand disturbances, adapt to changes, and 
continue providing essential services like nutrient 
cycling, pollination, and climate regulation, thereby 
maintaining balance and resilience in the environment.

Biodiversity in the Great Barrier Reef: 
	� The Great Barrier Reef demonstrates how 
ecosystem diversity and complexity contribute to 
ecological stability. 

	� Diverse coral species and marine life create 
complex interdependencies that enhance resilience 
against disturbances like coral bleaching and storms. 

	� Genetic diversity among corals that increases the 
likelihood of some species surviving adverse 
conditions, and trophic diversity that ensures food 
web stability. 

	� Recent studies highlight how areas with higher 
biodiversity recover faster from bleaching events, 
maintaining overall reef health and functionality.

The nature of human interactions with environment 
determines letter’s stability or instability.

The nature of human interactions with the 
environment—whether sustainable or exploitative—
directly influences environmental stability. 
Responsible practices like conservation and renewable 
resource use promote balance, while overexploitation, 
pollution, and deforestation lead to degradation and 
instability. 
Thus, human choices play a crucial role in shaping 
environmental health and resilience.

Climate Change and Coastal Vulnerability in 
Bangladesh: 

	� Climate change exacerbates coastal vulnerability 
in Bangladesh, illustrating how human-environment 
interactions impact stability. 

	� Sea-level rise, intensified cyclones, and saltwater 
intrusion, which threaten agricultural productivity 
and displace coastal communities. 

	� Recent studies highlight adaptation strategies such 
as building resilient infrastructure, promoting 
mangrove restoration for storm protection, and 
implementing early warning systems. 

	� These efforts mitigate environmental risks and 
enhance community resilience, emphasizing the 
need for integrated coastal management and climate 
adaptation policies.

Ecological Pyramids
​Ecological pyramids are graphical representations that depict the distribution of energy, biomass, or numbers of 
organisms across different trophic levels in an ecosystem. 
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Types of Ecological Pyramids:

Principle of Ecology Case Studies 

Pyramid of Energy
	� Illustrates the flow of energy through each trophic 
level, showing how energy decreases as it moves up 
the food chain. 

	� Typically, only about 10% of the energy is transferred 
to the next level, while the rest is lost as heat or 
used in metabolic processes.​

Pyramid of Biomass
	� Depicts the total biomass present at each trophic 
level at a specific time. 

	� In terrestrial ecosystems, this pyramid usually 
decreases from the base (producers) to the apex (top 
predators) and inverted in Marine ecosystem.

Pyramid of Numbers
	� Represents the number of individual organisms at 
each trophic level. 

	� This pyramid can vary in shape; for example, in 
forest ecosystems, it may be inverted, with a large 
number of producers supporting fewer consumers.

Concept of Ecological Succession
Ecological succession is the process of change in 
the species structure of an ecological community 
over time. It begins with a relatively lifeless area and 
culminates in a stable, mature ecosystem, known as the 
climax community. Succession can be triggered by various 
disturbances or may occur on newly formed habitats.
The process of succession can be categorized into two 
types: primary and secondary. 

Primary succession occurs in lifeless areas (like newly 
formed volcanic islands), while secondary succession 
takes place in areas where a disturbance has destroyed a 
pre-existing community but left the soil intact.
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Hydrosere and Xerosere

Succession 
Type Stage Key Features Examples

Hydrosere

Pioneer Stage Phytoplankton Stage – Floating algae 
and bacteria colonize the water body.

Phytoplankton blooms in 
freshwater lakes.

Submerged Plant 
Stage

Plants like Hydrilla, Vallisneria grow as 
organic matter accumulates.

Submerged plants begin 
oxygenation and sediment 
deposition.

Floating Plant 
Stage

Plants like duckweed and water lilies 
establish as the water shallows.

Lemna, Nymphaea.

Reed-Swamp 
Stage

Reeds and cattails grow, trapping 
more sediment.

Typha, Phragmites.

Marsh-Meadow 
Stage

Sedge and grasses dominate as water 
depth reduces further.

Carex, Juncus.

Woodland Stage Shrubs and early trees appear, 
preparing for a forest ecosystem.

Salix, Alnus.

Climax Stage Formation of a stable terrestrial forest 
ecosystem.

Deciduous or mixed forest, 
depending on climate.

Xerosere Pioneer Stage Crustose Lichen Stage – Lichens 
break down rock and form initial soil.

Crustose lichens on Deccan 
Traps' volcanic rocks.

Foliose Lichen 
Stage

Foliose lichens grow, adding more 
organic matter and deepening the soil.

Foliose lichens like Parmelia.

Moss Stage Mosses like Polytrichum grow, 
retaining moisture and enhancing soil.

Moisture retention and soil 
stabilization improve.

Herb Stage Grasses and herbs establish as soil 
develops further.

Cynodon, Tridax.

Shrub Stage Drought-tolerant shrubs like Acacia, 
Prosopis juliflora dominate.

Common in degraded semi-
arid areas.

Climax Stage Xerophytic forest with drought-
resistant trees and shrubs.

Thorn forests in the Aravalli 
Range, Rajasthan.

STAGES OF XEROSERE 
(XERARCH SUCCESSION

Pioneer Crustose Lichen Stage 

Foliose and Fruticose Lichen 
Stage 

Xerophytic Moss Stage 

Herb Stage 

Shrub Stage 

Tree Stage 

Climax Stage
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 Influence of Man on Ecology and Environment 
Human activities have a significant impact on ecology and the environment, often leading to changes in natural 
ecosystems. Deforestation, urbanization, industrialization, and agriculture all contribute to altering habitats and 
biodiversity. 

	� Deforestation: Human activities like logging and urban expansion lead to the clearing of forests. In 2020, the world 
lost about 10 million hectares of forest, which impacts biodiversity and disrupts ecosystems.

	� Pollution: Industrialization, transportation, and agriculture contribute to air, water, and soil pollution. In 2019, the 
World Health Organization reported that air pollution caused around 7 million premature deaths globally each year.

	� Climate Change: Human activities, particularly burning fossil fuels, increase greenhouse gas emissions. In 2021, 
carbon dioxide levels reached their highest in 3 million years, contributing to global warming and extreme weather 
patterns.

	� Urbanization: The expansion of cities leads to habitat destruction and increased waste generation. As of 2020, more 
than 56% of the global population lived in urban areas, putting pressure on local ecosystems and resources.

Nitrogen Cycle and Impact of Human Activities
The nitrogen cycle is a crucial biogeochemical cycle 
that involves the transformation of nitrogen and 
its compounds through various environmental 
processes. 
The nitrogen cycle involves multiple steps, including 
nitrogen fixation, nitrification, assimilation, 
ammonification, and denitrification, which 
collectively maintain the balance of nitrogen in the 
atmosphere, soil, and water.

Impact of Human Activities on the Nitrogen Cycle:
	� Agriculture: The extensive use of synthetic 
nitrogen fertilizers has significantly increased the 
amount of reactive nitrogen in the environment. 
This excess nitrogen can lead to soil acidification, 
water pollution (eutrophication), and loss of 
biodiversity in aquatic ecosystems.
	� Case Study: The Mississippi River Basin in 

the USA has seen a substantial increase in 
nitrate runoff from agricultural fields, leading to the formation of a hypoxic “dead zone” in the Gulf of Mexico, 
where oxygen levels are too low to support marine life.

	� Industrial Emissions: Burning fossil fuels releases nitrogen oxides (NOx) into the atmosphere, contributing to 
the formation of ground-level ozone and acid rain. These pollutants can have harmful effects on human health, 
vegetation, and aquatic systems.
	� Case Study: Industrial regions like the North China Plain have experienced severe air pollution, with high 

levels of nitrogen oxides contributing to respiratory problems and crop damage.
	� Waste Management: Improper management of sewage and livestock waste leads to the release of ammonia and 
nitrates into water bodies, causing algal blooms and oxygen depletion. This can result in fish kills and the disruption 
of aquatic ecosystems.
	� Case Study: Lake Taihu in China has experienced severe algal blooms due to nutrient runoff from agricultural 

and industrial waste, leading to water quality degradation and threats to public health.

Global Implications:
	� Climate Change: Nitrous oxide is over 300 times more effective than carbon dioxide at trapping heat in the 
atmosphere.
	� For instance, the Intergovernmental Panel on Climate Change (IPCC) highlights the role of nitrous oxide 

in climate change, emphasizing the need for sustainable nitrogen management practices.
	� Biodiversity Loss: Excessive nitrogen in ecosystems can lead to nutrient imbalances, favoring certain species 
over others and reducing overall biodiversity. This can have cascading effects on ecosystem services and 
resilience.
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Case study: Plastic Pollution in Marine 
Environments

Case study:  Aral Sea Desiccation

	� Plastic pollution in oceans exemplifies the profound 
influence of human activities on the environment. 
Improper disposal and microplastic fragmentation, 
which harm marine species through ingestion and 
entanglement. 

	� Recent studies highlight how plastic debris alters 
marine ecosystems by disrupting food chains and 
contaminating habitats. 

	� Efforts such as bans on single-use plastics and ocean 
cleanup initiatives aim to mitigate these impacts and 
restore marine biodiversity.

	� The diversion of rivers for irrigation led to the desiccation 
of the Aral Sea, creating an environmental disaster. 
Water extraction for cotton cultivation drastically 
reduced inflow, shrinking the sea and altering local 
climate. 

	� The Aral Sea’s area reduced by 90%, causing loss of 
fisheries and increased salinity.

	� For instance, a study published in Nature (2022) discusses the impact of nitrogen deposition on plant 
diversity, showing that nitrogen enrichment leads to the decline of native plant species in grasslands across 
Europe.

	� Human Health: Nitrogen pollution can have direct and indirect effects on human health, including respiratory 
problems from air pollution, contamination of drinking water with nitrates (linked to methemoglobinemia or “blue 
baby syndrome”), and the accumulation of harmful algal toxins in seafood.
	� For instance, the World Health Organization (WHO) has issued guidelines on nitrate levels in drinking water, 

highlighting the risks associated with excessive nitrogen inputs.

Ecological Changes, Biodiversity, and Conservation: 
Global and Regional Ecological Changes and Imbalances, 
Ecosystems: Management and Conservation, Biodiversity 

and Sustainable Development

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Perception, Attitude, Value and Emotion 
(PAVE) are important components for 
biodiversity and sustainable environmental 
conservation. Elaborate. (15M, 2024)

2)	 What are the factors affecting regional 
ecological changes? How do these affect 
human health? (15M, 2023)

	� The last question on this topic appeared in 2024, and prior 
to that in 2023, 2021, 2018, 2017, 2015, 2014, and 2011.

	� This shows a consistent pattern of questions every 1–3 
years, reflecting the growing importance of ecological 
changes, biodiversity conservation, and sustainable 
development in the UPSC Geography optional paper.

	� The themes have ranged from ecosystem management 
approaches (2018), biodiversity conservation methods 
(2015), and specific ecosystem services (2021),
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Ecological changes and imbalances
Ecological changes and imbalances are occurring at both global and regional levels due to human activities and 
natural processes. These changes can result in shifts in biodiversity, climate, land use, and water resources. 

Understanding the causes, impacts, and examples of these imbalances helps highlight the urgency of addressing 
environmental issues for sustainable development and ecological conservation. 

3)	 Describe how ecosystem services of 
Himalaya are essential for highland-
lowland sustainability in Asia. (10M, 2021)

4)	 Explain the ecosystem approach to 
environment management and highlight 
its advantages and disadvantages. (15M, 
2018)

5)	 Explain the concept of micro carbon sink 
and its relevance (10M, 2017)

6)	 Discuss the methods of conserving 
biodiversity for sustainable development. 
(15M, 2015)

7)	 Give an account of the nature of biosphere 
as an ecosystem. (10M, 2014)

8)	 Write a short note marine ecosystem. (12M, 
2011)

to more recent focus areas like human perceptions and health 
implications (2023, 2024).

	� For the 2025 examination, candidates should be well-
versed with: Global ecological changes and imbalances, 
degradation of Land etc.

Ecological 
Change/Imbalance Global Impact Regional Impact Case Study

Climate Change

Global warming 
leading to higher 
average temperatures, 
rising sea levels, and 
extreme weather 
events.

Increased frequency of 
droughts, floods, and 
storms. Regions like 
Sub-Saharan Africa 
face severe droughts.

Arctic Melting: The Arctic is warming 
twice as fast as the global average, 
leading to loss of sea ice.
The Arctic’s temperature increased by 
3°C between 1900 and 2020, faster 
than the global average of 1.2°C.

Deforestation

Loss of biodiversity, 
reduced carbon 
sequestration 
capacity, and 
disruption of the water 
cycle.

Specific regions like 
the Amazon face the 
highest deforestation 
rates, leading to habitat 
destruction.

Amazon Rainforest: In 2020, 
deforestation rates increased by 
9.5%, significantly impacting carbon 
storage.

Ocean 
Acidification

Global rise in ocean 
acidity due to 
increased CO2 levels, 
affecting marine life, 
especially corals.

Coastal regions 
dependent on coral 
reefs, like Southeast 
Asia, face declining 
fish stocks and tourism.

Great Barrier Reef: Coral bleaching 
events in 2016 and 2017 caused 
massive coral loss in this area.

Biodiversity Loss

Loss of species 
worldwide, disrupting 
ecosystems and food 
chains.

Tropical rainforests and 
coral reefs are most 
affected, with endemic 
species at risk of 
extinction.

Indonesia’s Rainforests: 
Logging and palm oil plantations 
threaten biodiversity, particularly 
orangutans.

Nearly 50% of Indonesia’s rainforests 
were lost between 1990 and 2015.
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Desertification

Global degradation 
of land, reducing 
agricultural 
productivity, and 
increasing food 
insecurity.

Sahel region in Africa 
and parts of China 
experience widespread 
desertification, leading 
to reduced arable land.

The Sahel Desert: In the 20th 
century, desertification expanded 
due to overgrazing and climate 
change.
The Sahel has seen a 40% increase 
in desertified land over the past 50 
years.

Concept of Land Degradation Neutrality (LDN) 
Land Degradation Neutrality (LDN) is a concept introduced by 
the United Nations Convention to Combat Desertification 
(UNCCD) aimed at maintaining or enhancing the land’s 
capacity to provide ecosystem services and support 
human well-being. 

LDN is defined as a state wherein the amount and quality 
of land resources necessary to support ecosystem 
functions and services and enhance food security 
remain stable or increase within specified temporal and 
spatial scales. 
The primary objectives of LDN include:

	� Preventing Land Degradation: Implementing sustainable 
land management practices to avoid further degradation.

	� Mitigating Land Degradation: Taking corrective actions 
to reverse or reduce the extent and severity of existing land degradation.

	� Balancing Degradation and Restoration: Ensuring that any degradation is countered by equivalent restoration 
efforts, thereby achieving a neutral or positive net balance.

Examples : 

	� Rwanda has committed to restoring 2 million hectares of degraded land by 2030 as part of its LDN commitment. 
	� The country has implemented agroforestry and terracing techniques, which have improved soil fertility and 
reduced erosion.

	� The African Great Green Wall Initiative is an example of a large-scale LDN project that aims to restore 100 
million hectares of degraded land across the Sahel region by 2030. 

	� This project has received significant international support, including funding from the World Bank and the 
African Development Bank.

	� India’s National Action Programme to Combat 
Desertification aims to achieve LDN by 2030 by restoring 
26 million hectares of degraded land. 

	� This involves afforestation, watershed management, and 
sustainable agricultural practices.

v
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Bioindicators and Environmental State

Bioindicators are organisms or biological responses 
used to assess environmental quality and changes in 
ecosystem health. 
They help monitor pollution, habitat destruction, and 
climate change impacts, making them vital for sustainable 
management.
Types of Bioindicators:

	� Species Indicators:
	� Lichens and Air Quality: Sensitive to sulfur dioxide 

and nitrogen oxides, lichens’ presence or absence 
indicates air pollution levels. For example, reduced 
lichen diversity in London during the industrial era and 
its gradual return with improved air quality reflect these 
changes.

	� Community Indicators:
	� Aquatic Invertebrates and Water Quality: Species like mayflies and stoneflies indicate good water quality, while 

pollution-tolerant species suggest poor quality. In the Ganga River, increased diversity of sensitive invertebrates 
after pollution control measures demonstrated improved water quality.

	� Ecosystem Indicators:
	� Coral Reefs and Marine Health: Coral reefs signal changes in marine health through bleaching events caused 

by temperature rises and acidification. Repeated bleaching in the Great Barrier Reef highlights the impact of 
climate change on marine ecosystems.

Case study: Global and Regional Ecological Changes and Imbalances - Arctic Sea Ice 
Decline

 

Case study:  Ecosystem: Management and Conservation - Serengeti Grassland, Tanzania 

Arctic ice is melting fast due to global warming. 
This is harming animals like polar bears and changing global climate 
patterns. 
Increased shipping and oil exploration are adding to the damage. Efforts 
include setting up protected areas and international agreements to save 
the ecosystem.

The Serengeti faces problems like habitat loss and poaching. New efforts include restoring grasslands, building wildlife 
corridors, and involving local communities to protect wildlife.

Arctic Sea Ice 
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(2.59 million square miles) 
Canada Alaska 

(USA)
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(USA)
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Case study: Ecosystem management and conservation - Okavango Delta, Botswana 

The delta is at risk due to less water from upstream and climate 
change. This affects animals and wetlands. Solutions include 
better water management, protecting wetlands, and using eco-
tourism to support conservation.

The Okavango River Delta case study 

ANGBLA 
ZAMBIA  

ZIMBABWE 

Makgadikgadi 
Pans 

Cubango 

Cuito 

Okavango 

Okavango 
Delta 

SOUTH 
AFRICA 

BOTSWANA  

NAMIBIA 

Floodout water supply: 
Two rivers originating in 
southern Angola supply 
nearly all the water that 
flows into Botswana's 
Okavango Delta (Cuito 
River and Cubango 
River) 
Threats: 
◦ Conservation of 

water supply 
sources: 

• Cubango River is 
affected by fast 
development and poor 
management 

• Rainfall variability 
◦ Extensive human-set 

fires in the delta and 
catchment area.

Human Impact and Remedial Measures: Environmental 
Hazards and Remedial Measures, Environmental Degradation, 

Management, and Conservation

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 What is pollution dome? Discuss its formation and impacts. (10M, 
2022) 

2)	 What are the high altitude environmental hazards? Explain with 
suitable examples. (10M, 2022)

3)	 Discuss the human response to and management of hazards and 
disasters in India. (15M, 2020)

4)	 Discuss the problems associated with the living environment in 
million plus cities in India. How can these be managed? (10M, 2020)

5)	 The impacts of floods on life and property can be more effectively 
reduced by hazard mapping. Comment. (15M, 2019)

6)	 How mountaineers constitute a threat to Mount Everest. (10M, 2019)
7)	 Explain the natural and anthropogenic causes and mitigation 

measures of frequent flooding in Mumbai. (10M, 2018)
8)	 Explain the hydro-meterological hazards in the Himalayas. (10M, 

2016)
9)	 Give a reasoned account on how the impact of global warming 

differs from one part of the earth to the other. ( 15m ,2016)
10)	Write a critical note on the tendency of use and throw in context of 

economic status and environment. (15M, 2016)
11)	Enumerate the major causes of increasing degradation of 

environment in hills and hillslopes and state its down-valley impact. 
(15M, 2014)

12)	Explain the levels of Noise pollution and legislative measures to 
control it. (25M, 2013)

13)	What are the characteristics that make CHC a serious threat to the 
ecosystem? Give examples ( 15M, 2013)

14)	Discuss how different types of mining lead to different types of 
environmental problems. ( 20M, 2012)

	� The last questions on this topic 
appeared in 2022, with two 
questions focused on pollution 
domes and high-altitude 
environmental hazards. Prior 
to that, relevant questions were 
asked consistently in 2020, 
2019, 2018, 2016, and 2013–
2014, indicating a regular pattern 
with a 1-3 year gap between 
occurrences.

	� The questions have ranged 
across: Environmental hazards 
and their mitigation, Pollution-
related issues, and Urban 
environmental problems 

	� For 2025, focus on recent 
environmental hazards, human-
environment interaction, policy 
initiatives, and prepare for 
applied, analytical questions 
with ethical or legislative 
perspectives.
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Environmental Hazards and Disasters
Environmental hazards are naturally occurring or human-induced events that 
pose a potential threat to the environment, human life, and property. 
These hazards may not always result in disasters, but when they surpass 
a community’s capacity to cope or respond effectively, they become 
environmental disasters.

Aspect Environmental Hazards Environmental Disasters

Definition
A potential threat or dangerous 
condition arising from natural or 
human-induced processes

A hazardous event that causes significant damage, 
loss of life, or disruption

Occurrence
May occur frequently but not always 
lead to damage or loss

Results from the realization of a hazard with 
severe consequences

Impact
Risk of potential harm, but not always 
destructive

Causes destruction of infrastructure, environment, 
and livelihoods

Human 
Involvement

Human exposure increases 
vulnerability but not always affected

Direct human and environmental loss due to 
inadequate preparedness or high vulnerability

Response 
Required

Monitoring, planning, and mitigation 
strategies

Emergency response, relief, rehabilitation, and 
reconstruction

Example (Natural)
Earthquake-prone zones, flood-prone 
riverbanks

2004 Indian Ocean Tsunami, 2023 Turkey-Syria 
Earthquake

Example (Human-
Induced)

Industrial pollution, dam-induced 
seismicity

1984 Bhopal Gas Tragedy, 2011 Fukushima 
Nuclear Disaster

The Sixth Mass Extinction: A Human-Driven Biodiversity Crisis
The Earth is currently undergoing 
what scientists term the Sixth Mass 
Extinction—a rapid and unprecedented 
loss of biodiversity occurring within mere 
decades rather than millennia. Unlike 
previous mass extinctions triggered by 
natural catastrophes such as asteroid 
impacts or volcanic eruptions, this event is 
primarily driven by human actions. 

Accelerated by deforestation, 
industrialization, overexploitation of 
species, pollution, climate change, and 
the spread of invasive species, the current 
extinction rate is estimated to be 100 to 
1,000 times higher than the natural 
background rate. The consequences go 
beyond wildlife, posing direct threats to 
ecosystem services, global food security, 
and human well-being.

MASS EXTINCTIONS 
1. ORDOVICIAN-SILURIAN EXTINCTION 440 
MILLION YEARS AGO (ΜΑ) 
Scientists theorge that them were two man phases to thes 
witinction a glaciation event and a heating event. Abundant 
plant fe removed cartion dioxide (CO) from the ait, causing 
global cooling and glacier formation. This led to a drop in 
sea levels, seducing habitat. Later came global warming 
and sea level ming again. Creatures that had adapted to the 
cooler climate were unable to survive the increased 
temperature Since most fasna was marine at the time, 80% 
of life was lost .

3. PERMIAN-TRIASSIC 
EXTINCTION-252 MA 
The Perntan-Thank was the deadliest 
extinction in history 98% of all life 
perished scientist believe that volcanic 
activity in Siberia put muitive amounts 
of carbon dioxidle, a greenhouse gas, 
jato the atmosphere. Bacherta that 
thrive on CO, began producting 
methane, another greenticine gas. 
Large quantities of both gases warmed 
the planet and combined with Earth's 
water, making the ocean and ram 
acidic, creating a highly toxic 
envtronment for its.

4. TRIASSIC-JURASSIC 
EXTINCTION-201.3 ΜΑ 
Some scientists theorme that volkanic 
eruptions spewed tons of CO, sto the 
atmosphere, which trapped hest and 
acidified the oceans, causing the mas 
estinction. Other scientists contend that 
an asteroid or comet impact triggered 
the eidirection About 80% of fe was lost 
in this extinction, including most of the 
mammals, malting way for the 
dinosaurs ancestors 

2. LATE DEVONIAN EXTINC-
TION-365 ΜΑ 
About 75% of life died off during this 
period. One theory suggests that land 
plants developed deep roots, mieasing 
an abundance of nutrients into the 
oceans that fed algae Because of thi 
algae bloome consumed vast amounts 
of oxygen in the oceans, suffocating 
many species. Another theory suggests 
that another global cooling took place 
resulting in glaciation and a fall in sea 
level, leading to habitat loss. 

6. HOLOCENE EXTINCTION 11,700 
YEARS AGO TO PRESENT 
The next mass extinction may already be 
happening The current extinction rate is at least a 
thousand times greater than the "normal" 
extinction rate. A sormal" or background 
extinction rate is the average rate of extinction 
based on the longevity of spedes through time 
without humas influence, determined by the fossil 
record. Scientista believe that human impact on 
the environment is the leading cause of 
extinctions today 

5. CRETACEOUS-PALEOGENE EXTINCTION-66 МА 
The Cretaceous-Paleogene extinction wiped out the dinosaurs, along 
with 60-76% of all life on Earth. A widely accepted theory is that an 
asteroid landed in the Yucatán Peninsula in Mexico and killed the 
dinosaurs. The impact would have ejected enormous amounts of debris 
into the atmosphere, causing global temperatures to drop. The impact 
may have also caused local fires, earthquakes, tsunama, and acid rain 

A mass extinction is a sharp spike in the rate of extinction of species caused by a 
catastrophic event or rapid environmental change. Scientists have been able to Identify five 
mass extinctions in Earth's history, each of which led to a loss of more than 75 percent of 
animal species. 
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Environmental Geography: Key Terms & Example

Term Description Examples

Pollution Dome

A dome-shaped layer of trapped pollutants 
over urban areas, formed due to temperature 
inversions and stagnant air.

Delhi's winter smog results from 
vehicular emissions and stubble burning, 
leading to a pollution dome that causes 
severe health issues.

High Altitude 
Environmental 

Hazards

Natural risks prevalent in mountainous 
regions due to fragile ecosystems and 
extreme conditions.

2021 Uttarakhand avalanche caused 
by a glacier break led to flash floods, 
highlighting the vulnerability of high-
altitude areas.

Living Environment 
in Million-Plus Cities

Challenges related to infrastructure, 
pollution, and resource management in 
densely populated urban areas.

Mumbai faces issues like 
overcrowding, inadequate housing, and 
waterlogging during monsoons, affecting 
the quality of life.

Hazard Mapping
The process of identifying and mapping 
areas prone to natural hazards to aid in risk 
management.

Bihar's flood hazard maps help in 
planning and implementing flood control 
measures, reducing potential damage.

Hydro-Meteorological 
Hazards in Himalayas

Weather-related natural disasters in the 
Himalayan region.

2013 Kedarnath floods were triggered 
by cloudbursts and glacial lake outbursts, 
causing massive destruction.

Global Warming's 
Unequal Impact

Variation in the effects of global warming 
across different regions.

Arctic regions are warming at twice the 
global average, leading to melting ice 
caps and rising sea levels.

Use-and-Throw 
Culture

The practice of using items once and 
discarding them, leading to environmental 
issues.

Single-use plastics contribute to 
ocean pollution, harming marine life and 
ecosystems.

Degradation in Hills 
and Hillslopes

Environmental deterioration in hilly areas 
due to human activities.

Deforestation in the Western Ghats 
leads to soil erosion and loss of 
biodiversity.

Consequences of the Sixth Mass Extinction
	� Heaviest Losses: Birds have experienced the most significant genus-level extinctions, with 44 genera lost. 
Declines are due to habitat loss, pesticides, hunting, and climate shifts. 
	� Example: The passenger pigeon, once abundant in North America, was hunted to extinction by 1914.

	� Decline of Insects: Insects, essential for pollination, decomposition, and food chains, are vanishing at alarming 
rates. Pollination collapse threatens over 75% of global food crops. 
	� Example: A 75% decline in flying insect biomass was recorded over 27 years in German nature reserves.

	� Amphibians and Reptiles at Risk: Amphibians have lost five genera, primarily due to habitat degradation, 
pollution, and disease (like chytrid fungus). Reptiles have seen three genera extinctions, facing similar threats. 
	� Example: The golden toad of Costa Rica disappeared in the 1980s, likely due to climate-induced habitat changes.

	� Human Impacts and Future Risks: The extinction crisis endangers ecosystem services such as clean air, water 
purification, soil fertility, and climate regulation. Economic losses are mounting as biodiversity loss undermines 
agriculture, fisheries, and tourism. 
	� Example: The collapse of bee populations could cost global agriculture over $200 billion annually in pollination 

services.
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Case study: Urban Wetland Conservation in Nairobi, Kenya 

Case study: EU Nature Restoration Plan 

Case study: Wildfires in Australia (2019-2020): 

Case study: East African Drought 2023 

Case study: Indian Heatwaves 

	� Nairobi’s urban wetlands face growing threats from encroachment, pollution, and climate change, resulting in 
the loss of habitats, declining water quality, and reduced biodiversity. 

	� In response, significant conservation efforts are underway, including the rehabilitation of the Nairobi River Basin. 
	� These involve wetland restoration, pollution control, and community participation. Initiatives such as the 
construction of artificial wetlands and sustainable urban planning have led to improved water quality, 
enhanced wildlife habitats, and new recreational and educational spaces for local communities.

On June 17, 2024, the European Union launched an ambitious Nature Restoration Plan, aligned with the EU’s 
2030 Biodiversity Strategy and the European Green Deal.

Key targets of the plan include:
	� Restoring 20% of EU’s land and sea areas by 2030, with a goal to restore all degraded ecosystems by 2050.
	� Reversing pollinator decline, critical for food security and ecosystems.
	� Increasing urban green spaces to enhance climate resilience and quality of life.
	� Restoring peatlands to boost carbon sequestration and biodiversity.
	� Making 25,000 km of rivers free-flowing by removing barriers and improving connectivity by 2030.

	� The 2019–2020 Australian bushfire season, known as Black Summer, triggered massive environmental hazards 
including widespread forest fires, biodiversity loss, and severe air pollution. 

	� The crisis was worsened by prolonged droughts and extreme heatwaves, largely linked to climate change.
	� Remedial measures included intensive firefighting, community evacuations, and air quality alerts. 
	� Post-crisis, Australia focused on improving land management through controlled burns, vegetation 
management, and boosted funding for fire response, while implementing climate-resilient policies.

	� The Horn of Africa faced one of its worst droughts in decades in 2023, severely impacting Somalia, Kenya, and 
Ethiopia. 

	� Triggered by climate change and La Niña, the prolonged dry conditions caused acute food and water shortages.
	� Remedial efforts included international humanitarian aid, the promotion of drought-resistant crops, water 
management innovations, and reforestation projects to build long-term climate resilience in the region.

	� India was gripped by record-breaking heatwaves in 2024, with temperatures 
exceeding 45°C in many parts, leading to health crises, crop failures, and power 
demand surges.

	� The Indian government responded with heat action plans, the creation of cooling 
centers, and urban greening projects aimed at mitigating heat impacts and 
enhancing urban climate resilience.

What is a heat wave 
in India? 

Maximum 
temperature 

Plains Hills 

40°C 

Above 

40°C 

At or below 

40°C 

30°C 
Heat wave 
conditions 
prevail when 

Severe heat 
wave condi-
tions prevail 

Deviation from 
normal 

Deviation from 
normal 

4-5°C 
or more  

6°C 
or more 

Deviation from 
normal 

Deviation from 
normal 

5-6°C 
or more  

7°C 
or more 
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Environmental Policies and Regulations: Environmental Policy, 
Environmental Education and Legislation

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 How is carbon neutrality essential for future environmental 
conservation? Describe various efforts taken by the 
nations in this regard. (20M, 2024)

2)	 Explaining the concept of carbon neutrality, describe the 
measures taken by carbon positive and negative nations. 
(15M, 2021)

3)	 Discuss the problems associated with the living 
environment in million plus cities in India. How can these 
be managed? (10M, 2020)

4)	 Discuss the principles and objectives of environmental 
education. Describe the basic concerns of formal and 
non-formal environmental education in India. (15M, 2018)

5)	 Controlling population growth is the sustainable solution 
to environmental problems. Express your views with 
suitable arguments. (15M, 2018)

6)	 Discuss the Perception, Attitude, Value and Emotion 
(PAVE) Theory of environmental management. (15M, 
2017)

7)	 Comment on the impacts of environmental education on 
quality of life. ( 10M, 2015)

8)	 Outline the government of India’s strategies of 
conservation of Western ghats. (15M, 2015)

9)	 Answer the following: Programmes initiated by the 
International Council of Science on Earth System Studies. 
( 10M, 2013)

	� The last question on this topic appeared in 
2024, and before that, in 2021, 2020, 2018, 
2017, 2016, 2015, and 2013.

	�  This indicates a gap of 1 to 4 years 
between occurrences. The focus has 
been on international environmental 
policies like carbon neutrality (2024, 
2021), environmental education and 
management theories (2018, 2017, 2015), 
and India-specific policies such as urban 
environmental management (2020) and 
conservation strategies (2015).

	� For the 2025 examination, it is advisable 
to study evolving environmental policies, 
including India’s Long-Term Low 
Emission Development Strategy, net-zero 
commitments, and initiatives under Mission 
LiFE. 

Environmental Policy
​An environmental policy refers to a set of principles and actions adopted by organizations, governments, or institutions 
to manage and reduce their environmental impact, promoting sustainable practices and compliance with 
environmental laws and regulations.
Environmental policy frameworks, whether institutional like UNEP or global like UNFCCC, aim to guide sustainable 
development through science-based governance, coherent strategies, and equitable climate action. For example:-

UNEP’s environmental policy framework focuses on 
the following:

UNFCCC environmental policy components include:

	� Science-Policy Interface: Enhancing the use of 
scientific knowledge in environmental decision-
making.​

	� Policy Coherence: Ensuring alignment and 
integration of environmental policies across various 
sectors and levels of governance.​

	� Governance: Addressing governance issues 
to strengthen environmental management and 
accountability.

	� Common but Differentiated Responsibilities 
(CBDR): Recognizing that developed countries 
should lead in combating climate change due to their 
historical contributions to greenhouse gas emissions.​

	� Mitigation and Adaptation: Encouraging countries 
to develop strategies to reduce emissions and adapt 
to climate impacts.​

	� Financial and Technological Support: Providing 
assistance to developing countries to implement 
climate actions.
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COP 29, 2024 (UNFCCC): Key Highlights and Implications 
The 29th Conference of the Parties (COP29) under the United Nations Framework Convention on Climate Change 
(UNFCCC) was held from November 11 to 22, 2024, in Baku, Azerbaijan. 

The conference brought together world leaders, negotiators, scientists, and activists to deliberate on crucial climate 
issues, especially focusing on climate finance, carbon markets, and the global energy transition. While some 
progress was achieved, the outcomes reflected ongoing divisions between developed and developing nations.
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Concept of Eco-Governmentality 
Eco-governmentality, also known as green governmentality or environmental governmentality, is a concept that extends 
Michel Foucault’s notion of governmentality to environmental issues. It refers to the ways in which governments, 
organizations, and individuals regulate themselves and others in relation to environmental concerns.

Key Features of Eco-Governmentality:
	� Environmental Regulation: Governments use policies, laws, and regulations to manage environmental resources 
and limit harmful activities. These regulations often require citizens and businesses to adopt specific behaviors, 
such as reducing waste or conserving energy.

	� Knowledge Production: Eco-governmentality involves the production and dissemination of environmental 
knowledge. Governments and institutions create and distribute information about environmental issues to influence 
public perceptions and behaviors.

	� Behavioral Governance: Through campaigns, education, and incentives, eco-governmentality encourages 
individuals to adopt environmentally friendly behaviors, such as recycling, reducing energy consumption, or using 
public transport.

	� Surveillance and Monitoring: The monitoring of environmental practices, such as emissions or waste management, 
is a critical aspect of eco-governmentality. This surveillance ensures compliance with environmental regulations 
and guides future policies.

	� Risk Management: Eco-governmentality also focuses on managing environmental risks, such as climate change or 
natural disasters. Governments use risk assessments and planning to minimize these risks and protect populations.

Case study: Plastic Ban in India

Case study: Energy Conservation Policies in Germany

The Indian government’s nationwide ban on single-use plastics is an example of eco-governmentality. The ban 
was enforced through regulations, public awareness campaigns, and incentives for using alternatives, all aimed at 
changing individual and business behaviors to reduce plastic waste.

 Germany’s “Energiewende” policy is a prime example of eco-governmentality. The government has implemented 
policies and programs to transition to renewable energy, reduce carbon emissions, and promote energy efficiency. 

Environmental policies across the World
Environmental policies vary across countries depending on their resources, priorities, and political frameworks. 
Below are countries with the best and worst environmental policies in action based on global assessments such as the 
Environmental Performance Index (EPI).

Best Environmental Policy Worst Environmental Policy

Denmark:
	� Denmark consistently ranks among the top countries 
for environmental policies, focusing heavily on 
renewable energy, sustainable agriculture, and 
circular economy practices. 
	� It has a strong commitment to carbon neutrality 

by 2050 and is a leader in wind energy.

Brazil:
	� Brazil has faced criticism for increasing deforestation 
in the Amazon, driven by weakened environmental 
protections under former President Bolsonaro. 
Policies favoring agribusiness led to more illegal 
logging and land clearing. 
	� However, under new leadership, deforestation has 

decreased, though challenges persist in balancing 
conservation with economic development.
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Evolution of India’s Environmental Policy

Initial Focus on 
Economic 

Growth 

Emergence of 
Environmental 

Laws 

Climate Action 
and Policy 
Refinement 

Prioritization of 
industrialization and 

urbanization over 
environmental concerns 

Establishment of 
laws and institutions 

to address 
environmental issues 

Shift in policy due to 
global environmental 

movements and 
domestic needs 

Incorporation of 
environmental 
concerns into 

economic strategies 

Announcement of 
India's goal for 

carbon neutrality by 
2070

Focus on climate 
change mitigation 

and global 
cooperation 

Commitment to 
Net-Zero 

Emissions 

Integration of 
Sustainable 

Development 

Environmental 
Awareness 
Takes Root 

Case study: China’s Ecological Red Line 
Policy

Case study: Kenya’s Wildlife Conservation 
Policy

	� China’s Ecological Red Line Policy, implemented 
in 2017, aims to protect critical ecosystems by 
designating areas where development is restricted. 
Methods include zoning based on ecological function, 
biodiversity conservation, and ecosystem services. 

	� The policy enforces strict land-use regulations, 
promotes sustainable land management, and 
integrates environmental considerations into 
economic planning. 

	� Recent successes include the protection of 
wetlands, forests, and grasslands, which are crucial 
for water conservation, carbon sequestration, 
and habitat preservation. The policy exemplifies 
China’s approach to balancing development with 
environmental sustainability.

	� Kenya’s Wildlife Conservation and Management Policy, 
aims to protect wildlife habitats and promote 
sustainable tourism. Methods include creating 
conservancies managed by local communities, 
enforcing anti-poaching laws, and promoting human-
wildlife coexistence. 

	� Key initiatives involve habitat restoration, wildlife 
corridors, and compensation schemes for wildlife-
induced damages. 

	� The policy emphasizes community participation, 
providing incentives for conservation efforts and 
ensuring that local populations benefit from tourism 
revenues. This approach has led to increased wildlife 
populations and improved livelihoods.

Environmental Education
Environmental education refers to organized efforts that teach 
individuals about the natural environment, how it functions, and how 
human behaviors can be adjusted to promote sustainability. 
It aims to equip individuals and communities with the knowledge, 
awareness, and attitudes necessary to solve environmental 
problems, fostering a deeper connection with the world around them.
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Objectives of 
Environmental 

Education 

awareness about the environment 

awareness about the environmental challenges 

to develop the necessary skills and expertise to address the 
challenges 

aims to teach how natural environment functions and how 
human beings can manage behaviour and ecosystems to 

live sustainably 

education towards protection and enhancement of the envi-
ronment 

to implement the goals of environmental protection and 
conservation 

to foster attitudes, motivations, and commitments to make 
informed decisions and take responsible action 

Comparing Formal and Non-Formal Environmental Education

Formal Education 

Non-Formal Education 

Outreach 
Methods 

Diverse 
Audience 
Engagement 
Flexible 

Broad Public 
Awareness In-Depth 

Knowledge 
Focus 

Institutionalized 
Learning 

Environment 
Structured 
Curriculum 

Approach 
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Need and Significance of Environmental                        
Education

Constraints to Implementing Environmental 
Education

	� Knowledge about environmental changes (land, 
water, weather, vegetation, etc.) is crucial for 
solving environmental problems.

	� Environmental education is essential for proper 
resource utilization, affecting rural economies 
and preventing issues like displacement.

	� Fosters international cooperation and 
understanding on global environmental issues.

	� Public awareness about the impact of government 
policies on local environments is vital for both 
governments and communities.

	� Rigid specialization in educational systems limits 
the integration of environmental education across 
disciplines.

	� The interdisciplinary nature of environmental 
education makes it challenging to teach 
comprehensively.

	� High pupil-teacher ratios hinder effective 
participation in environmental education programs.

	� A lack of qualified, trained environmental 
educators limits the quality of education.

The Ministry of Environment, Forest and 
Climate Change (MoEF&CC), Government 
of India, has launched a national campaign 
to celebrate World Environment Day 2023, 
focusing on Mission LiFE (Lifestyle for 
Environment). 

It aims to encourage individuals to adopt 
sustainable living practices and foster a 
responsible and conscious use of natural 
resources. Mission LiFE seeks to promote 
a shift in lifestyle habits, with a special 
emphasis on reducing waste, conserving 
water, and minimizing carbon footprints.
Key Initiatives and Strategies:

	� Environmental Information, 
Awareness, Capacity Building, and 
Livelihood Programme (EIACP): 
Under this programme, 60 EIACP 
Centres across India have been actively 
engaged in spreading awareness about 
Mission LiFE.

	� Eco-Clubs in Schools and Colleges: 
Eco-clubs have played a significant 
role in disseminating the message of 
Mission LiFE. Schools and colleges have been organizing awareness events and activities related to sustainable 
living, involving students, teachers, and the local community.

	� Unique Eco-friendly Initiatives: Several unique initiatives have been undertaken to promote sustainable practices, 
such as:
	� Nature camps, eco-art workshops, and clay & pottery workshops to foster environmental creativity and 

awareness.
	� Campaigns promoting eco-friendly green wedding ideas and the use of medicinal plants.

Case study: Environmental Education through Mission LiFE in India

Save 
Energy 

Reduce 
Waste 

Reduce 
E-waste 

Adopt 
Healthy 

Lifestyles 

Adopt 
Sustaiable 

Food 
Systems

Say No to 
Single Use 

Plastic 

Save 
Water 
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Case study: Environmental Education in 
Finland: 

Case study: Environmental Legislation in 
South Korea: 

	� Finland has successfully integrated          
environmental education into its national 
curriculum, promoting sustainability from an early 
age. Hands-on learning, outdoor activities, and 
interdisciplinary approaches. 

	� Schools collaborate with local environmental 
organizations to provide practical experiences such 
as forest visits and waste management projects. 

	� This approach fosters environmental awareness, 
critical thinking, and responsible citizenship among 
students. 

	� South Korea’s Framework Act on Environmental Policy, 
enacted in 1990, provides comprehensive guidelines for 
environmental protection and sustainable development. 

	� Initiatives include pollution control, resource 
conservation, and environmental education. 

	� For instance, the 2020 Carbon Neutrality Act mandates 
carbon reduction targets and supports green economy 
initiatives. 
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PART: 2

HUMAN
GEOGRAPHY
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PERSPECTIVES IN HUMAN 
GEOGRAPHY

Syllabus - Areal differentiation; Regional synthesis; Dichotomy and dualism; Environmentalism; Quantitative revolution 
and locational analysis; Radical, behavioural, human and welfare approaches; Languages, religions and secularisation; 
Cultural regions of the world; Human development index. 
Prior to commencing the unit, a table is provided below, detailing the Geographer, their Significant Contributions, 
Works (Book Titles), and Notable Quotes/Phrases:

Geographer Significant Work (Book & 
Year) Description Famous Quotes/Phrases

Alexander von 
Humboldt

Kosmos (1845-1862) A synthesis of knowledge 
about the universe.

"Nature is a living whole, 
not a dead aggregate."

Carl Ritter Die Erdkunde im Verhältniss 
zur Natur und zur 
Geschichte(1817-1859)

Exploration of geography's 
relationship with nature and 
history.

"Geography is a science of 
places, not men."

Oscar Peschel Geschichte des Zeitalters der 
Entdeckungen (1858)

A historical account of the 
Age of Discovery.

"Exploration is the first 
step in the journey of 
knowledge."

George Gerland Atlas der Völkerkunde (1882) An ethnographic atlas 
focusing on the distribution of 
peoples.

"Mapping the world's 
diversity."

Friedrich Ratzel Anthropogeographie (1882-
1891)

Explores the influence of 
the physical environment on 
societies.

"Lebensraum" (living 
space).

Otto Schlüter Studien zur Allgemeinen 
Geographie und 
Kulturmorphologie (1906)

Discusses the concept 
of "cultural landscape" in 
geography.

"Kulturlandschaft" (cultural 
landscape).

Paul Vidal de la 
Blache

Principes de géographie 
humaine (1922)

Foundational text in human 
geography.

"Geography is the science 
of places, concerned with 
qualities of potentialities of 
life."

Halford J. 
Mackinder

The Geographical Pivot of 
History (1904)

Introduces the "Heartland 
Theory."

"Who rules East Europe 
commands the Heartland; 
who rules the Heartland 
commands the World-
Island; who rules the 
World-Island commands 
the world."

Patrick Geddes Cities in Evolution (1915) Explores urban planning and 
city development.

"Think globally, act locally."

Ellsworth 
Huntington

Civilization and Climate(1915) Investigates the impact of 
climate on civilizations.

"Climatic determinism."
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Ellen Churchill 
Semple

Influences of Geographic 
Environment (1911)

Discusses how the 
environment shapes history 
and culture.

"Man is the product of the 
earth's surface."

Alfred Hettner Die Geographie, ihre 
Geschichte, ihr Wesen und 
ihre Methoden (1927)

A methodological work on 
geography's nature and 
history. 

"Chorology" (the study of 
places and regions).

Richard 
Hartshorne

The Nature of 
Geography(1939)

A critical examination of 
geography as a science.

"Geography is both an art 
and a science."

Alan Pred Urban Growth and City-
Systems in the United States, 
1840–1860 (1980)

Analyzes urbanization 
patterns in the U.S.

"Urban systems are 
dynamic processes."

Peter Gould Spatial Diffusion (1972) Examines the spread of 
phenomena across space.

"Diffusion is the process by 
which innovation spreads."

Torsten 
Hägerstrand

Innovation Diffusion as a 
Spatial Process (1953)

Studies how innovations 
spread geographically.

"Time geography."

Yi-Fu Tuan Topophilia: A Study of 
Environmental Perceptions, 
Attitudes, and Values (1974)

Investigates emotional bonds 
between people and places.

"Topophilia" (love of 
place).

Edward Relph Place and Placelessness 
(1976)

Discusses the impact of 
modernity on place and 
identity.

"Placelessness" (loss of 
distinctiveness in places).

David Harvey Social Justice and the 
City(1973)

A Marxist critique of urban 
geography.

"The city is the locus of the 
class struggle."

Evolution of Geographical Thought 

Classical period 
(16th -mid 17th 

century) 

Modern period 
(Mid-18th century 
to 20th century) 

Ancient 
period (2nd 
century AD) 

Development of Greek 
and Roman geography 

schools 

Influence of Kant 
and Varenius on 

geography 

Emergence of various 
geographical schools 

Neo-environmentalism 
and technocentric 

approaches 

Ideas of Humboldt and 
Ritter dominate

Rise of European and 
Arab geography 

schools 

Mediveal 
period (3rd to 
16th century 

AD) 

Pre- modern 
period (Mid-17th 

to mid-18th 
century) 

Present times 
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Areal differentiation; Regional synthesis

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Explain the sequential development of areal 
differentiation as a fundamental concept in 
Human Geography. (10M, 2023)

2)	 Areal differentiation has provided the 
theoretical justification for studying 
regions and regional geography. Comment. 
(20M, 2018)

3)	 “Areal differentiation forms the core theme 
in geography.” Explain. (10M, 2016)

4)	 “Regional synthesis is the crux of 
geographical studies.” Elaborate. (15M, 
2015)

5)	 Critically examine the changing 
perspectives on the concept of areal 
differentiation. (30M, 2010).

	� The last question on this topic of areal differention appeared 
in 2023, with previous appearances in 2018, 2016, 2015, 
and 2010.

	� There is a noticeable trend in the frequency of questions 
on Areal Differentiation over the years, with a gap of 1 to 3 
years between occurrences.

	� The questions have mainly focused on the theoretical 
aspects of areal differentiation, its role in regional 
geography, and its broader significance in geographical 
studies.

	� For the 2025 examination, it would be beneficial to prepare 
in detail on both the concept of areal differentiation and 
its evolving perspectives, along with regional synthesis, as 
they are central to understanding human geography.

Areal Differentiation
Areal differentiation refers to the study of spatial variations in geographic phenomena, emphasizing the differences in 
physical and human landscapes across different regions. It involves analyzing how and why particular characteristics 
and processes vary from one area to another.
Hartshorne vs  Schafer’ debate - The Schafer-Hartshorne debate revolved around their differing views on the fundamental 
nature and methodology of geography, specifically Hartshorne’s concept of “areal differentiation” against Schafer’s 
vision of “geography as a spatial science. 

The Hartshorne-Schafer debate led to significant changes in geography. It sparked a shift towards quantification and 
the formulation of laws in the field. By the 1950s, many geographers became disillusioned with the empiricist approach 
of regional geography. As a result, topical specialism ( Spatial) gained prominence, and the discipline moved towards 
more systematic and quantitative methods.

Aspect Hartshorne’s “Areal Differentiation” Schafer’s “Geography as a Spatial Science”

Core Focus Focus on areal differentiation – uniqueness 
of regions and their integration.

Focus on geography as a spatial science – 
aiming to formulate general laws.

Methodology Idiographic approaches – emphasizes the 
unique characteristics of regions.

Nomothetic approaches – seeks to discover 
universal laws through models and quantitative 
techniques.

Geographical 
Focus

Regional geography – studies regions in 
detail, focusing on their uniqueness.

Systematic geography – focused on 
formulating laws governing spatial distribution 
of features.

Goal of 
Geography

Primarily descriptive – providing explanatory 
descriptions of features in regions.

Primarily explanatory – developing 
explanations and laws in geography.

Approach to 
Geography

Focused on understanding the uniqueness 
and interrelationship of phenomena within 
areas.

Focused on discovering general principles 
and laws that govern spatial distribution.
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Case study: Nile delta showing areal differentiation 

	� The Nile Delta exemplifies areal differentiation, showing 
distinct geographic features shaped by climatic, hydrological, 
and human factors. 

	� This fertile region contrasts sharply with surrounding arid 
deserts. High population density, intensive agriculture, 
and unique ecosystems characterize the delta, influenced by 
the Nile’s annual flooding. 

	� This shows how physical and human geography create 
spatial diversity within a relatively confined area, showing the 
importance of areal differentiation in geographic studies. 

Mediterranean Sea 

El-Dakahlia 

El-Gharbia 

El-Monofia 

El-Kalubia 

Matrouh Matrouh 

Fayoum 

Elsuez 

Cairo 

Elismalia 

El-Sharkia 

Demiatte 
Kafr El-Sheik 

Alexandria 

Regional synthesis
Regional synthesis involves combining and analyzing diverse 
geographic data and factors to create a unified view of a region. It 
aims to integrate physical, cultural, economic, and social aspects to 
understand the overall dynamics and characteristics of a region.

Regional Synthesis (RS) 

Synthesis Region 

Means geographical 
area having 

homogeneous character 

Collection of different 
geographical parameter, 

variables, Views. perspective, 
and Integrating them 

RS is approach to regional analysis by 
integrating & comparing different 

geographical parameter with Temporal 
& spatial dimension

Role of Regional Synthesis in Addressing Regional Disparities in India

Role of Regional 
Synthesis Description Example

Customized 
Solutions for 
Diverse Needs

	� Enables tailored solutions for 
specific regional challenges.

	� Rajasthan: Irrigation systems for arid conditions;
	� Punjab: High-yield farming in fertile plains.

Economic 
Integration

	� Promotes integration of regional 
economies, enhancing growth 
and interdependence.

	� Delhi-Mumbai Industrial Corridor (DMIC): 
Links industrial hubs with agricultural areas.

Balanced Regional 
Development

	� Ensures equitable resource 
distribution and infrastructure 
development, reducing disparities.

	� Hilly Area Development Program: Improves 
connectivity in Himachal Pradesh and 
Uttarakhand.

Policy 
Formulation and 
Implementation

	� Aids in formulating policies to 
address specific regional needs.

	� Bihar: Supports poverty alleviation policies 
focusing on education and healthcare.

Social Cohesion 
and Inclusion

	� Promotes inclusive growth by 
addressing social and economic 
inequalities.

	� Odisha: Policies enhance education and 
healthcare access in tribal regions.
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Case study: The Ruhr Valley in Germany showing the regional synthesis

	� Historically an industrial hub, the Ruhr integrates urbanization, 
economic activities, and cultural landscapes. Its coal and steel 
industries fuelled growth, creating a densely populated and 
economically vibrant area. 

	� Post-industrialization, the region transitioned to a service-based 
economy, emphasizing technology and education. Urban renewal 
projects have revitalized old industrial sites, blending historical 
heritage with modern infrastructure. 

	� This synthesis of industrial, urban, and cultural elements 
demonstrates how regions evolve through the integration of various 
geographic factors.

By integrating diverse perspectives and focusing on the unique needs of each region, this framework enables more 
effective and sustainable development.
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Environmentalism

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Discuss the relevance of stop and go 
determinism in the present day context. 
(15M, 2016)

2)	 There is a rejuvenation of environmentalism 
as a paradigm in geographical studies. 
Comment. ( 2015)

3)	 “Ellen Churchill Semple is an ardent 
supporter of Determinism”. Explain. (10M, 
2013)

4)	 Write a short explanatory note on Neo-
determinism. (10M, 2012)

	� The last question on this topic appeared in 2016, with prior 
occurrences in 2015, 2013, and 2012.

	� The questions have primarily focused on determinism and 
its variants, such as Neo-determinism and environmental 
determinism, with a critical exploration of their relevance 
in geographical studies.

	� For the 2025 examination, it is essential to prepare 
extensively on determinism and neo-determinism, 
possibalism and stop and go determinism. Emphasis 
should be placed on environmentalism as a paradigm in 
contemporary geography.

Environmentalism
Environmentalism is a philosophy, ideology, and social movement aimed at protecting and improving the natural 
environment by addressing harmful human activities. It promotes sustainable relationships between humans and 
nature through political, economic, and social efforts. Environmentalism encompasses approaches like conservation, 
restoration, and climate change mitigation.

Two Main Perspectives in Environmentalism 

Anthropocentrism Ecocentrism 
Advocates for the intrinsic value of all living organisms and ecosystems, 

emphasizing protection irrespective of human utility. 
Advocates for the intrinsic value of all living organisms and ecosystems, 

emphasizing protection irrespective of human utility. 
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Case study: Environmentalism

	� The Chipko Movement in India epitomizes environmentalism in geography, showcasing grassroots activism 
to preserve forests. Originating in the 1970s in Uttarakhand, villagers, particularly women, hugged trees to 
prevent deforestation by commercial loggers. This movement highlighted the ecological importance of forests 
for water conservation, soil preservation, and community livelihoods. 

	�  The Chipko Movement spurred significant policy changes, including a ban on tree felling in Himalayan regions, 
emphasizing sustainable development and environmental protection. It illustrates how local actions can 
influence broader environmental policies, integrating ecological awareness with socio-economic considerations.

Frameworks which explore human-environment interactions

Determinism
Environmental determinism is the idea that the physical 
environment sets hard limits on human actions and 
societal development. Proponents of this view believe 
that human behaviour is the outcome of his environmental 
conditions. 
Impact on the Study of Human-Environment 
Interactions

	� Historical Context: Environmental deterministic 
theory explains the rise and fall of civilizations based 
on environmental conditions. For instance, the 
decline of the Mayan civilization is attributed to 
drought and deforestation.

	� Highlighted Environmental Influence: Determinism 
emphasizes the environment’s powerful role in 
shaping human behavior, suggesting humans in the 
same environment will respond similarly.

	� Geographic Determinism: Some deterministic 
theories, especially those linking climate to 
intelligence or social development, led to racist views 
and even justified colonialism, claiming people in 
cold climates were superior.

	� Criticism of Determinism: It downplays human 
adaptability and wisdom, portraying humans as 
passive recipients of environmental forces.

Possibilism
It considers man as an active agent in environment. 
This is a belief which asserts that natural environment 
provides options, the number of which increases as the 
knowledge and technology develops.
Impact on the Study of Human-Environment 
Interactions

	� Human Agency: Recognizes human creativity 
and decision-making in adapting and modifying 
the environment, emphasizing the role of culture, 
technology, and socio-economic factors in human-
environment interactions.

	� Complex Interactions: Highlights the multifaceted 
nature of human-environment interactions, 
considering economic, political, cultural, and 
environmental factors.

	� Regional Studies: Supports the idea that different 
societies can develop unique solutions to similar 
environmental challenges based on their cultural and 
historical contexts.

Case study: Influence of the Andes 
Mountains on Andean Societies

Case study: The Netherlands and 
Possibilism

The Andes Mountains exemplify the theory of 
environmental determinism.

	� Geographical Influence: Rugged terrain and high 
altitudes shaped agriculture, social organization, 
and culture.

	� Agricultural Practices: Terrace farming and 
cultivation of hardy crops like potatoes and quinoa 
emerged due to environmental challenges.

	� Settlement Patterns: The mountains led to 
isolated communities.

	� Cultural Identity: Isolated communities developed 
distinct cultural identities.

This case demonstrates how physical geography 
shapes human activities and societal evolution, 
reflecting the core principles of determinism.

The Netherlands exemplifies possibilism, defying 
natural constraints through innovation.

	� Geographical Challenges: Despite being a low-
lying country prone to flooding, the Dutch have 
adapted to these natural challenges.

	� Water Management and Land Reclamation: 
Dutch innovation led to the creation of polders and 
dikes, reclaiming land from the sea for agriculture 
and settlement.

	� Human Agency: This adaptation highlights human 
agency in shaping the landscape and overcoming 
geographical limitations.

This case showcases how human creativity and 
innovation can thrive in challenging environments, 
reflecting the principles of possibilism.
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Probablism 
Probabilism is an approach in geography that suggests 
the environment influences human actions without 
strictly determining them.

It acknowledges a range of possible human responses 
to environmental conditions. Probabilism emphasizes 
that the environment affects the probability of different 
human actions. 

	� Relationship to Environmental Determinism: 
Environmental determinism is the idea that the 
environment directly controls human activities.

	� Relationship to Possibilism: Possibilism suggests 
that humans have a range of choices within the 
limitations set by the environment.

	� Probabilism as a Mediator: Probabilism is a 
compromise between environmental determinism 
and possibilism. It acknowledges the influence of 
the environment while allowing for varied human 
responses. 

Stop and Go Determinism (Neo-determinism)
Introduced by Griffith Taylor in 1920, this concept is a      
balanced approach to understanding the relationship 
between human societies and their physical 
environment. 
Stop and Go 
Determinism offers 
a balanced view, 
recognizing both 
environmental 
constraints and 
human agency, 
bridging the 
divide between 
determinism and 
possibilism.

Taylor compared human actions to traffic controllers 
in a large city, where humans can adjust the rate 
of progress, but the direction is set by the natural 
environment.
It remains relevant today, especially in discussions on 
sustainability and climate action.

Case study: Probabilism

	� The development of Urban Heat Island (UHI) 
effects in cities like Tokyo highlights probabilism 
in human geography, where natural factors like 
climate interact with human activities such as 
urbanization. 

	� Land cover changes, building materials, and 
energy consumption exacerbate UHI intensity, 
creating spatial variability while acknowledging 
the complexity and variation in outcomes.

Case study: Stop and go Determinism

	� The expansion of urban areas in coastal regions 
like Miami and New Orleans reflects stop-and-
go determinism, where economic growth is 
interrupted by natural hazards like hurricanes and 
tsunamis. 

	� Disaster events cause temporary migration 
and infrastructure changes, followed by rapid 
redevelopment, illustrating the dynamic interplay 
between human agency and environmental 
constraints.

Environmentalism is deeply linked to geographical theories that examine human-environment relationships. While 
early conservation efforts were influenced by deterministic views, modern environmental strategies align more with 
possibilism and probabilism, emphasizing human agency, adaptability, and innovation. 

Quantitative Revolution and locational analysis

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Explain how the physical view of geographical space has 
impacted the forms of spatial analysis. ( 15M, 2024) 

2)	 Critically examine the significance of the Quantitative 
revolution and its influence in the development of geography.
(15M, 2022)

3)	 Discuss critically the manner in which quantitative revolution 
provided the methodological foundation for models and 
modelling in geography. (15M, 2018)

	� The last question on this topic appeared in 
2024, with previous occurrences in 2022, 
2018, 2016, and 2011.

	� The questions have focused WWon 
the Quantitative Revolution, spatial 
analysis, and the impact of positivism 
on the development of geography. 

Key aspects of Neo- determinism 

Geographer's Role 
Geographers are seen as advisers who interpret 
nature's blueprint rather than impose it. 

Environmental Limits  
Taylor argued that the physical environment, such as 
rainfall distribution, places limits on human activities, 
particularly agricultural settlements

Human Agency 
Unlike strict determinism, Neo-determinism 
acknowledges human decision-making. Humans can 
influence the speed of development-accelerating, 
slowing, or halting it-but they should not ignore the 
natural environmental direction

Nature's Influence 
According to this theory, nature significantly 
influences the economic strategies of a country, and 
geographers should interpret these natural guides
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Quantitative revolution
The quantitative revolution (1950-
1960) in geography is marked by a 
shift from descriptive to theoretical 
approaches and the adoption of 
quantitative methods. This period 
saw the statistical analysis of spatial 
data, the development of spatial 
theory, mathematical models, and 
computerized data processing.

Overall, the Quantitative Revolution 
shifted geography from a descriptive 
discipline to a more analytical 
and scientific field that relies on 
quantitative data and statistical 
techniques.

Key Features of the Quantitative Revolution 

Geography moved from descriptive 
studies to empirical approaches, focusing 
on systematic analysis of spatial patterns 
and relationships. 

This era led to the creation of spatial 
theories like central place theory, loca-
tion. theory, and gravity models, which 
help explain economic activities and 
urban planning.

Geographers started using statistical 
techniques, mathematical modeling, and 

computer technologies like GIS for 
studying geographic phenomena

Methodology 
Shift 

Mathematical 
Tools 

Theory 
Development 

Case study: How the QR, coupled with the advent of big data, transformed the field of 
geography

	� Transforming Research Paradigms – The Quantum Revolution (QR) shifted geomorphology towards non-cyclic 
equilibrium models and integrated GIS-based quantitative methods.

	� Technological Advancements – Innovations in remote sensing, GIS, and GPS, backed by computing power, led 
to the Geoinformatics paradigm in geography.

	� Shift to Applied Research – The rise of big data and analytics transitioned geography from theoretical studies 
to practical problem-solving.

	� Interdisciplinary Integration – Geography embraced interdisciplinary research, linking social, environmental, 
and economic systems for holistic solutions.

The QR and big data analytics transformed geography into a data-driven, solution-oriented discipline.

Positivism 

Critics of positivism

Positivism is a philosophical approach that emphasizes the application of scientific methods, empirical observations, 
and logical reasoning to understand phenomena.  In geography, positivism became prominent during the Quantitative 
Revolution of the 1950s and 1960s, transforming the discipline into a more scientific and analytical field. 

	� Oversimplification: Positivist methods often reduce complex human-
environment interactions into overly simplistic models.

	� Neglect of Subjectivity: Positivism ignores cultural, social, and historical 
dimensions that influence environmental behavior.

	� Limited Scope: By focusing only on observable phenomena, it neglects 
unquantifiable aspects like perceptions and values related to nature.

Positivism introduced scientific rigor to environmental geography through spatial 
models, quantitative techniques like GIS, and predictive analysis. It also informed 
policy-making, such as using data to address issues like soil erosion during the Dust Bowl.

4)	 Trace the origin and progress of quantitative revolution in 
geography and bring out its merits and demerits. (20M, 2016)

5)	 Discuss the impact of positivism in paradigm shift in 
geography.( 12M, 2011)

	� For the 2025 examination, it is crucial to 
prepare on the Quantitative Revolution 
in detail, focusing on its origin, progress, 
and methodological impact. Special 
attention should be given to positivism 
and locational analysis.
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Locational Analysis
Locational analysis is a methodological approach in geography that focuses on understanding the spatial organization 
and distribution of phenomena. It emphasizes the use of quantitative techniques, models, and theories to analyze 
spatial patterns and relationships. 
This approach gained prominence during the Quantitative Revolution in geography in the mid-20th century and is 
closely associated with spatial science.

Case study: Climate Modeling

Case study: Locational Analysis in Retail Store Siting in Urban Areas

The development of Global Climate Models (GCMs) is a direct application of positivist principles in environmental 
geography.

	� Researchers use empirical data (e.g., temperature records, greenhouse gas concentrations) combined with 
mathematical equations to simulate climate systems.

	� These models help predict future climate scenarios, assess human impacts (e.g., carbon emissions), and guide 
international policies like the Paris Agreement.

	� The siting of retail stores in urban areas exemplifies locational analysis in human geography. Using spatial 
models and consumer data, retailers strategically position stores to maximize accessibility and market capture. 
Research indicates how factors like population density, income levels, and competitor locations influence site 
selection decisions. 

	� Through locational analysis, retailers aim to optimize sales potential while minimizing costs. This approach 
enhances understanding of consumer behaviour and spatial dynamics within urban environments.

Key Aspects Of Locational Analysis

Spatial
Patterns
Haggett studied 
why activities like 
urban 
development and 
industrial 
sites occur In s

Quantitative 
Methods
Promoted the 
use of statistical 
and 
mathematical 
models (e.g.. 
regression 
analysis) to 
analyze and 
predict spatial 
relationships.

Theoretical 
Foundations
Built on Central 
Place Theory 
and Spatial 
Interaction 
Models to 
explain city 
distribution and 
the flow of 
goods,
 people, and 
information.

Geographical 
Information 
Systems
Haggett's focus 
on spatial data 
helped lay the 
groundwork for 
GIS, which 
allows advanced 
visualization and 
analysis of 
spatial systems.

Interdisciplinary 
Approach
Combined 
economics, 
sociology, urban 
planning, and 
environmental 
science 
for a 
comprehensive 
understanding of 
spatial patterns.

Applications in 
Planning
Locational 
analysis aids
in urban planning, 
transportation, and 
resource 
distribution, 
helping solve 
real-world 
problems like 
urban sprawl.

Approaches in Human geography: Radical, behavioural, 
human and welfare approach

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Critically examine the significance of Behavioral Approach 
in the development of human geography. (10M,2024) 

	� The last question on this topic appeared 
in 2024, with previous occurrences in 
2021, 2018, 2015, and 2014.
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2)	 Why is radicalism seen as a major paradigm shift in 
geography? Explain its causes, approaches and criticism.
(20M, 2021)

3)	 Welfare geography emphasizes spatial inequality and 
territorial justice. Comment with reference to the main 
ideas and scope of the subfield.(20M, 2018)

4)	 Provide a brief outline of ideas related to “sense of place” 
as propounded by Yi-Fu Tuan and Relph in the humanistic 
geography that emerged in the 1970’s (15 M, 2018)

5)	 Discuss the approaches to the study of behavioural 
geography.(15M, 2015)

6)	 The welfare face of geography makes it an inter-disciplinary 
subject. Elaborate. (10M, 2015)

7)	 Discuss the contribution of geographers in the development 
of radical geography. ( 15M, 2014)

8)	 Elaborate the concept of mental map. (10M, 2014)
9)	 Write a short explanatory note on welfare Approach in 

Human geography. (12M, 2011

	� The questions primarily focus on 
the Behavioral Approach, Radical 
Geography, and Welfare Geography, 
exploring their significance, causes, 
approaches, and criticisms. The 
questions also touch on the mental map 
concept and the interdisciplinary nature 
of welfare geography.

	� For the 2025 examination, it is 
important to prepare thoroughly on 
Radical Geography, focusing on 
their development, approaches, and 
criticism. Special emphasis should 
be placed on understanding how 
welfare geography addresses issues 
like spatial inequality. Additional 
topics like concept of place, feminist 
geography, postmodern geography 
and structuralism needs to be prepared.

Logical Sequence of Geographical Revolutions

Hartshorne–Schaefer Debate: The 
Foundation

	� Hartshorne: Areal differentiation → Focus on regional uniqueness
	� Schaefer: Geography as a spatial science → Focus on general laws

   → Sets stage for methodological transformation.

Rise of Spatial Science and the 
Quantitative Revolution.

	� Schaefer’s influence → Shift to Spatial Science → Focus on systematic 
analysis and spatial laws

  → Quantitative Revolution (1950s–60s) → Adoption of statistical 
models, mathematical tools

  → Questioning: Are human experience and agency being overlooked?

Behavioural Revolution: A Human 
Turn

	� Limitations of Quantification → Emergence of Behavioural Revolution 
(1960s–70s)

  → Behavioural Geography: Cognitive maps, decision-making
  → Humanistic Geography: Focus on individual experience and 
qualitative aspects of place

  → Response to abstract nature of quantitative era

Social Relevance Revolution: 
Addressing Real-World Issues

	� Human experience focus → New concern: Social relevance of 
geography

  → Welfare Geography: Focus on social welfare and policy

  → Radical Geography: Marxist critique of power structures and capitalism
  → Built on behavioural revolution: Geography must serve society’s 
needs

Expanding Perspectives: Feminist 
Geography, Modernism, and 
Beyond

	� Feminist Geography: Focus on gender, power, and intersectionality
	� Modernism: Focus on universal laws, rational explanations
	� Structuralism: Focus on deep structures like language and economy
	� Postmodernism & Post-Structuralism: Plurality, diversity, and 
deconstruction

Each approach responds to the limitations of previous paradigms
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Behavioural geography
Behavioural geography studies how psychological and cognitive processes influence spatial decision-making and 

interactions with the environment. For instance, research in this field might explore why people choose to live in certain 
neighbourhoods based on perceived safety or access to amenities. 

Case study: 

	� The study of pedestrian behavior in urban environments exemplifies behavioral geography. Using methods 
like observation and tracking technology, researchers analyze factors influencing movement patterns and 
decision-making. Studies reveal how features like street layout, land use mix, and amenities impact pedestrian 
behavior, influencing routes and destinations. 

	� This research informs urban planning and design, enhancing walkability and public space utilization. The work 
of Kevin Lynch on mental mapping and environmental perception underscores the importance of understanding 
human behavior in shaping urban landscapes.

Mental Maps

Mental maps are cognitive representations of spatial 
environments that individuals carry in their minds. They 
are subjective and shaped by personal experiences, 
perceptions, and cultural influences.
In behavioral geography, mental maps are studied to 
understand how people perceive, navigate, and interact 
with their environments. This concept bridges geography 
with psychology, sociology, and cultural studies.

Mental maps shape spatial behavior and have vital 
applications in urban planning, transportation, 
tourism, crime mapping, and cultural studies. 
Understanding them helps create more inclusive and 
responsive environments, making geography more 
human-centered.

Behavioral matrix 

The Behavioral Matrix, introduced by Allan Pred in 
1967, is a conceptual framework within behavioral 
geography that examines decision-making processes, 
particularly in locational choices. 

It highlights the interplay between the availability of 
information and the ability to use it effectively, 
emphasizing the complexity and sub-optimality of human 
decisions in spatial contexts.

Some critiques of the Behavioural Matrix include its 
complexity and the challenge of accurately capturing and 
analysing the dynamic interactions between behaviour 
and space

Role of Mental Maps in Behavioral Geography 
Cultural Perceptions 

Stereotypes and media 
shape views of regions, 

affecting how they are 
valued or understood. 

(E.g., media influence on a 
region's perceived 

importance.) 

Spatial Behavior 
Movement patterns, such 

as commuting or shopping, 
align with mental 

representations of places. 
(E.g., navigating a mall 

based on store locations.

Cognition 
Cognition: People interpret 
spaces based on 
memories, landmarks, or 
emotions rather than exact 
geography. (E.g., recalling 
a city by its monuments.) 

Decision-Making 
Spatial choices, like route 
selection or housing 
preference, are guided by 
perceptions, even if 
inaccurate. (E.g., avoiding 
an area due to perceived 
safety concerns.)

Behavioral Spatial
Context Interactions

The matrix 
considers various 
patterns of human 
behavior and how 
these are affected 
by spatial factors. 

This includes 
daily routines, 

mobility patterns, 
and the social and 

economic 
activities of 

individuals and 

This includes 
geographical 

location, spatial 
distribution, and 
the physical and 

social 
characteristics of 

places. 

This includes how 
people interact 
with different 

spaces and how 
these interactions 

shape their 
behaviors and 

spatial 
perceptions.

Perception 
Initial sensory input and 
interpretation of the 
environment

1

Memory 
Storing and recalling 
spatial 
information

2

Experience 
Refining maps through direct 
interactions  with places 

3

External Influences 
Shaping maps through media 
and cultural narratives

4

Ability to use perceived information

Behavioural Matrix for Locational Decision
Making (after Pred. 1969) 
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Humanistic geography
Humanistic geography focuses on personal and cultural meanings attached to places. It examines how individuals 
and communities interpret and experience their surroundings.  For example, humanistic geography might investigate 
how a historical monument holds different meanings for local residents versus tourists, or how the cultural significance of 
a sacred site influences community practices and local identity.

Philosophies associated with humanistic geography

Phenomenology

This philosophy, primarily associated with Edmund Husserl and Martin Heidegger, emphasizes 
the study of experiences from the first-person perspective. In Humanistic Geography, 
phenomenology helps explore how individuals perceive and experience their environments. It 
focuses on subjective experiences and meanings people attach to places, emphasizing 
personal and lived experiences rather than objective, quantitative data.

Existentialism

Existentialism, associated with thinkers like Jean-Paul Sartre and Soren Kierkegaard, stresses 
individual freedom, choice, and the search for meaning in a seemingly indifferent world. In the 
context of Humanistic Geography, existentialism contributes to understanding how people 
find meaning and identity in their surroundings. It explores the personal significance of 
places and landscapes in shaping human existence and identity.

Idealism

Idealism, particularly as articulated by philosophers like George Berkeley, suggests that reality 
is fundamentally mental or spiritual. In Humanistic Geography, idealism can influence how 
the essence of places is perceived as shaped by human consciousness and thought. It 
highlights the idea that geographic spaces are not merely physical entities but are imbued with 
meanings and values created by human cognition and experience.

 

Case study: The city of Varanasi, India, is a prime example of phenomenological 
geography. Varanasi is not just a physical location but a deeply spiritual and cultural “lived 
place” for millions of Hindus.

	� The ghats of the Ganga River, such as Dashashwamedh and Manikarnika, are sacred 
spaces where rituals like cremation and purification take place.

	� For pilgrims, the city represents a connection to eternity, shaped by their personal 
experiences, beliefs, and cultural practices.

	� The spatial arrangement of temples, narrow lanes, and ghats reflects the lived experience 
of religion, tradition, and community.

	� This subjective attachment to Varanasi contrasts with its objective spatial characteristics, 
making it a unique example of how place is experienced phenomenologically.

Case study: The slums of Dharavi, Mumbai, reflect existential outsideness.
	� Migrants arriving in Mumbai often face alienation due to poor living conditions, lack of 
access to basic services, and exclusion from the city’s economic prosperity.

	� Despite these challenges, many residents develop an existential insideness over time by 
forming strong community bonds within the slums. For example:
	� Informal networks for employment and mutual aid create a sense of belonging.
	� Cultural festivals like Ganesh Chaturthi foster shared identity among residents.

	� Dharavi exemplifies the dual experience of existential outsideness (alienation) and 
insideness (community integration) within the same urban space.

Case study: The Sevagram Ashram in Maharashtra reflects Gandhian ideals of 
sustainable development and rural self-reliance.

	� Gandhi envisioned villages as self-sufficient units based on traditional knowledge 
systems, local resources, and community cooperation.

	� Sevagram was developed as a model village emphasizing:
	� Sustainable agriculture using organic methods.
	� Cottage industries like khadi production to promote economic self-reliance.
	� Spatial planning that integrates human needs with environmental conservation (e.g., 

water harvesting techniques).
	� This idealistic vision influenced India’s rural development policies post-independence, 
such as the Community Development Programme (1952).
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Concept of place and placeness

Social Relevance Movement 

The concept of place and placeness in humanistic geography emphasizes the emotional and cultural significance 
individuals attach to specific locations, highlighting how personal experiences, memories, and meanings shape 
human interactions with their environment.

The Social Relevance Movement emerged in the 1960s and 1970s as a reaction to the perceived lack of societal impact 
in academic geography. This movement called for geography to address pressing social issues, such as inequality, 
poverty, urbanization, and environmental degradation.

	� The movement arose during a period of global socio-political upheaval, including civil rights movements, anti-war 
protests, and environmental activism. Geographers began questioning the discipline’s focus on abstract theories 
and quantitative methods, arguing for a more applied and socially engaged approach.

	� Impact on Geography:
	� Shift from purely academic research to applied studies addressing real-world problems.
	� Growth of subfields like urban geography, feminist geography, and critical geography.

Edward Relph : Place and placelessness Yi -fu Tuan : place and space

Concept of Place: Edward Relph, in his seminal work “Place 
and Placelessness” (1976), explores the notion of place from a 
humanistic perspective. 

	� According to Relph, places are more than just physical locations; 
they are centers of meaning that contribute to our sense of 
identity and belonging. 

	� He argues that meaningful places are characterized by their 
distinctive qualities and the emotional connections people have 
with them.

Concept of Placelessness: Relph also discusses the concept of 
“placelessness,” which refers to the erosion of unique qualities 
of places due to homogenizing forces such as globalization 
and standardization. 

	� In a state of placelessness, places lose their individuality and 
become indistinguishable from one another. This can lead to a 
sense of alienation and detachment as the local character of 
places diminishes. 

	� Relph attributes placelessness to the spread of similar 
architectural styles, commercial chains, and standardized urban 
planning, which contribute to a loss of local distinctiveness.

Relevance Today -   Relph’s work remains relevant in addressing 
urban homogenization due to globalization, promoting 
sustainable communities that preserve local identity, and 
examining technology’s impact on human-place relationships in a 
digitally connected world.

Concept of Place: Yi-Fu Tuan, in his work 
“Space and Place: The Perspective of 
Experience” (1977), also explores the 
nature of place but from a slightly different 
angle. 

	� Tuan distinguishes between “space” and 
“place,” arguing that space is a more 
abstract and general concept, while 
place is a more specific and meaningful 
entity. 

	� For Tuan, places are created through 
human experience and attachment. 
He emphasizes the emotional and 
psychological dimensions of place, 
including how people develop attachments 
and identities associated with specific 
locations.

	� Experience and Meaning: He contends 
that the meaning of a place is constructed 
through personal experiences and 
cultural contexts. By examining how 
people interact with and ascribe meanings 
to their surroundings, Tuan highlights 
the ways in which places contribute to 
individual and collective identities.

Early Phase: Spatial
distribution of 
social groups 

Quantitative Revolution: 
Data analysis and 

patterns  

Radical Turn: 
Inequalities and 
capitalism's role   

Cultural Turn: Identity 
and representation  

Modern Integration: 
Globalization and 

social justice

Pre-1960s 1960s 1970s 1990s Contemporary 
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Welfare Geography
Welfare geography looks at spatial aspects of well-being 
and social equity. It explores how geographic factors impact 
access to resources and services.
For example, researchers might study how the distribution of 
healthcare facilities affects access to medical services in rural 
versus urban areas, highlighting disparities in health outcomes 
based on location.

Relevance of welfare approach in Addressing Social Justice and Inequality
	� Tackling Poverty: Redistributes wealth through measures like progressive taxation, UBI, and subsidies for services 
to bridge socio-economic gaps.

	� Promoting Gender Equality: Challenges patriarchy and supports women through policies like equal pay and maternal 
health programs.

	� Reducing Racial and Ethnic Disparities: Implements affirmative action and representation to address historical 
injustices.

	� Healthcare Equity: Ensures universal healthcare access to eliminate disparities in health outcomes.
	� Climate Justice: Protects vulnerable communities from climate change while promoting sustainable development.

The welfare approach plays a crucial role in promoting social justice by addressing systemic inequalities in access to 
resources and opportunities. By focusing on equity, inclusion, and human rights, it provides a roadmap for creating a 
fairer society where marginalized groups can thrive.

Components of the Welfare Approach 

Focus on Equity 
Prioritizes resource 
distribution based 
on need �

Social Protection 
Advocates for tools 
like taxation and 

Systemic Change
Seeks to

transform unjust
systems

Human Rights 
Framework 

Emphasizes dignity 
and freedom from 

discrimination 

In the spatial context, Smith defined welfare geography as the study of “who gets what, where and how.”

D.M. Smith’s framework of welfare geography analyzes spatial inequality by examining the distribution of resources 
and opportunities across populations and regions.
Below is an expanded explanation with examples:

	� Who: Identifying Beneficiaries and Marginalized Groups: “Who” refers to population subgroups defined by 
income, caste, ethnicity, or location.
	� Example: In Mumbai, affluent urban elites benefit from privatized healthcare and luxury housing, while informal 

settlement dwellers (e.g., Dharavi) lack basic sanitation.
	� What: Distribution of “Goods” and “Bads”: “What” includes access to goods (services, infrastructure, 
opportunities) and exposure to bads (pollution, crime, displacement).
	� Goods: Urban metro systems (e.g., Delhi Metro) improve mobility for city residents but exclude remote villages. 
	� Bads: Industrial zones in Singrauli, MP, expose marginalized communities to coal dust and water contamination.

	� Where: Spatial Disparities in Resource Allocation: “Where” highlights geographic inequities in living standards.
	� Example: Healthcare: Delhi’s AIIMS hospital serves millions, while rural Chhattisgarh struggles with one doctor 

per 10,000 people.
	� How: Processes Creating Inequality: “How” examines systemic mechanisms driving disparities:

	� Policy biases: Smart Cities Mission prioritizes urban centers like Indore, sidelining peri-urban slums.
	� Economic systems: Neoliberal reforms enable corporate land acquisition in tribal belts (e.g., POSCO steel 

plant in Odisha).
	� Historical legacies: Colonial-era railways still concentrate economic activity in metros like Kolkata and Mumbai.

Case study: Oxfam’s Multidimensional Approach to Inequality

Oxfam International works with communities in 79 countries to tackle systemic inequalities through policies that 
promote gender justice, social protection systems, and economic empowerment of marginalized groups. For 
example, Oxfam campaigns for fair wages and equitable resource distribution as part of its vision for a just economy.
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Radical geography

Origin of Radical geography

Feminist geography

Radical geography within the humanistic approach focuses on understanding and challenging the power structures, 
inequalities, and social injustices embedded in spatial relationships. It seeks to uncover how social, economic, and 
political forces shape the experiences of marginalized groups, emphasizing the need for transformative social change 
and the liberation of oppressed communities through a rethinking of geographical spaces and their use.

The origin of radical geography can be traced to the radical geography movement which started in the 1960s in the USA. 
There were three prominent issues of international concern behind the movement, viz., 

	� the Vietnam War, 
	� the civil rights movement of the Blacks, and 
	� the all-pervasive phenomenon of poverty in urban ghettos which generated social tension.

Feminist geography explores how gender influences spatial relationships and experiences. It examines how women 
and marginalized genders experience and navigate spaces differently than men, often highlighting issues of inequality 
and power dynamics. 
For example, feminist geographers might study how urban planning and public transportation systems affect 
women’s safety and mobility, or how gendered divisions of labor impact access to resources and opportunities in 
different regions.

Phases in development of feminist approach: Pratt identifies three phases in the development of feminist approach

Feminist geography enhances human geography by challenging traditional views, addressing gender in spatial 
processes, and promoting inclusive approaches to understanding and shaping environments. 

Main approach adopted by radical geographers Criticism against the radical geography

	� The radicalists put emphasis on the need for a 
revolution in both theory and practice of geography. 
Thus, the radical approach is value-based, especially 
the theory of labour value, as against the supposedly 
valuefree approaches. 

	� Radicalists stress that, with the changing production 
techniques, the symbiotic relationship between 
human beings and the environment also changes 
accordingly (a relationship from which the vital 
elements of the composition of society arise). 

	� Radicalism reduces human beings to a passive 
existence in the field of historical and structural 
determinism. Rather than being a product of history, 
human beings become the creators of history.

	� The radicalists are victims of Marxist orthodoxy; 
thus they stress more on time over space.

	� The radicalists lack flexibility in a fast- changing 
world of knowledge. So, the radical interpretation of 
geography suffers from an undue dogmatic analysis 
of ‘space’.

Case study: The Zapatista movement in Chiapas, Mexico,

It illustrates radical geography in action. Originating in 1994, indigenous communities rebelled against economic 
globalization and government neglect, reclaiming land for communal use. Their struggle reflects a radical approach to 
geography, challenging dominant power structures and advocating for grassroots democracy and social justice. 

Phase 1-mid to late 1970s 
This phase is called the 
Geography of Women. 
It was characterized by a 
topical focus on description of 
the effects of gender inequality. 
The geographical focus in 
study, consisted of analyzing 
the constraints of distance and 

Phase 2- early to the late 
1980s 
It is termed as Socialist-
Feminist geography. 
It was characterised by 
topical focus on explanation 
of gender, inequality, and 
relation between capitalism 
and patriarchy. 
The geographical focus in 
study, consisted of spatial 
separation, place, and 

Phase 3-late 1980s to the 
present 
It is named as Postcolonial 
Feminist Geography. 
Topical focus in this phase 
consists of the consideration of 
gender identities, difference 
among women, gender and 
nature and gender and 
nationalism
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Case study: Feminist Approach in Human Geography

	� Gender Mainstreaming in Policy: Feminist geographers have influenced policies to ensure gender-inclusive 
urban planning, as seen in Sweden and Canada.

	� Women’s Safety in Public Spaces: Initiatives like Delhi’s Safe Cities project address gender-based violence 
through better lighting, women-only transport, and policing.

	� Redefining Gender Roles: Policies in Norway promote workplace flexibility and paternal leave for equitable 
domestic work distribution.

	� Climate Change and Gendered Impact: Women-led environmental programs in Bangladesh highlight the 
disproportionate impact of climate change on women.

	� Land Rights in Rural Areas: Feminist research in Kenya influenced legal recognition of women’s inheritance and 
land ownership rights.

Feminist geography has reshaped policies, challenged gender disparities, and promoted inclusivity in human 
geography.

Modernism, Postmodernism, and Structuralism

Concept Definition Core Ideas Example in Geography

Modernism in 
Geography

Emphasizes rationality, 
objectivity, and progress 
through scientific methods. 
Closely associated with the 
Quantitative Revolution of 
the 1950s-60s, which aimed 
to make geography a spatial 
science.

	� Focus on universal laws 
and theories to explain 
spatial patterns. 

	� Use of mathematical 
models, statistical 
techniques, and 
empirical research. 

Central Place Theory 
(Walter Christaller): 
Explains the spatial 
arrangement of settlements 
based on economic 
principles of efficiency and 
accessibility.

Postmodernism 
in Geography

Critiques modernism’s 
universalizing tendencies, 
emphasizing diversity, 
subjectivity, and 
deconstructing grand 
narratives.

Rejects fixed truths or 
universal theories; focuses 
on local contexts and 
multiple perspectives.
Challenges binary 
oppositions (e.g., urban/
rural) and explores power 
dynamics.

Postmodern Urban 
Landscapes: Cities like Las 
Vegas show fragmented, 
diverse architecture, 
reflecting postmodern 
aesthetics and social 
inequalities.

Case study: The Burgess Concentric Zone Model (1925)

Case study: Edward Soja’s Postmodern Geographies (1989)

A prominent example is the work of the Chicago School of Sociology, particularly Ernest Burgess’s Concentric 
Zone Model. Burgess analyzed urban growth in Chicago during the early 20th century, a period of rapid 
industrialization and urbanization.

	� Modernist Approach: The model divides the city into concentric zones based on socio-economic functions, 
such as the central business district (CBD), transitional zones, working-class housing, and commuter zones.

	� Significance: The model reflects modernist ideals of order, predictability, and universal applicability. It 
provided a foundation for later urban planning theories.

Postmodernism in geography critiques universal theories and emphasizes diversity, fragmentation, and the 
multiplicity of perspectives. 

In his book Postmodern Geographies, Edward Soja examined Los Angeles as a fragmented, decentralized city 

https://visionias.in/
https://visionias.in/
tel:+918468022022/


177

Structuralism 
in Geography

Seeks to uncover deep 
structures underlying human 
behavior and spatial patterns.

	� Human actions are 
shaped by underlying 
structures (e.g., social 
norms, economic 
systems). 

	� Often intersects with 
Marxist approaches to 
analyze power dynamics 
in spatial systems.

Marxist Structural Analysis 
(Richard Peet): Analyzes 
how capitalism creates 
inequality in urban spaces 
(e.g., gentrification displacing 
marginalized communities).

shaped by globalization, flexible economies, and cultural pluralism.
	� Postmodernist Approach:

	� Soja highlighted the juxtaposition of wealth and poverty, ethnic diversity, and architectural eclecticism 
in Los Angeles.

	� He critiqued traditional urban theories that failed to capture the complexity of postmodern cities. The city was 
described as a “collage city,” reflecting the breakdown of modernist order.

	� Significance: It emphasized the importance of studying marginalized groups and alternative spatial narratives.

Case study: Urban Space in Paris (1960s)

Lefebvre analyzed how capitalist forces shape urban spaces in Paris during its modernization phase in the mid-
20th century.

	� Structuralist Approach:
	� Lefebvre argued that space is not just a backdrop for social activity but is actively produced through 

economic, political, and social processes.
	� He identified three dimensions of space:

	● Perceived space: Physical spaces as experienced daily (e.g., streets, buildings).
	● Conceived space: Abstract representations by planners or architects (e.g., blueprints).
	● Lived space: Spaces imbued with meaning through lived experiences (e.g., cultural symbolism).

	� Significance: Lefebvre’s work revealed how power structures (e.g., capitalism) influence spatial organization 
and social inequality. His ideas influenced critical geography and Marxist urban studies.

Cultural turn 
According to Aitken and Valentine, the Cultural Turn is the trend in the late twentieth and early twenty-first centuries 
which has seen the increasingly focus of geographical studies on culture.

The cultural turn emphasized that individual’s Sense of Place, Identity and Geography:
	� Complex and Inter-related: Identities are often tied to specific places where people have personal, historical, and 
cultural connections.
	� For example, someone’s national identity might be linked to a particular country, while their sense of belonging 

might be connected to a specific neighborhood or town.
	� Influence of Mobility and Migration: People’s mobility and migration patterns can influence their sense of identity. 
Moving to a new place can lead to changes in identity as individuals adapt to new cultural norms and social contexts.

	� Not Passively Determined: Identity is not passively determined but is shaped by an individual’s aspirations and 
constant endeavor to shape the environment according to those aspirations.

Relationship between Identity, Place and Geography:
	� Place: Place describes the Physical and Human characteristics of any location on Earth. Places are not mere 

These frameworks have shaped geographical thought significantly. Modernism introduced scientific rigor through 
quantitative methods, Postmodernism emphasized culture, identity, and representation, and Structuralism focused on 
the hidden forces shaping spatial systems. Each approach contributed uniquely to the development of geography.
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Time space geography and changing concepts 
	� It is a theoretical framework that explores the interactions between individuals, their activities, and the constraints 
of time and space.

	� The concept revolutionized transportation accessibility research and continues to influence various fields, 
from city planning to social equity. However, the rise of information and communication technologies (ICTs) 
necessitates a re-evaluation of traditional time-space geography concepts.

static locations but dynamic spaces where human-environment 
interactions occur.

	� Identity refers to the key traits that define a specific place, i.e., city, 
village, region or nation, etc. The degree to which an individual or 
group feels a connection to the place they call home.

	� Geography: Geography emphasizes spatial aspects of human 
activities and how they are influenced by the physical environment.

The cultural turn in geography has helped to shed light on the complex 
and multi-faceted relationships which exist between Identity, Place 
and Geography, and has provided new insights into the ways in which 
people experience and interact with their environment. VALUES & TRADITIONS- 

HISTORY 
LIFESTYLES 

TECHNOLOGY-
INFRASTRUCTURE 

SOCIALL STRUCTURE- 
POLITICAL STRUCTURE 

LANGUAGE- 

-LOCATION 
-TOPOGRAPGY 
-TEMPERATURE 
-PRECIPITATION 
-RIVERS 
-VEGETATION 
SOIL 
-CONNECTIVITY 

EUROPEANS 
AMERICANS 

SOUTH ASIANS 
AFRICANS 
TRIBALS 

ABORIGINES 
SOUTH INDIANS  

IDENTITY 

HOW GEOGRAPHY SHAPES CULTURE & IDENTITY

GEOGRAPITY 

Key Concept Description

Space-Time 
Path

	� Represents an individual’s movement through three-
dimensional space, where the x and y axes denote the 
physical plane and the z-axis represents time. 

	� A stationary individual’s path appears vertical, while 
movement creates a sloped line—steeper slopes indicate 
faster travel. 

	� The integration of ICTs adds complexity by blending virtual 
and physical mobility.

Constraints

	� Capability Constraints – Physical limitations (e.g., inability to travel instantaneously). 
	� Coupling Constraints – Need to be at a specific location for interaction (e.g., workplace, 
supermarket). 

	� Authority Constraints – Institutional or individual restrictions on access (e.g., military 
bases, private clubs).

ICTs Impact: Online activities (e.g., shopping, teleworking) challenge traditional constraints 
of distance and accessibility.

Space-Time 
Prism

	� Represents all reachable locations within a given timeframe, considering maximum 
speed. A wider prism means greater travel options. 

	� Virtual spaces complicate this concept, as access depends on physical ICT 
infrastructure.

Stations

	� Fixed locations where individuals engage in activities and paths intersect (e.g., 
workplaces, shops). 

	� ICTs have created virtual stations (e.g., online stores, social networks), blurring 
traditional boundaries.

 

Time

space

Market

Home
Work Child’s

School
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Geographical Information Systems (GIS), with their ability to integrate spatial and temporal data, hold potential 
for analysing complex time-space behavior in the digital age.
Hägerstrand’s time-space geography revolutionized human geography by introducing a dynamic perspective on 
spatial behavior. It remains influential in fields such as urban planning, transport geography, sociology, anthropology, 
and environmental science

Kuhn’s concept of paradigm shifts provides a valuable framework 
for understanding the evolution of geographical thought. 
In his 1962 work “The Structure of Scientific Revolutions,” 
Kuhn argued that scientific progress occurs not linearly but 
through revolutionary paradigm shifts—broad frameworks guiding 
research and thought.

Phases of Scientific Development - Kuhn proposed that scientific progress occurs through distinct phases, rather 
than in a linear or cumulative manner:

Kuhn’s concept of paradigms and crisis periods revolutionized our understanding of scientific progress. By highlighting 
how anomalies lead to paradigm shifts through crises and revolutions.

Kuhn’s Paradigm 

A paradigm is a set of universally recognized 
scientific achievements, concepts, methods, and 
standards that define a discipline at a given time. 
It serves as a framework for conducting “normal 
science,” guiding researchers on what problems 
to study and how to solve them.

new paradigm

paradigm crisis 

anomalies > incommensurability 

normal science 

normal science revolutionary
science

Pre-Paradigm 
Phase

	� No single framework dominates; multiple competing schools of thought exist.
	� Example: Early studies of motion before Newton’s laws.

Normal Science
	� Once a paradigm is established, scientists focus on solving puzzles within its framework, 
refining existing theories.
	� Example: Research in classical mechanics under Newtonian physics.

Crisis Period

	� A crisis emerges when anomalies accumulate that cannot be explained by the current 
paradigm.

	� Scientists attempt to resolve these anomalies, but failures weaken confidence in the paradigm.
	� Example: The inability of Newtonian physics to explain blackbody radiation or the orbit of 

Mercury.

Scientific 
Revolution

	� A new paradigm emerges that explains the anomalies and offers a fundamentally different 
perspective.

	� This shift is often incompatible with the old paradigm (incommensurability)
	� Example: The shift from Ptolemaic geocentrism to Copernican heliocentrism or from 

Newtonian mechanics to Einstein’s theory of relativity.

Post-
Revolution 
Normal Science

	� The new paradigm becomes dominant, leading to another period of normal science.
	� This cycle repeats as new anomalies arise.
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Language is a fundamental aspect of human geography as it serves as a primary means of communication and a vital 
carrier of culture, identity, and heritage. 

	� Language and Perception - Language shapes how people perceive the world, influencing social structures, 
power dynamics, and cultural practices.

	� Language as a Repository of Knowledge - Language preserves indigenous knowledge, traditions, and values, 
ensuring cultural diversity and the continuity of communities.

	� Language as a Carrier of Culture - Language conveys the worldview of a community, reflecting its history, beliefs, 
and social norms.
	� For example, the Maasai language includes terms for different cattle, highlighting their strong connection to 

pastoralism.

Language

Case study: Quantitative Revolution as a Kuhnian Paradigm Shift

	� Old Paradigm: Geography was dominated by regionalism and descriptive studies, with scholars like Richard 
Hartshorne focusing on areal differentiation.

	� Crisis Phase: Dissatisfaction grew due to the lack of general theories and scientific methods, highlighted by 
Harvard’s geography department closure in 1948.

	� Emergence of New Paradigm: Inspired by economics and physics, geographers adopted quantitative methods, 
with scholars like Bunge, Haggett, and Harvey applying statistical techniques.

	� Impact of the New Paradigm: Geography gained scientific credibility, advanced with GIS, and shifted focus from 
description to analyzing spatial patterns.

	� Post-Paradigm Developments: The overemphasis on numbers led to backlash and the rise of critical geography 
and humanistic approaches in the 1970s.

Social and cultural aspects: languages, religions, secularisation 
and cultural regions of the world

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Analyse the effects of globalisation on languages.
( 10M, 2022)

2)	 Culture is a dynamic concept. Elucidate with 
examples.(20M, 2022)

3)	 “A language originates at a particular place and 
diffuses to other locations through the migration 
of its speakers.” Examine this statement in the 
context of language hot spots and endangered 
language hotspots. (10M, 2019)

4)	 Globalisation can often subsume the folk culture. 
What are its positive and negative effects?( 15M, 
2019)

5)	 The traditional cultural identities are at loss with 
the growth of global connectivity. Explain.(10M, 
2017)

6)	 Cultural regions are the most suited units to study 
the diversity of an area. Comment. (15M, 2015)

7)	 Indo- gangetic hearth is considered to be one 
of the world’s richest cultural realms. Examine.( 
15M, 2014)

	� The last question on this topic appeared in 2022, 
with previous occurrences in 2019, 2017, and 2015.

	� The questions have largely centered around 
globalization, its impact on languages, cultures, 
and cultural identities, with a particular focus on 
language diffusion. Additionally, cultural regions 
and the significance of the Indo-Gangetic hearth 
have been explored in terms of cultural diversity.

	� For the 2025 examination, it is advisable to 
prepare in-depth on the effects of globalization 
on languages, cultural regions, and traditional 
cultural identities. Focus should be on religious 
diffucsion and new cultural hearths. 
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The linguistic landscape of the world is characterized by a rich diversity of languages, with over 7,000 spoken globally. 

World’s Linguistic Landscape

Language Family Languages Geographical Distribution

Indo-European -  The 
largest and most widespread 
language family, spoken by 
nearly half of the world’s 
population.  

English, Hindi, Spanish, 
Russian, Bengali, 
Portuguese, German, French, 
Persian, etc.

Europe: Nearly all countries (e.g., English in the 
UK, French in France). 
Asia: India (Hindi), Iran (Persian), Pakistan 
(Urdu), parts of Central Asia. 
Americas: Dominant in North and South 
America due to colonization (e.g., English, 
Spanish, Portuguese). 
Oceania: Australia and New Zealand (English). 
Africa: South Africa (Afrikaans) and colonial 
languages like French and English.

Sino-Tibetan - The second-
largest family by speakers, 
encompassing East and 
Southeast Asia.

Mandarin Chinese, 
Cantonese, Burmese, 
Tibetan.

East Asia: China (Mandarin), Taiwan (Hokkien), 
Tibet (Tibetan). 
Southeast Asia: Myanmar (Burmese) and parts 
of Thailand.

Afro-Asiatic - Spoken 
primarily in North Africa, 
the Horn of Africa, and the 
Middle East.

Arabic, Hebrew, Amharic, 
Somali.

North Africa: Arabic dominates from Morocco 
to Egypt. 
Middle East: Arabic is widespread; Hebrew is 
spoken in Israel. 
Horn of Africa: Amharic in Ethiopia; Somali in 
Somalia.

Niger-Congo - The largest 
language family in Africa by 
number of languages.

Swahili, Yoruba, Zulu, Shona. Sub-Saharan Africa: Dominates West Africa 
(Yoruba in Nigeria), Central Africa (Lingala), 
East Africa (Swahili), and Southern Africa (Zulu).

Dravidian - Predominantly 
spoken in southern India and 
parts of Sri Lanka

Tamil, Telugu, Kannada, 
Malayalam

South Asia: Tamil Nadu (Tamil), Andhra 
Pradesh (Telugu), Karnataka (Kannada), Kerala 
(Malayalam). Sri Lanka: Tamil is widely spoken.

Austroasiatic - Found 
mainly in Southeast Asia and 
parts of India.

Khmer (Cambodia), 
Vietnamese, Santali.

Southeast Asia: Cambodia (Khmer), Vietnam 
(Vietnamese). 
South Asia: Eastern India (Santali).

Austronesian - Spanning 
from Southeast Asia to the 
Pacific Islands.

Tagalog (Philippines), 
Javanese (Indonesia), 
Hawaiian.

Southeast Asia: Indonesia (Javanese), 
Philippines (Tagalog). 
Pacific Islands: Polynesian languages like 
Hawaiian and Maori.

Uralic - Found mainly in 
Northern Eurasia.

Finnish, Hungarian, Estonian. Europe: Finland (Finnish), Hungary 
(Hungarian), Estonia (Estonian).

Altaic - Includes Turkic, 
Mongolic, and Tungusic 
languages. (Controversial 
classification)

Turkish, Uzbek, Mongolian. Central Asia: Turkey to Mongolia.
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Impact of Globalisation on Languages
Globalisation connects cultures worldwide, influencing languages by spreading dominant tongues and threatening 
smaller, local languages.

Impact of Globalization 
on Languages Details

Rise of Global Lingua 
Francas

	� English remains dominant in business, technology, and education and Mandarin 
Chinese is gaining due to China's economic rise. 

Decline of Indigenous 
Languages

	� Urbanization and education systems prioritize dominant languages.

Cultural Homogenization 	� Global media (Hollywood, social media) promotes languages like English, 
marginalizing local languages.

Economic Opportunities 
Driving Language 
Learning

	� People learn global languages like Spanish and South Asian languages like 
Hindi-Urdu and Bengali for better job prospects.

Technological Influence 	� Language technologies (e.g., translation software) promote dominant languages. 
- UNESCO's Language Technologies for All aims to preserve linguistic diversity.

Khoisan - Known for “click” 
sounds; spoken by small 
groups in southern Africa.

Sandawe, Hatsa. Southern Africa: Namibia and Botswana.

Nilo-Saharan - A diverse 
family spread across central 
and eastern Africa.

Luo, Kanuri. Central Africa to Sudan.

Globalization has created both opportunities and challenges for the world’s linguistic landscape. While it promotes global 
lingua francas like English and Mandarin Chinese, it also poses a significant threat to smaller indigenous languages, 
pushing many toward extinction.

	� Endangered Languages - Many smaller languages face extinction due to factors such as the decline in the number 
of speakers, education policies that favor dominant languages, and urbanization. 
	� UNESCO estimates that one language is lost every month, with over 1,500 languages at risk by the end of the 

century without urgent intervention.
	� Preservation of Language by UNESCO - To address this crisis, UNESCO recognizes the importance of preserving 
linguistic diversity as part of global cultural heritage. 
	� It launched the Endangered Languages Programme to safeguard languages at risk of extinction. Through its 

Atlas of the World’s Languages in Danger, UNESCO identifies over 3,000 languages that are facing extinction.
The identification of over 3,000 endangered languages emphasizes the urgent need for preservation efforts. If these 
languages are lost, the cultural knowledge they carry will also be lost, leading to the erosion of unique cultural identities 
and traditional practices across the world.

Preservation of endangered language 

Case study: Revitalization of the Ainu Language in Japan

The Ainu people, an indigenous community in Japan, have seen their language decline due to historical assimilation 
policies. Recognizing the Ainu language as critically endangered, UNESCO supported initiatives to revitalize it.
Efforts include language classes, the creation of educational materials, and the integration of the Ainu language 
into cultural festivals. This preservation effort helps maintain the cultural identity of the Ainu people and revives their 
traditional knowledge systems.
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Hans Carol, a Swiss geographer, developed a model that explains the stages of cultural development in relation to the 
environment and societal needs. His model is often used in cultural geography to understand how human societies 
evolve over time in response to their environment. 

A cultural hearth is a region where significant cultural traits, innovations, and civilizations originated and spread to other 
areas. These regions are often referred to as “civilization incubators” because they fostered advancements in agriculture, 
technology, governance, religion, and art that influenced surrounding regions and the world at large.

Hans Carol - stages of cultural development

Cultural hearth/regions of the world 

Stage Description Example

Primitive 
Stage

Small nomadic groups rely on hunting, 
gathering, and fishing, with minimal 
environmental modification. 

San people of the Kalahari Desert, who lived 
as hunter-gatherers for thousands of years.

Agricultural 
Stage

Domestication of plants and animals leads 
to settled farming communities. Societies 
develop permanent settlements, social 
hierarchies, and organized religions.

Neolithic societies in the Fertile Crescent 
(e.g., Jericho) with early agriculture and 
permanent settlements.

Urban Stage Agricultural surplus fuels urbanization, 
leading to specialized occupations, 
governance, trade, and cultural 
advancements. Cities reshape the 
environment.

Ancient Mesopotamian city-states (e.g., Ur, 
Babylon) with advanced social and political 
structures.

Industrial 
Stage

The Industrial Revolution brings 
mechanization, mass production, 
urban expansion, and environmental 
exploitation. Culture evolves with rapid 
technological progress.

18th-19th century Britain, where factories 
and industrialization reshaped society and work 
patterns.

Post-
Industrial 
Stage

Service-based economies, digital 
technology, and globalization define 
society. Sustainability and environmental 
concerns gain prominence.

Modern U.S. and Western Europe, with a 
focus on information technology and social 
equity.

Maya 
and Aztec

West 
Africa

Egypt

Indus
valley

Ganges

Hwang Ho

Mesopotamia

Inca
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Cultural Hearth Location Contributions Influence

Mesopotamia 
(Fertile 
Crescent)

Modern-day Iraq 
(Tigris-Euphrates 
River Valley)

Development of agriculture and 
irrigation systems.Creation of city-
states like Uruk and Babylon. 

Spread to the 
Mediterranean, South Asia, 
and beyond through trade 
networks.

Nile River Valley 
(Egypt)

Northeastern Africa 
along the Nile River

Monumental architecture (e.g., 
pyramids).  Complex religious 
beliefs centered around gods like 
Ra and Osiris.

Influenced North Africa, the 
Mediterranean, and later 
Greco-Roman civilizations.

Indus Valley 
Civilization

Modern-day 
Pakistan and 
northwest India 
(Indus River)

Urban planning with grid layouts 
(e.g., Mohenjo-Daro, Harappa). 
Sophisticated drainage systems. 

Shaped South Asian 
culture and influenced trade 
with Mesopotamia.

Yellow River 
Valley (China)

Northern China 
along the Yellow 
River (Huang He)

Agricultural innovations like rice 
cultivation. Philosophical systems 
like Confucianism and Daoism. 

Profoundly shaped East 
Asian civilizations.

Andean Region 
(South America)

Andes Mountains 
in modern-day Peru

Terraced agriculture for high-
altitude farming (e.g., potatoes). 
Advanced engineering feats.  
Sophisticated road systems 
connecting vast territories.

Spread agricultural 
practices across South 
America.

West Africa 
(Niger River 
Basin)

Regions around 
modern-day Mali, 
Ghana, Nigeria

Early ironworking technologies 
by the Nok culture. - Agricultural 
innovations supporting dense 
populations. - Oral traditions 
influencing African cultures.

Bantu migrations spread 
these cultural traits across 
Sub-Saharan Africa.

Modern Cultural Hearths Concept of Sequent Occupance

In contemporary times, urban centers have emerged as 
modern cultural hearths due to globalization.

Sequent occupance is a geographical concept 
introduced by Derwent Whittlesey in 1929. It describes 
how successive societies or cultural groups leave their 
imprints on a particular landscape over time, creating 
a layered cultural and physical environment.

This concept emphasizes the cumulative impact of 
human occupation in shaping the cultural landscape of 
a region.
sequent occupance is vital in geography for understanding 
how past societies shape present landscapes. 

Modern cultural hearths

New York City 
Financial and media 
hub setting global 

cultural trends. 

Tokyo 
Fashion and 

technolog
 trendsetter in 
global culture.  

Paris 
Art and fashion capital

influencing global 
creative scenes.  

Silicon Valley 
Technological

 innovation leader 
driving global 

communication. 
Temporal Layers Applications

Sequent
Occupance 

Cultural Landscape Interconnected Stages 

Historical Geography 

Urban Development 

Cultural Imprints

Economic Imprints

Physical Imprints

Predecessor Links

Successor Links

Historical Reflection 

Settlement Patterns
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Religious diffusion refers to the spread of religious beliefs, practices, and ideas from their place of origin to other 
regions and cultures. Religious diffusion shapes the spatial distribution of religions across the globe and reflects historical, 
social, and political processes.
This process occurs through various mechanisms of cultural diffusion, such as relocation, hierarchical, contagious, 
and expansion diffusion.

Religious Diffusion

Relocation Diffusion - When people move to new areas and bring their religion.
Example: 

Hierarchical Diffusion - Influential leaders adopt and promote a religion, leading others to follow.
Example: Emperor Constantine adopts Christianity, spreading it across Europe. 

Contagious Diffusion - Religion spreads through direct contact and proselytizing.
Example: Early spread of Islam in Arabia through Prophet Muhammad's preaching. 

Expansion Diffusion - Religion spreads outward but stays strong in its original location.
Example: Christianity spreads from the eastern Mediterranean to Europe while remaining strong in its 
birthplace.

Impact of Religious Diffusion on Cultural Landscapes

Architectural and Urban 
Changes

	� Religious structures (temples, churches, mosques) shape physical landscapes 
and urban design. - Sacred spaces (pilgrimage routes, holy sites) influence city 
layouts and cultural significance.

Cultural Practices and 
Traditions

	� Religious festivals and rituals shape public celebrations and community life. 
	� Dietary restrictions influence local cuisine.

Social and Cultural 
Integration

	� Religious diffusion blends new elements with existing traditions (cultural 
syncretism). 

	� Religious beliefs influence social roles and community organization.

Education and Knowledge 
Dissemination

	� Religious institutions shape educational practices and curricula. 
	� Religious institutions preserve cultural and historical knowledge.

Political and Economic 
Influence

	� Religious institutions and leaders influence political decisions. 
	� Religious practices impact tourism, economy, and contributions from organizations.

Case study:  Islam diffusion

	� Originated in Mecca and Medina (Arabian Peninsula) and expanded rapidly through contagious diffusion during 
early proselytizing efforts.

	� Hierarchical diffusion occurred during Islamic empires’ military conquests, such as those under the Umayyad 
Caliphate.

	� Relocation diffusion brought Islam to regions like Indonesia via Indian Ocean trade.
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The Human Development Index (HDI) is a United Nations measure that evaluates countries’ well-being based on health, 
education, and standard of living.

Human development report 2023-24 ( data and facts ) 
	� HDI Score: India attained an HDI score of 0.644 in 2023, positioning it at 134 out of 193 countries in the UN’s 2023-
24 report. 

	� Top Three Countries (Scores): Switzerland (0.967), Norway (0.966) and Iceland (0.959).
	� Bottom Three Countries: Somalia (0.380), South Sudan (0.381), Central African Republic (0.387).
	� India’s neighbours - Sri Lanka (78) and China (75) are ahead of India, which is ranked below Bhutan (125) and 
Bangladesh (129), all in the Medium Human Development category. Nepal (146) and Pakistan (164) have lower 
rankings than India.

Human development index 

Human Development Index

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 What is the relation between gender equity and human 
development? Provide a list of commonly used gender 
related indices. ( 15M, 2023)

2)	 Write an essay on gender equity and equality in India in the 
context of balanced human development. ( 15M, 2020)

3)	 HDI has brought about a paradigm shift in the way people 
think about the development process. Critically examine 
the inherent limitations of HDI.(20M, 2019)

4)	 Explain the parameters for assessment and spatial pattern 
of human Development Index in the world. (15M, 2013)

5)	 Critically examine the method of deriving Human 
Development index. (30M, 2010)

	� The last question on this topic appeared 
in 2023, with prior occurrences in 2020, 
2019, 2013, and 2010.

	� The questions primarily focus on gender 
equity and human development, with 
particular emphasis on the relation 
between gender equity and human 
development, gender-related indices, 
and the limitations of HDI. 

	� For the 2025 examination, it is important 
to prepare thoroughly on the relation 
between gender equity and human 
development, particularly in the context 
of India. Special focus should be placed 
on Additional indicators of HDI. 
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Aspect Details

Inclusion of 
Inequality

Inequality-Adjusted HDI (IHDI): Adjusts for inequality in the distribution of each human 
development dimension. - Gini Coefficient: Measures income or wealth distribution, 
highlighting economic inequality.

Broader 
Dimensions of 
Well-being

Quality of Life Indicators: Includes health, environmental quality, and personal well-being 
for a fuller picture of development. - Social and Cultural Dimensions: Assesses cultural 
participation, social integration, and access to cultural activities.

Environmental 
Sustainability

Ecological Footprint: Evaluates the impact of human activities on the environment to assess 
sustainability. - Sustainable Development Goals (SDGs): Focuses on climate action, clean 
water, and sustainable cities, connecting development with environmental sustainability.

Economic and 
Employment 
Factors

Job Quality: Includes job security, working conditions, and fair wages for a deeper 
understanding of economic well-being. - Income Distribution: Analyzes income distribution 
and poverty rates to reveal disparities and insights into economic development.

Intergenerational 
Perspectives

Generational Equity: Assesses how current development impacts future generations, ensuring 
progress is sustainable and equitable over time.

Case study:  New Zealand: Incorporating Indigenous Perspectives in HDI

	� New Zealand, with an HDI of 0.937, has been working to incorporate Māori perspectives into its human development 
measurements. The country has developed complementary indices that consider factors such as cultural identity, 
environmental stewardship, and community vitality. 

	� This approach, while not directly altering the HDI calculation, provides a more comprehensive view of well-being 
and development. This case study illustrates efforts to address one of the key limitations of HDI – its lack of 
cultural and environmental considerations.

Indices of Human Development (Beyond HDI)

Some key areas to consider in HDI to make it comprehensive

Index Purpose Key Features Relevance

Human Development 
Index (HDI)

Measures basic human 
development using three 
dimensions.

Health (life expectancy), 
education, and income.

Widely used for global 
human development 
comparison.

Inequality-Adjusted 
HDI (IHDI)

Adjusts HDI to reflect 
inequality in distribution.

If no inequality, IHDI = HDI; 
Greater inequality lowers IHDI.

Offers a more realistic 
view of human 
development.

Gender Development 
Index (GDI)

Measures gender 
disparities in 
development.

Ratio of female HDI to male 
HDI (closer to 1 = more 
equality).

Highlights gender 
gaps in resources and 
opportunities.

Gender Inequality 
Index (GII)

Measures gender-based 
inequalities.

Covers reproductive health, 
empowerment, and labor 
force participation.

Shows how gender 
inequality affects 
development.

Multidimensional 
Poverty Index (MPI)

Assesses poverty 
beyond income.

Covers health, education, 
and living standards.

Identifies multiple 
deprivations at the 
household level.
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Augmented HDI 
(AHDI)

Adds civil and political 
freedom to HDI.

Includes democracy, political 
rights, and long-term data.

Expands HDI by 
integrating freedom 
and rights.

Physical Quality of 
Life Index (PQLI)

Measures basic well-
being.

Uses infant mortality rate, 
life expectancy at age one, 
and literacy rate.

Early measure of 
physical well-being 
before HDI.

Gross National 
Happiness Index 
(GNH)

Measures happiness 
and holistic well-being.

Covers psychological well-
being, culture, governance, 
and environment.

Challenges GDP-
centric development 
measures.

World Happiness 
Report

Assesses happiness 
levels across countries.

Factors include income, 
social support, life 
expectancy, freedom, and 
corruption.

Highlights 
psychological 
dimensions of 
development.
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ECONOMIC GEOGRAPHY
Syllabus - World economic development: measurement and problems; World resources and their distribution; Energy 
crisis; the limits to growth; World agriculture: typology of agricultural regions; Agricultural inputs and productivity; Food 
and nutritions problems; Food security; famine: causes, effects and remedies; World industries: location patterns and 
problems; Patterns of world trade.

Economic Development and Growth: World Economic 
Development: Measurement and Problems, The Limits to Growth.

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Explain population, resource use and 
development nexus in the Limits to Growth 
Model, Why has this model been criticized 
intensively? (15M, 2023)

2)	 2) Where economic growth is sustained 
over long time periods, its incidence works 
towards a progressive integration of the 
space economy.” Elucidate. (10M, 2020)

3)	 3) Discuss in brief the main thesis in 
“Limits to Growth” (1972) and also provide 
a critique of the same. (15M, 2018)

4)	 4) Explain the relevance of bottom- up and 
top- down approaches in the development 
of agrarian economy. (10M, 2014).

	� The last question on this topic appeared in 2023, with 
previous occurrences in 2020, 2018, and 2014.

	� The questions primarily focus on the Limits to Growth 
Model, economic growth, and the integration of space 
economy.In addition, questions on some basic themes of 
economic geography like relevance of bottom up and top 
down economies.

	� For the 2025 examination, it is essential to prepare 
thoroughly on the Limits to Growth Model, focusing on its 
critique and current relevance. In addition we can prepare 
for patterns of economic development across world 
and problems of world economic development.

Economic Development
Economic development refers to the process of improving the economic well-being and quality of life for a community 
or country. It involves increasing the availability of goods and services, improving infrastructure, and enhancing 
the standard of living. It is often measured using various indicators that reflect the health and performance of an 

economy.
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Patterns of Economic Development and alignment with human development 

Problems of world economic development

These indicators, when analyzed together, offer a comprehensive view of an economy’s performance and potential for 
future growth. 

Pattern Description Alignment with Human Developmen

Knowledge-Based 
Economy

	� Emphasizes innovation, technology, and 
human capital. 
	� Examples: Singapore, South Korea, 

which have successfully transitioned to 
high-tech industries.

Encourages education and skills 
development, improving employment 
and living standards.

Trade-Based 
Economy

	� Driven by international trade. 
	� Examples: China, Germany, which have 

boosted their economies through exports.

Increases access to goods/services, 
can improve living standards, but may 
lead to inequality.

Savings-Based 
Economy

	� Relies on savings and investment, often in 
resource-rich nations. 
	� Examples: Saudi Arabia, Norway, which 

invest savings from oil revenues.

Savings fund public services and 
infrastructure, but direct human 
development depends on investment 
in health and education.

Ethnic-Religiously 
Affected Economy

	� nfluenced by ethnic or religious factors. 
	� Examples: Regions where ethnic/

religious tensions hinder economic 
growth.

Can cause inequality and instability, 
negatively impacting human 
development.

Problems Description

Subdued Growth 
Trajectories Below 
Historical Norms

	� Global growth projected at 2.7–2.9% for 2025–2026, below the pre-pandemic 3.2% 
average (2010–2019). 

	� Developing economies face structural headwinds like weak productivity, aging 
populations, and high debt burdens.

Inflation and Monetary 
Policy Challenges

	� Global inflation easing (4.2% in 2025), but persistent risks like sticky service-sector 
prices, double-digit inflation in parts of Africa, and food insecurity exacerbated by 
climate shocks and trade restrictions.

Geopolitical 
Fragmentation and 
Trade Tensions

	� Weaker global growth due to trade restrictions and reshoring policies. U.S.-China 
decoupling continues, and Europe’s growth remains the weakest globally due to 
energy transitions and fiscal austerity.

Debt Crises in 
Developing Economies

	� LICs facing rising debt servicing costs and unable to access affordable financing. 
Countries like Egypt and Nigeria are highly reliant on IMF programs.

Climate Change and 
Energy Transition 
Pressures

	� Extreme weather events disrupting agriculture and supply chains, risking +0.5–1% 
inflation spikes. Green transition costs straining budgets, especially for fossil fuel-
dependent economies.

Uneven Technological 
Dividends

	� While AI adoption boosts certain sectors, developing regions lag due to limited R&D 
investment and skill mismatches.

Demographic 
Headwinds

	� Aging populations in China, Japan, and Europe reducing labor supply. Youth 
unemployment exceeds 20% in parts of South Asia and MENA.
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Concept of the Limits to Growth Model
The “Limits to Growth” model, first issued in 1972 in a report by 
the Club of Rome, aimed to analyze global resource and pollution 
trends. 

Developed by D.H. Meadows, J.W. Forrester, and others at MIT using 
the “System Dynamics” concept, the model sought to determine the 
extent and nature of global resource depletion.

Resources

Food per
capita

Pollution

1900 2100

Industrial
output per 

capita

Population

Major Variables 
Analyzes the interaction of population, 

pollution, resources, industrial output, and 
food per capita.

Finite Resources 
Assumes a finite stock of 

non-renewable resources and 
limited environmental capacity 

to absorb pollutants

Growth Projections 
Projects the consequences of continued 
growth in population, food production, 

industrial output, resource depletion, and 
pollution over time

later runs and Altered 
Assumptions 

Later versions of the model 
adjusted assumptions about 

various factors, creating different 
scenarios with potential 

solutions to the problems of 
overshoot and collapse

Technological Changes 
Major Variables 

Analyzes the interaction of population, pollution, 
resources, industrial output, and food per capita. 
Includes technological advancements like birth 
control, capital productivity, and environmental 

technology such as recycling and pollution control. 

Collapse Scenario 
Projects a potential collapse by 2100 with 

dramatic early 21st-century consequences if 
growth trends from 1900-1970 continued

Criticisms of the “Limits to Growth” Model

Criticism Explanation

Oversimplification and 
Model Limitations

	� Critics argue that the LTG model is overly simplistic, using static assumptions 
and ignoring the complexity of real-world systems, regional differences, and 
local crises.

Underestimation of 
Technological Progress

	� The model underestimates humanity's ability to innovate and address issues like 
resource scarcity, pollution, and food production, making collapse less likely.

Faulty Assumptions and 
Data Sensitivity

	� The LTG model is highly sensitive to initial assumptions on resource limits, 
population growth, and pollution, leading to unreliable and inconsistent predictions.

Misinterpretation of 
Predictions

	� Critics and the public misunderstood LTG as predicting specific dates for 
collapse, when in fact, the report used scenarios to show potential futures, not 
exact forecasts.
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If humanity takes proactive measures to limit population growth, reduce resource consumption, and invest in sustainable 
technologies, the model suggests that it is possible to achieve a stable and sustainable world. In this scenario, 
population and industrial output level off, and resource use and pollution are kept within the planet’s capacity.

Resource

A resource is anything in our environment that can be used to meet human needs and improve lives. For a resource to be 
valuable, it must be technologically accessible, economically feasible, and culturally sustainable .

Neglect of Social and 
Political Factors

	� The model ignores social and political challenges related to zero-growth 
policies, especially in developing countries, such as income distribution and global 
cooperation.

Case study: China’s Rapid Economic Growth and Resource Use

	� China’s economic boom over the past four decades is a classic example of rapid economic growth with intensive 
resource use. The nation’s GDP grew from $305 billion in 1980 to over $14 trillion in 2023, driven by 
industrialization and urbanization. 

	� The aggressive resource exploitation led to severe environmental issues such as air pollution, water scarcity, 
and soil degradation. This aligns with the “Limits to Growth” model which predicts resource depletion and 
environmental degradation due to unchecked growth. 

	� China is investing heavily in renewable energy and green technologies to address these challenges and ensure 
sustainable growth.

Resource Distribution and Management: World Resources and 
Their Distribution,  Energy Crisis

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 While scarcity of water resources is felt locally, but its 
causes are increasingly global.” Comment. (10M, 2024) 

2)	 How is energy transition seen as an instrument for 
achieving zero carbon by 2050? (10M, 2021)

3)	 Identify the causes and effects of energy crisis, and 
suggest suitable measures to solve the problem. (10M, 
2020)

4)	 “The intensity of energy crisis varies regionally.” Explain. 
(15M, 2017)

5)	 Energy mix is a step towards sustainability. Discuss. 
(10M, 2015)

6)	 “World is passing through a global resource dilemma.” 
Comment. (15M, 2014)

7)	 Discuss environmental and economic problems 
associated with coal production. (15M, 2014)

8)	 Analyse the reasons for a comparatively poorer 
development of fishing grounds in tropical area. ( 15M, 
2013)

9)	 Write short note: Role of Venezuela in the production 
and export of oil. (10M, 2013)

10)	Write short note: Countries most effected in case of shut 
down of Nuclear power. (10M, 2013)

	� The last question on this topic appeared in 
2024, with prior occurrences in 2021, 2020, 
2017, 2015, and 2014.

	� The questions focus on energy and water 
resources, addressing issues like scarcity, 
the energy crisis, energy transition, and 
the global resource dilemma. 

	� Topics such as energy mix, coal 
production, and fishing grounds are also 
discussed in the context of sustainability 
and regional disparities in resource 
development.

	� For the 2025 examination, it is essential to 
prepare extensively on the global nature of 
resource scarcity, especially with regard to 
water and energy. 
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Key natural global resources and their distribution

Resource Distribution Key Challenges

Water 
Resources

	� Only 2.5% of Earth’s water is fresh. 
	� Uneven access: North America/Europe 
have abundant freshwater, while the 
Middle East and Africa face extreme 
scarcity (e.g., Qatar: 56 m3/person/
year).

	� 1.8 billion people will face absolute water 
scarcity by 2025 (WEF). 

	� GDP risks: Water stress could reduce GDP 
growth by up to 6% in water-stressed regions. 

	� Infrastructure gaps: 40% water loss in Latin 
America due to leaks.

Global Water Crisis 
The global water crisis is an urgent issue characterized by the scarcity of usable and accessible 
water resources across the world. Currently:

	� 703 million people lack access to water
	� Over 2 billion do not have safe drinking water services.

	� 90% of global fish stocks are fully/over-
exploited (FAO). 

	� Pollution: 11 million tons of plastic enter 
oceans yearly (UNEP). 

	� Key fisheries: North Atlantic and 
Pacific account for 70% of global catch.

	� Overfishing: North Atlantic cod stocks 
collapsed by 90% since the 1970s. 

	� Acidification: Oceans are 30% more acidic 
since the industrial era.

	� Disputes: South China Sea claims affect 
$3.4T annual trade.

Tropical Fishing Grounds
Tropical fishing grounds are located within 30° north and south of the equator, where warm ocean 
waters support a rich biodiversity of marine life. These regions are crucial for global

25 COUNTRIES ARE CURRENTLY EXPOSED TO EXTREMELY HIGH

Arid and low
water use 

Extremely high 
(>80%) 

High
(40-80%) 

Medium-high
(20-40%) 

Low-medium
(10-20%) 

Low (<10%) 

Case study:  Water Crisis in Africa

Africa faces severe water security challenges due to a combination of factors such as poor 
infrastructure, corruption, mismanagement, and droughts. 

	� In 2020, approximately 344 million people in sub-Saharan Africa lacked access to safely 
managed drinking water. 

	� This lack of access is compounded by the enormous burden placed on women and girls, 
who spend extensive amounts of time collecting water from distant sources, often leading to 
disruptions in their education and health.

	� Further exacerbating the situation are transboundary conflicts, such as the tensions 
surrounding the Nile River, where multiple countries rely on shared water resources.
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Marine 
Resources

fisheries, providing a significant portion of the world’s fish catch.

Tropical fishing grounds are vital for global fisheries but face challenges from overfishing, habitat 
degradation, and climate change impacts.

Blue Economy 
According to the World Bank, Blue economy is defined as the “sustainable use of ocean 
resources for economic growth, improved livelihoods, and jobs while preserving the health of the 
ecosystem.”

MILLION TONNES
< 0.25
0.25-1
1-2
2-4
4-6
>6
No data

MARINE CAPTURE 
PRODUCTION, 
AVERAGE 2018–2020

Region Key Areas and Species

Indian Ocean 	� Tropical continental shelf waters, including species like 
Scombridae (mackerels), Clupeidae (herrings), and catfish 
species in the Arabian Sea and Bay of Bengal.

Eastern Tropical 
Pacific (ETP) 	� Fishing regions such as Honduras, Guatemala, and El Salvador.

Southeast Asia 	� Coastal areas like Philippines and Bangladesh known for rich 
biodiversity and reliance on small-scale fisheries.

Southwestern 
Atlantic

	� Fernando de Noronha Archipelago off Northeast Brazil, home to 
tropical marine ecosystems.

West Indian 
Ocean (WIO)

	� Countries like Comoros showing higher fishing effort densities.

Potential of Blue economy in the Indian Ocean Region

Transport 
India's 7,500 km 

coastline, 12 major 
ports, and 200 

minor ports support 
95% of business 

and contribute 4% 

Fishing &
Aquaculture 

Annual growth of 
10.87% since 

2014-15, with 161.87 
lakh tons of fish 

Renewable 
Energy 

Potential of 12 GW 
from tidal energy 
and 40 GW from 

Ocean-Based 
Tourism 

Vast coastline and 
beaches provide 

significant potential 
for a thriving 

tourism industry

Deep-Sea 
Mining 

India's Deep 
Ocean Mission 
aims to mine 

Copper, Nickel, 
Cobalt, and 
Manganese, 
worth $110 
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Energy 
Resources

	� Fossil fuels: Middle East holds 48% of 
oil reserves ,  United States (coal), and 
Russia (gas).

	� Russia 24% of gas reserves. 
	� Renewable energy is more evenly 
distributed.

	� Energy poverty: 675 million people lack 
electricity (IEA). 

	� Transition costs: $4.5T/year needed for 
net-zero by 2050. 

	� Geopolitical risks: 60% of oil trade 
passes through maritime chokepoints (e.g., 
Strait of Hormuz).

Distributed energy resources ( DER)  
DERs refer to small-scale, decentralized energy generation and storage systems, often 
utilizing renewable sources such as solar, wind, and biomass. These systems can either be 
grid-connected or operate independently, generating power close to where it is consumed.

Mineral 
Resources

	� Rare earths: China controls 60% of mining, 
85% of processing (USGS 2024).

	� Cobalt: 70% from DRC 
	� Lithium: 50% reserves in Argentina/Chile/
Bolivia.

	� Major deposits are in Australia (iron), Chile 
(copper), South Africa (gold).

	� Environmental cost: Mining accounts for 
4–7% of global GHG emissions (UNEP). 

	� Supply chain risks: EV batteries require 
500% more critical minerals by 2050. 

	� Geopolitics: China dominates 95% of 
graphite anode production.

Critical minerals 
Critical minerals are elements that are the building blocks 
of essential modern-day technologies and are at risk of 
supply chain disruptions. 

These minerals are now used everywhere from making 
mobile phones, computers to batteries, electric vehicles 
and green technologies like solar panels and wind turbines. 
Eg:- Graphite, Lithium and Cobalt are used for making 
EV batteries.

Case study:  India’s Blue Economy Initiatives

	� India, with its extensive coastline, is well-positioned to leverage the Blue Economy. Key 
initiatives include the Deep Ocean Mission for sustainable marine exploration, PMMSY to 
modernize fisheries, and a target of 30 GW offshore wind capacity by 2030 to reduce fossil 
fuel dependence.

	� Efforts in Integrated Coastal Zone Management aim to balance economic, social, and 
environmental goals. These initiatives highlight India’s potential for sustainable growth, but 
success will depend on collaboration between government, industry, and civil society.

Reduced Emissions Improved Energy Security 

Benefits of 
DERs 

Enhanced Grid Resilience Lower Electricity Costs 

Reduced Reliance on 
Central Plants 

Renewable Energy Use 

Carbon Footprint Reduction 

Energy Generation 

Energy Storage 

Backup Power 

Grid Stabilization

Criticality ofSupply
Risk

Economic 
Importance 

 
Governance-Weighted 
Mineral Concentration 

End-of-life Recycling 
Rates (EOL-RR) 

Import Reliance (IR) and 
Self-Sufficiency (SS) 

Substitutability

Economic Importance 
Disruption
Potential 

Substitutability
Index (EI) 

GVA Multiplier
Score 

Cross-Cutting
Index (CCI)

Supply Risk 
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Topic Details

Resource 
Concentration 
and Supply Chain 
Vulnerabilities

	� China controls 60% of global rare earth mineral production 
and 80% of processing capacity while The DRC produces 
over 70% of the world’s cobalt, essential for lithium-
ion batteries. This concentration leads to supply chain 
vulnerabilities.

Strategic Alliances and 
Diversification Efforts

	� Quad and Critical Minerals: The Quad (U.S., India, Japan, 
Australia) is collaborating to secure critical mineral supply 
chains, with Australia and the U.S. working on alternatives to 
reduce reliance on China.

Technological and 
Economic Implications

	� Battery Technology: The growing demand for electric 
vehicles (EVs) has increased the need for lithium and cobalt. 
The U.S. is investing in domestic mining to reduce foreign 
dependence.

Factor Description

Resource 
Depletion and 
Scarcity

	� Non-renewable resources (fossil fuels) are finite, while renewable resources face rapid 
depletion.

Climate 
Change and 
Environmental 
Concerns

	� Fossil fuel burning contributes to climate change; carbon pricing is considered, but 
carbon markets may have limitations. Environmental constraints like water scarcity 
threaten resource production.

Energy 
Transitions and 
Policy

	� Shifting from fossil fuels to renewables involves geographical and spatial changes. 
Government policies drive technology adoption.

Financial Markets 
and Governance

	� Capital availability and private ownership fueled the shale boom; high-risk debt and 
government support were key. The 2008 financial crisis shifted focus to commodities.

Geopolitical 
Factors

	� Resource peripheries are vulnerable and tied to the global economy. Conflicts over 
shared resources and new extraction technologies (e.g., Arctic) pose challenges.

Social and 
Economic 
Factors

	� Poverty and economic inequalities drive interest in resource wealth, but balancing 
climate change and resource-driven development remains difficult.

Water Scarcity 	� Water scarcity affects extractive projects and resource security, especially in arid regions. 
Adaptation is critical in drought-prone areas.

The global energy crisis is a multifaceted issue, influenced by geopolitical, environmental, and technological factors. 
It reflects the challenges that nations face in balancing energy security, climate change mitigation, and the transition to 
renewable energy sources.

The global energy crisis is a complex issue shaped by a variety of factors, including geopolitical tensions, climate 
change, and the need for a transition to renewable energy. Addressing these challenges requires global cooperation, 
significant investment in infrastructure, and the adoption of sustainable energy policies.

Key Factors Contributing to the Energy Crisis

Energy Crisis
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Case study: Aligning Costs, Climate Goals, Energy Security, and Industrial Strategies

	� Cost Efficiency & Climate Goals: Transitioning to renewable energy reduces long-term costs, while carbon 
pricing makes renewables more competitive by factoring in fossil fuel environmental costs.

	� Energy Security & Climate Goals: Diversifying energy sources with renewables strengthens energy security, 
reducing dependence on fossil fuels and enhancing stability.

	� Industrial Strategies: Government support for clean technologies and local content requirements drives 
industrial growth, while global collaboration and innovation boost clean energy production and competitiveness.

Aligning costs, climate goals, energy security, and industrial strategies is crucial for achieving sustainable 
economic growth.

The global energy market is undergoing significant transformations driven by technological advancements, 
geopolitical tensions, and environmental concerns. This dynamic landscape presents both opportunities and 
vulnerabilities, as the sector navigates challenges such as energy security, climate change, and supply chain disruptions. 
Current State of the Global Energy Market

	� Energy Transition: The transition to 
renewable energy is accelerating, driven 
by declining costs and growing demand 
for clean energy. However, fossil fuels 
remain dominant in the global energy mix, 
with sustained demand for oil and gas, 
particularly in the transportation and 
industrial sectors.

	� Geopolitical Influences: Geopolitical 
tensions, especially involving major 
energy-producing nations, significantly 
impacting energy markets. Changes in 
global leadership and policies, such as in 
the U.S., can affect international energy agreements and climate commitments.

	� Technological Advancements: Advancements in artificial intelligence (AI) and cleantech manufacturing are 
driving the growth of renewable energy by improving efficiency and reducing costs.

To address above vulnerabilities , it is essential to focus on investing in renewable energy, enhancing energy 
efficiency, and ensuring equitable access to energy resources.

Global clean energy investment has been on the rise, driven by increasing awareness of climate change and the need 
for sustainable energy solutions. 

Global energy market

Global Clean Energy Investment Trends and Projections

Current Trends

Record
Investment 

Levels

In 2024, global energy 
transition investments hit 

$2.1 trillion, focusing 
heavily on clean energy 

technologies (renewables, 
energy storage, power 

Renewable energy invest
ments now surpass fossil 

fuels, with solar PV 
projected to drive global 

electricity demand growth 
in 2025. 

Mainland China leads 
global clean energy 

investments, with India and 
Canada also seeing 

notable growth in 2024

Renewable 
Energy 

Dominance 

Regional 
Investment 
Patterns  

Price Volatility Infrastructure & Investment
Challenges 

Vulnerabilities 
in the Global 

Energy Market  

Supply Chain Disruptions Climate Change Pressures 

Renewable Energy 

Grid Modernization 

Developing Countries 

Geopolitical Events 

Weather Changes 

Demand Changes 

Greenhouse Gas Emissions 

Renewables Investment 

Geopolitical Conflicts 

Natural Disasters
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 Emerging Trends for 2025

Increased Focus on Emerging 
Technologies Supply Chain Challenges Policy and Financing Challenges

While mature sectors like solar and 
wind continue to grow, emerging 
areas such as hydrogen, carbon 
capture, and electrified heat 
require more investment to scale up 
effectively .

Despite significant investment 
in clean energy supply chains, 
challenges like overcapacity 
and raw material shortages 
persist, potentially slowing down 
the deployment of clean energy 
solutions

Developing countries face challenges 
in securing financing for renewable 
projects due to corruption and a 
lack of transparency in banking 
systems, making it difficult to get 
renew

Agriculture : World Agriculture: Typology of Agricultural 
Regions, Agricultural Inputs and Productivity

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Explain the basis of D. Whittlessey’s classification 
of agricultural regions of the world ( 20M, 2024) 

2)	  Protected cultivation assists in healthier and larger 
produce. Justify with examples. (10M, 2021)

3)	 “Land degradation is a threat to productivity and 
sustainable resource management” Explain with 
suitable examples from India. (15M, 2020)

4)	 “Whittlesey’s agricultural regions are relevant even 
today.” Discuss. (10M, 2017)

5)	 5) Discuss the changing pattern of production and 
export of Coffee in the world. ( 10M, 2013)

6)	 Answer the following: Impact of failure of Monsoon 
on Gujarat Agra-climatic zone. ( 20M, 2012)

7)	 Mention the agricultural regions as classified by 
Whittlesy and discuss their relevance. (30M, 2011)

	� The last question on this topic appeared in 2024, 
with prior occurrences in 2021, 2020, 2017, 2013, 
and 2012

	� The questions primarily focus on Whittlesey’s 
classification of agricultural regions, its 
relevance, and its continued applicability in 
modern geography.

	� For the 2025 examination, it is crucial to 
prepare in detail on Whittlesey’s agricultural 
regions, their basis, relevance, and modern-
day applicability. In addition, we need to 
study the impact of technlogy on Whittlessey 
classification, changing patterns of agriculture 
and digital agriculture. 

Agricultural Typology 
Agricultural typology is the systematic classification of agricultural practices and regions based on shared characteristics 
such as climate, soil, technology, scale, and socio-economic conditions. 
This concept helps in understanding the diversity of agricultural practices across different regions, facilitating targeted 
development initiatives and policy-making.

Classification

Climate and Soil 
Regions are classified based on their climatic conditions and soil types, which influence crop selection 
and farming techniques.

Technology 
The level of technological advancement, such as irrigation systems and machinery, affects productivity 
and efficiency. 

Scale 
Farm sizes and production scales vary significantly across regions, impacting economies of scale and 
market access. 

Socio-economic Conditions 
Factors like labor availability, market access, and cultural practices influence farming systems.
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Agricultural typology helps policymakers design targeted interventions, informs strategies to improve sustainability 
and food security, enables the transfer of appropriate technologies, and guides assessments of environmental impact, 
supporting sustainable development.

Whitelssey Agricultural region
Whittlesey’s model, also known as the agricultural typology model, was developed in 1936 and classified the world 
into agricultural regions based on a combination of climate, crops, and agricultural practices.

S. No. Agricultural Region Characteristics

1 Nomadic Herding Found in sparsely populated areas like Saharan Africa, parts of Asia, 
and northern Canada. Nomads migrate with their flocks.

2 Livestock Ranching Common in the Americas, Australia, South Africa, and New 
Zealand. Similar to nomadic herding but more settled.

3 Shifting Cultivation Practiced in tropical rainforests and lowlands of Central and South 
America, Africa, and Southeast Asia.

4 Rudimentary Tillage
Mainly in tropical lands of Central and South America, Africa, and 
Southeast Asia.

5 Intensive Subsistence Tillage 
(with paddy dominance)

Predominant in tropical Asia, including China, Japan, India, and 
Southeast Asia.

6
Intensive Subsistence 
Tillage (without paddy 
dominance)

Found in interior India and Northeast China.

7 Commercial Plantation Historically significant in British settlements in America, West Indies, 
and Southeast Asia.

Atlantic
Ocean

Atlantic
Ocean

Arctic 
Ocean

Indian 
Ocean

Pacific
Ocean

Whitelssey Agricultural region
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Whittlesey Model Relevance in Today’s World
Changes in technology and agricultural practices have significantly impacted the relevance of Whittlesey’s model in 
today’s world. 

8 Mediterranean Agriculture
Characteristic of Mediterranean coastal regions in Europe, Asia Minor, 
North Africa, and similar climates in California, Chile, and South Africa.

9 Commercial Grain Farming Extensive in the wheat belts of Australia, North America, Russia, 
and Argentina.

10 Commercial Livestock & 
Crop Farming

Common in Europe, North America, Argentina, Australia, South 
Africa, and New Zealand.

11 Subsistence Crop & 
Livestock Farming

Found in Northern Europe, the Middle East, and mountainous 
regions of Mexico.

12 Commercial Dairy Farming Predominant in Europe, Northern USA, Canada, Australia, and New 
Zealand.

13 Specialized Horticulture Well-developed in densely populated industrial districts of Northwest 
Europe.

 The Impact of Technological Changes and Agricultural Practices on whittlessey classification 

Impact Description Example

Influencing 
Population 
Distribution and 
Agricultural 
Activities

	� Technological advancements in 
agriculture, like irrigation, have led to 
dynamic changes, challenging the static 
nature of Whittlesey's model.

	� In Israel, advanced irrigation turned desert 
land into thriving agricultural communities, 
contradicting Whittlesey’s classification of 
these regions as sparsely populated.

Precision 
Agriculture and 
Satellite Imagery

	� Precision agriculture and satellite 
imagery optimize resource use and boost 
yields, challenging Whittlesey’s model of 
sparse populations due to limited arable 
land.

	� In Netherlands, precision agriculture, 
including automated irrigation and 
greenhouses, supports farming in urban 
areas.

E-commerce 
and Urban 
Agriculture

	� E-commerce enables direct connections 
between farmers and consumers, 
fostering urban agriculture and localized 
food production.

	� Detroit’s vertical farming and rooftop 
gardens bring agriculture closer to cities, 
challenging Whittlesey's model.

Genetic 
Engineering and 
Biotechnology

	� Genetically modified crops make 
farming viable in previously unsuitable 
regions.

	�  In India, BT cotton adoption in Gujarat 
has boosted productivity, contradicting 
Whittlesey's model of unproductive areas.

Case study: Protected Cultivation in the Netherlands 
	� Protected Cultivation Assists in Healthier and Larger Produce. The Netherlands employs advanced greenhouse 
technology for protected cultivation, using controlled environments to optimize plant growth. This includes precise 
regulation of temperature, humidity, and CO2 levels, along with hydroponics for nutrient delivery. 

	� This method results in higher yields and healthier produce, with reduced pesticide use and water consumption. The 
country’s high-tech greenhouses have made it the world’s second-largest exporter of agricultural products.

	� Dutch greenhouses produce approximately 3.8 billion kg of vegetables annually, contributing significantly to the 
country’s economy and food security.
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Changing patterns of Agriculture  production across the world

Agricultural Pattern Description Example

Rise of Regenerative 
Agriculture

	� Focuses on restoring soil health, 
enhancing biodiversity, and 
improving water cycles through 
techniques like cover cropping, crop 
rotation, and organic materials.

	� Brazil’s Balbo Group: Sugarcane 
farming with 20 tonnes of organic 
material per hectare annually to 
improve soil nutrients and reduce water 
evaporation. 

Adoption of 
Precision Farming

	� Uses technologies like AI, IoT, and data 
analytics to optimize inputs (water, 
fertilizers, pesticides) and increase 
yields while minimizing environmental 
impact.

	� Karnataka, India: Yield increases of 
17% for sugarcane, 36.26% for cotton, 
and farmers’ incomes rose significantly.

Expansion of 
Vertical Farming 
and Controlled 
Environment 
Agriculture (CEA)

	� Vertical farming and CEA use 
hydroponics, aeroponics, and 
controlled environments to grow 
crops in stacked layers, particularly in 
urban areas.

	� AeroFarms (USA): Aeroponic systems 
for year-round produce with less water 
and no pesticides. 

Climate Change 
Adaptation

	� Farmers adopt drought-tolerant   
crops, water-saving irrigation, 
agroforestry, and perennial agriculture 
to cope with climate variability.

	� Prespa Park: Soil health technologies, 
early-maturing crops, and water-
saving irrigation to adapt to climate 
change. Barriers include small farm 
sizes and financial constraints.

Food security and famine:  Food and Nutrition Problems, Food 
Security, Famine: Causes, Effects, and Remedies

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Discuss critically food and nutrition problems associated with 
the developing world. (10M, 2023)

2)	 Climate change is a serious problem to global food security 
and poverty eradication. Critically examine. (20M, 2022)

3)	 Protected cultivation assists in healthier and larger produce. 
Justify with suitable examples. (10M, 2021)

4)	 Describe the role of accessibility and affordability in the food 
security of the developing world. (15M, 2021)

5)	 Analyse India’s food security in the context of population 
growth.  (20M, 2020)

6)	 Define stunting and wasting. Why are these more prevalent 
among children in developing countries? (10M, 2019)

7)	 “Famine is a social phenomenon rooted in institutional and 
political economic arrangements, which determine access to 
food by different classes and strata.” Comment. (20M, 2018)

8)	 “Food productivity with purity of ecosystem is the need of the 
hour.” Elaborate.(15M, 2015)

	� The last question on this topic 
appeared in 2023, with prior 
occurrences in 2022, 2021, 2020, 
2019, 2018, and 2015.

	� The questions primarily focus on 
food security and nutrition issues 
in the developing world. Questions 
were asked on famine, 

	� For the 2025 examination, it is 
essential to prepare thoroughly on 
food security challenges, particularly 
in developing countries, global fod 
systems, food supply chains, food 
sovereignty and impact on resilient 
food systems.
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Food security scenario region wise

Region Key Issues Food Security Status

Sub-Saharan Africa 	� Poverty and instability 	� Highest chronic hunger rate at 22%

Middle East and 
Western Asia

	� Conflicts (e.g., Yemen) 	� Severe food crises due to conflicts

South Asia 	� Malnutrition despite progress, conflict in 
Afghanistan, climate events

	� Mixed food security, estimated 14% 
undernourishment rate

Central Asia 	� Economic and climatic issues affecting 
food security

	� Mix of economic and climatic factors 
impacting food security

Latin America 	� Economic and climatic factors 	� 9.8% undernourishment rate

Europe & North 
America

	� Vulnerable subgroups (e.g., low-
income, refugees)

	� Generally lower rates but with vulnerable 
subgroups

Food security
Food security is defined when all people, at all times, have physical and economic access to sufficient safe and 
nutritious food that meets their dietary needs and food preferences for an active and healthy life.

9)	 Give an account of food security issues in developing countries. 
(10M, 2014)

10)	“Man- induced famines are becoming more common than 
nature-induced one.” Comment.( 15M, 2015)

11)	Give an account of food security issues in developing countries. 
(10M, 2014)

12)	Write a short explanatory note on Population and Food security. 
(12M, 2011)

	

A person is food insecure when they lack regular access to enough safe and nutritious food for normal growth and 
development and an active and healthy life. This may be due to unavailability of food and/or lack of resources to obtain 
food.

Case study: Impact of the Ukraine-Russia War on Global Food Security
The Ukraine-Russia conflict has severely impacted global food security due to both countries’ significant role in 
global agricultural exports.

	� Key Agricultural Contributions:
	� Ukraine and Russia supply 28% of global wheat exports, with Ukraine at 10% and Russia at 18%.
	� Russia provides 14% of barley and Ukraine 12%. Ukraine is the largest exporter of sunflower oil at 37%, while 

Russia holds 26%.
	� Impact on Production and Exports - War has reduced grain production in eastern and southern Ukraine, affecting 
barley, wheat, and sunflower seed. Prior to the war, Ukraine exported 6 million tonnes of grain monthly. Exports 
collapsed due to port and infrastructure damage.

	� Fertilizer Disruption - Russia’s fertilizer exports have decreased, leading to a rise in prices, especially for nitrogen 
fertilizers, which has increased grain prices.

	� Humanitarian Crisis - Higher food prices and reduced availability have worsened hunger and malnutrition, 
particularly in low-income countries.
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Food systems 
	� Food systems encompass the entire range of actors and their interconnected activities involved in the production, 
aggregation, processing, distribution, consumption, and disposal of food products.  

	� They include all food products that originate from crop and livestock production, forestry, fisheries, and 
aquaculture, as well as the broader economic, societal, and natural environments in which these diverse production 
systems are embedded.

Food systems and Inequalities - Food systems often perpetuate inequalities, affecting access to nutritious food and 
economic opportunities for various groups.  Key Inequalities in Food Systems are mentioned below

Famine
Famine is a widespread scarcity of food caused by various factors, including war, natural 
disasters, crop failure, economic crises, and government policies.
Famine leads to widespread malnutrition, starvation, and high mortality, particularly 
among vulnerable groups like children and the elderly. It also causes social unrest, 
displacement, and long-term economic damage.

Famine: A Social Crisis Shaped by Institutions and Political Economy
Famine is not merely a result of food shortages; it is a social phenomenon deeply rooted 
in institutional and political economic arrangements that determine who has access 
to food and who does not.

Institutional and Political Causes
	� Political Conflict and War: Civil wars and political unrest are leading causes of famine.

	� For example, in South Sudan, ongoing conflict has displaced millions, disrupted agriculture, and shut down markets, 
leaving people unable to access or afford food. 

	� Economic Instability: Economic crises—marked by unemployment, inflation, and poverty—reduce people’s ability 
to buy food.
	� For example, during economic downturns, food prices rise and incomes fall, pushing more families into hunger.

	� Policy Decisions: Government policies directly influence food security.
	� For example, the Bengal Famine of 1943 was worsened by colonial policies that disrupted food distribution and 

prioritized military needs over civilian welfare.

Social and Economic Inequality
	� Class and Social Stratification: Access to food is often determined by socioeconomic status. Lower-income groups 
are more likely to experience food insecurity due to limited resources, lack of affordable housing, and restricted access 
to healthy foods. 

Inequality Type Description Example

Access to 
Nutritious Food

	� Economic constraints, geographical 
barriers, and lack of infrastructure limit 
access to nutritious food.

	� In sub-Saharan Africa, approximately 
20% of the population suffers from hunger, 
highlighting disparities in food access.

Economic 
Inequalities

	� Small-scale farmers struggle to compete 
with large industrial farms, leading to 
economic disparities.

	� The global food system employs about 
1 billion people, but many, especially in 
developing countries, face low wages and 
poor working conditions.

Social and 
Cultural 
Inequalities

	� Women play a key role in food production 
but have limited access to resources, 
credit, and decision-making.

	� In many African countries, women 
contribute significantly to agriculture but own 
less than 20% of the land.

Environmental 
Inequalities

	� Industrial agriculture leads to 
environmental degradation, impacting 
biodiversity and water resources, 
especially in marginalized communities.

	� The global food system accounts for 
about 34% of greenhouse gas emissions, 
exacerbating climate change impacts on 
vulnerable populations.

HOW IS FAMINE 

Famine (IPC Phase 5) is the highest phase of the IPC 
Acute Food Insecurity scale, and is classified when an 

of households facing an of children suffering from
acute malnutrition

Deaths of two people or four 
children for every 10,000 each 
day due to outright starvation 
or to the interaction of 
malnutrition and disease.
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Global Food Supply Chains

Food Sovereignty

Global food supply chains encompass the processes and infrastructure that move food from production to 
consumption. They are increasingly influenced by urbanization and globalization, involving various stages such as 
production, processing, distribution, retail, and consumption. These chains can range from short, local networks to 
long, complex systems that span international borders.

Food sovereignty emphasizes the right of communities to control their own food systems, ensuring access to healthy, 
culturally appropriate food produced through sustainable methods. It provides an alternative approach to the industrial 
agriculture model by prioritizing local control, sustainability, and equity.

Role of global food supply chains in Mitigating and Exacerbating Famine Risks

Mitigating Famine Risks Exacerbating Famine Risks

	� Increased Food Availability: Global supply 
chains connect surplus and deficit regions, 
stabilizing food supplies.

	� Price Reductions: Economies of scale 
reduce food prices, improving access and 
reducing famine risks.

	� Diversification of Food Sources: Supply 
chains allow diversification, reducing 
reliance on local production and mitigating 
crop failure impacts.

	� Price Volatility: Integration into global supply chains increases 
price volatility, making food less stable and more expensive.

	� Dependence on Global Markets: Over-reliance on trade 
makes countries vulnerable to market fluctuations and 
disruptions.

	� Concentration of Supply Sources: High concentration in a 
few regions increases risks from crop failures or disasters.

	� Inequitable Distribution: Global supply chains prioritize 
profit over equity, leading to food abundance in some areas 
and shortages in others.

Case study: The 1983-85 Ethiopian Famine
The 1983-85 Ethiopian famine is a notable example of how multiple factors can combine to create a catastrophic 
situation.  
Key Factors were-

	� Drought: Severe drought reduced agricultural output significantly.
	� Government Policies: The Marxist government’s focus on military efforts over humanitarian aid worsened the 
situation by diverting resources.

	� Conflict: Civil war disrupted food distribution and exacerbated the crisis.
Consequences: The 1983-85 Ethiopian famine caused the deaths of between 400,000 and over a million people and 
displaced over 2.5 million individuals. The international aid response was delayed due to political factors, worsening 
the crisis. This delay prolonged suffering and loss of life.

Principles of Food Sovereignty
Control Over Resources
Advocates for local 
control of land, water, 

Localizes Food Systems
Encourages local 

decision-making in 

Values Food Providers
Supports small-scale

 farmers and addresses 

Food for People
Emphasizes the right 

to sufficient and culturally 
appropriate food for all.

Builds Knowledge 
and Skills
Promotes local 
knowledge and 

Works with Nature
Encourages methods 
that harmonize with natural 

Food 
Sovereignty

	� Breakdown of Social Order: Famines often lead to social disorganization, with large-scale displacement, overcrowding 
in relief centers, and increased susceptibility to diseases.
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Contribution of food sovereignty to Resilient and Equitable Food Systems

Resilience Equity Sustainability Community Empowerment

Strengthens local 
food systems and 
agroecological 
practices to better 
withstand climate 
change and economic 
downturns.

Ensures food providers 
control resources 
and prioritizes access 
to healthy food for 
marginalized communities, 
reducing food insecurity.

Promotes sustainable 
production 
to maintain 
biodiversity, reduce 
pollution, and 
protect natural 
resources for future 
generations.

Fosters local ownership, 
participation, and 
inclusive decision-making, 
strengthening community 
bonds and responsibility.

By prioritizing local control, sustainable practices, and social justice, food soiverignity challenges the industrial 
agriculture model and promotes healthier environments and more inclusive societies.

Industrial Location and Challenges: World Industries: Location 
Patterns and Problems

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Analyse the spatial changes and emerging patterns of 
semiconductor manufacturing in the world. ( 15M , 2024).

2)	 Automation is rapidly changing the economies of labour and 
will affect trade patterns in significant ways. Clarify. (15M, 2022).

3)	 Analyse the dynamics of industrial location in the metropolitan 
cities of India. (15M, 2020). 

4)	 “A large-scale global shift in manufacturing is the outcome 
of deindustrialization in the developed world matched by 
industrialization in the developing world.” Analyse this 
statement. (15M, 2019).

5)	 Discuss the degree of importance of transportation costs 
as a factor of industrial location with respect to “footloose 
industries”. (10M, 2018).

6)	 Answer the following: Locational significance of Rotterdam in 
European economy. ( (20M, 2012).

7)	 Write short note on Problems faced by industries which 
developed due to inertia. (12M, 2012).

	� The last question on this topic 
appeared in 2024, with prior 
occurrences in 2022, 2020, 2019, 
2018, and 2012.

	� The questions mainly focus on 
evolving themes like automation, 
global shift in manufacturing, or 
problems of industries.

	� For the 2025 examination, it is 
important to prepare in-depth on the 
topics like evolving concentration 
and dispersal of industries, new 
concepts like friendshoring, 
reshoring, newshoring, new 
international division of labour, 
impact of industry 4.0 on the 
location of industries. 

Location of Industries
The location of industries 
is influenced by multiple 
factors such as access to raw 
materials, power, markets, 
capital, transport, and labor. 

These factors can be broadly 
classified into Geographical 
Factors and Non-Geographical 
Factors.

Alfred Weber’s Theory of Industrial Location ( Discussed in detail in Models 
and Theories)

	� Transportation Cost – Industries should be located close to raw materials or 
markets to minimize transport expenses.

	� Labour Cost – Cheap and skilled labor influences industrial location.
	� Agglomeration Cost – Industries benefit from clustering together due to shared 
resources, labor pools, and infrastructure.
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Geographical Factors

Factor Influence on Industry Location Examples

Raw 
Materials

Proximity to raw material sources is crucial, 
especially for heavy and perishable goods.

Sugar mills in Brazil near sugarcane fields, 
Copper smelting in Chile near ore deposits, 
Steel industries in Pittsburgh, USA, near 
coal and iron sources.

Labour 
Availability

Access to a skilled and cost-effective 
workforce supports manufacturing 
industries.

Electronics industry in Shenzhen, China 
(skilled labor & manufacturing ecosystem), 
Textile industry in Bangladesh (cheap labor).

Transport Well-developed land/water connectivity 
enhances industrial efficiency.

Rotterdam Port in the Netherlands as a 
hub for European trade, Singapore’s port 
facilitating global shipping, Rail-linked steel 
industry in Ruhr, Germany.

Market 
Proximity

Reduces transport costs and ensures 
competitive pricing.

Automobile industry in Detroit, USA, 
serving the North American market, Textile 
industries in Manchester, UK, historically 
near consumer centers.

Site 
Selection

Flat terrain, good connectivity, and 
sufficient space are ideal for industrial 
setups.

Automobile plants in Tennessee, USA 
(flat land & infrastructure), Industrial zones 
in Dubai due to strategic location and 
logistics.

Climate 
Influence

Certain industries prefer specific climatic 
conditions.

Cotton textile industry in Egypt and 
Gujarat, India (humid climate prevents thread 
breakage), Wine industry in California and 
France (favorable grape-growing conditions).

Non-Geographical Factors

Factor Impact on Industrial Growth Examples

Capital 
Availability

High investment needs lead to 
concentration in finance-rich 
urban centers.

Financial hubs in New York, London, and Tokyo 
supporting global industries, Silicon Valley (venture 
capital for tech startups).

Government 
Policies

Strategic policies shape 
industrial locations, ensuring 
balanced growth and 
environmental regulations.

Bengaluru’s emergence as an IT hub due to Indian 
government incentives, Ireland’s tax incentives 
attracting multinational companies like Google and Apple.

Industrial 
Inertia

Industries tend to grow in 
historical locations due to 
established infrastructure.

Textile industry in Manchester, UK, Shipbuilding 
industry in Glasgow, Scotland, Heavy machinery 
industry in the Ruhr region, Germany.

Major Industrial Regions of the World
Industrial regions are key economic zones where manufacturing and production activities are concentrated. These 
regions emerge due to factors such as natural resource availability, infrastructure development, labor supply, and 
supportive government policies. 
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Major Industrial Regions and Their Specializations

Region Key Countries & Cities Major Industries

Western & Central 
Europe

Germany, France, Italy Automotive, Aerospace, Machinery, Luxury Goods

Eastern Europe Russia (Moscow-Tula), Ukraine Iron-Steel, Heavy Chemicals, Textiles

Eastern Asia Japan (Yokohama), China 
(Manchuria), South Korea

Electronics, Automotive, Heavy Industries

Eastern North 
America

USA (Great Lakes, Appalachian, 
Eastern Coastal) Iron and Steel, Engineering, Automotive

South Asia India IT, Textiles

South America Brazil Automotive, Electronics

Oceania Australia Advanced Manufacturing

Vencouver
Seattle�

Denver

Phoanix

Gulf Coast

Caracos

Bagota

Southeast
Brazil

Buenos Aires

Brazil New Zealand

SydneyMelbourne

BrisbanePerth

Java

ChennaiMumbai

Nairobi

DurbanCapetown

Ghana
Nigeria

Khartoum

Cairo
Israel Iraq

Iran

Donbas

Moscow

Petersburg

Western Europe

North 
Africa

Ganga
Valley

Machuria
Bejing

Fergana 
Valley

Kuzbos
Urais

Korea

Japan
Shanghai-Wuhan Region
Guangzhou-Hong Kong

Region

Santiago

Equador

Lima

Mexico City
Central America

Los Angeles 
San Diego 
Tijuana�

Anglo-Amrican 
Manufacturing 

Belt�

WORLD 
INDUSTRIAL 
REGIONS

Case study: Footloose Industries in Silicon Valley, USA
A footloose industry is a business that can be located anywhere, as it is not significantly affected by the availability of 
resources, services, or transport facilities.

	� Silicon Valley, home to numerous high-tech companies, exemplifies footloose industries that are less dependent on 
raw materials and more on innovation and skilled labor. These industries benefit from a well-connected global 
network, reducing the significance of transportation costs. 

	� The concentration of tech firms in Silicon Valley is driven by the availability of talent, venture capital, and a 
collaborative ecosystem rather than proximity to raw materials. This model can be replicated in other regions 
with similar attributes. 

	� Silicon Valley’s tech sector generates over $275 billion annually, with companies like Apple and Google leading 
the charge. 

Industrial regions are crucial for global economic stability and growth. Their development depends on a mix of natural 
resources, skilled labor, infrastructure, and government support. 
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Technological  
Advancement

Impact on Concentration or 
Dispersal Example

Remote Work Leads to dispersal of workers as 
they no longer need to be physically 
present in offices. Contradicts 
Weber’s agglomeration principle in 
industrial location theory.

The COVID-19 pandemic accelerated 
remote work, causing a shift away from 
city centers to suburban or rural areas.

Artificial Intelligence (AI)

Leads to concentration of 
specialized industries in areas 
with skilled labor and advanced 
infrastructure.

Silicon Valley, California has become 
a hub for AI research and innovation, 
attracting companies due to its talent 
pool and resources.

E-commerce Enables dispersal of distribution 
centers, reducing the need for 
physical stores and central locations.

Amazon strategically locates distribution 
centers in different regions to ensure 
faster delivery and lower shipping 
costs.

3D Printing

Enables dispersal of manufacturing 
as products can be produced locally 
on demand, reducing dependence 
on centralized factories.

Local Motors (USA) uses 3D printing 
to manufacture customized vehicles in 
small, local micro-factories.

Key Factor Impact on Industry Location

Automation & Efficiency Increased adoption of AI, robotics, and automation allows industries to operate 
efficiently in diverse locations, reducing dependence on traditional industrial 
hubs.

Digital Connectivity
IoT and cloud computing enable real-time data sharing and remote operations, 
reducing the need for centralized production and encouraging proximity to markets 
or raw materials.

Reshoring & Nearshoring Automation reduces reliance on cheap labor, leading to reshoring (bringing 
production back home) and nearshoring (closer to target markets), improving 
supply chain resilience and reducing transportation costs.

Skilled Workforce The demand for a tech-savvy workforce has led industries to locate near 
innovation hubs and tech clusters, fostering research and development.

Geographical Concentration and Dispersal of industries
Geographical concentration refers to the clustering of economic activities, populations, or resources in a specific 
area. This is also advocated by the New Economic geography. This occurs due to factors such as access to resources, 
markets, and labor. 

In contrast, geographical dispersal refers to the spread of economic activities, populations, or resources over a 
wider area. Dispersal can result from technological advancements, improved transportation, or policies encouraging 
decentralization.

Future Technological Advances and their Impact on Geographical Concentration and Dispersal

I.R. 4.0 and impact on location of industries
Industry 4.0 represents a shift towards smart factories, integrating cyber-physical systems, IoT, big data, and AI into 
manufacturing processes.
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Near Shoring, Friendshoring and Reshoring
	� Nearshoring - It involves relocating operations to a nearby country to reduce logistical costs, time zone 
differences, and cultural barriers.

	� Friend Shoring - Friend shoring focuses on building supply chain networks with politically and economically 
allied nations to enhance trade security and resilience.

	� Reshoring - it  refers to bringing manufacturing back to the home country to enhance supply chain control 
and reduce geopolitical risks.

India’s Potential - India can position itself as a nearshoring hub for companies targeting Asian markets. By 
offering lower shipping costs, enhanced logistics, and a robust supply chain, India can attract businesses 
seeking alternatives to traditional offshoring locations.

India’s Potential - India can leverage its strategic alliances to deepen trade relationships, aligning with initiatives 
like the Supply Chain Resilience Initiative (SCRI) with Japan and Australia. This enhances India’s role as a 
trusted global manufacturing hub.

India’s Potential - India can attract reshoring investments by offering incentives, a supportive business 
environment, and skilled labor. Government initiatives promoting domestic manufacturing—especially in 
sectors like electronics and electric vehicle batteries—align with this trend, reducing dependence on imports 
and boosting local production.

Geography of the Workforce
The geography of the workforce refers to the spatial distribution and characteristics of workers across different regions, 
industries, and sectors. This distribution is shaped by various factors, including economic conditions, technological 
advancements, and social changes.

Key Drivers of Change in Workforce Geography

Driver Impact Example

Globalization 
and Outsourcing

Job relocation to regions with lower labor 
costs, creating new industrial hubs in 
developing countries.

Manufacturing growth in China and 
Vietnam due to foreign investment and 
outsourcing.

Technological 
Advancements

Automation and remote work enable greater 
workforce mobility, reducing the need for 
centralized workplaces.

Remote work surge during COVID-19, 
leading to workers moving from urban 
centers to suburban/rural areas.

Demographic 
Changes

Aging populations in developed countries lead 
to labor shortages, prompting immigration 
reforms to attract younger workers.

Germany's recruitment of skilled 
workers from European countries to fill 
gaps in healthcare and technology.

Environmental 
and Climate 
Change

Climate change forces workers in vulnerable 
industries (agriculture, fishing) to migrate or 
change jobs.

Rural-to-urban migration in Bangladesh 
due to rising sea levels and frequent 
natural disasters.

New international division of labour 
The New International Division of Labour (NIDL) in economics explains how manufacturing and production have 
moved from developed countries such as Japan, the US, and Europe to developing countries like India, Vietnam, 
China, Central America, and Mexico. 
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Global trading pattern
Global trade in 2025 is marked by 
uncertainty, shifting regional 
dynamics, and evolving trade 
policies that are reshaping the flow of 
goods and services worldwide.

This shift aims to cut costs by utilizing cheaper labor available in these regions, driven by globalization and 
corporate strategies to optimize production expenses.

key features of the New International Division of Labour (NIDL)
	� Global Shift in Manufacturing: Manufacturing is increasingly outsourced from developed to developing countries, 
especially in Asia and Africa, due to lower labor costs.

	� Specialization and Subcontracting: Developed countries focus on high-skill tasks (e.g., design, research), while 
developing countries handle labor-intensive production, often through subcontracting.

	� Global Supply Chains: Production is fragmented across countries, with different stages of manufacturing occurring 
in various locations, connected by global supply chains.

	� Service Sector Growth in Core Economies: Developed countries increasingly focus on services (finance, IT) and 
innovation, outsourcing manufacturing to peripheral economies.

Impact of New International Division of Labour (NIDL)
	� Impact on Global Income Inequality - The NIDL has contributed to rising global income inequality, with wealth 
concentrated in the Global North, while the Global South continues to face limited resources.

	� Economic Growth in Developing Countrie - While the NIDL has spurred economic growth in some developing 
countries through export-led industrialization, the benefits are often limited and fragile.

	� Fragility of Industrialization - Despite some industrial growth, developing countries’ economies are often 
vulnerable due to limited industrial diversification and continued reliance on primary commodities.

Global Trade and Commerce: Patterns of World Trade

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Shifting global trade patterns create new 
opportunities. Examine this statement. ( 10M, 
2022)

2)	 “Linkages between resource-endowed regions 
and resource- utilizing regions determine the 
pattern of international trade.” Elaborate with 
suitable examples. ( 15M, 2016)

3)	 Analyse the causes for changes in the pattern 
of world trade.  (25M, 2013)

	� The last question on this topic appeared in 2022, with 
prior occurrences in 2016 and 2013.

	� There is a strong emphasis on understanding the 
dynamic factors that influence international trade and 
how these shifts create new economic opportunities.

	� For the 2025 examination, it is essential to prepare 
on how causes of changes in world trade patterns, 
including technological advancements, geopolitical 
changes, and economic policies etc. 

Economic and geopolitical forces are reshaping the global trade map
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	� Slowing Trade Growth and Contraction Risks: After strong growth in 2024, global merchandise trade is expected to 
contract slightly by 0.2% in 2025 due to heightened trade policy uncertainty and newly introduced tariffs.

	� Tariffs and Trade Barriers: Tariffs remain a major influence on trade patterns. While about two-thirds of global trade 
occurs tariff-free under trade agreements or most-favoured-nation treatment, the remaining trade faces high 
tariffs, especially in agriculture and manufacturing sectors. 

	� Regional Trade Growth and Shifts: Trade growth is uneven across regions. South Asia, Southeast Asia, and Sub-
Saharan Africa are among the fastest-growing markets in terms of trade volume, driven by expanding manufacturing 
hubs and rising consumer demand.
	� Trade distances are increasing, with goods traveling an average of 5,000 km, indicating no strong trend toward 

regionalization or nearshoring.

	� Services Trade Outlook: While goods trade faces contraction risks, global trade in services is projected to grow 
by around 4% in 2025, albeit below earlier expectations. Reduced goods trade dampens demand for related services 
like transport, logistics, and travel, influencing the broader trade ecosystem.

How Global Production Netwroks (GPN) effects the trading 
patterns How geopolitics effect the trading patterns

Global Production Networks (GPNs) are complex systems 
that integrate various economic and non-economic actors across 
national borders to produce and distribute goods and services.

Impact on Global Trading Patterns

Geopolitics plays a significant role in shaping 
global trade patterns by influencing trade 
decisions, shaping economic policies, and 
impacting the flow of goods and services across 
borders.
Impact of Geopolitics on Global Trade

Key Features of Global Production Networks

Global 
Production 
Networks

Global 
Coordination
Efficient and 
risk-reduced 
operations

Actor Diversity
Various participants

in production and
distribution

Interconnectedness
The global flow of 

goods and services

Regionalization 
vs. Globalization

	� GPNs contribute to both regionalization 
and globalization. 

	� They facilitate regional specialization 
based on comparative advantages 
while also integrating global markets 
through complex, cross-border supply 
chains.

Trade in 
Services

	� GPNs also enhance trade in services 
by enabling the exchange of knowledge, 
technology, and financial services 
across borders, which is becoming 
increasingly important in the modern 
global economy.

Value Chain 
Governance

	� The governance structure within GPNs 
affects how value is distributed among 
actors. 

	� Lead firms often hold significant 
power, but suppliers can improve their 
bargaining position by becoming more 
specialized and indispensable to the 
production process.

Trend Impact

Trade 
Fragmentation

Geopolitical tensions lead 
to trade blocs, increasing 
trade barriers and reducing 
economic efficiency.

Shifts in Trade 
Partnerships

Nations reconfigure trade 
relationships based on 
geopolitical considerations, 
diversifying supply chains.

Trade as a 
Geopolitical 
Tool

Trade policies are used 
to promote sustainability, 
human rights, and 
national security beyond 
economic goals.
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Case study: The Impact of the Russia-Ukraine Conflict on Global Trade 

Case study: Growing Reliance on Transit Chokepoints

	� The conflict between Russia and Ukraine in 2022 disrupted global supply chains, particularly in energy and agriculture. 
Sanctions on Russia and the blockade of Ukrainian ports led to shortages and increased prices worldwide. 

	� The conflict highlights how geopolitical tensions can disrupt global trade. It emphasizes the need for diversification 
in trade partners and supply chains to mitigate such risks. 

	� Global wheat prices rose by 25% in 2022 due to the conflict, affecting food security in many countries.

Global trade increasingly depends on key transit chokepoints, making supply chains vulnerable to disruptions.
Rising Dependence - Trade through chokepoints has surged, especially for grains and fertilizers (2000–2015). 
China’s trade expansion has intensified traffic, notably in the Strait of Malacca.

Major Risks
	� Disruptions

	� Ever Given (2021) blocked the Suez Canal for six days, causing 
$1 billion in losses.

	� COVID-19 exposed supply chain fragility.
	� Climate Change Impact

	� Extreme weather threatens chokepoints.
	� Panama Canal faces reduced capacity due to El Niño-induced 

drought.

As trade grows, chokepoint reliance increases. Alternative routes and infrastructure upgrades are essential for supply 
chain resilience.

Global Trade Patterns reflecting inequalities
Global trade patterns play a crucial role in reflecting and reinforcing global inequalities. Trade can exacerbate income 
disparities both within and between countries by favoring certain regions or groups over others.

Global trade patterns often reflect and reinforce global inequalities by favoring certain countries or groups over others. 

Aspect Impact Example

Reflection of Inequalities

Trade Liberalization & 
Income Inequality

Benefits high-skilled workers more 
than low-skilled workers, widening 
income gaps.

Higher-income earners benefited 
disproportionately from international 
trade.

Global Wealth 
Inequality

Wealthier nations have greater 
influence over trade policies, securing 
deals that favor their economies.

Rich countries shape trade agreements, 
deepening economic disparities with 
poorer nations.

Reinforcement of Inequalities

Unequal Access to 
Markets

Developing countries face tariffs, 
quotas, and non-tariff barriers, 
limiting trade opportunities.

Market restrictions prevent poorer 
nations from fully benefiting from global 
trade.

Specialization & Skill 
Premiums

Trade-driven specialization increases 
demand for high-skilled workers, 
widening wage gaps.

Countries in global value chains 
see high-tech industries thrive while 
traditional sectors decline.

https://visionias.in/
https://visionias.in/
tel:+918468022022/


213

POPULATION AND 
SETTLEMENT GEOGRAPHY 

Syllabus - Growth and distribution of world population; Demographic attributes; Causes and consequences of migration; 
Concepts of over-under-and optimum population; Population theories, world population problems and policies, Social 
well-being and quality of life; Population as social capital. Types and patterns of rural settlements; Environmental issues 
in rural settlements; Hierarchy of urban settlements; Urban morphology; Concept of primate city and rank-size rule; 
Functional classification of towns; Sphere of urban influence; Rural-urban fringe; Satellite towns; Problems and remedies 
of urbanization; Sustainable development of cities.

World Population Overview: Growth and Distribution of World 
Population, Demographic Attributes

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Provide an account of world population 
transition in the context of fertility decline and 
socio-economic development. (15M, 2020)

2)	 Write an essay on gender equity and equality 
in India in the context of balanced human 
development. (15M, 2020) 

3)	 Explain the relationship between net 
reproductive rate (NRR) and true replacement 
level of population. (10M, 2019).

4)	 “There are considerable demographic similarities 
between West European nations and Japan.” 
Explain. (15m, 2017).

5)	 Describe the regional pattern of Life expectancy 
in the world and bring out the challenges faced 
by developing countries due to increasing life 
expectancy. (20M, 2016).

6)	 Answer the following: Impact of changing 
fertility ratio on world population distribution. 
(20M, 2012)

7)	 Write a short note on the Status of infant mortality 
rate in the world. ( 12M, 2012).

8)	 Write a short note on Similarities in the population 
distribution of southern continents and reasons 
for the same. (12M, 2012). 

	� The last question on this topic appeared in 2020, 
and before that in 2019, 2017, 2016, and multiple 
parts in 2012. This indicates a recurrence every 1 to 
4 years, with a focus on both conceptual and applied 
dimensions of population studies. 

	� The questions have ranged from global demographic 
transitions and fertility rates to regional patterns 
of life expectancy, gender equity, and infant mortality. 

	� For the 2025 examination, key focus areas include 
global population trends and key demographic 
attributes like the dependency ratio.

World Population Growth and Trends
The global population has experienced significant growth in 
recent decades. From just over 1 billion in the early 19th century, 
it surged to nearly 8.2 billion in 2024. 
The distribution of the world’s population is highly uneven, with 
significant concentrations in Asia, Africa, and Latin America. 
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Global Population Projections

Key Demographic Attributes

​According to the United Nations’ World Population 
Prospects 2024, the global population is projected to 
peak at approximately 10.3 billion in the mid-2080s, 
followed by a gradual decline to 10.2 billion by 2100. 

This adjustment reflects a downward revision from 
earlier estimates, primarily due to faster-than-
anticipated declines in fertility rates across several 
countries.

	� Regional Population Distribution:
	� As of 2024, Eastern and Southeastern Asia 

account for about 29% of the global population, 
while Central and Southern Asia comprise 
approximately 26%. 

	● Notably, India has surpassed China as the 
world’s most populous country, with both 
nations exceeding 1.4 billion people.

	� Declining Growth in Developed Regions:
	� Developed regions are experiencing significant 

demographic shifts due to declining fertility rates. 
	● For instance, Japan’s total fertility rate 
dropped to 1.20 in 2023, well below the 
replacement level of 2.1, leading to a shrinking 
population and increased dependency ratios. ​

	� Increased Fertility in Developing Regions:
	� Conversely, certain developing regions continue 

to exhibit high fertility rates. 
	● In Nigeria, the total fertility rate stands at 4.57 
as of 2023, contributing to rapid population 
growth and urbanization challenges.

The demographic attributes of a population include factors like Infant Mortality Rate (IMR), Crude Death Rate (CDR), 
and Dependency Ratio, each providing critical insights into a country’s social and economic health. 
These attributes help policymakers and researchers assess population trends, healthcare needs, and the economic 
challenges faced by a society, enabling better-targeted interventions for sustainable development.

IMR and CDR
	� Infant Mortality Rate (IMR) measures the number of infant deaths (under one year) per 1,000 live births annually. It 
serves as a crucial indicator of maternal and child healthcare quality. 
	� For example, India’s IMR in 2024 was approximately 25.8 deaths per 1,000 live births, reflecting ongoing challenges 

in maternal and infant health despite improvements in healthcare access.
	� Crude Death Rate (CDR) tracks the total number of deaths per 1,000 people annually but does not consider age or 
sex factors, making it a more generalized and less accurate health indicator. 
	� For example, countries with aging populations, like Japan, may have a higher CDR without it necessarily indicating 

poor overall health, as the elderly population may naturally lead to more deaths.

These will be the world's biggest countries by population in 2100
Figures are rounded to the nearest million based on UN data
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Comparison between Infant Mortality Rate (IMR) and Crude Death Rate (CDR)

Factor I nfant Mortality Rate (IMR) Crude Death Rate (CDR)

Age and Sex 
Consideration

IMR is age and sex-specific, offering a 
more precise reflection of a population's 
health.

CDR ignores age and sex factors, leading 
to less accurate assessments in populations 
with many young children or elderly people.

Response to 
Healthcare 
Interventions

IMR quickly reflects the impact of 
healthcare initiatives targeting mothers and 
infants, such as vaccination and improved 
maternal care.

CDR reflects broader health trends and 
is less sensitive to specific healthcare 
interventions.

Life Expectancy IMR is a strong indicator of life expectancy, 
with higher rates usually signifying 
shorter life spans, particularly in less 
developed regions.

CDR can be misleading and   overestimate 
life expectancy due to its broad, non-age-
specific nature.

Dependency Ratio
The dependency ratio is a measure of the number of dependents aged zero to 14 and over the age of 65, compared 
with the total population aged 15 to 64. This demographic indicator gives insight into the number of people of non-
working age, compared with the number of those of working age.

Age dependency ratio, 2023
The age dependency ratio is the sum of the young population (under age 15) and elderly population (age 65 and over) relative 
to the working-age population (ages 15 to 64). Data are shown as the number of dependents per 100 working-age population. �

No data� 50% 60% 70% 80% 90% 100%
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Dependency Ratio Variation Across Developed and Developing Countries

The dependency ratio shows significant variation between developed and developing countries. According to the 
UNCTAD report:

	� Developed Countries: The dependency ratio typically ranges between 50% and 65%, reflecting a higher proportion 
of elderly people relying on a smaller working-age population.

	� Developing Countries: The dependency ratio in developing countries has decreased from 93% in 1991 to 81% 
in 2020 and is projected to further drop to 72% by 2030, showing a shift towards a more productive working-age 
population.

Dependency ratio by age structure
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Consequences of Dependency Ratios:

Developed countries Developing countries

	� Financial Strain on Social Security Systems: A 
high old-age dependency ratio increases pressure 
on pension systems and healthcare services as 
fewer working-age individuals support the elderly 
population.
	� Example: Germany (21% aged 65+ in 2020) raised 

retirement age to ease pension and healthcare 
burden.

	� Job Demand Shifts: Aging populations generate 
increased demand for jobs in healthcare, elderly 
care, and specialized housing, potentially creating 
new employment opportunities.
	� Example: Italy’s aging population boosted demand 

for jobs in healthcare and elderly care.
	� Need to Extend Working Lives: To mitigate 
economic pressures from an aging population, 
developed countries may raise retirement ages or 
implement policies promoting active aging, enabling 
older workers to stay in the workforce longer.
	� Example: Japan raised retirement age and 

supports older workers to stay employed.

	� Pressure on Education and Healthcare Systems: 
A high child dependency ratio demands substantial 
investments in education, healthcare, and other 
social services to support a young population.
	� Example: Nigeria’s 80% child dependency ratio 

demands heavy investment in social services.
	� Job Creation Challenge: As the working-age 
population grows, developing economies face the 
challenge of generating sufficient job opportunities.
	� Example: India must generate millions of jobs 

annually for its growing youth population.
	� Potential for Economic Growth: If developing 
countries can invest in education and skill development 
for their young populations, they could experience a 
“demographic dividend”, fostering future economic 
growth.
	� Example: South Korea turned its young workforce 

into a demographic dividend through education and 
tech investments.
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Age-Sex Pyramid

Types of Age-Sex Pyramid

An age-sex pyramid, also known as a population 
pyramid, is a graphical representation of a 
population’s distribution by age and sex. 
Typically, it displays males on the left and 
females on the right, with age groups 
represented in five-year intervals. The youngest 
age groups are at the bottom, and the oldest are 
at the top.

Age-sex pyramids can be classified into different types based on the shape of the graph, which reflects the population’s 
growth patterns and demographic characteristics. The three main types are Expansive, Constrictive, and Stationary. 

Type Description Case Study

Expansive Characterized by a broad base, indicating a high 
birth rate and population growth. The pyramid 
tapers off as age increases. This type is typical 
of countries with high fertility rates and a growing 
population.

India: The age-sex pyramid of India is 
expansive, with a broad base, reflecting 
a youthful population with high birth rates 
and potential for growth.

Constrictive

The pyramid has a narrower base, showing lower 
birth rates. This type suggests that a country 
has a stable or declining population, with a larger 
proportion of the population in older age groups.

Germany: The pyramid is constrictive, 
with fewer young people and a significant 
proportion of the elderly, indicating an 
aging population with low fertility rates.

Stationary The pyramid has roughly equal proportions 
across all age groups, suggesting a stable 
population with low birth and death rates. This type 
is characteristic of developed countries with good 
healthcare and family planning.

United States: The U.S. has a stationary 
pyramid with relatively even distribution 
across age groups, indicating a stable 
population growth with balanced birth and 
death rates.
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Significance of Age-Sex Pyramid

Significance Explanation Example

Analyzing 
Population 
Growth Trends

The shape of the pyramid reveals whether 
a population is growing, stable, or declining. 
A broad base suggests a high birth rate and 
potential population growth, while a narrower 
base indicates lower birth rates and possible 
population decline.

Japan has an aging population, with a 
narrow base in its pyramid, indicating low 
birth rates and a declining population.

Understanding 
Dependency 
Ratios

The age-sex pyramid helps assess dependency 
ratios by comparing the working-age population 
(ages 15-64) with dependent populations 
(children under 15 and elderly over 65).

Germany has a high old-age dependency 
ratio, which is reflected in its pyramid 
with a substantial elderly population. 
This requires increased investment in 
healthcare and pensions.

Planning for 
Social Services

Demographic insights from age-sex pyramids are 
essential for planning infrastructure and social 
services. A large youth population may indicate 
a future need for schools, while a growing 
elderly population may demand healthcare and 
retirement services.

India's large youth population calls for 
extensive investments in education, while 
Italy's aging population requires a stronger 
focus on elderly care and healthcare 
services.

STAGE ABOUT SIGN

The Age of 
Pestilence and 
Famine

This stage is dominated by high and 
fluctuating mortality rates, primarily due 
to infectious and parasitic diseases, poor 
sanitation and malnutrition.

Life expectancy at birth is low and 
variable, typically below 40 years. 
Population growth is minimal.

Concept of the “EPIDEMIOLOGICAL TRANSITION”
The Epidemiological Transition is a theory that focuses on the dramatic shift in patterns of health and disease and 
their interactions with the patterns of demographic change in populations. 

Proposed by Abdel Omran in 1971, the theory posits that societies progress through distinct stages of epidemiology 
corresponding to their development and modernization. This shift is characterized by a reduction in infectious and 
communicable diseases and an increase in chronic, non-communicable diseases.

Here’s a breakdown of each stage as proposed by Omran:

Stage of Epidemiologic Transition

Pestilence
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Pandemics

Degenerative 
and Man-Made 
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Delayed 
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The Age of 
Receding 
Pandemics

With urbanization and improved economic 
conditions, there's a gradual decline in the 
impact of infectious diseases. However, 
pandemics could still occur but become less 
frequent over time.

Life expectancy begins to increase,  
and Mortality rates start to decline 
leading to a rise in population. 

The Age of 
Degenerative and 
Man-Made Diseases

As infectious diseases recede, chronic, 
non-communicable diseases like heart 
disease, cancer, and diabetes become the 
primary causes of death. These diseases 
are often associated with urban lifestyles.

Continued rise in life expectancy, 
often exceeding 70 years. While 
overall mortality rates continue to 
decline, the focus shifts to managing 
chronic diseases.

The Age of Delayed 
Degenerative 
Diseases (later 
added by some 
scholars)

There's a delay in the onset and effects 
of chronic diseases. Prevention and 
early intervention become primary health 
strategies.  

Life expectancy continues to rise, and 
mortality from chronic diseases starts 
to decrease, especially in older age 
groups

Thus, Omran’s epidemiological transition model provided a valuable framework for understanding the shift in 
causes of mortality and its relationship with societal development.

Relationship Between Net Reproductive Rate (NRR) and True Replacement Level of Population
The Net Reproductive Rate (NRR) is a measure that indicates the number of daughters a woman is expected to have 
during her lifetime, accounting for mortality rates. An NRR of 1 represents a stable population, meaning that each 
generation of women is having enough daughters to replace themselves. 
This aligns with the true replacement level of population, which is typically around 2.1 children per woman, accounting 
for child mortality and gender imbalance.

	� For example, in Sweden, where the NRR is approximately 1, the population is stable, although the fertility rate is 
below 2.1, helped by immigration. Conversely, in Japan, where the fertility rate is significantly lower, the NRR is 
below 1, indicating that the population is not replacing itself and is in decline.

Preston Curve
The Preston Curve, proposed by economist 
Samuel Preston in 1975, illustrates the 
positive correlation between a country’s 
life expectancy and its per capita income. 

As national income increases, life 
expectancy tends to rise, but the relationship 
is non-linear, with diminishing returns at 
higher income levels. This curve highlights 
the complex interplay between economic 
development and public health.
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Case study: Japan’s Population Decline and Socio-Economic Impact 

Case study: Infant Mortality Rate in Afghanistan 

	� Japan’s population is experiencing a significant decline due to low fertility rates, which have fallen to 1.36 births 
per woman in 2021. The aging population and declining workforce pose challenges to economic growth and social 
services. 

	� Government initiatives, including child support programs and work-life balance policies, aim to boost fertility rates. 
However, cultural and economic factors continue to hinder significant improvements.

	� Afghanistan has one of the highest infant mortality rates globally, attributed to inadequate healthcare, malnutrition, 
and ongoing conflict. Efforts to improve maternal and child health are critical but face significant challenges. 

	� The infant mortality rate is 52 deaths per 1,000 live births, reflecting the need for enhanced healthcare services.

Migration and Mobility: Causes of Migration, 
Consequences of Migration

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 “In developed countries, migration rather than 
fertility will be the main driver of population 
dynamics over the next few decades.” Examine 
the statement. (15 M, 2024)

2)	 How migration is affected by push and pull 
factors? Explain how these factors play a role in 
understanding new settlement patterns. ( 20M, 
2022)

3)	 Distinguish between mobility and migration. 
What are the causes and consequences of rural 
to urban migration in India? (10M, 2020)

4)	 What do you mean by ‘climate migrants’? 
Suggest appropriate policies and programmes 
for their resettlement. (15M, 2019)

5)	 Examine the causes and consequences of forced 
migration of population in the present context. 
(15M, 2017)

6)	 Discuss the application of Gravity model in 
Geographical studies. ( 10M, 2016)

7)	 Critically examine the theories on population 
migration. ( 15M, 2015)

8)	 Write short note on Impact of migration on urban 
demography. (12M, 2012)

	� The last question from this topic appeared in 2024, 
with previous instances in 2022, 2020, 2019, and 
2017. This reflects a consistent pattern of questions 
being asked every 1 to 3 years, highlighting the high 
importance of the topic. 

	� The themes have ranged from theoretical (e.g., 
migration theories, gravity model) to applied (e.g., 
rural-urban migration, climate migrants, urban 
demography) and contemporary global contexts 
(e.g., migration in developed countries, forced 
migration).

	� For 2025, focus on the migration theories (e.g., 
Ravenstein’s Laws, Lee’s Push-Pull Model) and the 
impact of climate change on migration.

Migration and Mobility
	� Migration refers to the movement of people from one place to another, either within a country or across national 
borders, with the intention of settling temporarily or permanently. 

	� Mobility, on the other hand, is a broader concept that encompasses all types of movement of people, goods, or 
services, which may include migration but also daily movements, such as commuting or traveling for business or 
leisure. 
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Mobility Migration 

	� Refers to the general ability of people to move within 
a space. 

	� This could be short-distance travel for work, 
commuting to school, or even visiting a local park. 

	� Mobility is not permanent and focuses on the ease 
of movement within a defined area.

	� People migrate for various reasons, seeking better 
opportunities, education, or escaping conflict. 

	� Migration often involves longer distances and a 
significant shift in lifestyle 

	� Involves a permanent or semi-permanent change 
of residence

Causes of Migration

Demographic Factors 
Aging populations create labor 

demand in developed countries. 
Ex: Eastern Europeans working in 
Germany to �ll workforce gaps. 

Economic Factors 
Migration for jobs, better income, 

improved living standards. 
Ex: Rural to urban migration in 

India for employment. 

Political Factors 
Due to con�ict, persecution, 

or political instability. 
Ex: Syrian refugees moving 
to Europe during civil war. 

Social Factors 
Driven by family ties, education, 

or cultural reasons. 
Ex: Indian students migrating to 

the US for studies.

Environmental Factors 
Triggered by natural 

disasters or climate change. 
Ex: Bangladeshis relocating 

from coastal areas due to 
sea-level rise.

Consequences of Migration

Consequence Explanation Example

Economic 
Growth

Migration can lead to economic growth in receiving 
regions by increasing labor supply and demand for 
goods and services.

Gulf countries experiencing growth 
due to labor migration from India, 
Pakistan, and other countries.

Cultural 
Exchange

Migration facilitates cultural exchange and diversity, 
leading to new ideas, cuisines, traditions, and 
languages.

New York being a melting pot with 
cultural influences from Europe, 
Africa, and Asia.

Labor Market 
Imbalance

Migration can create labor shortages in sending 
regions and labor surpluses in receiving regions, 
causing imbalances.

India's rural-to-urban migration 
creates labor shortages in agriculture 
and surplus labor in cities.

tel:+918468022022/
https://visionias.in/
https://visionias.in/


222

Social Tensions Large influxes of migrants can sometimes lead to 
social tensions, xenophobia, or discrimination in 
receiving regions.

European countries facing social 
tensions due to Syrian migrants 
arriving in large numbers.

Brain Drain Emigration of highly skilled workers can result in a 
loss of talent and expertise for the sending regions.

India's brain drain as IT professionals 
and doctors migrate to the US and 
Canada for better opportunities.

Impact of Climate Change on Migration
BY 2050-IF NO ACTION IS TAKEN-THERE WILL BE 

MORE THAN 143 MILLION INTERNAL CLIMATE 
MIGRANTS ACROSS THESE THREE REGIONS 

SUB-SAHARAN AFRICA SOUTH ASIA LATIN AMERICA 

17 MILLION40 MILLION 86 MILLION 

Possible routes of climate migration 
Rapidly changing effects such as extremy weather 
events, which increase in and frequency with climate 
change, and long-term effects such as sea-level rise 
and increasing droughts trigger migration mobility in 
various parts of the world 

In South Asia, more than 8.5 million people may settle 
in the Persian Gulf, and between 17 million and 36 
million people in India's Ganges Valley  

It is estimated that around 143 million people living 
in hot climates in Latin America, South Asia and 
Sub-Saharan Africa will be internally displaced 

Approximately 700,000 people are 
expected to flee annually from Central 
America and Mexico in 2025 

Majority will head to Mexico City 
from Central America and Mexico 

Western Uganda and northern 
highlands of Ethiopia 

Lake Victoria basin

Surroundings of Malawi 
capital Lilongwe 

Mekong Delta 

Some parts of China and Thanand 

Regions suitable for migration 
Migrant-sending regions 

Coastal areas of Kenya and Tanzania 

Projections for the number of future clienate migrants range 
from 150 million to 2 billion 

MEXICO EGYRI CHINA

Thailand 

Basra Gulf

BRASIL 

AFRICA 

AUSTRALIA

2 BILLION PEOPLE 
may be displaced in
50 YEARS 
due to climate change 

Mexico City 

Ganges river valley US

FLOOD

HIGH TEMPERATURE 

DROUGHT 

FIRE

RUSSIA 

STORM

1 in 3 people could be a climate 
migrant by 2070 

Most parts of soulbers trag 
Almost all of Nile Delta 

Climate migration refers to the movement of people who are forced or 
voluntarily leave their homes due to climate-related environmental 
changes. 

This type of migration is increasingly becoming a significant global issue as 
climate change exacerbates existing environmental challenges.
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These impacts underscore the growing issue of climate-induced migration and highlight the urgency for proactive policy 
and infrastructure planning.

These impacts underscore the growing issue of climate-induced migration and highlight the urgency for proactive policy 
and infrastructure planning.

How Countries Can Prepare for Climate-Induced Migration:

Develop 
Comprehensive 
Migration Policies: 
Governments 
should create 
policies that both 
address the root 
causes of climate 
migration and 
protect migrants’ 
rights.

Strengthen 
Infrastructure 
and Disaster 
Preparedness: 
Investments 
in resilient 
infrastructure, 
such as flood 
defenses and early-
warning systems, 
can mitigate the 
impact of extreme 
weather and reduce 
displacement.

Enhance 
International 
Cooperation: 
Cross-border 
climate migration 
requires 
collaboration 
between nations 
and international 
organizations 
to provide 
humanitarian aid 
and create long-
term solutions.

Implement Early 
Warning Systems 
and Monitoring: 
Establishing early 
warning systems 
can help anticipate 
climate impacts 
and migration 
patterns, allowing 
governments to 
take preemptive 
action.

Promote Climate-
Resilient 
Livelihoods: 
Encouraging 
livelihoods that are 
resilient to climate 
change can reduce 
the dependency 
on vulnerable 
sectors and help 
communities adapt 
to environmental 
changes.

	� Example: New 
Zealand has 
introduced a 
visa scheme for 
Pacific Islanders 
displaced by 
rising sea 
levels, providing 
a pathway 
for those 
affected by 
climate change 
to migrate 
as climate 
refugees.

	� Example: The 
Netherlands 
has implemented 
some of the 
world’s most 
advanced flood 
defense systems, 
such as Delta 
Works, to protect 
low-lying regions 
from rising sea 
levels.

	� Example: The 
European 
Union has 
financed 
adaptation 
projects and 
provided 
humanitarian 
support 
to regions 
suffering from 
climate-induced 
displacement, 
such as 
Bangladesh and 
Syria.

	� Example: 
The Pacific 
Islands Forum 
has developed 
a Regional 
Security 
Strategy with 
early warning 
systems to 
anticipate and 
respond to 
climate-induced 
migration in the 
Pacific.

	� Example: 
Bangladesh 
has introduced 
climate-
resilient farming 
techniques, such 
as salt-tolerant 
rice varieties 
and aquaculture 
practices, to 
support local 
communities and 
reduce migration 
pressures due to 
climate impacts.

Impact Description Example

Increased Extreme 
Weather Events

More frequent hurricanes, floods, and 
droughts displace people from their 
homes.

2020 Hurricane Laura displaced 
thousands in the U.S.; Cyclone Idai 
displaced 2.6 million in Mozambique.

Sea-Level Rise
Rising sea levels erode coastlines, flood 
settlements, and result in loss of land.

In Bangladesh, over 1.5 million people 
displaced due to coastal flooding.

Agricultural Disruption Climate change affects crop yields and 
leads to food insecurity, driving migration.

Sahel region in Africa faces reduced crop 
yields, pushing people to urban areas.

Water Scarcity Reduced water availability due to droughts 
and changing precipitation patterns.

Syria’s drought (2006-2011) worsened 
water shortages, triggering internal 
migration.
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Gentrification
Gentrification is a process where a deteriorating or low-income 
urban area undergoes transformation due to an influx of more 
affluent residents, leading to increased property values and changes 
in the neighbourhood’s socio-economic character. 
This process often results in the displacement of original, lower-
income residents as the cost of living rises.

Gentrification

Population 
displacement InequalitiesHigh co

sts
 

Drivers of Gentrification Gentrification Processes 

Enabling conditions 
Land access; capital 

circulation; household 
mobility; cultural and 

countercultural trends; 
appealing landscapes; 

infrastructure
(including IT) 

Gentrifying
agents 

(e.g. property
developers, policy 
makers) produce 

gentrification
opportunities 

Gentrifiers 
(individuals and 

households) pursue 
distinction and 

lifestyles 

Capital
investment and 

residential 
mobility

into specific 
locales 

Landscape 
change 

Displacement 
of people, built 

and natural 
environments, 
animals and 

practices 

Social
up-grading 

Capital 
production 
Economic, 

social, 
cultural 

Impacts of Gentrification

Impact Description Example

Economic 
Improvement

Increased property values and investments 
can lead to better infrastructure, services, and 
amenities.

Downtown Denver saw improved 
public transportation and revitalized 
public spaces due to gentrification.

Social and 
Cultural 
Changes

New businesses and cultural amenities can 
revitalize neighborhoods, but the displacement 
of long-time residents can erode the social 
fabric.

Detroit's Corktown underwent cultural 
revitalization, but historical residents 
were displaced as new businesses 
moved in.

Displacement 
of Low-Income 
Residents

Rising rents and property taxes can force 
original residents to relocate, leading to socio-
economic segregation.

Washington, D.C.'s Anacostia 
witnessed displacement of residents as 
redevelopment increased living costs.

Changing 
Local 
Business 
Landscape

New businesses offer economic opportunities 
but may push out traditional local businesses 
due to changing demographics and higher rents.

Harlem, New York saw the arrival of 
high-end restaurants and boutiques, 
impacting long-standing local 
businesses.

These impacts demonstrate the multifaceted effects of gentrification on both urban economies and communities.
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Population Theories: Concept of over, under 
and optimum population, Population Theories

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Write a short note: Concept of optimum 
population. (12M, 2010)

	� The last question from this topic appeared in 2010, 
with a focus on the concept of optimum population. 
This indicates that questions on this topic tend to 
appear less frequently, with a focus on key concepts.

	� For 2025, it is recommended to focus on the concept 
of optimum population, population theories, and case 
studies of population-related challenges

Note: Population theories have been explained in the chapter on Models and Theories.

Concept Definition Case Studies

Over Population 
Increases in the population level past the optimum point 
result in lower standards of living. Resources are shared 

among more people and the economic standard per 
capita declines 

Under Population 
Increases in the population level allow more effective 

exploitation of the resources available (food, energy, land 
etc) and lead to higher incomes per capita. 

G
D

P
/c

ap
it

a 

Total Population 

Optimum Population 
The population level at which the highest economic standard of living is 

achieved. The available resources are exploited effectively. 

Case study:  Conflict-Induced Displacement Case study:  Venezuelan Migration Crisis
Sudanese Refugee Crisis: The civil war in Sudan, 
which began in April 2023, has resulted in one of the 
largest displacement crises in Africa’s history.
 By the end of 2024, approximately 4.1 million 
people had fled the country, while around 16 million 
remained internally displaced. Neighboring countries, 
including Chad, South Sudan, Egypt, and Ethiopia, 
have borne the brunt of this influx, straining their 
resources and infrastructure. 

Concept of over, under and optimum population

Venezuela’s economic collapse, hyperinflation, and 
political instability have led to the migration of over 5 
million Venezuelans since 2015. Countries like Colombia, 
Peru, and Brazil have absorbed the majority of migrants. 
These receiving nations face pressures on jobs, 
healthcare, and education. Venezuelan migrants often 
face challenges related to legal status, employment, and 
integration, with Colombia hosting around 1.8 million 
migrants, the highest in the region.
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Global Population Challenges and policies: World Population 
Problems, Population Policies and Approaches

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Aging population has adverse social and 
economic consequences. Explain with examples. 
( 15M, 2021)

2)	 Assess the challenges for countries with the 
largest shares of aged populations. 

3)	 ( 15M, 2019)
4)	 Citing examples from Asia and Europe, comment 

upon the contexts within which pro-natalist 
population policies are advanced and what could 
be the implications of these policies on women’s 
workforce participation. (15M, 2018)

5)	 Describe the regional pattern of Life Expectancy 
in the world and bring out the challenges faced 
by developing countries due to increasing life 
expectancy. ( 20M, 2016)

6)	 What are Geriatrics? What are the problems 
associated with Geriatric population? (20M, 2013)

	� The last question from this topic appeared in 2021, 
with previous instances in 2021, 2019, 2018, 2016, 
and 2013. 

	� This indicates a trend of questions focusing on 
specific demographic issues, with an increasing shift 
toward more focused topics like aging populations 
and pro-natalist policies in recent years.

	� Earlier questions (2013-2016) were broader, 
addressing life expectancy and geriatrics, while 
more recent questions (2018-2021) narrowed down 
to the social and economic implications of aging 
populations and related policy responses.

	� For 2025, it is recommended to focus on world 
population problems along with approaches like 
family planning programs and pro-natalist policies.

Overpopulation

Occurs when the population exceeds 
the resources available, leading to 
pressure on infrastructure, housing, 
and the environment.

Overpopulation in Nigeria: 
	� Nigeria, with over 220 million people 
and a 2.6% annual growth rate, faces 
overpopulation, particularly in urban areas 
like Lagos. 

	� Rapid growth leads to infrastructure pressure, 
housing shortages, unemployment, and 
environmental degradation. The government 
struggles to provide services like healthcare 
and education.

Underpopulation Occurs when the population is 
too low to fully utilize the available 
resources, leading to economic 
stagnation, labour shortages, and a 
shrinking economy.

Underpopulation in Japan: 
	� Japan, with a population of around 125 million 
and negative growth, faces underpopulation 
due to low birth rates and aging. 

	� The declining workforce and depopulated 
rural areas create economic challenges, 
increasing the burden on social security and 
diminishing local economies.

Optimum Population

The ideal population size where 
resources are balanced with the 
available infrastructure, ensuring 
economic growth, high living 
standards, and sustainability.

Optimum Population in Canada: 
	� Canada, with 38 million people and a positive 
growth rate driven by immigration, strives to 
maintain an optimum population. 

	� Immigration policies encourage skilled 
migration, supporting economic growth while 
maintaining environmental sustainability and 
a high standard of living.
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World Population Problems
Population problems refer to the various challenges arising due to the size, structure, and distribution of a 
population, which can lead to significant social, economic, and environmental impacts. 
The world’s population faces several key challenges that have significant social, economic, and environmental 
consequences. As population growth continues, countries must confront issues related to fertility rates, aging populations, 
urbanization, migration, and resource management. 

Population 
Problem Description Causes Consequences Example/Case 

Study

Overpopulation

Occurs when a 
population exceeds 
the capacity of 
available resources, 
leading to 
resource depletion, 
environmental 
degradation, and 
economic strain.

	� High birth rates
	� Declining 
mortality rates

	� Insufficient 
family planning 
and control 
measures

	� Overcrowding
	� Pressure 
on housing, 
healthcare, and 
education

	� Environmental 
degradation

	� Resource 
shortages

Nigeria: With 
over 220 million 
people, Nigeria 
faces pressure 
on infrastructure, 
housing, healthcare, 
and education 
systems due to its 
high population 
growth. Urban 
areas like Lagos are 
particularly affected.

Aging 
Population

Refers to an 
increasing proportion 
of elderly people 
in the population, 
leading to challenges 
in healthcare, 
pensions, and 
workforce 
sustainability.

	� Declining birth 
rates

	� Increased life 
expectancy

	� Inadequate 
pension and 
healthcare 
systems

	� Increased 
healthcare costs

	� Shrinking workforce
	� Economic strain 
due to higher 
dependency ratios

Japan: With a 
fertility rate of 1.3, 
Japan faces an 
aging population. 
The workforce is 
shrinking, and the 
government faces 
rising costs in 
social security and 
healthcare.

Youth Bulge

A situation where 
a large proportion 
of the population is 
under 15 years old, 
creating pressures 
on education, 
healthcare, and 
employment.

	� High fertility 
rates

	� Poor family 
planning

	� Limited access 
to reproductive 
healthcare

	� Early marriages

	�  High dependency 
on education and 
healthcare systems

	� Limited job 
opportunities

	� Increased pressure 
n government 
services

Sub-Saharan 
Africa: Countries 
like Nigeria and 
Uganda face a youth 
bulge, with 60% of 
the population under 
25 years old, leading 
to challenges in 
providing sufficient 
jobs and education.

Gender 
Imbalance

A disparity between 
the number of 
males and females 
in a population, 
which can have 
social, cultural, 
and economic 
implications.

	� Cultural 
preference for 
one gender 
(often males)

	� Gender-biased 
sex selection

	� Socio-cultural 
norms favoring 
one gender

	� Gender inequality
	� Social tensions
	� Skewed marriage 
markets

	� Potential rise 
in trafficking or 
violenc

China: The one-
child policy led to a 
gender imbalance, 
with a sex ratio of 
114 males to 100 
females by 2020, 
creating long-term 
social issues related 
to marriage and 
gender equality.
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Fertility Decline

A decline in fertility 
rates, leading to 
below-replacement-
level population 
growth, resulting 
in a population 
decline and an aging 
population.

	� Improved 
access to 
contraception

	� Better education 
for women

	� Delayed 
marriages and 
childbearing

	� Economic 
constraints

	� Aging population
	� Shrinking workforce
	� Increased 
dependency ratio

	� Economic and 
social strain

Germany: With 
a fertility rate of 
1.4, Germany’s 
population is 
aging. The country 
faces challenges 
in workforce 
sustainability and 
social security due 
to declining fertility 
rates.

Global Aging Population
The global aging population is one of the most significant demographic shifts of the 21st century. Driven by declining 
fertility rates and increasing life expectancy, the proportion of elderly individuals (aged 65 years and above) is 
rapidly growing across the world.

Key Data and Trends
	� According to the United Nations World Population Prospects 2024, the number of people aged 65 and over is 
projected to more than double from 761 million in 2021 to 1.6 billion by 2050.

	� By 2050, 1 in 6 people globally will be over the age of 65, compared to 1 in 11 in 2019.
	� The old-age dependency ratio (number of elderly per 100 working-age people) is expected to rise from 16 in 2019 
to 28 in 2050, increasing the pressure on social security systems and healthcare infrastructure.

Regional Highlights

	� Europe currently has the oldest population, with over 20% of its population aged 65 and above. Countries like 
Italy, Germany, and Japan are already facing workforce shortages and rising pension costs.

	� Japan has the highest proportion of elderly people globally, with 29% of its population over 65 as of 2023, leading 
to initiatives like robotic care and policies to increase workforce participation among older adults.

The World's Oldest Populations 

Europe 
2024

30.2% Japan Hong Kong 40.6%

South Korea 39.4%

Japan 37.5%

Italy 37.1%

Spain 36.6%

Taiwan 35.3%

Greece 34.5%

Portugal 34.3%

24.9% Italy 

23.9% Finland 

23.8% Puerto Rico

23.7% Portugal 

23.5% Greece 

23.2% Germany 

23.1% Croatia 

2025
Asia Caribbean

Countries/territories with the highest estimated share of people aged 65 and 
older* 

* Only includes countries/territories with a population of more than 1 million people 
Source: United Nations Population Division
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	� In contrast, developing regions like India and sub-Saharan Africa still have relatively young populations, but are 
expected to face similar aging trends later this century.

Implications of Population Aging

	� Economic Impact: Shrinking labor forces in aging societies may slow economic growth and increase the burden 
on younger workers to support retirees.
	� Example: In Germany, labor shortages due to aging have led to increased automation and recruitment of foreign 

workers.
	� Healthcare Demand: Aging populations require more healthcare services, particularly for chronic illnesses and 
elder care, straining public health systems.
	� Example: Japan has invested heavily in robotic caregivers and elder-friendly medical facilities to support its 

aging population.
	� Social Welfare Pressure: Higher pension and healthcare costs put pressure on government budgets and 
necessitate reforms in retirement age and pension systems.

	� Example: France faced large-scale protests in 2023 over plans to raise the retirement age from 62 to 64 to ease 
pension strain.

	� Opportunities: The rise of the “silver economy”—goods and services tailored for the elderly—opens new markets 
in healthcare, technology, and housing.
	� Example: South Korea has seen rapid growth in tech-driven eldercare solutions, including wearable health 

monitors and smart home systems.
Thus, the aging population is a global challenge that requires proactive planning in areas such as healthcare, 
pensions, urban planning, and employment policies. Countries that can adapt their social systems and tap into the 
potential of active aging will be better positioned to navigate this demographic transition successfully.

Population Policies and Approaches
Population policies are crucial tools used by governments to manage population growth, fertility rates, and the socio-
economic impacts of demographic changes. 
Countries implement a variety of approaches to address population challenges, focusing on controlling growth, 
enhancing quality of life, and ensuring sustainable development.

Approach Description Policy Tools/Methods Case Study

Family 
Planning 
Programs

Policies aimed 
at controlling 
population growth 
through the 
promotion of birth 
control methods 
and family planning 
awareness.

	� Access to 
contraceptives

	� Public awareness 
campaigns

	� Family planning 
education

China’s One-Child Policy
	� Introduced in 1980 to limit population 
growth.

	� Successfully reduced fertility rates from 
5.8 children per woman in 1979 to 1.6 by 
the mid-1990s.

	� Contributed to a gender imbalance and 
an aging population.

Pro-Natalist 
Policies

Policies that 
encourage higher 
birth rates to counter 
the effects of an 
aging population. 
Incentives for 
having children.

	� Financial incentives 
for families

	� Tax breaks
	� Paid parental leave
	� Child subsidies

Singapore’s Pro-Natalist Policies
	� Financial incentives and subsidies to 
encourage higher fertility.

	� Despite efforts, Singapore’s fertility rate 
remains low at 1.1 children per woman.

	� Struggles with balancing work-life 
pressures for women.
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Measuring Social Well-being:
	� Human Development Index (HDI): A composite measure assessing life expectancy, education, and income.
	� Social Progress Index (SPI): Measures social progress based on aspects like health, education, and environmental 
sustainability.

Social Well-being
Social well-being refers to the overall quality of life of individuals within a society. It encompasses various factors 
like access to basic needs, education, healthcare, employment opportunities, social security, and the overall happiness 
and safety of individuals.

Key Aspects of Social Well-being:
	� Health and Healthcare: Access to quality healthcare services and the general health of a population.

	� Example: Countries with universal healthcare like Canada generally show better social well-being.
	� Education: Access to quality education is fundamental for social mobility and empowerment.

	� Example: Norway’s strong education system is key to its high social well-being index.
	� Economic Security: Availability of jobs, employment benefits, and poverty reduction programs.

Immigration 
Policies

Policies designed 
to encourage or 
control immigration 
in response to 
aging populations, 
labor shortages, or 
underpopulation.

	� Work visas for skilled 
workers

	� Refugee resettlement 
programs

	� Investor immigration 
programs

Canada’s Immigration Policies
	� Open immigration policies to address 
labor shortages and support economic 
growth.

	� Positive impact on labor market and 
population growth.

	� Immigration accounts for 70% of 
Canada’s population growth.

Fertility 
Promotion 
Programs

Programs designed 
to encourage 
higher birth 
rates, especially 
in countries 
facing declining 
populations or low 
fertility rates.

	� Incentives for young 
families

	� Subsidized daycare
	� Extended parental 
leave

France’s Fertility Programs
	� Offers tax breaks, subsidized childcare, 
and generous parental leave.

	� Boosted fertility rate from 1.7 to 2.0 
children per woman.

	� Economic benefits, but challenges 
in balancing women’s workforce 
participation.

Quality of Life and Social Capital: Social Well-being and 
Quality of Life, Population as Social Capital.

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Explain the concept of social capital in relation to 
India. ( 15M, 2017)

2)	 Define the quality of life and explain its parameters 
with adequate examples. ( 15M, 2017)

	� The last question appeared in 2017, with previous 
instances in 2017. This indicates a sporadic pattern 
in question frequency. 

	� The PYQs primarily focus on demographic concepts, 
quality of life, and social capital, with a gradual shift 
from quantitative aspects to qualitative discussions. 

	� For 2025, it is advised to focus on social capital 
and quality of life indicators, preparing for broader, 
conceptual questions on population geography.
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	� Example: The Swedish welfare state provides comprehensive social security, reducing poverty and enhancing 
well-being.

	� Environmental Quality: Clean air, water, and safe living environments.
	� Example: Switzerland’s environmental policies ensure a high standard of living.

	� Social Inclusion: The extent to which individuals or groups have access to social networks and opportunities.
	� Example: In Finland, social inclusion programs have helped integrate marginalized groups like immigrants and 

minorities into the mainstream.

Discrimination 
Gender, racial, and social biases limit 

opportunities. 

Poverty and Inequality 
Unequal resource distribution 

hampers social well-being. 
Example: India's high inequality, with 
a large rural-urban divide, restricts 

social well-being. 

Example: South Africa's racial inequality 
continues to affect social well-being despite 

progress.  Conflict and War 
Displacement and insecurity 

undermine well-being.
Example: Syria's civil war has 

severely affected its citizens' social 
well-being.

Challenges to Social Well-being

Case study: Social Capital in India 
	� In India, social capital is strengthened through familial ties, community networks, and social organizations, 
particularly in rural areas where formal institutions are scarce. 

	� This collective trust and cooperation enhance governance and economic performance by facilitating 
communication and lowering transaction costs. 

	� However, disparities persist, as urban areas generally have more resources and opportunities. India’s social 
capital index varies widely among states, reflecting differences in social cohesion and community involvement.

Quality of Life
Quality of life refers to an individual or group’s overall well-being, encompassing not only the material aspects like wealth 
but also psychological, emotional, and social factors. It includes physical and mental health, education, recreation, and 
the environment.

Indicators of Quality of Life:
	� Human Development Index (HDI): Measures life expectancy, education, and per capita income to evaluate quality 
of life.

	� Gross National Happiness (GNH): A measure of well-being that incorporates sustainable development, 
preservation of cultural values, and good governance. Used by Bhutan to measure citizens’ quality of life.

	� Subjective Well-being: Based on individual self-reported measures of happiness and life satisfaction.

Key Components of Quality of Life:
	� Physical and Mental Health: Good health and access to healthcare services enhance the quality of life.

	� Example: Japan, with its excellent healthcare system and high life expectancy, ranks high in quality of life.
	� Income and Employment: High income levels and stable employment contribute significantly to one’s quality of life.

	� Example: High-income countries like Norway provide economic stability and social benefits that improve quality 
of life.
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Economic Inequality 
Disparities in wealth that 

affect access to 
resources and 
opportunities. 

Example: In India, 
inequality hinders the 

overall quality of life for 
lower-income groups. 

Environmental Degradation 
Pollution and climate change 

impacting health and satisfaction.
Example: Urban areas in China suffer 
from air pollution, reducing life quality. Mental Health Issues 

Rising mental health challenges 
reducing life satisfaction.

Example: The United 
States has seen a rise in mental 

health issues related to work 
stress and social isolation.

Challenges to Improving Quality of Life 

Case study: Quality of Life in New Zealand 
	� New Zealand offers a high quality of life, supported by its pristine natural environment, excellent healthcare 
system, and robust education policies. 

	� The government focuses on sustainable development and equitable resource distribution, ensuring that all 
citizens benefit. 

	� With high life expectancy, environmental quality, and social welfare programs, New Zealand consistently 
ranks high on the Global Happiness Index, reflecting the nation’s commitment to improving citizens’ well-being 
through comprehensive social policies.

	� Environment: Clean air, water, and the preservation of natural landscapes increase life satisfaction.
	� Example: New Zealand is known for its pristine environment and high quality of life.

	� Social Relations and Family Life: The strength of relationships with family, friends, and the wider community impacts 
life satisfaction.
	� Example: Countries like Denmark emphasize work-life balance, contributing to higher quality of life.

Comparison Between Social Well-being and Quality of Life

Aspect Social Well-being Quality of Life

Scope Broad, covers aspects like health, education, 
economic security, social inclusion.

Individualistic, focuses on life satisfaction, 
health, income, environment, and 
relationships.

Measurement
Measured through indices like HDI, SPI. Measured using indicators like HDI, GNH, and 

subjective well-being.

Focus Social policies, equity, access to basic 
services.

Personal well-being, emotional health, and life 
satisfaction.

Indicators Life expectancy, income distribution, access 
to education and healthcare.

Health, income, education, environment, and 
personal satisfaction.
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Rural Settlements: Types and Patterns of Rural Settlements
Rural settlements refer to areas where communities live and engage in agricultural or primary economic activities. 
These settlements are typically located in the countryside and differ in terms of size, structure, and function from urban 
settlements

Rural Settlements: Types and Patterns of Rural Settlements, 
Environmental Issues in Rural Settlements

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 “Rural settlements are expressions of the basic 
relationships between human beings and their 
physical and social environment.” Discuss. ( 20M, 
2023)

2)	 Discuss the role of site in determining the types 
and patterns of rural settlements. (15M, 2016)

	� The last question on rural settlements appeared in 
2023, with prior instances in 2016. This reflects a 
shift from specific aspects of rural settlements to a 
broader understanding. 

	� Earlier questions (2016) focused on site factors 
determining settlement types and patterns, while 
the more recent question (2023) examined the 
relationship between human beings and their 
physical and social environment. 

	� This trend highlights an increasing emphasis on 
viewing rural settlements as complex systems 
shaped by both physical landscapes and social 
dynamics. 

	� For the upcoming 2025 exam, a holistic 
understanding of rural settlements, considering 
both environmental and social factors, should be 
prioritized.

Factors Influencing Rural Settlements 

Water Resources 
Proximity to rivers, lakes, or 

canals affects settlement 
patterns (e.g., linear 

settlements along rivers). 

Climate 
Areas with high rainfall or 

fertile soil often have compact 
settlements, while arid regions 
may have dispersed patterns. 

Soil Quality 
Fertile soils lead to more nucleated 

settlements, while poor soils may result in 
dispersed patterns.

Topography 
Steep slopes encourage 

dispersed settlements, while 
flat plains favor compact or 

rectangular patterns. 

Cultural Factors 
Caste structures and functional 

needs often determine the shape 
of settlements. 
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Patterns of Rural Settlements

Pattern Description Example

Rectangular 
Pattern

Settlements with straight streets and roads 
intersecting at right angles. Found in fertile plains 
and wide valleys.

Villages in the Sutlej-Ganga plains, 
Germany, Israel

Linear Pattern
Settlements develop along a road, railway line, 
river, or canal due to physical constraints.

Villages along the Ganga-Yamuna 
plains, Alps, Rocky Mountains

Circular/Semi-
Circular Pattern

Settlements found around seacoasts, lakes, 
mountaintops, or meandering rivers, usually 
engaged in fishing or tourism.

Coastal villages in Kerala, Goa, 
lakeside settlements like Lake 
Victoria

Star-Shaped 
Pattern

Settlements form where roads converge, creating 
a radial settlement pattern.

Yangtzekiang plains, Punjab (India), 
Northwest Europe

Triangular Pattern Settlements develop at the meeting points of 
rivers or other geographical features.

Confluence points like the Ganges and 
Brahmaputra delta regions

Nebular Pattern
Settlements develop in a circular form around a 
central point (e.g., temple, fort, or house).

Traditional village patterns around 
temples in South India

Types of Rural Settlements

Linear Pattern Cross-shape Pattern Star-Ake Pattern

T-Shape Pattern Circular Pattern Double Pattern

Compact Settlement 

Settlements Pattern 

Dispersed Settlement
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Compact Settlements Semi-Compact Settlements Dispersed Settlements

	� Houses are closely packed, 
typical in highly productive 
regions like Indo-Gangetic 
Plains, Nile Valley, and 
Hwang Ho Valley.
	� Example: Punjab, known 

for intensive agriculture, 
has compact settlements.

	� These settlements are in a transitional 
phase between compact and 
dispersed patterns. Occur in semi-
arid or marginal lands where land 
fertility is moderate, leading to growth 
in settlement size.
	� Example: Villages in semi-arid 

regions of Rajasthan.

	� Houses are spread out over 
large areas. Common in hilly, 
plateau, and grassland regions. 
Farmers live on their own land.
	� Example: Steppe 

grasslands of Kazakhstan 
and hilly regions like Himachal 
Pradesh.

Case study: Planned Rural Settlements in Gujarat (Post-2001 Earthquake) 

Case study: Eco-Villages in Uttarakhand 

Following the 2001 Bhuj earthquake, several villages in Kutch district were relocated and rebuilt as planned 
settlements. Villages like New Vondh showcase how disaster response can reshape rural settlement patterns. 
This case study illustrates the role of external interventions in determining settlement types and highlights ongoing 
challenges in maintaining traditional social structures in planned layouts.

The development of eco-villages in Uttarakhand, such as Saur Village in Tehri Garhwal, represents an innovative 
approach to rural settlements. These villages integrate traditional architecture with modern sustainability practices, 
addressing environmental issues like deforestation and water scarcity. 
This case study demonstrates how rural settlements can evolve to meet environmental challenges while preserving 
cultural heritage.

Environmental Issues in Rural Settlements

Environmental 
Issue Description Case Study

Deforestation

Large-scale deforestation in 
rural areas for agricultural 
expansion, fuelwood collection, 
and urbanization disrupts 
biodiversity and leads to soil 
erosion and loss of habitats.

	� In Uttarakhand, deforestation for agriculture has led to 
increased landslides and soil erosion, worsening flood 
risks. 

	� Kedarnath (2013) saw severe flooding caused by 
the erosion of mountain slopes due to deforestation. 
This resulted in more than 5,000 deaths and massive 
infrastructure damage.

Soil Erosion

Overgrazing, deforestation, 
and poor farming techniques 
like monoculture result in the 
loss of soil fertility, impacting 
agricultural productivity.

	� Uttarakhand’s landslides during the 2013 cloudburst were 
exacerbated by soil erosion, where over-exploitation of 
land for agriculture contributed to unstable slopes. 

	� The total damage amounted to an estimated ₹15,000 
crore in losses, with thousands of hectares of arable 
land becoming infertile.

Water Scarcity

Over-extraction of groundwater 
for irrigation, along with poor 
water conservation practices, 
exacerbates water scarcity. 
Rural areas suffer from erratic 
monsoons and drought.

	� In Marathwada (Maharashtra), successive droughts 
between 2016-2019 reduced water levels in major 
reservoirs by up to 50%, causing severe water shortages. 

	� Rural migrations due to poor agricultural yields have 
led to a rise in urban slum populations. A reported 3,000 
farmer suicides in the region between 2015-2019 were 
linked to water scarcity.
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Land 
Degradation

Overuse of land for agricultural 
practices, industrial activity, 
and deforestation leads to 
desertification and reduced 
productivity.

	� In Rajasthan, desertification due to over-exploitation of 
agricultural land has led to a 20% decrease in productive 
land in the past 30 years. 

	� The expansion of mining and construction in desert 
regions has worsened this trend, leaving many rural 
settlements vulnerable to water shortages and loss of 
livelihoods. The Thar Desert area is especially affected.

Climate 
Change

Shifting climatic patterns result 
in unpredictable weather, 
affecting crop yields, water 
availability, and overall 
agricultural stability in rural 
areas.

	� In Himachal Pradesh, unpredictable weather patterns and 
erratic monsoons have led to damage in key agricultural 
areas. The state, known for apple cultivation, reported 
losses of ₹250 crore in 2021 alone due to unseasonal 
rainfall. 

	� The changing climate has disrupted the apple yield by 
as much as 30% compared to the previous years, leaving 
many farmers without income.

Urban Settlements and Hierarchy: Hierarchy of Urban 
Settlements, Urban Morphology

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Central Business Districts (CBDs) are in 
decline as the economic core of metropolitan 
cities. Critically examine. (10 M, 2024)

2)	 Examine the morphological factors that 
influence the origin and growth of towns. 
(10M, 2022)

3)	 Small number of mega-cities are playing a key 
role in organization of global economics  and 
culture. Explain. ( 15M, 2021)

4)	 “Urban Geography is nothing but city “in” 
area and city “as” area.” Elaborate. (25m, 
2013)

5)	 Answer the following: Regional shifts in the 
world urbanization after 1950 and the varied 
characteristics of urban process. (20M, 2012)

6)	 Write short note on Relevance of distance 
decay principle in Indian cities.(12M, 2012)

	� The last question on urban geography appeared in 
2024, with previous instances in 2022, 2021, and 2013. 
The frequency of questions has varied, but the overall 
trend highlights a shift from fundamental concepts to 
more complex, global urban dynamics. 

	� Earlier questions (2012-2013) focused on the 
morphological factors of town growth, regional shifts 
in urbanization, and urban geography basics. Recent 
questions (2021-2024) have increasingly examined 
the role of mega-cities, the decline of Central Business 
Districts (CBDs), and the interconnection of cities in 
global economics. 

	� For the upcoming 2025 exam, focus on urban 
morphological models with an emphasis on the concept 
of Central Business district.

Hierarchy of Urban Settlements
The hierarchy of urban settlements refers to the classification of towns and cities based on their size, function, and 
the services they offer. This hierarchy helps to understand how urban areas differ in terms of population size, economic 
importance, and administrative functions.

Level Description Functions Example

Hamlets
Smallest urban settlements 
with a very low population.

Primarily residential, limited 
services.

Rural areas in 
Himachal Pradesh, 
Kashmir
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Urban Morphology Models

Model Name Description Key Features

Concentric 
Zone Model

Proposed by E.W. Burgess in 1925, this model 
describes urban growth in a series of concentric 
rings around a central business district (CBD).

	� CBD at the center
	� Surrounding rings include zones of 
transition, working-class homes, better 
residences, and commuter zones

	� Reflects industrial-era cities
	� Example: Chicago, USA

Sector Model

Proposed by Homer Hoyt in 1939, this model 
suggests urban growth in sectors or wedges 
radiating out from the CBD along transportation 
routes.

CBD at the center
	� Growth occurs in wedges rather than rings
	� High-income residential areas develop 
along desirable sectors like highways or 
waterfronts
	� Example: London, UK

Villages
Larger than hamlets, with 
populations ranging from 
hundreds to thousands.

Agricultural, small-scale 
industries, and local services.

Agricultural villages 
in Uttar Pradesh, 
Bihar

Towns
More urbanized, offering 
markets, schools, and 
administrative offices.

Industrial, service-based 
economies, local trade centers.

Moradabad in Uttar 
Pradesh (brass 
industry)

Cities
Larger settlements with high 
populations, offering diverse 
services.

Government administration, 
industry, commerce, and cultural 
centers.

Mumbai, Delhi, 
Chennai, Kolkata

Metropolises
Large cities that serve as 
global or national hubs with 
millions of inhabitants.

Economic, political, cultural, and 
technological hubs.

Mumbai, Delhi, 
Bengaluru

Megalopolis

Vast urban areas formed 
by the merging of multiple 
metropolitan areas.

Centers of global trade, 
technology, finance, and cultural 
exchange.

Delhi-Mumbai 
Industrial Corridor 
(DMIC), National 
Capital Region 
(NCR)

Urban Morphology

The Concentric ring model also known as the Burgess model is one of the 
earliest theoretical models to explain urban social structures. 
It was created by sociologist Ernest Burgess in 1925. 

CONCENTRIC ZONE MODEL 

Commuter zone 

Residential zone 

Working class zone 

Zone of transition 

Factory zone 

CBD

A

A

B

C

D

E

F

B

B

C

C

C

E

D

DF

F

CBD (Central Business District) 

Zone of Transition 

Residential (lower class) 

Residential (middle class) 

Residential (upper class) 

Industry
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Multiple Nuclei 
Model

Developed by Chauncy Harris and Edward Ullman 
in 1945, this model suggests that cities have multiple 
centers or nuclei around which activities cluster.

	� Multiple centers of activity rather 
than a single CBD

	� Different nuclei develop specialized 
functions (e.g., industry, retail, 
residential)

	� More complex urban structure
	� Example: Los Angeles, USA

MULTIPLE NUCLEI

Key 

1 Central Business District 
2 Wholesale light manufacturing 
3 Low-class. Residential 
4 Middle-class Residential 
5 High-class Residential 
6 Heavy Manufacturing 
7 Outlying Business District 
8 Residential Suburb 
9 Industrial Suburb 

1
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3

3
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Case study:  Tokyo’s Urban Hierarchy 

Case study:  Urban Morphology of Delhi, India 

	� Tokyo exemplifies a primate city in Japan, dominating the urban hierarchy. Its extensive economic activities, 
advanced infrastructure, and cultural significance attract population and investment. Tokyo’s development is 
influenced by its strategic coastal location and historical centrality in governance and trade. 

	� Tokyo’s primacy leads to significant regional disparities, with rural areas lagging in development. 
	� The city faces challenges like congestion and high living costs. Tokyo continues to expand its infrastructure with 
projects like the Tokyo Bay Aqua-Line.

	� Urban Morphology Mechanism: Delhi’s urban morphology showcases a mix of historical monuments, colonial 
architecture, and modern infrastructure. The city is divided into Old Delhi with its dense, narrow lanes and New 
Delhi with planned, wide roads and governmental buildings. 

	� The city’s complex morphology supports diverse economic activities but also leads to significant urban planning 
challenges, such as traffic congestion and pollution. 

	� The Delhi Master Plan 2041 aims to address urban challenges by promoting sustainable development and 
improving infrastructure

Central business district
The central business district (CBD) is that part of the city which contains the principal commercial streets and 
main public buildings. It is the central part of the city as highlighted by E Burgess in his concentric zonation 
model. Eg:- London, Mexico city, new york, etc.

Reimagining Central Business Districts (CBDs) in the Context of Changing Urban Settlements
	� Rise of Satellite CBDs: As commercial offices and industries decentralize from the primary CBD, the development 
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of smaller, edge-city CBDs offers a new growth model.
	� Example: After Nariman Point in Mumbai became the central CBD, Bandra-Kurla Complex was formally 

established as a secondary CBD.
	� Development of Mass Rapid Transit Systems: To alleviate congestion in CBDs, mass rapid transit systems are 
being introduced, improving accessibility and reducing traffic.
	� Example: Curitiba’s Bus Rapid Transit (BRT) System in Brazil is a model of efficient public transport.

	� Vertical Sprawl in CBDs: Rather than expanding horizontally, CBDs are now embracing vertical sprawl to 
accommodate growing commercial and residential populations, resulting in the rise of skyscrapers.
	� Example: Mumbai, London, and other global cities showcase this trend.

	� Impact of COVID-19 on CBDs: The rise of the virtual economy and the shift to work-from-home culture have led 
to a significant decrease in foot traffic to CBDs, reducing congestion and shifting their importance.
	� Example: In the United States, visits to the office in the 10 largest CBDs dropped to just 27% of pre-pandemic 

levels, prompting a rethinking of the CBD’s role as the central commercial hub of cities.
Thus, there is a growing need for more planned CBDs, moving away from the previous haphazard growth seen in 
many cities.

Polycentric urban regions 
Polycentric Urban Regions (PURs) represent an alternative 
model of urban development characterized by the presence of 
multiple, relatively equal centers of activity, as opposed to a 
single dominant central business district (CBD). 

Characteristics of Polycentric Urban Regions:
	� Multiple Centers: Instead of a single, dominant city center, 
PURs consist of several urban centers or nodes that are 
economically and functionally interconnected. 
	� Example: The Randstad in the Netherlands, comprising 

cities like Amsterdam, Rotterdam, The Hague, and Utrecht, 
where no single city dominates, but all are interconnected 
and play vital roles in the region’s economy.

	� Economic and Functional Integration: These centers often 
specialize in different economic activities or functions, such 
as finance, manufacturing, technology, or cultural services, 
leading to a diversified regional economy. 
	� Example: In Germany’s Ruhr Area, cities like Dortmund, Essen, and Duisburg each have specialized industries 

but collectively form a strong economic unit.
	� Improved Accessibility and Connectivity: Efficient transportation networks, such as highways, railways, and 
public transit, connect the multiple centers, facilitating the flow of people, goods, and services between them. 
	� Example: The Greater Tokyo Area has multiple urban centers connected by a dense network of railways and 

highways, ensuring easy access across the region.

Benefits of pursuing Polycentric approach compared to Monocentric planning

Functionally Polycentric

Morphologically Monocentric 

Functionally Monocentric

Morphologically Polycentric

Monocentric City Structure Polycentric City Structure 

Strong high density centre with high 
concentration of jobs and amenities. 
Radial movement of people from periphery 
towards centre 

No dominant centre, some centres, 
Jobs and amenities are distributed in a near 
uniform manner across the built up area. 
Random novement of people across the urban 
area.
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	� Innovation and Competitiveness: It can enhance economic competitiveness and innovation through the formation 
of Specialized Activity Clusters.

	� Social Cohesion and Inclusion by providing more opportunities for participation, empowerment, and cultural 
expression while reducing spatial segregation and inequality.

	� Better Accessibility: It ensures better accessibility to services for residents of different city districts, contribute to 
reducing the load on the transport infrastructure, and reduce the problems associated with overcrowding in a 
single center.

	� Reduce Environmental Impact and increase resource efficiency by minimizing the need for long-distance 
commuting, encouraging the use of public and active transport modes, and promoting the conservation and 
regeneration of natural assets.

Urbanization and Town Classification: Concept of Primate 
City and Rank-Size Rule, Functional Classification of Towns

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Discuss the concept of Rank Size Rule given 
by G.K. Zipf. Is this rule relevant in Indian 
context? (15M, 2022)

2)	 Discuss Nelson’s method of functional 
classification of towns. (10M, 2015)

3)	 Explain the qualitative and quantitative 
methods of delineation of the sphere of urban 
influence. ( 20M, 2014)

4)	 Answer the following: “Colonial forces 
resulted in the primate pattern of urban 
process in most southeast Asian countries. 
Discuss. ( 20M, 2012)

5)	 Write short explanatory note on Secondary 
cities in the context of urbanization in 
developing world. ( 12M, 2011)

	� The last question on this topic appeared in 2022, 
and before that, in 2015, 2014, 2012, and 2011.This 
indicates a gap of 2 to 7 years between occurrences. 

	� The questions have covered a broad spectrum—ranging 
from theoretical models like the Rank-Size Rule and 
Primate City concept to applied aspects like functional 
classification (Nelson’s method), urban influence 
zones, and the role of colonial forces in shaping urban 
hierarchies.

	� For the 2025 examination, it is advisable to focus on 
the relevance and applicability of urban models like the 
Primate City concept and Rank-Size Rule in the Indian 
context.

Concept of Primate City
A primate city is a city that is disproportionately larger than the 
second-largest city in the region and dominates both in terms of 
population size and economic, political, and social functions. 
It typically exerts a significant influence over the country or 
region. These cities often have a concentration of resources, 
services, and infrastructure, leading to their central position in 
the urban hierarchy.

	� Characteristics of Primate City:
	� Size Disparity: The largest city is much larger than the 

second city.
	� Centralized Services: Key services like education, 

healthcare, and governance are concentrated.
	� Economic and Political Hub: Acts as the primary center 

for national and international business, politics, and culture.
	� Example: Delhi in India is a classic example of a primate city, as it dominates the country’s political, economic, and 
cultural landscape.

Small 
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Concept of Rank-Size Rule
The Rank-Size Rule, proposed by G.K. Zipf, states that if all 
urban settlements in an area are arranged in descending order 
of their population, the population of the nth-ranking town will be 
1/n of the largest city’s population. 
This rule suggests that in a balanced urban system, smaller cities 
grow in proportion to their rank.

	� Characteristics of Rank-Size Rule:
	� Balanced Distribution: Multiple cities of varying sizes with 

balanced services and functions.
	� Decentralized Urban Hierarchy: Reflects economic 

diversity across the region.
	� Mature Urban Distribution: Found in regions with 

developed economies and extensive resource distribution.
	� Example: In developed countries like the USA and Canada, 
the urban system roughly follows the rank-size rule with cities like New York, Los Angeles, and Chicago displaying 
proportional population sizes.

Each dot represents a 
town plotted based 
onits population size. 
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Comparison of Primate City vs Rank-Size Rule:

Aspect Primate City Rank-Size Rule

Urban 
Hierarchy

Centralized urban hierarchy, with one 
dominant city.

Decentralized urban hierarchy, with multiple 
cities having substantial influence.

City Size 
Distribution

One dominant city is much larger than 
all others, leading to a disproportionate 
distribution of resources.

Cities follow a more balanced distribution, 
with the size of cities decreasing gradually as 
the rank number increases.

Regional 
Development

Leads to regional imbalances due to the 
concentration of resources and services in 
the primate city.

Promotes balanced regional development, 
ensuring that smaller cities also have 
significant roles and services.

Economic 
and Political 
Functions

The primate city is often the economic and 
political hub, concentrating national or 
regional functions.

Economic and political activities are spread 
across several cities, with no single city 
exerting total dominance.

Urban Growth 
Pattern

Rapid growth of the primate city often leads 
to urban sprawl, high congestion, and 
pressure on resources.

Cities grow proportionally, preventing extreme 
congestion or urban sprawl, resulting in more 
controlled urbanization.

Case study:  Primate City Concept in India: Case study:  Rank-Size Rule in India:
	� Delhi and Mumbai exhibit the characteristics of 
primate cities in India, dominating the political, 
economic, and cultural landscape.

	� Example: Delhi is the political capital, with almost 
all government offices and international embassies 
located there, while Mumbai is the economic capital, 
hosting the financial markets and the entertainment 
industry.

	� Consequences: These cities often draw most of the 
resources, which leads to regional imbalances and 
underdevelopment in smaller cities or rural areas.

	� In India, cities such as Delhi, Bangalore, and 
Hyderabad somewhat follow the rank-size rule, but 
significant regional disparities exist.

	� Example: Bangalore ranks 3rd in population, and 
Hyderabad ranks 4th, aligning reasonably with the 
rank-size model, but there is a gap between them and 
the larger cities like Mumbai and Delhi.

	� Impact: This irregular adherence to the rank-size rule 
creates challenges in urban planning and resource 
allocation. For example, cities like Kolkata and Chennai 
lag in growth compared to Delhi, despite their size.
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Functional Classification of Towns
	� Nelson’s Method of Functional Classification of Towns categorizes towns based on their primary functions or 
dominant activities. This classification helps in understanding the role each town plays in the broader urban system. 
Below are the various types of functional towns:

Type of Town Description Features Example

Educational 
Towns

Towns primarily known for 
educational institutions 
like schools, colleges, and 
universities.

Focus on academic 
infrastructure; attracts students, 
educators, and researchers.

Oxford (UK), Pune 
(India), Cambridge 
(USA)

Industrial 
Towns

Towns driven by industrial 
activities such as automobile or 
textile manufacturing.

Focus on factories, production 
units, and industrial growth.

Detroit (USA), 
Jamshedpur (India)

Cultural Towns

Towns with rich cultural 
heritage or appeal, often 
attracting tourists due to 
historical significance.

Emphasis on arts, heritage, and 
tourism. May have festivals, 
cultural landmarks, or tourist 
attractions.

Kyoto (Japan), 
Varanasi (India), 
Florence (Italy)

Administrative 
Towns

Towns that serve as centers 
for administrative functions, 
housing government offices 
and services.

Focus on public administration, 
governance, and policy-making.

Canberra (Australia), 
Shimla (India), 
Washington, D.C. 
(USA)

Case study:  Multifunctional Town
Pune in India is a multifunctional town, categorized under Nelson’s method. It serves as an educational hub 
(home to numerous prestigious institutions), an industrial center (automobile and IT industries), and a cultural 
hotspot (with a rich heritage).

	� Urban Growth: Pune’s diverse functions have led to rapid urbanization, but challenges like traffic congestion, 
environmental degradation, and infrastructure stress are also evident.

	� Government Initiatives: To manage this growth, the government is focusing on public transportation systems, 
green spaces, and sustainable urban planning to maintain balance.

Urban Expansion and Challenges: Sphere of Urban Influence, Rural-
Urban Fringe, Satellite Towns, Problems and Remedies of Urbanization

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 The urbanisation process is particularly 
pronounced in Asia and Africa, where too 
many urban residents grapple with extreme 
poverty, exclusion, vulnerability and 
marginalisation. Discuss. (20 M, 2024)

2)	 Explain the problems and prospects of urban 
expansion in the context of urban fringe in 
developed and developing nations. (20m, 
2023)

	� The last question on this topic appeared in 2024, and 
before that in 2023, 2022, 2019, 2018, 2014, 2013, and 
2012.

	� This indicates a consistent interest in urban issues, with 
questions asked every 1–3 years. 

	� The themes range from theoretical concepts (e.g., 
Mishra’s model, megalopolis, counter-urbanisation) to 
pressing contemporary challenges like urban poverty, 
fringe development, overcrowding, climate change, and 
governance.
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Urban Expansion
Urban expansion is a multifaceted process, marked by the growth of 
cities in both population and geographical area. This expansion 
presents numerous challenges related to congestion, housing, 
socio-economic inequality, environmental degradation, and 
urban governance. 

Understanding these issues is key for urban planning, especially 
in rapidly urbanizing regions.

Sphere of Urban Influence
The sphere of urban influence refers to the area surrounding a 
city or town that is influenced by its economic, cultural, political, 
and social activities. 
It includes all areas within commuting distance, where the city’s 
influence is felt. This zone is integral to understanding the extent 
of a city’s regional and national impact.

	� Economic Influence: Cities often drive the economy of surrounding areas by providing jobs, markets for goods, and 
infrastructure.

	� Social and Cultural Influence: Urban centers influence surrounding areas through education, media, and cultural 
institutions.

	� Political Influence: Larger cities often have a disproportionate influence on national and regional political decisions.

Example: The National Capital Region (NCR) surrounding Delhi affects neighboring towns like Gurgaon and Noida. 
These towns are integrated into the economic, social, and political life of Delhi, with many residents commuting daily 
to the capital for work.

Concept of umland
The term Umland, derived from the German word meaning “surrounding land,” is fundamental to understanding the 
relationship between a city and its adjacent areas. It refers to the region connected to a city through various cultural, 
economic, and political links. Essentially, Umland describes the area that interacts with and is influenced by the 
activities and functions of the city.
In urban geography, Umland is known by several other terms, including zone of influence, city region, catchment 

City B

zone of
competition

Urban sphere 
of influences 

Left out 
area 

City C

City A 

3)	 Overcrowding leads to a chronic problem of 
shortage of housing in Indian cities. Explain 
citing relevant examples.( 15M, 2022)

4)	 What changes in the current planning, 
management and governance of human 
settlements are needed to face the changing 
environment including climate change and 
disaster vulnerabilities in cities? (20M, 2019)

5)	 Explain the concepts of “megalopolis” and 
“exopolis” with regard to the growth of cities 
indicating whether the two can and do overlap. 
(10M, 2018)

6)	 Discuss the factors responsible for counter- 
urbanisation. ( 10M, 2014)

7)	 Write short note: Mishra’s theoretical stages 
of Rural-Urban process. ( 10M, 2013)

8)	 Though 70% of Indian population is rural, 
urban planning is crucial to the development 
of India. Discuss. (30M, 2012)

	� For the 2025 examination, it is advisable to focus on the 
rural-urban fringe, satellite towns, and urban spheres 
of influence, particularly in the context of sustainable 
urban planning and resilient cities.
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Rural-Urban Fringe

Urban Sprawl

The rural-urban fringe is the transition zone between urban and 
rural areas, characterized by mixed land use. As urban areas 
expand, they push into the rural landscapes, leading to changes 
in land use patterns. 
This area often faces conflicts between urbanization pressures 
and the preservation of rural characteristics, such as agriculture.

	� Challenges: Land-use conflicts, loss of agricultural 
land, increased pollution, and the need for infrastructure 
development.

	� Opportunities: Potential for developing urban agriculture, 
green spaces, and mixed-use developments.

	� Urban sprawl refers to the unplanned, low-density 
expansion of cities into peripheral rural areas. It typically 
involves scattered, automobile-dependent development, 
leading to inefficient land use and strain on resources.

	� As cities grow outward, they consume agricultural and 
forested lands, leading to environmental degradation and 
higher infrastructure costs.

	� Challenges: Loss of green cover, traffic congestion, inefficient 
public transport, increased carbon footprint, and socio-
economic segregation.

	� Opportunities: Scope for planned suburban development, 
integration of transit-oriented development (TOD), and 
sustainable city planning.

Example: The Greater London Urban Fringe faces challenges related to maintaining green belts while accommodating 
the growing urban population.

Example: Bengaluru’s outskirts, such as Whitefield and Electronic City, have experienced rapid urban sprawl, 
resulting in unplanned growth, traffic bottlenecks, and infrastructure strain.

area, urban hinterland, tributary area, nodal region, trade area, sphere of urban influence, holon, and commuting 
zone. Each of these terms highlights different aspects of how surrounding areas are connected to urban centers.
Griffith Taylor (1949) defined Umland as: “The Umland of a town is that portion of the surrounding country 
which is linked culturally with the town as a center.”

Umland can be classified into two types based on the degree of service effectiveness and the financial relationships 
established between the city and its surrounding regions. These include:

Understanding the Umland is essential for regional planning, as it helps in managing urban growth, infrastructure, 
and services extending beyond the city limits. It also plays a role in the development of transportation networks, trade, 
and communication systems that connect cities with their surrounding regions.

Primary Umland: Located close to the city, this region 
has a strong economic dependence on the city center. 
Residents commute daily for work, trade, and social 
activities.

Secondary Umland: This zone is characterized by 
developed transport systems, facilitating access to 
higher education, wholesale markets, and specialized 
urban services like banking, administration, and 
healthcare

Rural-Urban Fringe 
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Types of Urban Sprawl and their comparison:

Aspect Horizontal Urban Sprawl Vertical Urban Sprawl

Definition
Outward expansion of urban areas into rural and 
agricultural zones.

Expansion of cities in terms of height, with 
the construction of skyscrapers and high-
rise buildings.

Characteristics

	� Expansion of urban areas outward into open 
spaces.

	� Low-density development, with large distances 
between buildings and infrastructures.

	� Heavy reliance on personal vehicles for 
transportation.

	� Development of high-rise buildings 
and skyscrapers within existing urban 
areas.

	� High-density living and mixed-use 
spaces.

	� Concentration of people and services 
in smaller land areas.

Challenges

	� Loss of Agricultural Land: Consumes 
valuable agricultural areas essential for food 
production.

	� Increased Transportation Costs: More 
infrastructure is required as cities spread, 
leading to higher costs.

	� Environmental Degradation: Urban sprawl 
destroys natural habitats and increases 
pollution.

	� Increased Demand on Infrastructure: 
High-density living places pressure 
on transportation, utilities, and public 
services.

	� Social Isolation: Dense high-rise 
buildings may foster social isolation 
unless urban design promotes 
community interaction.

Examples
	� Phoenix, USA: Known for its extreme 
horizontal sprawl, creating challenges related 
to the environment and infrastructure.

	� Hong Kong: Renowned for its dense 
concentration of skyscrapers and high-
rise developments.

Satellite Towns and their role in Present times
Satellite towns, also known as satellite cities or commuter towns, are 
smaller urban areas situated near a major metropolitan city. 
They are developed to manage urban sprawl, reduce congestion in the 
primary city, and provide a balanced regional development. 

Roles and Importance of Satellite Towns in present times:
	� Managing Urban Sprawl: Satellite towns help manage this by directing 
growth away from the primary city and into planned urban areas. 
	� Example: Navi Mumbai was developed to reduce the pressure on 

Mumbai
	� Reducing Congestion in Core Cities: As core cities become more 
crowded, satellite towns help alleviate congestion by redistributing 
population and economic activities. 
	� Example: Gurgaon, as a satellite city of Delhi, has become a major 

hub for IT and finance, reducing the pressure on Delhi’s infrastructure and resources.
	� Economic Decentralization: Satellite towns promote economic decentralization by establishing new economic 
centers outside the main city. 
	� Example: Milton Keynes in the UK was developed to relieve congestion in London and has become an important 

economic center in its own right.
	� Providing Affordable Housing: Satellite towns offer more affordable housing options while still providing access to 
the amenities and job opportunities of the core city. 
	� Example: Noida, near Delhi, offers more affordable housing options compared to Delhi, attracting a large number 

of residents.

Physical barrier

satellite 
town

Metro city satellite 
town 

satellite 
town 

satellite 
town 
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Problems and Remedies of Urbanization

Problem Description Remedy Example/Case Study

Overcrowding

High population 
density leads 
to inadequate 
infrastructure, 
housing shortages, 
and strained public 
services.

Promote 
decentralization: 
Develop satellite towns, 
expand public transport, 
and improve regional 
planning.

Singapore - To manage overcrowding, 
Singapore implemented a 
comprehensive public housing program 
(HDB flats), created satellite towns, and 
enhanced the public transport network, 
reducing congestion and improving living 
conditions.

Traffic 
Congestion

Rapid urban growth 
without adequate 
transportation 
systems causes 
severe traffic jams 
and pollution.

Public transport 
investment: Develop 
efficient mass transit 
systems, promote cycling, 
and create pedestrian-
friendly spaces.

Curitiba, Brazil - The city implemented 
the Bus Rapid Transit (BRT) system, 
providing fast, efficient, and affordable 
public transportation, significantly 
reducing congestion.

Housing 
Shortages

Growing populations 
demand more 
housing, leading to 
informal settlements 
and slums.

Affordable housing 
projects: Increase 
government-funded 
housing schemes, 
incentivize private 
sector development, and 
improve slum upgrading.

Mumbai, India - Through the Slum 
Rehabilitation Authority (SRA) 
program, Mumbai has worked on 
upgrading slums, providing affordable 
housing units, and relocating slum 
dwellers into better living conditions.

Water Scarcity 
and Pollution

Increased 
urbanization strains 
water supply 
systems, resulting in 
water scarcity and 
contamination.

Water conservation 
& recycling: Promote 
rainwater harvesting, 
recycling systems, and 
the efficient management 
of water resources.

Cape Town, South Africa- Faced 
with a severe water crisis, Cape 
Town implemented strict water 
conservation measures, such as Level 
6B restrictions, while also investing 
in desalination plants and wastewater 
reuse systems.

Climate 
Change 
Vulnerability

Cities are 
particularly 
vulnerable to 
climate-related risks 
such as floods, 
heatwaves, and sea-
level rise.

Climate adaptation 
strategies: Invest in 
resilient infrastructure, 
flood management 
systems, green roofs, 
and urban cooling 
techniques.

Rotterdam, Netherlands - Rotterdam 
integrated climate adaptation into 
its urban planning with green roofs, 
flood barriers, and sustainable water 
management practices to safeguard 
against rising sea levels and floods.

Waste 
Management

Rapid urbanization 
leads to an 
increase in solid 
waste, which can 
overwhelm existing 
waste management 
systems.

Comprehensive 
waste management: 
Improve recycling 
systems, promote 
waste segregation, and 
develop waste-to-energy 
solutions.

Sweden - Sweden's waste management 
system, where 99% of waste is recycled 
or converted into energy, serves as a 
global example of how efficient waste 
management can be implemented in 
urban areas.

	� Promoting Regional Development: By fostering growth in areas surrounding major cities, satellite towns contribute 
to the regional development of the country. They help in spreading economic activities across a wider area, reducing 
regional disparities. 
	� Example: The Pearl River Delta in China, with cities like Shenzhen and Zhuhai, functions as a network of 

interconnected satellite towns around Guangzhou, driving regional economic development.
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Ephemeral cities
Ephemeral Cities are urban areas that are temporarily constructed, typically for a specific event or purpose, and are 
dismantled afterward. These cities often emerge due to cultural, religious, or recreational events and exist only for the 
duration of the event, sometimes lasting just a few days to weeks.

Counter Urbanization
Counter-urbanization refers to the demographic and social process where populations move from urban areas to rural 
or less densely populated regions. This phenomenon is often seen as a reversal of traditional urbanization trends and 
can occur for various socio-economic, environmental, and lifestyle reasons.​

	� A notable example is Kumbh Mela, a religious festival in India that occurs every 12 years at one of four locations. 
During this event, a temporary city springs up on the banks of the river, accommodating millions of pilgrims. The 
city includes infrastructure like roads, sanitation, hospitals, and marketplaces, all of which are removed after the 
festival concludes. 

Characteristics of ephemeral cities

Temporary Structures: Buildings, 
tents, or other facilities are erected 
to serve the immediate needs of the 
population during the event.

Purpose-Driven: These cities are 
created for specific purposes, such 
as festivals, pilgrimages, or large-
scale gatherings.

Short Lifespan: Ephemeral cities 
are not meant to be permanent and 
are usually dismantled once the 
event concludes.

Factors Responsible for Counter-Urbanization

Factor Explanation

Housing 
Affordability

High property prices and rents in urban centers drive individuals and families to seek 
more affordable housing options in rural or suburban areas.

Improved 
Transportation

Advancements in transportation infrastructure, such as highways and public transit, 
make commuting from rural areas to urban centers more feasible.

Desire for Better 
Quality of Life

Individuals and families may seek a quieter, less stressful environment, with access to 
nature and a perceived higher quality of life.

Economic Factors
Economic downturns or job losses in urban areas may prompt individuals to return to 
rural roots or seek employment opportunities in less competitive rural job markets.

Case study:  Counter-Urbanization: Post-Pandemic Trends in Estonia
A recent study published in Sustainability (2022) examines the resurgence of counter-urbanization in Estonia, 
particularly during the COVID-19 pandemic. This highlights a notable shift in migration patterns, with families, 
retirees, and high-income professionals relocating from urban centers to rural areas.
 This trend is attributed to factors such as improved remote work opportunities, declining housing affordability in 
cities, and a desire for better quality of life in less congested environments.
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Sustainable Development: Sustainable 
Development of Cities

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Discuss the concept of urban resilience 
in the context of planning for sustainable 
development with reference to towns and 
cities of India. ( 20M, 2020)

2)	 “Though 70% of Indian population is rural, 
urban planning is crucial to the development 
of India “Discuss. ( 30M, 2012)

	� The questions from 2012 to 2020 reflect a shift from 
broad urban planning concepts to more focused, 
contemporary issues like sustainability and resilience. 

	� Earlier questions (2012-2017) emphasized the 
importance of urban planning in India’s development. 
More recent questions (2020) highlight the need for 
urban resilience in sustainable development, responding 
to growing concerns over climate change and urban 
vulnerabilities. 

	� For the upcoming 2025 exam, a focus on sustainable 
urban development and climate-resilient planning 
should be prioritized.

Sustainable urban development
Sustainable urban development refers to the growth and management of cities in a manner that meets present needs 
without compromising the ability of future generations to meet their own needs. As urbanization accelerates globally, 
cities face increasing challenges in balancing economic growth, environmental protection, and social inclusion. 

Key points on Sustainable Development of Cities 

Problem Description Example

Energy Efficiency 
and Green 
Buildings

Focus on renewable energy, energy-efficient 
buildings, and sustainable architecture.

Empire State Building (New York) - 
energy retrofitting.

Sustainable 
Transport Systems

Development of public transport, electric 
vehicles, and non-motorized transport (cycling, 
walking).

Curitiba’s BRT (Brazil) - model for 
sustainable transport.

Green Spaces and 
Urban Ecosystems

Creation of parks, gardens, and green corridors 
to improve air quality and biodiversity.

Central Park (New York) - urban green 
space.

Waste 
Management and 
Recycling

Efficient waste management systems promoting 
recycling, composting, and a circular economy.

Sweden - over 99% of waste recycled 
or used for energy.

Water 
Conservation and 
Management

Use of water-efficient technologies, rainwater 
harvesting, and stormwater management.

Singapore - NEWater system for 
wastewater recycling.

Social Inclusion 
and Affordable 
Housing

Ensuring equitable access to housing, 
healthcare, and education for marginalized 
communities.

Slum Rehabilitation Authority 
(Mumbai) - affordable housing.
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Climate Resilience 
and Adaptation

Integrating climate change adaptation strategies 
to make cities resilient to extreme weather 
events.

Rotterdam (Netherlands) - flood 
barriers, green roofs.

Smart Cities 
and Technology 
Integration

Use of smart technologies (IoT, data analytics) 
to improve urban management and reduce 
energy use.

Barcelona - smart technologies for 
waste, traffic, energy management.

Thus, Sustainable development of cities is essential for ensuring long-term urban livability, minimizing environmental 
impacts, and fostering equitable economic growth. By incorporating renewable energy, efficient transportation, green 
infrastructure, and social inclusion into urban planning, cities can become models of sustainability. 

Biophilic Urbanism
Biophilic Urbanism focuses on integrating 
natural systems into urban planning to 
create resource-efficient, ecological, 
and sustainable cities, known as Biophilic 
Cities. 

	� This approach aims to improve urban 
environments by incorporating 
nature into the urban fabric.

	� It includes science and engineering 
strategies that mimic natural systems in 
dense urban areas.
	� Examples are green walls and roofs 

as biophilic facades, integrated water 
management for local infiltration, 
community gardens, and horticulture 
parks. 

	� Driven by issues like haphazard urban 
growth, pollution, and the disconnection of citizens from nature, it enhances resilience, creativity, and well-being. It 
is a practical approach compared to the idealistic Garden City concept.
	� Examples include Singapore, Arlington (Virginia), Austin (Texas), and Barcelona (Spain).

Benefits from Biophilic Urbanism 
cooling of the city 
(especially as the 
urban heat island 
effect grows with 
climate change) 

reduced 
storm water 

surges as rain 
slows down in 
the same way 
that does in a 

forest 

reduced 
energy needs 

of buildings due 
to mantle of 

insulation from 
plant life 

improved 
biodiversity

improved 
health 

reconnecting 
citizens to the 
nature and 
sustainable 

development.

Case study:  Copenhagen, Denmark Case study:  Masdar City, UAE 
	� Copenhagen aims to become carbon-neutral by 
2025 through comprehensive sustainable urban 
planning. 

	� The city focuses on renewable energy, efficient 
public transport, and green building practices. 

	� Copenhagen faced challenges like high energy 
consumption and pollution from vehicles. Balancing 
economic growth with sustainability was crucial. 

	� Investments in wind energy, cycling infrastructure, 
and green buildings have significantly reduced 
carbon emissions. The city’s district heating system 
efficiently utilizes waste heat from power plants

	� Masdar City is designed as a model for sustainable urban 
development in the UAE, focusing on renewable energy, 
sustainable transport, and eco-friendly buildings. 

	� The city aims to be carbon-neutral. 
	� The harsh desert environment and high energy 
consumption posed significant challenges for 
sustainable urban planning. 

	� The city utilizes solar energy, sustainable architecture, 
and autonomous electric vehicles to minimize carbon 
emissions. Masdar City also incorporates water 
recycling and energy-efficient technologies.
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REGIONAL PLANNING
Syllabus - Concept of a region; Types of regions and methods of regionalisation; Growth centres and growth poles; 
Regional imbalances; Regional development strategies; Environmental issues in regional planning; Planning for 
sustainable development.

Prior to commencing the unit, a table is provided below, detailing the Geographer, their Significant 
Contributions, Works (Book Titles), and Notable Quotes/Phrases:

Geographer Notable Books Book Content Famous Phrases/Quotes

Walter Isard

Methods of 
Regional Analysis 
(1960)

Introduces quantitative 
methods for regional analysis, 
including input-output models 
and location theory.

"Regional science is concerned 
with the careful analysis of 
social problems with spatial 
dimensions."

John Friedmann

Regional 
Development 
Policy: A Case 
Study of Venezuela 
(1966)

Focuses on regional 
planning strategies and their 
application in developing 
countries, emphasizing growth 
poles and urban systems.

"Regional planning must be 
grounded in the understanding 
of economic space."

Gunnar Myrdal

Economic 
Theory and 
Underdeveloped 
Regions (1957)

Discusses the concepts 
of cumulative causation 
and regional inequality, 
emphasizing the role of 
social and economic forces in 
development.

"Development tends to be 
uneven because the rich get 
richer and the poor get poorer."

Albert O. 
Hirschman

The Strategy 
of Economic 
Development (1958)

Explores development 
strategies focusing on 
linkages, unbalanced growth, 
and regional inequalities.

"Development depends on 
disequilibrium; it is the result 
of the continuous opening of 
new avenues for the flow of 
development energy."

François Perroux

Economic Space: 
Theory and 
Applications 
(1950s)

Introduces Growth Pole 
Theory, focusing on 
how economic growth is 
concentrated in specific areas 
and spreads outwards.

"Growth is the combination of 
a set of driving forces with a 
dynamism of its own."

Jacques 
Boudeville

Problems of 
Regional Economic 
Planning (1966)

Expands on Growth Pole 
Theory by incorporating 
spatial distribution and 
regional development 
strategies.

"The polar concept allows for 
the formulation of regional 
development strategies."

R.L. Singh R.L. 
Singh

India: A Regional 
Geography (1971)

Provides a comprehensive 
analysis of India's regional 
geography, emphasizing 
the importance of regional 
planning in a diverse country 
like India.

"Regional geography must 
integrate the physical, cultural, 
and economic aspects of a 
region to understand its unique 
character."
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Regions and Regionalisation: Concept of a Region, Formal 
Regions, Functional Regions, Methods of Regionalization

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Assess the criteria required for selecting regions 
for developmental planning. (15 M, 2024)

2)	 Describe the concept of Planning Region. Explain 
the environmental and economic factors in the 
creation of such regions. (15M, 2023)

3)	 Suggest criteria, indicators, and techniques for 
delimitation of formal regions. (20M, 2021)

4)	 What are natural regions? How are they different 
from planning regions? (10M, 2019)

5)	 In what ways can geographers contribute 
towards optimal land use planning in a region? 
( 15M, 2016)

6)	 What is a ‘region’? Describe ‘Thiessen’ polygon 
method of regional delimitation. (15M ,2016)

	� The last question on regional concepts and 
regionalization appeared in 2024, with previous 
questions in 2023, 2021, 2019, and 2016. This 
shows a recurring focus on regionalization every 2 
to 5 years. 

	� Earlier questions (2016-2018) covered fundamental 
concepts, such as the definition of regions, methods 
of delimitation, and economic growth theories. 

	� More recent questions (2019-2024) have shifted 
towards practical applications, such as planning 
regions, land use planning, and formal region 
delimitation. This trend highlights a growing emphasis 
on applying regional concepts to real-world issues. 

	� For the 2025 examination, it is recommended to 
focus on regional planning and criteria for defining 
regions.

Concept of Region
According to the Whittlesey Committee, a region is defined as a “spatial unit with a distinctive characteristic or set of 
characteristics, which make it different from other areas.” 
This committee emphasized that regions are not just geographically defined areas but can also be identified by specific 
cultural, economic, or physical characteristics that distinguish them.

Case study:  Sahara Desert
	� The Sahara Desert is an example of a region defined by its distinctive 
physical characteristic — its arid climate and desert landscape. 

	� It stands out from surrounding regions due to its lack of water, vegetation, 
and its high temperatures, making it different from other areas, such as the 
fertile regions of the Mediterranean.

Understanding the Core Attributes That Define Regions 

Location 
The geographical position that 
influences the region's identity 

and relationships. 

Hierarchy 
Describes the organizational 

structure of regions from 
smaller to larger units.

Formal/Functional 
Distinguishes regions by defined 

boundaries or through interactions like 
trade. 

Boundary 
Defines the distinct limits of a 

region through natural or 
political borders. 

Homogeneity 
Exhibits uniformity in physical, 

cultural, or economic 
characteristics. 

Region Attributes
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Types of Regions
These regions are classified into different types based on their distinctive characteristics. Here are the four main types 
of regions:

Formal Regions: These regions are defined by uniformity in one or more 
characteristics, such as political boundaries, climate, or land use. They have 
clear, measurable, and established boundaries.

	� Example: France is a formal region defined by political boundaries and 
uniform cultural and legal systems within its territory. 

Functional Regions: These regions are defined by spatial interactions and 
functions that link them, such as transportation routes or economic ties, even 
though the boundaries may not be clearly defined.

	� Example: The New York Metropolitan Area is a functional region defined 
by its economic and transportation networks.

Planning Regions: These are created for administrative and developmental 
purposes, often determined by governments or planning agencies. 
These regions are designed to address issues like urban planning, resource 
distribution, and infrastructure development, and their boundaries can be 
flexible or subject to change based on evolving needs.

Functional Formal

Administration

Planning 
region

Case study:  Planning Region: National Capital Region (NCR), India
The National Capital Region (NCR) in India, encompassing Delhi and its surrounding 
areas, is a planning region aimed at coordinated urban development, address 
challenges such as overpopulation, infrastructure demands.

This collaborative approach ensures that Delhi’s rapid growth is balanced with 
sustainable development in neighboring regions like Gurgaon and Noida, fostering 
economic integration and reducing congestion.

The NCR, as of now 

Haryana 
Uttar Pradesh

Rajasthan 

Shamali 

Baghpat 
Meerut 

Ghaziabad Hapur 

Bulandshahr

Palwal 

Alwar 

55,083
sqkm

Total area

Bharatpur 

Mewat 

Rewari

Gautam 
Budh 
Nagar 

DELHI 
Bhiwani 

Mahendergarh 

•Proposal to restrict 
the region within 
100 kilometres 
radius of Rajghat 
(Delhi) 

•NCR Planning 
Board says the 
redrawing of 
boundaries will aid 
development 

Jhajjar 

Gurugram Faridabad 

Muzaffarnagar Panipat

Karnal

Sonepat 
Rohtak 

Jind 
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	� Natural Regions: These are based on physical characteristics like landforms, climate, vegetation, and soil 
types that create natural boundaries. These regions evolve naturally due to environmental conditions, often forming 
distinct ecosystems and habitats.

Case study:  Natural Region: The Amazon Rainforest
The Amazon Rainforest, spanning multiple countries in South America, 
is a prime example of a natural region defined by its dense forests, 
tropical climate, and high biodiversity. The region plays a crucial role 
in regulating the global climate and carbon cycle. 
Its unique ecological environment supports a vast array of plant and 
animal species.

Concept of Regional Planning

Methods of delineation of planning region

“Regional planning is the conscious direction and collective integration of all those activities which rest upon the 
use of the earth as site, as resources, as structure as teacher, to the extent that such activities are focused with 
definite regions, consciously delimitated and utilized the opportunities for effective coordination are increased. 
Hence regional planning is a further stage in the more specialized or isolated processes of agricultural planning, 
industry planning or city planning.” (Lewis Mumford)

A planning region is a segment of territory over which economic decisions apply. Qualitative and quantitative methods 
are two different approaches to delineating planning regions. 

	� Qualitative methods: Qualitative methods of delineation of planning regions in geography involve the use of 
subjective criteria and expert judgment to define boundaries. 
	� These methods rely on qualitative data, which refers to non-numerical information such as observations, 

descriptions, and interpretations. 
	� In this method, specific regions are identified according to different variables like physical, socio economic and 

Tracing the concept of Regional Planning:
	� Pre-1935: Regional planning emerged as a 
formal concept in the USA after 1935.

	� W.H. Oldham: Advocated for cultural 
regionalization.

	� Patrick Geddes: Considered the father 
of regional planning; authored Cities in 
Evolution (1915).

	� Breton MacKaye: First introduced the term 
“regional planning” in 1927.

	� 1950: W. Isard established the Regional 
Planning Authority, focusing on cultural 
and human resource development within 
regional planning.

	� 1951-1959: Urban and metropolitan issues 
were initially excluded from planning but 
were later recognized as crucial aspects of 
regional planning by Friedman.

Regional Planning 

Identification of 
Problems & 

Potential 

Assessment 
of Potential 

Capitulation 

Physical 
Situation 

Natural 
Resource 

Region 

Potential of 
Development 

Socio Economic 
Development 

Level 

Outreach of 
Resources 

Implementation Evaluation Recapitulation 

Concept of regional planning

tel:+918468022022/
https://visionias.in/
https://visionias.in/


254

cultural within the boundary of a large national territory. 
	� The method is simple and subjective in nature. This method also allows greater flexibility in the boundaries of 

the planned territories.
	� However, this method lacks the mathematical basis and merits of arbitrariness and lack of faith in its utility. 

	� Quantitative Technique:  It includes Index calculation based 
on mathematical and statistical techniques. In this context, 
Peter Hagat has mentioned four methods of delimitation of 
planning regions:-

1)	 Thiessen Polygon Method: The Thiessen polygon method 
was used by Bogue in 1949, to demarcate 67 metropolitan 
territories in the United States. 
	� This method divides an area into polygons called 

Thiessen polygons and they represent the area of 
influence or dominance of each data point. 

	� The Thiessen Polygon Method is commonly used in various 
fields such as urban planning, environmental studies, 
and market analysis.  

A
C1

A1

0

B1
Functional region of C

Functional 

Functional
Area of B

area of A B

C

Case study:  Mumbai Metropolitan Region (Delimitation using Thiessen Polygons): 
	� The Mumbai Metropolitan Region (MMR) exemplifies the use of Thiessen Polygons for regional delimitation. This 
method assigns areas to a central place (Mumbai) based on travel time (shortest distance), creating a functional 
economic zone. 

	� The MMR case demonstrates a quantitative technique for defining functional regions based on accessibility and 
economic interaction with a central city.

Regional Disparities and Development: Growth Centers 
and Growth Poles, Regional Imbalances, Approaches and 

Policies for Regional Development

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 There is a need for gender-sensitive regional 
development. Elaborate. (10 M, 2024)

2)	 Discuss different types of polarisation 
induced spatial inequalities and imbalances 
associated with growth poles. (10M, 2023)

3)	 Explain in detail the impact of regional 
disparities on economic development. (15M, 
2022)

4)	 Discuss the role of transportation accessibility 
in regional development. (20M, 2022)

	� The last question on regional development issues 
appeared in 2024. This shows a consistent focus on 
regional development every 1 to 5 years, with a shift 
towards more specific aspects in recent years. 

	� Earlier questions (2011-2015) addressed broader 
concepts such as backward region planning, integrated 
development, and the impact of geographical traits on 
regional imbalances. 

	� More recent questions (2019-2024) have focused on 
growth theories (e.g., growth pole theory), specific 
processes like contagion and hierarchical diffusion, and 
practical factors such as transportation accessibility.

2)	 Distance Minimization Method: In this method minimizing the distance by the cost of transportation for 
transporting an object from its various sources to several destinations or transporting it from the destination to the 
source has to be minimized.

3)	 Discrimination Analysis Method: This is a method of determining the boundaries of regions of geographical 
distribution.

4)	 Graph Theory Method: Graph theory was used in 1961 by Nistuen and Deci in demarcation of planning territories.  This 
method is useful for territorial demarcation for meeting both administrative and industrial-trade requirements.
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Concept of Regional Imbalance
Regional imbalance refers to the uneven distribution of economic, social, political, and environmental resources across 
different regions within a country or across the globe. 
It manifests in the form of disparities in development, wealth, infrastructure, and quality of life, often resulting in poorer 
regions struggling to achieve the same level of growth and opportunities as more developed regions. 

Causes of Regional Imbalance:
	� Environmental Determinism: Geographical factors like climate, terrain, and resource availability influence regional 
development, causing prosperity in fertile, accessible regions and underdevelopment elsewhere.
	� Example: The Sahara’s arid climate limits development in North Africa, while the Nile Delta supports dense 

agriculture and urbanization in Egypt.
	� Racial Theories: Now discredited, racial theories historically linked development to race, justifying colonial exploitation 
and underdevelopment in non-European regions.
	� Example: Colonial Africa faced systemic underdevelopment under European rule, justified by racial superiority 

myths during the 19th and early 20th centuries.
	� Classical and Neo-Classical Theories: These theories stress uneven capital and technology distribution, leading to 
core-periphery structures with prosperous industrial centers and lagging rural areas.
	� Example: In India, states like Maharashtra attract investment and tech, while Bihar remains less developed due to 

capital and infrastructure gaps.
	� Marxist View: Marxist theory highlights capitalist exploitation of peripheries by core regions, resulting in wealth 
accumulation in developed areas and underdevelopment elsewhere.
	� Example: During British rule, India’s raw materials fed UK industries, stunting local industrialization and creating 

lasting regional economic disparities.
	� Spatial Theories: Development clusters around cities due to agglomeration and connectivity, while remote, poorly 
connected areas fall behind in growth.
	� Example: China’s coastal cities like Shanghai and Shenzhen thrived with infrastructure and FDI, while interior 

provinces lagged due to poor connectivity.

5)	 Explain the processes of contagion and 
hierarchical diffusion in addressing regional 
imbalances. (10M, 2021) 

6)	 Where economic growth is sustained over 
long time periods, its incidence works 
towards a progressive integration of the 
space economy. Elucidate. (10M, 2020)

7)	 “Growth is not uniform in different places.” 
Critically examine this statement in the 
context of the growth pole theory. (15M, 2019)

8)	 Write a note on “forward and backward 
linkages” in Perroux’s thesis of economic 
growth and regional development. (10M, 2018)

9)	 “Vital statistics are necessary ingredients 
for development planning.” Elaborate. (15M, 
2015)

10)	“Geographical traits lead to regional 
imbalances.” Examine. (15M, 2015)

11)	Answer the following: Salient features of 
watershed planning and its advantages and 
disadvantages. (20M, 2012)

12)	Enumerate alternative strategies of planning 
for backward regions. (30M, 2011)

	� This indicates an increasing emphasis on understanding 
complex dynamics in regional disparities and the 
mechanisms to address them. 

	� For the 2025 examination, focus on specific regional 
development theories for tackling regional imbalances.
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Theories of Regional Development
To understand the causes, patterns, and solutions for these imbalances, scholars and economists have proposed 
several theories of regional development. These theories offer frameworks to explain why disparities exist, how they 
evolve, and what interventions can promote balanced and inclusive growth. 

Case study:  European Union’s Smart 
Specialisation Strategy (S3) 

Case study:  Shenzhen, China - Growth Center 

	� The EU’s S3 approach, part of its Cohesion Policy, 
addresses regional imbalances by encouraging 
regions to identify and develop their own competitive 
advantages. 

	� This strategy combats the one-size-fits-all 
approach to development, recognizing that 
geographical traits lead to regional imbalances.

	� The process involves detailed analysis of regional 
assets and potential, showcasing how vital 
statistics are crucial for development planning.

	� Shenzhen in China exemplifies a growth center 
strategy through government-led industrialization 
policies and special economic zones (SEZs). 

	� Initially a fishing village, Shenzhen transformed into 
a global manufacturing hub for electronics and 
telecommunications. 

	� Government incentives attracted multinational 
corporations and fostered industrial agglomeration, 
leading to rapid economic growth and urbanization. 

Theory Applicability

Cumulative causation theory (Myrdal)
	� Concept: The theory posits that economic development 
concentrates in certain regions due to initial advantages 
like better infrastructure, skilled labor, and market 
access.

	� Self-Reinforcing Cycle: These regions attract further 
investment and talent, which further enhances growth, 
creating a cycle that keeps the region thriving.

	� Disparity: Conversely, regions lacking these advantages 
remain stagnant or experience decline, widening the 
development gap.

Today’s Relevance:
	� Persistent Economic Disparities: The theory 
helps explain why economic growth continues to 
concentrate in certain regions while others lag 
behind.
	� Example: Silicon Valley, USA, continues 

to dominate the tech industry due to initial 
advantages.

	� Self-Reinforcing Growth: The cycle of growth 
feeds on itself, making it harder for lagging regions 
to catch up.
	� Example: London remains a global financial 

hub, continuously attracting talent and 
investment.

	� Policy Implications: Understanding the theory 
helps policymakers replicate successful regional 
strategies to break cycles of stagnation.
	� Example: South Korea’s efforts to develop 

Incheon as a key economic hub.

Applicability to India:
	� Regional Disparities in Growth: States with 
initial advantages continue to thrive, while others 
face persistent underdevelopment.
	� Example: Maharashtra and Karnataka have 

grown due to infrastructure and education.
	� Economic Concentration in Specific Areas: 
Major cities and regions dominate the economy, 
widening the gap between them and rural or 
underdeveloped areas.
	� Example: Mumbai and Bangalore attract 

significant investment.ith underdevelopment 
despite efforts at reform.

INTRODUCTION OF A 
NEW INDUSTRY OR 
THE EXPANSION OF 
AN EXISTING FIRM 

AREA BECOMES A 
GROWTH POLE 

Creates more jobs, 
especially in 

construction and 
infrastructure and 

increases purchasing 
power 

Backward linkages 
to �rms supplying 

raw materials or 
component parts 

Increased demand 
for services (shops, 
schools, hospitals, 

etc..) 

Increased 
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(immigration); 
greater local wealth 

Increased income 
from taxes and more 
people increases the 

spending power 
available 

New construction 
activity; growth of 

tertiary sector
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	� Challenges for Lagging States: States with fewer initial 
advantages face difficulties in overcoming stagnation.
	� Example: Bihar and Jharkhand struggle with 

underdevelopment despite efforts at reform.

Core-Periphery Theory
	� Concept: The Core-Periphery Theory divides 
regions into two categories: core and periphery. 

	� Core regions are economically dominant, with 
advanced industries, infrastructure, and high-
value production, while peripheral regions are less 
developed and often rely on agriculture or low-
value industries. 

	� The core regions extract resources and labor 
from the periphery, reinforcing a cycle of wealth 
accumulation in the core while the periphery 
remains underdeveloped.

Specialized Good 

Outsourced Function 
Innovation & Technology 

Rent Wages 

Labor 

Services 

Specialized Services

Resources 

Goods 

Rent, Wages, & 
Finished Good

Today’s Relevance:
	� Urban-Rural Divide: The theory remains highly relevant 
in explaining the economic dominance of urban cores 
and the continued underdevelopment of rural areas.
	� Example: London (core) dominates the UK economy, 

while rural areas like Wales and Cornwall remain 
economically weaker.

	� Economic Concentration in Metropolitan Areas: The 
concentration of economic activities in metropolitan 
cores makes it difficult for peripheral regions to catch up.
	� Example: New York City continues to attract 

significant investment, overshadowing surrounding 
areas in upstate New York.

	� Balanced Development Strategies: The core-periphery 
theory is crucial for developing strategies to promote 
balanced regional development by decentralizing 
economic activities and encouraging investment in 
peripheral areas.
	� Example: South Korea’s efforts to develop 

Incheon as an economic hub to counterbalance the 
concentration of wealth in Seoul.

Applicability to India:
	� Regional Disparities in Growth: In India, metropolitan 
cities like Delhi and Mumbai function as core regions, 
while rural areas in states like Uttar Pradesh and 
Madhya Pradesh remain peripheral and less developed.
	� Example: Mumbai attracts 70% of India’s 

investment, whereas rural regions in Bihar face 
persistent underdevelopment.

	� Concentration of Economic Power in Cities: Economic 
activities continue to be concentrated in urban centers, 
leading to significant regional imbalances.
	� Example: Bangalore, a major tech hub, attracts 

immense investment, while states like Odisha lag 
behind in tech development.

	� Challenges in Peripheral Regions: Peripheral regions 
in India struggle with overcoming stagnation, and efforts 
to uplift these regions often face challenges.
	� Example: Bihar and Jharkhand have rich resources 

but face lack of infrastructure and investment, 
hindering regional development despite potential.

Case study:  Silicon Valley, USA

Case study:  Western Europe (core) 
and Eastern Europe (periphery) 

	� Silicon Valley in the U.S. serves as a prime 
example of cumulative causation, where 
initial advantages in technology, venture 
capital, and skilled workforce have created 
a self-perpetuating cycle of growth.

	� Impact: This region continues to dominate the 
global tech industry, drawing in innovation 
and investment, reinforcing its position as a 
global leader.

	� The relationship between Western Europe 
(core) and Eastern Europe (periphery) within 
the European Union exemplifies the core-
periphery dynamic. 

	� Core regions like Germany and France attract 
more investment and resources, leading to 
further economic prosperity, while peripheral 
regions such as Poland and Romania 
continue to lag behind economically, despite 
EU membership.
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Growth Pole Theory
	� Concept: The Growth Pole Theory suggests that 
economic development is concentrated around 
specific growth poles or centers of economic 
activity. 

	� These poles, benefiting from concentrated 
industries, infrastructure, and innovation, act 
as drivers of regional development. 

	� However, if not well-integrated with surrounding 
areas, these poles may worsen regional 
imbalances by concentrating wealth in specific 
locations.
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Boudville’s Modification
	� Boudville extended the Growth Pole Theory by 
emphasizing the spatial distribution of growth. 

	� He highlighted that growth poles affect not only the 
economy but also the geographical organization 
of regions, with interconnected growth centers 
spreading economic benefits across different 
areas, leading to more balanced regional 
development.

	� Example: The development of Paris and Lyon 
in France, where interconnected growth centers 
are facilitating the spread of economic benefits 
beyond Paris.

R.P. Misra’s Modified Growth Foci Approach
	� Indian geographer Dr. R.P. Misra modified the 
Growth Pole Theory by incorporating the concept 
of population into the analysis. 

Today’s Relevance:
	� Strategic Regional Planning: Growth Pole Theory 
provides a useful framework for identifying and fostering 
growth centers in underdeveloped regions to drive 
balanced development. 
	� Example: The Delhi-Mumbai Industrial Corridor 

(DMIC), a regional planning initiative aiming to create 
industrial hubs along the corridor, fostering economic 
development in surrounding areas.

	� Balanced Development: The theory emphasizes the 
importance of spreading economic benefits from 
growth poles to surrounding regions, preventing wealth 
concentration and ensuring inclusivity.
	� Example: China’s development of coastal and 

inland cities, where efforts have been made to ensure 
that urban growth in places like Shenzhen spreads to 
rural areas through infrastructure development.

Applicability to India:
	� Industrial Corridors and Growth Centers: The Delhi-
Mumbai Industrial Corridor (DMIC) aims to develop 
growth poles that promote economic expansion and 
infrastructure development in underdeveloped areas. 
	� Example: The DMIC aims to stimulate regional growth 

by linking key cities like Delhi, Mumbai, and Nagpur, 
boosting local economies and creating employment 
opportunities in surrounding rural areas.

	� Challenges in Spreading Benefits: The major 
challenge is to ensure that the economic benefits from 
growth poles like Delhi and Mumbai reach the rural 
and underdeveloped regions within the corridor. Proper 
distribution of infrastructure, investment, and job 
creation are critical for achieving balanced development 
across the region. 
	� Example: Maharashtra’s industrialization has led 

to concentrated development, but nearby regions like 
Vidarbha remain underdeveloped, requiring targeted 
efforts to bridge the gap.

Case study:  São Paulo as a growth pole

	� São Paulo, Brazil, is a prime example of a 
growth pole, where the city acts as an economic 
hub for Brazil. 

	� Despite its success in driving national economic 
growth, the benefits have not been evenly 
distributed across the country, leading to 
regional disparities.
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	� He combined the theory with Christaller’s Central 
Place Theory and Spatial Diffusion Theory 
to explain the diffusion of economic growth 
and innovation from growth poles to smaller 
settlements through multiple nodal points.

	� Example: Indian towns and cities, where 
economic growth spreads through regional 
hubs like Bhubaneswar and Raipur, impacting 
surrounding rural areas.

Dependency Theory
	� Concept: Dependency Theory argues that 
underdeveloped regions or countries remain reliant 
on developed regions for capital, technology, 
and markets. 

	� This reliance perpetuates their underdevelopment, 
as these regions continue to export raw materials 
while importing finished goods, creating a cycle 
of dependency that is difficult to break.

Today’s Relevance:
	� Economic Challenges of Weaker Regions: The theory 
remains relevant in explaining why some regions struggle 
to become self-sufficient, relying on external support for 
growth. 
	� Example: Many Latin American countries, like 

Bolivia, remain dependent on the export of raw 
materials like lithium and natural gas, while importing 
finished goods.

	� Policy Implications for Economic Independence: 
The theory is instrumental in designing policies to 
strengthen local economies, reduce reliance on foreign 
capital, and promote self-sustained development.
	� Example: South America’s move towards regional 

trade agreements aims to reduce dependency 
on Western countries and create local economic 
networks.

Applicability to India: 
	� State-Level Economic Dependency: In India, poorer 
states like Bihar and Odisha remain dependent on 
central government funds for development, limiting 
their capacity to generate revenue independently.
	� Example: Bihar continues to rely on state subsidies 

and lacks sufficient local economic resources to fuel 
autonomous development.

	� Regional Economic Disparities: States with 
limited industrialization continue to face economic 
underdevelopment, contributing to widening disparities 
between developed and less-developed regions.
	� Example: Odisha’s reliance on raw material 

exports (e.g., coal) without sufficient local 
industrial development keeps the state economically 
constrained.

Growth Pole 

Growth Center 

Growth Point 

Service Centers 

Central Villages

The later (1989) formulation envisages a five-tier 
hierarchy on the basis of the number of population. 

1. The central village at the local 
level 

2. The Service centers at true 
micro regional level 

3. The growth points at the 
sub-regional level 

4. The growth centers at the 
regional level and 

5. The growth poles at the 
national level. 

Periphery Core

Natural Resources

Finished Products

Case study:  African Nations’ 
Dependency on Raw Material Exports

	� Many African nations continue to rely on raw 
material exports to former colonial powers, 
such as minerals and agricultural products, 
while importing finished goods. 

	� This dependency inhibits their ability to 
industrialize and move up the value chain 
of production, limiting economic progress 
and reinforcing their role as suppliers of raw 
materials.

	� For instance, Democratic Republic of Congo 
remains heavily dependent on exporting copper 
and diamonds while importing manufactured 
goods, creating a cycle of dependency that 
limits the country’s development.
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Polarization Effects
Polarization refers to the uneven impact of regional development policies, which favor certain areas over others, 
creating economic, infrastructural, and resource disparities. 
This reflects Myrdal’s cumulative causation theory, where a leading industry centralizes economic activity, causing 
a “backwash effect” that drains resources from surrounding areas, leading to underdevelopment.

Impact on Hinterland Development:
	� Economic Polarization: Urban centers attract investments, leaving rural hinterlands with limited growth 
opportunities.
	� Example: Mumbai is an economic powerhouse, while rural Maharashtra struggles with stagnation.

	� Infrastructure and Connectivity: Major projects often prioritize urban centers, isolating hinterlands. Example: 
Western UP is well-connected, while Eastern UP remains underdeveloped.

	� Education and Health Services: Growth poles have better facilities, while hinterlands face disparities in quality 
of life.

	� Political Marginalization: Resource allocation policies may favor urban regions, neglecting hinterland needs.
	� Brain Drain: Lack of opportunities in hinterlands leads to migration of skilled workers to urban areas or abroad, 
widening the development gap. Example: South Asian brain drain to the USA and other developed nations.

Environmental Issues in Regional Planning: Environmental 
Concerns in Regional Planning

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 The environmental issues are not adequately addressed in 
the regional planning. Comment. (15M, 2021)

2)	 “Development planning has a component of environmental 
cost”. Discuss. (10M, 2015)

3)	 Urban solid waste management poses the greatest 
challenge in Metropolitan planning. Elaborate (20M, 2013)

	� The last question on environmental issues 
in regional planning appeared in 2021, 
with previous questions in 2015 and 
2013. This shows a consistent focus on 
environmental challenges in planning, 
with a gap of 2 to 6 years between each 
occurrence. 

	� Earlier questions (2013-2015) focused on 
specific urban challenges like solid waste 
management, while more recent ones 
(2021) address holistic environmental 
concerns in development planning. 

	� For the 2025 examination, it is 
recommended to focus on solutions that 
integrate environmental considerations in 
regional development planning.

Regional planning and Environmental issues
Regional planning aims to balance economic development, social welfare, and environmental conservation 
but environmental issues are often inadequately addressed. Below are some of the key environmental challenges 
encountered in regional planning, with a focus on solutions:

https://visionias.in/
https://visionias.in/
tel:+918468022022/


261

Environmental 
challenges Regional Level Solutions Example

Land Degradation 
and Soil Erosion

	� Regional afforestation programs, 
soil conservation practices, and 
community-based sustainable 
farming techniques are critical. 

	� Training programs for local 
farmers can promote agroforestry 
and the use of soil erosion 
control methods like terracing 
and mulching. 

	� Additionally, collaborative 
reforestation initiatives at 
the regional level can restore 
degraded lands.

Loess Plateau Restoration Project, China: 
	� This regional-scale initiative has reduced 
soil erosion by 50% and improved agricultural 
productivity by 30%. 

	� Techniques like terracing, reforestation, and 
sustainable farming practices have transformed 
the plateau into a productive area once plagu

Water Pollution 
and Scarcity

	� Regional water quality 
monitoring systems, 
decentralized wastewater 
treatment plants, and rainwater 
harvesting initiatives should be 
promoted at the local level. 

	� Regional policies can focus on 
integrating sustainable water 
management, eco-friendly 
agricultural practices, and 
improved wastewater treatment 
infrastructure to address both 
water scarcity and pollution.

Singapore’s NEWater Program: 
	� Singapore has developed a regional solution to 
its water scarcity issue by recycling wastewater 
to provide 40% of the city’s water supply. 

	� This strategy reduces dependency on external 
water sources and promotes sustainable, 
closed-loop water systems for regional water 
management.

Air Pollution

	� Regional policies that promote 
clean energy transitions, green 
transportation, and air quality 
monitoring are vital. 

	� Urban areas can implement strict 
emission regulations for vehicles 
and industries, while enhancing 
public transport infrastructure. 

	� Local governments should 
incentivize electric vehicles and 
cleaner industrial technologies 
to reduce air pollution.

London’s Ultra Low Emission Zone (ULEZ): 
	� London’s regional ULEZ initiative significantly 
reduced nitrogen oxide levels by 44% in its first 
year. 

	� By restricting older, more polluting vehicles 
from entering the city center, the initiative has 
led to improved air quality and health outcomes, 
benefiting the wider urban area.
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Biodiversity Loss

	� Establishing protected regional 
areas, wildlife corridors, and 
local biodiversity conservation 
programs is crucial. 

	� Governments can work with 
local communities to integrate 
biodiversity conservation into 
land-use planning. 

	� Community-based projects 
should focus on habitat 
restoration and preventing 
deforestation.

Costa Rica’s National Biodiversity Strategy: 
	� Costa Rica has implemented a regional 
approach to biodiversity conservation by 
increasing forest cover and establishing wildlife 
corridors. 

	� The country’s efforts are supported by local 
communities and sustainable tourism, 
promoting ecotourism and contributing to 
biodiversity protection across regions.

Waste 
Management 
Challenges

	� Regional strategies must focus on 
local waste processing facilities, 
recycling programs, and waste-
to-energy technologies. 

	� Local governments should 
implement strict waste 
management regulations 
and foster public awareness 
campaigns to reduce waste 
generation. 

	� Regional collaboration is needed 
to build integrated waste 
management systems that 
minimize landfill use and maximize 
recycling and energy recovery.

Sweden’s Waste-to-Energy Program: 
	� Sweden has become a leader in regional waste 
management by recycling 99% of its waste, 
converting much of it into energy. 

	� The country’s waste-to-energy plants help 
generate electricity and heat for urban areas, 
while also reducing reliance on landfills and 
cutting carbon emissions.

Climate Change

	� Regional governments should 
implement climate change 
adaptation plans, focusing on 
resilient infrastructure, disaster 
risk management, and green 
energy adoption. 

	� Local policies must include 
climate change mitigation 
strategies, such as promoting 
carbon-neutral initiatives, 
energy efficiency, and 
renewable energy at the regional 
level.

The Netherlands’ Delta Works:  
	� The Delta Works project is a comprehensive 
regional initiative designed to protect low-lying 
regions from rising sea levels due to climate 
change. 

	� This extensive system of dams, dikes, and 
storm surge barriers safeguards vulnerable 
areas, showcasing how regional planning 
can enhance resilience to climate-related 
challenges.                  
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Urbanization

	� Sustainable urban planning 
should be integrated into regional 
development, including the 
promotion of compact cities, 
green building designs, and 
public transportation networks. 

	� Policies that focus on mixed-use 
development and eco-friendly 
construction will help mitigate 
the negative environmental 
impacts of urban growth.

Curitiba, Brazil: 
	� Known for its innovative regional urban 
planning strategies, Curitiba has integrated 
efficient public transportation, green spaces, 
and waste management. 

	� The city’s model prioritizes sustainable 
urbanization, where compact city design and 
eco-friendly policies help reduce congestion, 
pollution, and overall environmental impact.

BRAZIL

CURITIBA

Case study:  Sponge City Program, China (2015-Present)
	� China’s Sponge City program is a nationwide urban water 
management strategy that aims to make cities more resilient 
to flooding and water scarcity. 

	� The program involves redesigning urban landscapes to 
absorb and reuse rainwater, incorporating green infrastructure 
like permeable pavements and rain gardens. 

	� Recent evaluations show significant improvements in flood 
prevention and water quality in pilot cities like Wuhan and 
Shenzhen.

Drainage System 

Rains - In�ltration Green Land & Park 

SPONGE CITY 

Residential

Road & Sqaure 

Drought 
reduction 

Urban water outlet

Planning for Sustainable Development: Sustainable 
Development in Regional Planning

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Give an account on 
sustainable development and 
its components. (10M, 2017)

2)	 Write a short explanatory note 
on Ingredients of Sustainable 
development. (12M, 2011)

	� The last question on sustainable development appeared in 2017, with 
previous questions in 2011. This indicates a gap of 4 to 6 years between 
each occurrence, with a consistent focus on the basic components or 
ingredients of sustainable development. 

	� The questions have primarily asked for a fundamental understanding of 
the core principles rather than more specific or applied aspects.

	� For the 2025 examination, it is advisable to focus on the key components 
of sustainable development, such as economic, environmental, and 
social sustainability, and their interconnections.
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Sustainable Development
Sustainable development, as given by the 1987 Brundtland Commission Report, 
is defined as:                
 “Development that meets the needs of the present without compromising the 
ability of future generations to meet their own needs.”

The concept emphasizes a balance between economic growth, social inclusion, 
and environmental protection, ensuring that development does not deplete 
resources or harm the environment for future generations.

Economic 
Development

Envirnomental Protection & 
Enhancement 

SUSTAINABLE 
DEVELOPMENT 

Social 
Progress

Environmental Sustainability 
Focuses on conserving natural 

resources and maintaining ecological 
balance. 

Example: The use of renewable 
energy sources like solar, wind, and 
hydro power to reduce reliance on 

fossil fuels. 

Components of 
Sustainable Development 

Cultural Sustainability 
Protects cultural heritage while 

embracing positive change. 
Example: Efforts to preserve 

indigenous cultures while 
integrating modern technologies 

for development. 

Social Sustainability 
Ensures inclusive development 

and improves quality of life for all. 
Example: Access to basic 
healthcare, education, and 
gender equality policies. 

Economic Sustainability 
Involves creating stable, long-term 
economic growth that benefits all 

sections of society. 
Example: Green technologies and 
sustainable business practices like 

recycling and using sustainable 
materials.

Linking Sustainable Development to Earth’s Carrying Capacity

As global populations and consumption rates increase, the 
relationship between sustainable development and the 
Earth’s carrying capacity becomes critical. The Earth’s 
biocapacity—its ability to regenerate resources and absorb 
waste—was exceeded in 1970. 

	� According to the Global Footprint Network, in 2021, 
humanity was using 1.75 Earths’ worth of resources, 
surpassing the planet’s capacity to regenerate these 
resources sustainably. 

	� Sustainable development requires balancing resource 
use with the planet’s biocapacity, focusing on reducing 
carbon emissions, adopting renewable energy, and 
improving resource efficiency. 

	� Countries like Germany and Sweden are investing in 
circular economies and green technologies to reduce 
ecological footprints. However, global overconsumption continues to strain Earth’s resources, signaling the 
urgent need for a shift towards more sustainable consumption patterns to ensure long-term ecological stability.
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Case study:  China’s Eco-Civilization Policy Case study:  Sweden’s Sustainable City 
Initiative: Hammarby Sjöstad, Stockholm 	� China’s national strategy for sustainable 

development, known as “Eco-Civilization,” integrates 
environmental considerations into all aspects of 
social, economic, and political systems. 

	� The policy includes initiatives like the creation of 
“national ecological civilization pilot zones” 
and the implementation of a national carbon trading 
system. 

	� Recent assessments show improvements in air 
quality in major cities and increased renewable 
energy capacity, but challenges remain in addressing 
regional disparities in environmental quality.

	� Hammarby Sjöstad is an urban development project 
in Stockholm that showcases integrated sustainable 
planning. 

	� The project incorporates closed-loop systems for 
energy, water, and waste management. 

	� Recent evaluations show that the district has 
achieved a 30-40% reduction in environmental 
impact compared to conventional developments. 

	� This case study illustrates how sustainable 
development principles can be applied at a 
neighborhood scale.
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MODELS, THEORIES AND LAWS 
IN HUMAN GEOGRAPHY

Syllabus - System analysis in Human geography; Malthusian, Marxian and demographic transition models; Central Place 
theories of Christaller and Losch; Perroux and Boudeville; Von Thunen’s model of agricultural location; Weber’s model of 
industrial location; Rostow’s model of stages of growth. Heartland and Rimland theories; Laws of international boundaries 
and frontiers.

System analysis in Human geography

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Write an explanatory note on geographical systems. (10M, 
2017)

2)	 Giving suitable examples, describe the importance of 
system analysis in geographical studies. ( 10M, 2014)

3)	 Critically analyse the application of models in Geography. 
(10M, 2014)

4)	 Discuss the systems approach and its applicability in 
Geography. ( 30M, 2011)

	� The last question on this topic appeared in 
2017, and before that, in 2014 and 2011.

	� This shows a gap of 3 to 6 years between 
questions, with a gradual decline in 
weightage from 30 marks in 2011 to 10 
marks in 2017. 

	� The questions have focused on both 
conceptual understanding (systems 
approach, geographical systems) 
and applied aspects (importance and 
applicability in geography, use of models).

	� For the 2025 examination, revisiting core 
concepts of system analysis—open and 
closed systems, feedback mechanisms, 
and spatial systems—is recommended. 

System Analysis
System analysis is a method to study complex geographical 
phenomena by analyzing the interconnected components and 
processes of a system. 
The concept, originally from Botanical Science (Von Bertalanffy), 
was introduced to geography by Chorley in his book “System 
Analysis in Geography.” 

Limitations of system analysis
While system analysis offers valuable insights into the dynamics 
of complex systems, it has several limitations that hinder its 
accuracy and applicability in real-world scenarios.

	� Oversimplification of Complex Systems: Models simplify 
intricate systems, leading to loss of critical details.
	� Example: Climate models often fail to predict extreme 

weather accurately, as seen in the 2023 European 
heatwaves.

	� Difficulty in Quantifying Human Variables: Human behavior 
is dynamic and influenced by multiple factors, making 
predictions challenging.
	� Example: Urban growth models struggle to account for 

Ecosystem Studies 
Example: Analysis of the 

Sundarbans mangrove ecosystem to 
understand its resilience and threats 

like rising sea levels.

Applications of System Analysis 
Disaster Management 

Example: Understanding the impact of 
cyclones on coastal regions like Odisha 

for better disaster preparedness. 

River Basin Management 
Example: Integrated water resource management in the Ganga River Basin.

Climatic Studies 
Example: Studying El Niño's 

impact on monsoons and 
agricultural productivity in India. 

Urban Planning 
Example: Analyzing Delhi's 
urban system to address 

issues like traffic congestion 
and pollution. 
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migration and economic shifts, affecting city expansion predictions.
	� Assumption of Equilibrium: Many models assume systems naturally stabilize, overlooking constant disruptions.

	� Example: Coastal erosion models miss human-induced changes, such as construction and climate change 
impacts.

	� Static Nature of Models: Models based on fixed data often fail to capture evolving trends.
	� Example: Land use models may inaccurately predict deforestation if they ignore shifts in agricultural practices.

	� Data Limitations and Uncertainty: Incomplete or unreliable data leads to inaccuracies in system analysis.
	� Example: Groundwater models in arid regions suffer from gaps in water table levels and recharge rates data.

Case study:  Global Warming System 
Analysis

Case study:  Indian Agriculture System 
Analysis

	� Global warming involves interconnected components: 
greenhouse gas emissions (input), rising 
temperatures (process), and environmental 
impacts (output).

	� Feedback loops, such as melting ice caps, reduce 
albedo, enhancing warming.

	� System analysis helps understand the dynamic 
feedback mechanisms and how human activities 
influence environmental changes.

	� Indian agriculture involves inputs like land, water, 
labor, and technology, with cultivation practices 
and irrigation forming the processes.

	� Outputs include crops and livestock, while 
feedback mechanisms such as market demand and 
environmental impacts affect the system. 

	� This analysis helps understand interactions between 
resources, practices, and outcomes, aiding in better 
policy formulation.

Malthusian, Marxian and demographic transition models

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Has Malthusian Theory been discredited in 
contemporary times? Justify your answer. (10M, 
2023)

2)	 Compare and contrast the Malthusian and 
Neo-Malthusian perspectives in the context 
of population growth, resource use, and 
environmental impact. (20M, 2020)

3)	 Elaborate upon the influence of Marxist 
philosophy on geographical research outlining 
key themes addressed by Marxist geographers 
since the 1970’s. (15M, 2018)

4)	 “Marx’s view on population is more humanistic”. 
Comment.(10M, 2015)

	� The last question on this topic appeared in 2023, 
and before that, in 2020, 2018, and 2015.

	� This indicates a recurrence every 2 to 3 years, 
with a focus that alternates between Malthusian, 
Neo-Malthusian, and Marxian interpretations of 
population dynamics. 

	� The questions test both theoretical understanding 
and contemporary relevance, particularly in relation 
to environmental concerns and resource use.

	� For the 2025 examination, it’s advisable to study 
a comparative analysis of Malthusian, Neo-
Malthusian, and Marxian population theories, along 
with their criticisms and relevance.
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Theory Concept Present day relevance 

Malthusian Theory 
(Thomas Malthus, 
1798)

Malthus proposed that population 
growth occurs exponentially, while food 
production increases arithmetically. 
This leads to a situation where population 
growth outpaces food supply, resulting in 
famine, disease, and conflict.

	� Food Insecurity: Population growth 
outpaces food production, causing 
hunger and malnutrition.
	� Example: Sub-Saharan Africa faces 

food shortages due to high fertility 
rates and low agricultural productivity.

	� Resource Depletion: Rising 
consumption strains natural resources, 
threatening sustainability.
	� Example: India’s water crisis 

worsens as groundwater depletion 
exceeds recharge rates.

	� Environmental Stress: Population 
growth accelerates deforestation, 
pollution, and climate change.
	� Example: Amazon deforestation 

increases due to agricultural 
expansion, harming biodiversity.

	� Energy Crisis: Growing demand 
depletes energy resources, worsening 
sustainability issues.
	� Example: Fossil fuel dependence in 

developing nations causes shortages 
and environmental harm.

Neo-Malthusian 
Perspective

	� Population Growth and Resource 
Depletion: Neo-Malthusians argue that 
unchecked population growth continues 
to strain natural resources, especially in 
developing countries.
	� Example: In Sub-Saharan Africa, 

rapid population growth puts immense 
pressure on water, food, and land 
resources, exacerbating poverty and 
environmental degradation.

	� Environmental Crises and 
Sustainability Challenges: Neo-
Malthusians emphasize the role 
of population growth in escalating 
environmental issues like climate 
change and pollution.
	� Example: India’s expanding 

population contributes to air pollution 
and deforestation, aggravating 
the impact of global warming and 
undermining long-term sustainability.

Growth of SustenanceGrowth of Population 

Growth of 
Subsistence 

Figure 3.4   Malthusian Growth of Population and Subsistence 
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Case study:  Malthusian Theory 
in Sub-Saharan Africa 

	� Sub-Saharan Africa reflects Malthusian 
theory, as rapid population growth 
surpasses agricultural productivity. 

	� Nigeria, with a fertility rate of 5.2 
births per woman (World Bank, 2022), 
faces food insecurity despite vast 
agricultural land. Limited infrastructure 
and technology hinder production, 
preventing food supply from keeping 
pace with the rising population.

	� The Neo-Malthusian Perspective 
revisits Malthus’ ideas, emphasizing 
population growth as a key driver of 
resource depletion and environmental 
degradation. It highlights the strain 
on natural resources, food supply, and 
ecosystems caused by unchecked 
population growth, especially in 
developing regions. 

	� Neo-Malthusians advocate for population 
control measures, sustainable 
resource use, and technological 
innovation to mitigate crises. Unlike 
Malthus, they 
consider 
environmental 
issues like climate 
change and 
pollution as critical 
factors impacting 
global sustainability.

Population

Time

Food 
Production 

War, famine ... 
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Marxist Theory 
(Karl Marx, mid-
19th century)

Marx criticized Malthus, arguing that 
overpopulation was a result of capitalist 
exploitation rather than a natural law. He 
believed that population growth was tied 
to economic systems and that socialist 
societies could better manage resources 
and population.

	� Wealth Inequality and Resource 
Distribution: Marx’s argument that 
capitalist systems concentrate wealth 
in the hands of a few while depriving 
the working class remains relevant 
today.
	� Example: The Oxfam report (2023) 

highlights that the top 1% own 
more wealth than the bottom 50% 
combined, reinforcing Marx’s critique 
of economic inequality.

	� Labor Exploitation and Precarious 
Employment: Marx linked 
overpopulation to capitalist 
exploitation, arguing that surplus labor 
depresses wages and increases worker 
vulnerability.
	� Example: The gig economy (e.g., 

Uber, Swiggy, Zomato) creates job 
insecurity and low wages, showing 
how capitalist systems use labor 
surplus for profit.

	� Environmental Crisis and Capitalist 
Overproduction: Marx’s ideas suggest 
that capitalist production leads 
to unsustainable resource use, 
worsening poverty and environmental 
destruction.
	� Example: The climate crisis, caused 

by unchecked industrial growth, 
disproportionately affects low-income 
communities, proving how economic 
systems impact resource distribution.

Demographic 
Transition Theory 
(DTM) (Warren 
Thompson, 1929)

This theory describes the transition that 
societies undergo from high birth and death 
rates to lower birth and death rates as 
they develop economically and socially. It 
typically involves four stages:
1)	 High birth and death rates
2)	 Declining death rates but high birth 

rates
3)	 Declining birth rates
4)	 Low birth and death rates

	� Understanding Population Aging 
in Developed Countries: Many 
developed nations like Japan, 
Germany, and Italy are in the fourth 
stage of the DTM, experiencing low 
birth and death rates, leading to aging 
populations and workforce shortages.
	� Governments use this insight for 

pension reforms, immigration 
policies, and healthcare planning.

	� Explaining Rapid Population Growth 
in Developing Nations: Countries like 
Nigeria, India, and Pakistan are in the 
second and third stages, with high 
birth rates but declining death rates, 
leading to youth-heavy populations.
	� This affects resource management, 

urbanization, and employment 
opportunities, influencing education 
and healthcare policies.

Case study: Urbanization in Brazil

	� Rural-to-urban migration led to a 
surplus labor force in cities, fueling the 
informal sector’s growth and deepening 
economic inequality, reflecting Marx’s 
concept of capitalism-driven population 
exploitation.

Figure 3.5 Demographic Transition 
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	� Guiding Sustainable Development 
and Policy Decisions: The DTM helps 
forecast population trends and guides 
policies on family planning, economic 
strategies, and infrastructure 
development.
	� For example, China’s shift from its 

One-Child Policy to a Three-Child 
Policy aligns with DTM predictions 
of declining birth rates impacting 
economic growth.

Capillary Action 
Theory (Arsène 
Dumont, late 19th 
century):

This theory, also known as social 
capillarity, suggests that individuals and 
families limit their fertility to improve their 
social status. People thought to rise socially 
by having fewer children and investing 
more in each child.

	� Relevant in discussions about the 
relationship between social mobility, 
education, and fertility rates. 

	� It contributes to understanding 
why higher education and career 
aspirations often correlate with lower 
fertility rates.

Case study: Demographic 
Transition Model in South Korea 

Case study: Capillary Action 
Theory in mana village

South Korea’s rapid industrialization post-
1950s exemplifies the DTM. Initially, the 
country experienced high birth and death 
rates. Economic development, improved 
healthcare, and education led to declining 
birth and derath rates. 
South Korea is now in Stage 4 of the DTM, 
with low birth rates (0.84 births per woman) 
and an aging population. The government 
has introduced policies to encourage 
higher fertility rates and support the elderly.

The development of the village of Mana, 
near the Indo-Tibetan border, showcases 
the Capillarity Theory. Mana has gradually 
developed into a popular tourist destination 
due to its proximity to Badrinath, and this 
has spurred local economic development. 
Yet, the growth has been incremental, 
maintaining the rural character of the area 
rather than transforming it into an urban 
center.

Central Place theories of Christaller and Losch

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 What is complementary region? With reference 
to hierarchy of settlements, describe the different 
types of complementary regions as proposed by 
Christaller. (20 M, 2024)

2)	 Explain with suitable diagrams A. Losch Theory 
of Location related to Central Places. Why has 
this been criticized? (20M, 2023)

3)	 Examine the relevance of the central place theory 
of Christaller in the present context.( 10M, 2021)

4)	 Discuss the applicability of Christaller’s Central 
Place Theroy.(20M,  2017)

	� The last question on this topic appeared in 2024, 
and before that in 2023, 2021, 2017, 2016, 2013, 
2012, and 2011.

	� This indicates a consistent presence of questions 
on Central Place Theories every 1 to 3 years, with 
alternating emphasis on Christaller’s and Losch’s 
models. 

	� Earlier questions (2011–2013) focused on theory 
description and assumptions, while recent ones 
(2021–2024) have leaned more towards critical 
analysis, relevance, and real-world applicability.
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5)	 Give a critical account of Losch’s theory of central 
places. (20M, 2016)

6)	 What are the basic postulates in the Central Place 
Model of Christaller?(20M, 2013)

7)	 Evaluate the various models on population 
density distribution in urban centres. ( 30M, 2012)

8)	 Critically examine the salient features of Central 
Place Theory propounded by Christaller and 
Losch. (30M, 2011)

	� Note: This is a recurring theme

Central Place Theory of Christaller and Losch

Christaller’s Central Place Theory (1933) proposes that settlements are 
distributed in a hexagonal pattern, with central places (cities or towns) 
acting as service hubs for the surrounding areas. 

	� The theory suggests that higher-order services (e.g., specialized goods, 
hospitals) are located in larger cities, while smaller towns offer lower-order 
services (e.g., groceries, basic goods). 

	� The model uses the concepts of threshold (minimum market size) and 
range (distance customers are willing to travel) to explain the optimal 
placement and function of central places, forming a hierarchical settlement 
structure.

Losch’s Central Place Theory (1954) builds on Christaller’s model but 
introduces flexibility in the spatial arrangement and functionality of central 
places. 

	� Losch argued that central places don’t follow a strict hierarchy and that a 
mix of multifunctional and specialized services can exist within the same 
urban area. 

	� His model emphasizes consumer preferences, competition, and the 
market areas in determining where businesses locate and how they 
interact within regional economies. 

Concept of Complementary Region:

A complementary region refers to an area 
where one region’s resources, activities, 
or economic functions supplement or 
complement the needs of another region.
In the context of Christaller’s Central Place 
Theory, complementary regions refer to 
areas that are interdependent and mutually 
beneficial, where the central place offers 
goods and services that are needed by the 
surrounding regions. 
The complementary relationship exists 
due to the spatial distribution of central 
places and their hierarchical roles in serving different needs across varying distances.

Central Place

Theoretical Shape of Complimentary Area

Unserved Arca Overlapping Arca 
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Comparison of Christaller’s Theory and Losch’s Theory:

Aspect Christaller’s Theory Losch’s Theory

Development 
Pattern

Assumes uniform decline from the central 
place.

Divides areas into rich and poor sectors, more 
complex dynamics.

Values of K K values are only 3, 4, and 7. No restrictions on K values.

Importance of 
Demand

Ignores demand in the model. Emphasizes demand in the model.

Flexibility More rigid with fixed range, threshold, and 
hinterland.

Flexible, allows various systems and levels to 
overlap.

Restrictiveness
Restrictive, all higher order central places 
are multifunctional and behave like lower-
order places.

Not restrictive, central places can be 
multifunctional or specialized.

Simplification Model is a simplified and idealized 
representation.

Accommodates various factors affecting local 
markets, making it more complex.

Application 
Context

Generally applicable in developed 
countries.

Generally applicable in developing countries.

Landscape Stage Applies when the landscape is fully 
developed.

Applicable when the landscape is still 
developing.

Settlement 
Pattern

Fixed geometric patterns, hierarchy, 
ordering, and spacing maximized.

Dynamic spatial organization based on economic 
factors and market demand.

Present Day 
Relevance

	� Urban Planning and Retail 
Location Strategy: Shopping malls, 
supermarkets, and service centers in 
suburban areas often follow patterns 
similar to Christaller’s hierarchical 
model.
	� Example: Large malls are strategically 

located to serve wider regions, while 
smaller retail stores cater to local 
needs.

	� Healthcare and Educational Services 
Distribution: The theory helps 
planners determine optimal locations 
for hospitals, clinics, and schools, 
ensuring equitable access in rural and 
urban areas.
	� Example: Primary healthcare 

centers are placed in villages, while 
specialized hospitals are located in 
major cities.

	� Transportation and   Infrastructure 
Development: Governments use 
central place principles to design 
road networks and public transport 
systems connecting major cities with 
smaller settlements.
	� Example: Radial road networks in 

European cities align with Christaller’s 
concept of central places.

	� Regional Planning and Economic 
Geography: The Lösch model helps 
in analyzing the spatial distribution of 
specialized services, such as hospitals, 
universities, and financial centers, ensuring 
efficient service delivery.
	� Example: Government planners use the 

model to determine optimal locations 
for multi-specialty hospitals in large 
metropolitan regions.

	� Understanding Business Clusters and 
Economic Hubs: The theory explains why 
business districts develop in specific locations 
within cities based on profit-maximization 
principles.
	� Example: IT hubs like Bengaluru (India) 

and Silicon Valley (USA) emerge due to 
economic viability and accessibility to 
skilled labor.

	� Transportation and Connectivity Planning
	� The model helps in designing efficient 

transport networks to support regional 
trade and business interactions.

	� Example: Highway and railway networks 
connecting economic hubs to suburban 
and rural markets follow Lösch’s spatial 
principles.
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Case study:  Christaller’s Theory in the 
United States

Case study:  Christaller’s Central Place 
Theory in Gujarat, India

Case study:  Losch’s Theory in the 
Netherlands

Case study:  Losch’s Central Place Theory 
in India - Case of Bhopal

Chicago serves as a major central place, offering 
specialized services and higher-order goods, while 
smaller cities like Indianapolis and Milwaukee provide 
localized services. 
This creates a hierarchical urban network in the 
Midwest. Urban planners apply Christaller’s principles to 
optimize service distribution and regional planning, 
ensuring economic balance and accessibility.

Ahmedabad acts as a central place, offering higher 
education, healthcare, and financial services to 
nearby towns and villages. 
The hexagonal market areas proposed by Christaller 
are visible in Gujarat’s retail and wholesale market 
distribution, shaping the region’s urban hierarchy and 
economic network.

The Randstad region (Amsterdam, Rotterdam, The 
Hague, and Utrecht) illustrates Losch’s polycentric 
urban model, where cities optimize economic activity 
and service provision. 

Their integrated transport network fosters economic 
interdependence, aligning with Losch’s optimal spatial 
economy, where each city specializes in different 
sectors.

Bhopal serves as a central place, catering to Sehore, 
Raisen, and nearby areas with diverse services. 

Its strong transportation network enhances 
accessibility, supporting Losch’s model of consumer-
oriented urban planning and reinforcing Bhopal’s role 
as a regional hub.

Perroux and Boudeville theories

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Write a note on forward and backward linkages in 
Perroux’s thesis of economic growth and regional 
development. (10M, 2018)

	� The PYQ focuses on a specific aspect of Perroux’s 
growth pole theory, namely the concept of forward 
and backward linkages. 

	� It is advised to link this theory with regional 
development unit of Human geography

Perroux and Boudeville theories
Perroux’s Growth Pole Theory emphasizes that 
economic development does not occur uniformly 
across space, but rather around specific centers 
known as growth poles. 

	� These poles are usually large urban or industrial 
hubs where key industries, infrastructure, and 
innovation concentrate. 

	� The growth generated by these poles is expected 
to spread outward, stimulating development in 
nearby regions through the spillover effects.

On the other hand, Boudeville’s Polarized 
Development Theory builds on Perroux’s ideas but 
highlights the inequality that often results from such 
concentrated growth. 

	� According to Boudeville, economic growth becomes polarized, benefiting the core urban-industrial areas while 
peripheral regions lag behind, leading to spatial disparities and uneven development.

 
Growth Pole, Growth Centre and Growth Point: Forward and Backward Linkages 

Growth Pole Growth Pole Growth Pole
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Concept of Propulsive industries
	� In Perroux’s growth pole theory, “propulsive industries” are industries that drive 
economic growth in a region by fostering the development of supporting sectors. 

	� These industries act as catalysts, stimulating demand for goods and services and attracting 
investment. They generate multiplying effects on the economy, creating a domino effect 
of growth.
	� Example: The automobile industry in Detroit, USA, is a classic propulsive industry, 

driving the growth of suppliers, infrastructure, and related services, stimulating regional 
economic development.

Aspect Perroux’s Growth Pole Theory Boudeville’s Polarized Development Theory

Applicability
Applicable in developed and developing 
regions where specific cities or hubs drive 
broader regional growth.

Relevant in developing countries with significant 
urban-rural and regional disparities.

Economic 
Impacts

Growth poles lead to regional 
diversification, infrastructure 
development, and innovation.

Core cities experience higher economic growth 
while surrounding regions face economic 
stagnation or slower growth.

Focus of 
Development

Focuses on central growth hubs 
fostering development in nearby regions 
through investment, innovation, and 
infrastructure.

Focuses on economic concentration in core 
areas, leading to inequality and regional 
imbalances.

Examples

	� China’s development centered around 
Shenzhen as a hub for economic 
growth in the Pearl River Delta.

	� Silicon Valley, USA, as a technology 
growth pole driving innovation and 
economic growth.

	� Bangalore, India, as a hub for 
IT development, attracting global 
investment.

	� Mumbai, India: GDP growth concentrated 
in the city with slower growth in surrounding 
areas.

	� São Paulo, Brazil: Rapid growth in the financial 
and industrial sectors, leaving other regions 
underdeveloped.

	� Paris, France: Paris as an economic core, 
with surrounding regions experiencing slower 
growth.

Spread out effect

The rapid growth of the leading 
industry 

Leads to economic polarization

Geographical Polarization

Case study:  Perroux’s Growth Pole Theory Case study:  Boudeville’s Polarized 
Development Theory

Silicon Valley, USA
Silicon Valley is a prime example of a growth pole, 
where the technology sector drives regional growth. 
It attracts investment, innovation, and skilled labor, 
stimulating the development of related industries, 
including software, manufacturing, and research 
institutions. 
The region’s success exemplifies how one industry can 
catalyze broader economic growth.

Bangalore, India
Known as the Silicon Valley of India, Bangalore has 
emerged as a growth pole in the IT sector. 
The city’s strong technological base has attracted global 
investments, creating a thriving ecosystem that boosts 
related industries like telecommunications, education, 
and infrastructure, contributing to India’s economic 
growth.

Mumbai, India
Mumbai exemplifies polarized development, with 
rapid economic growth concentrated in the city, while 
surrounding regions experience slower growth. 
The city’s financial sector and entertainment industry 
attract investment, leading to high GDP, but regional 
disparities persist in areas like Maharashtra, where rural 
areas lag behind in development.

São Paulo, Brazil
São Paulo demonstrates polarized development, as it 
remains Brazil’s economic hub, driving growth in finance, 
manufacturing, and commerce. 
However, the concentration of wealth and industries 
in the city leaves northern Brazil and rural areas 
underdeveloped, widening economic disparities across 
the country.
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Von Thunen’s model of agricultural location

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Explain the relevance and applicability of Von 
Thunen theory of Agriculture location in today’s 
world.(15M, 2022)

2)	 Write a note on the relevance of Von Thunen’s 
Agricultural location theory in the present 
context.(10M, 2020)

3)	 Discuss the relevance of Von Thunen’s model on 
agricultural location in the contemporary context.
(20M, 2015)

4)	 Write a short explanatory note on Von Thunen’s 
concept of economic rent.(12M, 2010)

	� The last question on this topic appeared in 2022, 
and before that, in 2020, 2015, and 2010.

	� This shows a consistent pattern of reappearance 
every 5 years or less, with a strong emphasis on the 
relevance and applicability of Von Thünen’s model 
in the contemporary context. 

	� While earlier questions (like 2010) focused on 
theoretical aspects (economic rent), recent ones 
demand critical analysis linking the model to modern 
agricultural dynamics, market access, and urban 
influence.

	� For the 2025 examination, it’s advisable to prepare 
a conceptual understanding of Von Thünen’s model 
along with its modern-day reinterpretations.

Von thünen model
	� Von Thünen’s Model, proposed in the early 19th century, 
explains the spatial arrangement of agricultural land 
use around a central market city. 

	� It suggests that the pattern of agricultural activities and 
land use is determined by the distance from the market, 
with the cost of transportation and the value of the 
crops playing critical roles in determining the location of 
different types of agriculture.

	� The model assumes an isolated state with a single 
central market, uniform soil fertility, and constant 
transportation costs proportional to the distance from the 
market. 

	� In Von Thünen’s view, land closer to the market will be 
used for more perishable and high-value crops, while 
land farther away will be used for less perishable crops 
or those that are less affected by transportation costs, such as grains and livestock.

Concept of Economic Rent
	� In Von Thünen’s model, economic rent refers to 
income generated from agricultural land based on 
proximity to the market. 

	� Land closer to the market yields higher rent due 
to the higher value of perishable crops, which incur 
lower transportation costs. 

	� As distance increases, transportation costs rise, 
and land is used for less perishable, lower-value crops 
like grains and livestock, which are less impacted by 
transport costs, leading to lower economic rent.

Von Thunen's System of Agricultural Landuse

City Centre 

Market Gardening and milk production 

Firewood and Lumbering production 

Grain crops with no fallow land 

Grain crops with 14% of fallow land 

Three field system 

Livestock ranching (Grazing) 

Wilderness
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Devoid of Farming 

Agricultural Hinterland Dairy Farmers

Market 
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B. Fruit-Vegetable and 
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Fruits and 
Vegetables Farmers

Fruits & 
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Wheat
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Relevance and Applicability of Von Thünen’s Theory Today:

Von Thünen’s model, though formulated in the 19th century, still holds relevance in today’s agricultural and urban 
contexts, especially with respect to transportation costs, market proximity, and land use patterns. 

However, modern advancements in transportation, farming techniques, and global trade have necessitated adaptations 
to the original theory.

	� Transportation and Urban Proximity: Modern transportation technologies, like refrigerated trucks, have 
significantly reduced the need for strict adherence to proximity-based agriculture.
	� Example: In New York City, rooftop farms and urban gardens are being developed near city centers to 

reduce transportation costs, providing fresh produce to local markets and decreasing dependence on distant 
agricultural sources.

	� Economic Rent and Land Use: Land nearer to urban markets continues to command higher economic rent due 
to the cost savings on transporting perishable crops.
	� Example: In Kenya, horticultural farms near Nairobi ensure fast delivery of fresh flowers and vegetables 

to global markets, capitalizing on their proximity to transportation hubs like Jomo Kenyatta International 
Airport to maintain freshness and minimize costs.

	� Changing Agricultural Practices: Innovations like greenhouses and hydroponics allow high-value crops to be 
cultivated in areas once deemed unsuitable, expanding agricultural possibilities beyond Von Thünen’s concentric 
model. Nonetheless, minimizing transportation costs for perishable goods remains a key principle in urban and 
suburban agriculture.

	� Globalization and Trade Networks: While global trade networks have lessened the importance of market 
proximity, the rise of local food movements brings Von Thünen’s theories back into focus for urban agriculture.
	� Example: Farmers’ markets across the U.S. and Europe are examples of Von Thünen’s model, emphasizing 

locally grown produce in city centers.

Case study:  Urban Agriculture in Detroit, USA

Case study:  Vegetable Farming in Gujarat, India 

	� Von Thunen’s Model of Agricultural Location illustrates the importance of transportation costs in determining 
agricultural land use patterns around a central market. 

	� In Detroit, urban farming has emerged as a solution to food deserts. Urban farms are located close to the city center, 
minimizing transportation costs and providing fresh produce to local residents. This aligns with Von Thunen’s 
innermost ring where perishable and high-value crops are grown close to the market.

	� Von Thunen’s Model places high-value, perishable goods in proximity to urban centers to minimize transportation 
costs. 

	� In Gujarat, vegetable farms are located near major cities like Ahmedabad and Surat. This strategic placement 
ensures fresh produce reaches urban markets quickly, reducing spoilage and transportation expenses. 
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Weber’s model of industrial location

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Present a critical account of Alfred Weber Theory 
of Industrial location. (15M, 2021)

2)	 Distinguish between isodapanes and isotims. 
Critically examine the least cost theory of 
industrial location given by Alfred Weber. (20M, 
2019)

3)	 Explain isodapanes( 10M, 2016)

	� The last question on this topic appeared in 2021, 
and before that in 2019 and 2016.

	� This indicates a consistent 2 to 3-year gap between 
occurrences. The questions have evolved from 
basic conceptual understanding (2016) to analytical 
and critical evaluations of Weber’s Least Cost 
Theory and its components like isodapanes and 
isotims (2019, 2021).

	� For the 2025 examination, it is advisable to prepare 
both the theoretical framework and the criticisms of 
Weber’s model.

Weber’s Industrial Location Theory
Weber’s Industrial Location Theory, developed by Alfred Weber in 1909, is a foundational model in economic geography 
that explains how businesses decide where to locate their factories. The theory focuses on minimizing costs 
associated with production and transportation to maximize profits. Key Components include:

A - Minimizing Transportation Costs 
Weber identified

Transportation costs as the most critical 
factor in determining industrial location. 
He argued that industries would locate 
their production sites near either raw 
materials or markets, depending on 
which option minimizes transportation 
costs.

B- Labor Costs

Another important factor is the cost of 
labor. Even if a location with cheaper 
labor is farther from raw materials or 
markets, a company might choose it 
if the savings on labor outweigh the 
additional transportation costs.

C- Agglomeration Economies

Weber noted the benefits of 
agglomeration, where industries 
cluster together to share resources, 
infrastructure, and labor. This can 
reduce costs and create a more efficient 
production environment.

Weight-gaining Type (e.g. baking)-least 
transportation costs prevail near market.

Weber's 
Locational 
Triangle 

Weight-losing Type (e.g. Iron 
smelting)-least transportation costs 
prevail near source. 
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What are Isotims and Isodapanes?

	� Isotims are lines or curves on a 
map that represent areas of equal 
transportation costs from a specific 
point (such as a central market or 
factory). 

	� In Alfred Weber’s theory of 
industrial location, isotims show 
how transportation costs vary with the 
distance from a manufacturing plant 
or market, helping to identify the most 
cost-effective location for industries. 

	� The goal is to minimize transportation 
costs, a critical factor in Weber’s 
least-cost theory.

Isodapanes are lines or curves that represent areas where the total 
cost of transport and labor is the same. 
Weber used isodapanes to model the interaction between transportation 
costs and labor costs in industrial locations. 
The concept of isodapanes is useful in determining regions where a 
combination of transportation and labor costs lead to optimal production 
costs. 
As the cost of labor or transport changes, the location of the optimal 
industrial site shifts accordingly, and isodapanes help visualize this 
change.

The critical isodapane refers to the line where both transportation and labor costs are perfectly balanced, 
representing the ideal location for an industry to minimize total production costs.

Concept of Material Index (Weber’s Model)

The concept of “material index” is an important consideration in the decision-making process for industrial location, 
particularly for industries that heavily rely on specific raw materials. 

The material index is a metric that helps determine the feasibility of producing a certain product at a particular 
location by comparing the availability of necessary raw materials with the cost of transporting those materials to the 
location. It’s expressed as:
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High Material Index (>1)
	� If the MI is greater than one, it 
means that the raw materials 
lose a significant amount of 
weight during the production 
process. 

	� Such industries prefer to locate 
near the source of raw materials 
to reduce transportation 
costs. 

	� For instance, industries like 
iron and steel, where the ore 
loses much of its weight upon 
processing, prefer to be closer 
to mining regions.

Low Material Index (<1)
	� If the MI is less than one, it 
indicates that the weight of the 
finished product is greater 
than the weight of the raw 
materials used. 

	� Industries with a low MI tend 
to locate nearer to markets 
since transporting the heavier 
finished products would be more 
expensive than moving the raw 
materials. 

	� An example might be soft drink 
bottling plants, which combine 
syrup (lightweight) with water 
(heavy) to produce bottled 
beverages (heavy).

Material Index = 1
	� If the Material Index is equal 
to 1, the weight of the raw 
materials is equal to the weight 
of the finished product. 

	� The location of the factory is 
indifferent to the location of the 
raw materials or the market in 
terms of transportation costs. 

	� The factory can be located 
anywhere along the 
transportation route between 
the two.

Relevance of Weber’s Least Cost Theory in the Digital Age
	� Diminished Importance of Transportation Costs: Weber’s theory primarily focuses on minimizing transportation 
costs, particularly for weight-losing industries. However, in a digital economy where many products and services 
are delivered digitally, transportation costs become less significant
	� For example, software, music, and consulting services can be transmitted globally with minimal transportation 

costs.
	� Shifting Labor Dynamics: Digitization allows for remote work and access to global talent pools (access to a 
skilled workforce in areas like software development, data analytics, and cybersecurity remains essential). This 
reduces the importance of geographic proximity to labor markets and challenges the assumption of labor mobility 
as a primary factor in industrial location.

	� Government Policies and Regulations: Data privacy regulations, intellectual property laws, and tax incentives 
can significantly influence the location decisions of digital businesses.

	� Digital Infrastructure: Access to high-speed internet, reliable power supply, access to venture capital, and 
proximity to research institutions and a robust technological ecosystem are crucial for digital businesses.

Continued Relevance in Specific Contexts: Despite its limitations, Weber’s theory retains relevance in specific 
contexts. For example:

	� Industries reliant on Physical Inputs: Industries that rely heavily on physical inputs, such as manufacturing or 
agriculture, still consider transportation costs a significant factor.

	� Labor-Intensive Industries: While access to global talent pools is increasing, labour-intensive industries like 
garment manufacturing still seek locations with lower labor costs.

Case study:  Electronics Manufacturing in Shenzhen, China

	� Shenzhen’s growth as an electronics manufacturing center aligns with Weber’s Model, balancing transportation 
and labor costs. Its proximity to ports reduces export expenses, while an abundant, affordable labor force supports 
companies like Huawei and Foxconn. 

	� The city generates over $350 billion annually from its electronics industry, showcasing how strategic location 
and cost-effective labor contribute to industrial success, as predicted by Weber’s theory of industrial location.
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Case study:  Steel Industry in Jamshedpur, India

Case study:  Textile Industry in Tirupur, India 

	� Jamshedpur, home to Tata Steel, is strategically located near essential raw materials like iron ore, coal, and 
limestone, reducing transportation costs, which aligns with Weber’s Model of industrial location. 

	� This proximity optimizes cost efficiency in steel production. Tata Steel’s output of 19.06 million tons showcases 
the importance of location in industrial productivity, contributing significantly to India’s steel production.

	� Tiruppur’s success aligns with Weber’s Model, benefiting from its proximity to cotton-producing regions and a 
skilled labor pool. The city’s closeness to Coimbatore enhances infrastructure and reduces transportation costs. 

	� Contributing 80% of India’s knitwear exports, Tiruppur employs over 600,000 workers and sees an annual 
growth rate of 10%, demonstrating how the strategic location of raw materials, labor, and infrastructure drives 
industrial growth and efficiency.

Rostow’s model of stages of growth

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Explain the theoretical framework and stages of 
economic growth proposed by Rostow’s model. 
(10 M, 2024)

2)	 Outline briefly the “age of mass consumption” as 
described by Rostow in his multistage theory of 
growth. (10M, 2018)

3)	 Explain the necessary conditions of takeoff and 
subsequent stages of development of a nation as 
propounded by Rostov. (20M, 2014)

	� All the 3 questions center on Walt Rostow’s 
stages of economic growth theory. This indicates 
a sustained interest in classical development 
theories, suggesting their enduring relevance in 
understanding economic development patterns.

Rostow’s Theory of Economic Growth
Walt Rostow’s stages of economic growth 
theory, proposed in the 1960s, outlines a 
linear model of development, suggesting 
that all countries progress through a series of 
five distinct stages of economic growth. 
Rostow’s theory emphasizes the importance 
of structural transformation, technological 
innovation, and investment in driving 
economic progress.

The five stages are as follows:
	� Traditional Society: Characterized by 
agriculture-based economies with limited 
technology and slow population growth. 
Economies are static, and there is minimal 
investment and traditional production 
methods.

	� Preconditions for Takeoff: Gradual 
changes set the stage for growth, including 
increased investment, improved infrastructure, and the development of transportation networks. Entrepreneurial 
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activities begin to emerge, leading to industrialization.
	� Takeoff: Marked by rapid industrial growth and investment in key sectors like manufacturing and infrastructure. 
Technological innovation and capital formation drive structural shifts and economic transformation.

	� Drive to Maturity: Economies diversify, and technological advancements spread across industries, boosting 
productivity. The economy becomes more export-oriented, with increased investment in education and infrastructure.

	� Age of Mass Consumption: Characterized by high levels of consumption, a shift toward services, and the production 
of luxury and consumer goods. Social welfare systems and quality of life become central to the economy.

Present-Day Relevance of Rostow’s Stages of Economic Growth

Rostow’s theory of economic growth continues to provide valuable insights into the stages of development that 
nations progress through, even in contemporary economic landscapes. Here are four points highlighting its relevance 
today:

	� Stages of Development Framework: Rostow’s model provides a clear, linear pathway that helps in understanding 
how nations move from traditional economies to industrialized ones.
	� Example: Vietnam has experienced rapid industrialization in recent decades, moving from the preconditions 

for takeoff to takeoff due to its growing manufacturing sector.
	� Impact of Infrastructure Development: Infrastructure investments, central to Rostow’s takeoff stage, remain 
crucial for modern economies seeking rapid industrialization.
	� Example: Kenya’s emphasis on expanding transportation networks and energy access has spurred growth in 

sectors like agriculture and manufacturing.
	� Role of Global Trade and Investment: Rostow’s theory underscores the importance of external trade and 
investment, which is still a key driver of growth in many developing nations.
	� Example: Ethiopia has seen a surge in foreign direct investment in the textile sector, aiding in its economic 

takeoff and contributing to export growth.
	� Consumer Culture and Economic Maturity: As countries enter the “age of mass consumption”, domestic 
markets expand, and wealth distribution improves, leading to overall prosperity.
	� Example: Mexico has evolved through various stages, with increasing consumer demand and service sector 

growth reflecting the age of mass consumption in its economy.
These examples indicate that Rostow’s stages still hold relevance in analyzing economic growth patterns and the 
factors influencing development trajectories globally.

Case study:  South Korea’s Economic Growth:

Case study:  China’s Economic Transformation:

	� South Korea exemplifies Rostow’s stages of growth, moving from an agrarian economy (traditional society) to an 
industrialized nation after the 1950s. The takeoff began in the 1960s with government investment in education 
and infrastructure. 

	� By the 1980s-90s, it reached maturity, marked by technological advancements like Samsung and Hyundai. Today, 
South Korea’s GDP of $1.63 trillion reflects high mass consumption with a high standard of living.

	� China’s journey follows Rostow’s model, transitioning from a traditional society to preconditions for takeoff with 
Deng Xiaoping’s reforms in the late 1970s. The takeoff occurred in the 1980s-90s with industrialization. 

	� By the 2000s, China entered the drive to maturity, diversifying its economy. Today, with a GDP of $17.74 trillion, 
China is in the age of high mass consumption, with global influence and advanced infrastructure.
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Heartland and Rimland theories

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 Explain the Heartland theory with reference to 
contemporary geopolitical scenario of the world. 
(15 M, 2024)

2)	 Discuss how and why Mackinder modified his 
concept of Pivot Area after the World Wars. (20M, 
2020)

3)	 Examine the relevance of the rimland theory in 
the contemporary world.( 15M,2019)

4)	 “The Heartland Theory is gaining importance 
once again.” Comment. ( 20M, 2017)

5)	 Write a short note on relevance of Heartland 
theory in contemporary world. (10M, 2013)

	� The last question on this topic appeared in 2024, 
and earlier in 2020, 2019, 2017, and 2013.

	� This shows a recurrence every 3 to 4 years, with 
consistent emphasis on the geopolitical relevance 
of classical theories like Heartland and Rimland in 
the contemporary context. The framing of questions 
has evolved from direct relevance (2013, 2017) to 
modifications of theory (2020) and application to 
global geopolitics (2024).

	� For the 2025 examination, it is advisable to focus on 
the geostrategic revival of classical theories in light 
of recent geopolitical shifts

Heartland Theory ( Halford Mackinder (1904)
Mackinder’s Heartland Theory posits that the central 
region of Eurasia, referred to as the “Heartland,” is pivotal 
for global dominance. 
According to Mackinder, control over this area would lead 
to commanding the world due to its vast resources and 
strategic position.

	� Geostrategic Importance: Mackinder argued that the 
Heartland’s central location made it crucial for global 
power. He believed that controlling this region would 
enable dominance over the world.

Present-Day Relevance
	� Geopolitical Tensions and Strategic Importance: 
Mackinder’s theory remains relevant as global powers 
continue to vie for control over the Heartland region 
due to its geopolitical significance.
	� Example: Russia’s involvement in Ukraine and 

its influence in Central Asia demonstrate how the 
Heartland’s control plays a pivotal role in regional 
power dynamics.

	� Energy Resources and Economic Power: The Heartland’s vast energy resources, such as oil and natural gas, 
make it critical in global economic strategies.
	� Example: The Caspian Sea region, rich in hydrocarbons, remains a center of geopolitical competition, particularly 

among Russia, China, and the U.S. over energy security.
	� Regional Security and Global Stability: The Heartland’s strategic importance is highlighted by the security concerns 
of neighboring nations and the broader global powers.
	� Example: The instability in Afghanistan and the resulting geopolitical competition in Central Asia emphasize the 

ongoing relevance of the Heartland in global security.
	� Influence on Global Power Shifts: Controlling the Heartland region offers a substantial advantage in terms of military 
positioning and global influence.
	� Example: China’s Belt and Road Initiative (BRI) seeks to enhance its influence in Eurasia, linking it strategically 

with the Heartland, reinforcing its central role in global geopolitics.
Mackinder’s Heartland Theory continues to provide valuable insights into the strategic importance of Eurasia in today’s 
global power struggles, where energy, security, and geopolitical dominance are key factors.
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Strategic Importance of Indo-Pacific Region 
The Indo-Pacific region has become the central 
geopolitical corridor, crucial for global power, economic 
growth, and trade. It accounts for 65% of the world’s 
population and 60% of global GDP, with key chokepoints 
like the Malacca Straits and the South China Sea 
enhancing its strategic significance. 
The region reflects a shift from Mackinder’s Heartland 
Theory, emphasizing maritime power over territorial 
control. Technological advancements, such as 
rapid military redeployment, reduce the relevance of 
geographical distance. China’s dominance in the Indo-
Pacific is driven not by location but by technological 
prowess, highlighting the changing dynamics of global 
power.

Rimland Theory ( Nicholas Spykman (1942)
Spykman’s Rimland Theory emphasizes the importance 
of the coastal fringes of Eurasia, or the “Rimland,” for 
controlling global power. 
Spykman argued that power in these maritime and coastal 
regions is crucial for global dominance.

	� Strategic Importance: The Rimland includes Western 
Europe, the Middle East, and the Asia-Pacific region. 
Control over these areas is seen as essential for global 
power.

Present-Day Relevance
	� Geopolitical Strategy and Military Presence: The 
Asia-Pacific and Middle East remain central to global 
power dynamics, with naval dominance being crucial in these regions.
	� Example: The U.S. presence in the Indo-Pacific through military bases and naval operations aligns with Spykman’s 

theory of controlling the Rimland for global dominance.
	� Strategic Importance of Regional Conflicts: Spykman’s theory explains why regional conflicts often arise in coastal 
areas, as powers vie for control over the Rimland.
	� Example: The South China Sea dispute, involving China, the U.S., and Southeast Asia, reflects the ongoing 

importance of maritime regions for trade routes and military influence.

	� Control Over Maritime Chokepoints: Spykman emphasized the vitality of chokepoints in controlling global trade 
and military power.
	� Example: The Strait of Hormuz in the Middle East is a critical maritime chokepoint for global oil trade, aligning 

with the strategic significance of the Rimland in shaping global power dynamics.

	� Shaping Global Power Balance: The theory underscores the geopolitical role of coastal regions in determining global 
dominance, as seen in major powers’ policies.
	� Example: The U.S. and China rivalry over the Indo-Pacific region and maritime security showcases the 

continued relevance of Spykman’s theory in shaping global political strategies.
These points illustrate how Rimland Theory continues to influence global geopolitics, especially in coastal and 
maritime areas, where control remains vital for political, military, and economic supremacy.
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Case study:  Heartland Theory Case study:  Rimland Theory

Russia’s Influence in Central Asia:
	� Post-Soviet Russia has maintained strategic 
dominance in Central Asia through military bases, 
economic ties, and political alliances like the 
Collective Security Treaty Organization (CSTO). 

	� Russia’s control over countries like Kazakhstan and 
Uzbekistan showcases the relevance of Mackinder’s 
Heartland Theory in contemporary geopolitics.

U.S. Strategic Interests in the Asia-Pacific:
	� The U.S. has strengthened alliances with Japan, 
South Korea, and Australia to counter China’s 
growing influence. 

	� Its military presence in the Pacific Rim reflects 
Mackinder’s emphasis on controlling the Heartland 
to maintain global dominance.

South China Sea Disputes:
	� The South China Sea, a critical rimland region, is 
contested by countries including China, Vietnam, 
and the Philippines. 

	� China’s militarization of artificial islands exemplifies 
Spykman’s Rimland Theory, highlighting the strategic 
importance of coastal areas for global power.

The Arctic Rimland:
	� With melting ice caps opening new shipping routes, 
countries like Russia, Canada, and the U.S. are 
increasing military presence in the Arctic Rimland. 

	� The region holds vast natural resources, emphasizing 
Spykman’s view of coastal regions as crucial to 
geopolitical influence.

Laws of international boundaries and frontiers

Previous year Questions (PYQs) PYQs Analysis and Learnings

1)	 “Boundaries and frontiers have different meanings 
in geographical literature.” Substantiate your 
answer in the present context. (15M, 2023)

2)	 Explain the geometrical boundaries with 
examples.(10M, 2022)

3)	 Boundaries are important in geopolitics. Explain. 
What issues develop from the inclusionary and 
exclusionary aspects of borders.(15M, 2021)

4)	 In the modern world, most of the frontiers 
have been replaced by boundaries. Explain the 
reasons. ( 15M, 2020)

5)	 Disucss the genetic classification of boundaries 
suggested by Hartshorne. ( 10M, 2019)

6)	 Define and differentiate between boundaries and 
frontiers. Describe the geometrical boundaries 
with suitable examples. ( 15M, 2016)

7)	 Write short note: relevance of Heartland theory in 
Contemporary World. ( 10M, 2013)

8)	 Distinguish between boundaries and frontiers. 
Identify different types of boundaries. ( 30M, 2011)

	� The last question related to boundaries, frontiers, 
and classical geopolitical theories appeared in 2023, 
with consistent coverage in 2022, 2021, 2020, and 
2019. 

	� While earlier questions (2011, 2013, 2016) included 
direct mentions of the Heartland theory and types 
of boundaries, recent ones have focused more on 
conceptual distinctions, geopolitical implications, 
and boundary-related conflicts.

	� This indicates that the topic appears every 1 to 
2 years, showing its importance and evolving 
application in contemporary geopolitics.

	� For the 2025 examination, it is advisable to 
thoroughly revise classical geopolitical theories—
especially Heartland and Rimland theories.

Boundaries and Frontiers
A boundary is a fixed, legally defined dividing line between territories, marking clear and established borders between 
political entities. 
In contrast, a frontier refers to a transitional or buffer zone between two regions with unclear or undefined limits, often 
representing areas of potential expansion or areas where control and authority are not fully established.
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Differences Between Boundaries and Frontiers

Aspect Boundaries Frontiers

Nature
Rigid, well-marked, and recognized by 
governments.

Flexible, shifting, and often undefined.

Control Strongly controlled and patrolled by 
states.

Weakly controlled with limited state presence.

Function Separates territories with clear 
sovereignty claims.

Acts as a buffer between different territories or 
civilizations.

Example
The Durand Line (Pakistan-Afghanistan) is 
a strict political boundary.

The Amazon Rainforest historically served as a 
frontier between indigenous and colonial regions.

Modern classification of international boundaries according to Kirchoff:

Type of 
Classification Subcategories Explanation Examples

Genetic 
Boundaries

Antecedent Boundaries established 
before the area is populated, 
often based on physical 
features.

Malaysia-Thailand 
Boundary, defined by the 
natural barrier of mountains.

Subsequent Boundaries created after the 
settlement of an area, often 
due to historical or cultural 
factors.

U.S.-Canada Boundary, 
defined after both countries 
were settled and developed.

Superimposed Boundaries imposed by an 
external power, often without 
regard to existing cultural or 
ethnic boundaries.

African boundaries drawn 
by European colonial powers 
during the Berlin Conference.

Relict Boundaries that no longer 
exist but have left lasting 
impacts on the landscape or 
cultural aspects.

Berlin Wall (Germany), no 
longer a functioning boundary 
but still influences German 
society.

Consequent Boundaries drawn to 
accommodate cultural 
differences after settlement, 
such as language, religion, or 
ethnicity.

India-Pakistan Boundary, 
drawn based on religious 
differences after partition.

Country A

Country A

Country B

Country A

Country B

Country A
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Morphological 
Boundaries

Physiographic Boundaries based on physical 
features such as mountains, 
rivers, or lakes.      

India-Bhutan Boundary, 
defined by the natural barrier 
of the Himalayas.

Geometric Boundaries defined by 
straight lines or geometric 
patterns, often ignoring 
physical features.

U.S.-Canada Border (49th 
parallel), one of the longest 
geometric boundaries in the 
world.

Anthropogeographic Boundaries defined by human 
features, such as cultural, 
linguistic, or religious lines.

Belgium-Netherlands 
Boundary, shaped by 
language differences between 
Dutch and French speakers.

Complex Boundaries that combine 
elements of the above types, 
often influenced by both 
physical and human factors.

Brazil-Argentina Boundary, 
influenced by both physical 
features (rivers) and human 
factors (settlements).

Country A

Country B

Case study:  The Arctic Boundary Disputes

Case study:  Brexit and the Northern Ireland 
Protocol

Case study:  The Demilitarized Zone (DMZ) 
between North and South Korea

Case study:  India-China Line of Actual 
Control (LAC)

	� As Arctic ice melts, nations like Russia, Canada, 
Denmark, Norway, and the United States are 
asserting claims over the Arctic seabed, rich in 
untapped natural resources. 

	� Boundaries in this region are governed by the 
United Nations Convention on the Law of the 
Sea (UNCLOS), but claims over the continental 
shelves and sovereignty remain contentious. The 
shifting landscape of the Arctic reflects the increasing 
geopolitical importance of this boundary.

	� Brexit led to the re-establishment of a border 
between Northern Ireland (UK) and the Republic of 
Ireland (EU member), transforming it into a customs 
boundary. 

	� The Northern Ireland Protocol was introduced 
to prevent a hard border on the island, but this has 
led to disruptions in trade and political tensions, 
complicating the peace process outlined in the Good 
Friday Agreement. The situation highlights modern 
challenges in managing boundaries amidst political 
changes.

	� The DMZ, established in 1953 after the Korean War 
armistice, serves as a heavily fortified boundary 
rather than a frontier. This region remains one of the 
most fortified borders globally, symbolizing enduring 
political tension despite recent peace efforts. 

	� The DMZ illustrates the shift from frontiers to defined 
boundaries in modern geopolitics, where military 
fortifications and political factors continue to shape 
territorial disputes.

	� The LAC is an undefined boundary between India 
and China in the Himalayas, resulting in frequent 
standoffs and military engagements. Despite being 
based on natural landforms, the boundary lacks 
precise demarcation.

	� Skirmishes in the Galwan Valley and subsequent 
de-escalation talks underscore the complexities 
of managing such geometrical boundaries in 
contested, sensitive regions where geopolitical and 
military tensions persist.
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