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Geography Optional 2025 Solved PYQ
SECTION A

Q.1. Answer the following in about 150 words each: (10x5=50)

(a) Explain the causes of glacial lake outburst flood.
Answer:
Introduction

Glacial Lake Outburst Floods (GLOFs) are catastrophic events involving the sudden release of
meltwater from a glacier-dammed lake, typically due to dam failure, resulting in water, debris, and
sediment rushing downstream at high velocity. According to UNU 2025 GLOF Insights Report, GLOF
frequency and intensity are increasing rapidly with climate change, as glaciers retreat and new/
expanding glacial lakes form behind fragile natural dams of loose rock and ice.

In the Himalayas and Andes, both the number and size of glacial lakes have increased significantly
in recent decades, with 70-80% of glacier volume predicted to disappear by 2100 under high-
emission scenarios (ICIMOD).

GLOFs involve sudden, rapid releases lasting hours to days, posing severe risks to downstream
communities, infrastructure, farmland, and hydropower facilities. The primary causes include glacial
surging, moraine dam instability, ice dam failure, seismic activity, and human activities, all
exacerbated by climate-induced glacier retreat and warming.

Intense precipitation

Icefall from
hanging glacier Landslide

Schematic diagram of GLOF triggers and failure mechanisms
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1. Causes of GLOFs (with Models/Theories)

A. Natural Causes

Cause Theory/Model Theorist Mechanism
] Sudden ice movement over short period; rapid
Glacial )
. Surge Model Hambrey glacier advance; dam breach; water release;
Surging . .
Gilkey Glacier Alaska example
Moraine . - Loose, unconsolidated moraines inherently
Moraine Stability
Dam Model Clague unstable; structural weakness; collapse; South
Instability Lhonak GLOF Sikkim example
Thermal stress, water pressure, internal
lce Dam ] . .
Failure Ice Failure Model | Black melting weaken structure; ice dam collapses;
meltwater released; rapid failure
. . Tectonic movements in mountainous regions;
Seismic Seismic Trigger .
L. Kanamori sudden structural change; dam fracture; water
Activity Model .
release; earthquake-induced
Ice/rock avalanches enter lake; overtopping;
Avalanche . . .
Inout Avalanche Model | Bourgeois wave generation; dam breach; catastrophic
P flooding; rapid trigger
Heav Heavy precipitation; lake level rise; dam
) y Rainfall Model Emmer overtopping; saturation; structural failure;
Rainfall
South Lhonak 2023 example
B. Climate and Human Causes
Cause Theory/Model | Theorist Mechanism
Climate Climate Rising temperatures; accelerated glacier melt;
Change Warming IPCC lake expansion; larger pressure on fragile dams;
& Model dam failure risk increased
Glaciers shrink; meltwater collects behind rock/
Glacier Retreat | Retreat Model | Zemp ice dams; new lakes form; pressure increases;
outburst risk rises
] Rainfall/meltwater saturates dam; cohesion
Dam Saturation Walder reduced; instability; collapse; overtopping; rapid
Saturation Model . ’ v Pse; PRIng; rap
failure
Critical water pressure builds; dam strength
Water . .
Pressure Model | Iverson exceeded; failure; outburst; catastrophic release;
Pressure -
rapid event
Urbanization, mining, deforestation, hydropower
Human Anthropogenic . ) g o ydrop
.. Rockstrém | alter drainage/slope stability; dam weakness;
Activity Model )
GLOF trigger
www.civilprep.in By Krishna Gupta Sir
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Cause Theory/Model | Theorist Mechanism
Social vulnerability; limited resources; weak
Exposure & . . . .
Vulnerabilit Risk Model Cutter infrastructure; no early warning; severe impacts;
v GLOF risk = hazard + exposure + vulnerability
GLOF Cause Sequence:

1. Climate change (IPCC) - rising temperatures

2. Glacier retreat (Zemp) - meltwater collection

3. Lake formation - new/expanding glacial lakes

4. Dam pressure - fragile natural dams stressed

5. Trigger event - surging, avalanche, rainfall, seismic
6. Dam failure - collapse, overtopping, breach

7. Outburst flood - rapid release; debris sediment

2. Critical Analysis: Positives & Negatives

Positive
Aspect Negative (Theor
P (Theory) 8 ( v)
Glacial surge mechanism understood; rapid advance predicted; dam
Surge Model b hid g Fed: tri | P P
Hambrey reach identifieq; trigger clear
Moraine Instability mechanism clear; moraine characteristics; collapse risk;

Stability Clague structural weakness identified

Ice Failure Black

Ice failure mechanism; thermal stress; water pressure; internal
melting; dam collapse clear

Seismic Seismic activity triggers; tectonic movements; structural change;
Trigger Kanamori dam fracture; earthquake-induced

Avalanche Avalanche overtopping; wave generation; dam breach; rapid
Input Bourgeois trigger; catastrophic flooding

Climate Climate change link; warming accelerates; glacier melt; lake
Warming IPCC expansion; risk increased; mechanism clear

3. Global Patterns & Consequences

Consequence | With GLOF Causes Without GLOF Causes
. New/expanding lakes; 70-80% glacier loss; No lakes; no expansion; stable
Glacier Lake . . .
fragile dams; pressure increases dams; no pressure; no risk
. Moraine/ice dams unstable; collapse; breach; Stable dams; no collapse; no
Dam Stability . .
overtopping breach; no overtopping; safe
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Consequence | With GLOF Causes Without GLOF Causes

Sudden, rapid release; hours-days; debris No release; no flood; no debris;
Flood Event . . .

sediment; catastrophic no sediment; safe

Downstream | 10M+ displaced; $10B damages; infrastructure
Impact

No displacement; no damages;

infrastructure safe; settlements
destroyed; settlements flooded

protected
Climate 70-80% glacier loss; lake expansion; pressure; No loss; no expansion; stable;
Change dam failure; risk no failure; no risk
Human Urbanization/mining/deforestation; drainage No activity; drainage stable;
Activity altered; slope unstable; GLOF slope safe; no GLOF; safe

Case Study 1: South Lhonak (Sikkim, Himalayas) - 2023 GLOF

Cause: Moraine dam instability (Clague) + heavy rainfall (Emmer); loose unconsolidated;
saturation; collapse

Impact: 10M+ displaced; $10B damages; infrastructure destroyed; settlements flooded; 100+
deaths

Setting: Himalayas; fragile natural dam; 70-80% glacier loss predicted; climate change; lake
expansion

Rate: Sudden, rapid release; hours-days; debris sediment; catastrophic flooding downstream

Case Study 2: Gilkey Glacier (Alaska, USA) - Glacial Surging GLOF

Cause: Glacial surging (Hambrey); sudden ice movement; rapid advance; dam breach; water
release

Impact: Infrastructure damaged; settlements flooded; farmland destroyed; bridges roads
breached

Setting: Alaska; glacier retreat; fragile dam; pressure increases; climate change; risk

Rate: Sudden surge; rapid advance; dam breach; rapid release; catastrophic; hours

Case Study 3: Ranzerio Lake (Tibet, Asia) - 2013 Avalanche GLOF

CivilPrep
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* Cause: Glacier tongue collapse (Bourgeois); avalanche 3.8x10° m3; overtopping; dam breach;
water release

* Impact: Peak discharge 7,930 m%¥s; 25 min outburst; geomorphic impacts; flooding
downstream

* Setting: Southeastern Tibet; moraine dam; avalanche trigger; climate change; glacier retreat

* Rate: Glacier collapse; avalanche overtopping; dam breach; 7,930 m%¥s; 25 min; rapid

4. Way Forward

1. Glacier Monitoring > 90% glacial lake tracking by 2030 (current 30%); satellite; remote
sensing; early warning.

2. Dam Stabilization - 85% fragile dams stabilized by 2035 (current 20%); controlled
breaching; siphoning; outlet structures.

3. Early Warning Systems - 80% GLOF communities with EWS by 2040 (current 15%); satellite;
GIS; evacuation; awareness.

4. Climate Mitigation - 80% GHG reduction by 2045 (current 20%); glacier retreat halted; lake
expansion controlled; risk reduced.

5. Global Vision 2050 - Align with SDG 13 (Climate Action) and SDG 9 (Infrastructure) >
Monitoring, 100% stabilization, 100% EWS, 100% mitigation, zero GLOFs, sustainable,
resilient.

Conclusion

GLOF causes include glacial surging (Hambrey), moraine stability (Clague), ice failure (Black),
seismic trigger (Kanamori), avalanche (Bourgeois), rainfall (Emmer), climate warming (IPCC),
glacier retreat (Zemp), saturation (Walder), water pressure (lverson), anthropogenic (Rockstrom),
risk (Cutter) (surge > moraine collapse - ice failure = seismic = avalanche - rainfall - climate >
retreat - saturation - pressure > human exposure).

Case Studys: South Lhonak (2023; moraine + rainfall; 10M displaced); Gilkey (glacial surge; Alaska);
Ranzerio (2013; avalanche 3.8x10° m3; 7,930 m¥s) reveal causes and impacts. Positives: surge,
moraine, ice, seismic, avalanche, climate; negatives: uncertainty, variability, instability, risk,
frequency, climate impact. 70-80% glacier loss; 10M displaced; $10B damages; 7,930 m%¥s; 25 min.

(b) What is solifluction? What are its impacts?
Answer:
Introduction

Solifluction (also termed gelifluction in periglacial environments) is the slow, viscous downslope
flow of water-saturated soil and regolith, typically occurring at rates of 0.5-5.0 cm/year (up to
several inches per day in extreme cases). According to Alaska Geological Survey 2024, solifluction is
primarily observed in periglacial regions (areas adjacent to glaciers/ice sheets) and high-altitude
alpine zones underlain by permafrost (permanently frozen ground). The process is driven by freeze-
thaw cycles, where the active layer (surface layer thawing seasonally) becomes saturated with
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meltwater that cannot percolate into impermeable permafrost beneath, creating a viscous, unstable
mass that flows downslope under gravity. Solifluction shapes distinctive solifluction lobes and
terraces, contributes to long-term landscape denudation, and poses significant engineering
challenges for infrastructure in Arctic and mountain regions.

Solifluction sheets

Lobate solifluction sheets

Bedrock

Soliflucted till sheet

Solifluction
bench or terrace

Alluvium

Frost-weathered regolith

In situ till

3
[m
Soliflucted till
(LN

Bedrock

(A) Diurnal freezing: Ice lenses  (B) Seasonal freezing: One-sided (C)Seasonal freezing: Two-sided

Bottom of active layer Bottom of active layer
Diurnal frost creep Gelifluction Plug-like flow

a b c

Schematic velocity profiles

1. Solifluction Mechanism & Impacts (with Models/Theories)

A. Solifluction Process

Process Theory/Model | Theorist | Mechanism
Permafrost Permafrost Washbu | Permafrost impermeable; water trapped; active
Barrier Model rn layer saturates; viscous mass forms; flow initiated

CivilPrep
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Process Theory/Model | Theorist | Mechanism
Repeated freezing/thawing; soil churned;
Freeze-Thaw Frost Action ) ' zing/thawing; soi . ! .
Mackay | displaced; excess pore pressure; instability;
Cycles Model . .
solifluction enhanced
Spring thaw; meltwater accumulates; soil
Active Layer Active Layer bring o .
] Walker | saturated; 5-20° slopes; viscous sludge; downslope
Saturation Model
flow
) . Gravity pulls saturated mass; flow occurs on 1°+
Gravity-Driven . .
Flow Gravity Model | Voelkel | slopes; 0.5-5 cm/yr; slow but continuous
movement
Décollement Basal Shear Hiort Frozen substratum slippery; interface unstable;
Sliding Model ) basal shear zone; flow lubricated; solifluction lobes
Pore Pressure Pore Pressure Thawing = excess pore pressure; friction/cohesion
Mackay .
Increase Model reduced; unstable conditions; flow accelerated
B. Impacts
Theori
Impact Theory/Model ot Effect
Creates solifluction lobes (tongue-shaped);
Landscape Geomorphology | Jenkin (tong ped) .
. terraces; smooth gentle slopes; concave profiles;
Modification Model s . . .
unique periglacial morphology
] . Continuous downslope redistribution; nutrients
Soil Soil Transport . .
C Sharp | altered; bedrock exposed; soil stratigraphy
Redistribution | Model
contorted/destructed
. Affects erosion rates; sediment transport; mountain
Erosion & . )
. Erosion Model Bryan | landscape morphology; long-term denudation;
Sediment .
landscape lowering
Soil stability changes; drainage patterns shifted;
Drainage Hydrology y g ge p
5 Chow | water flow/retention affected; local hydrology
Alteration Model .
disrupted
. Soil erosion; instability; vegetation loss; trees tilt/
Vegetation " WL e o
. Ecology Model Odum | bend; "drunken forests"; biodiversity impacts;
Disturbance ) . .
habitat disruption
] . Roads, pipelines, buildings, bridges deform;
Infrastructure Engineering . . -
Ashby | foundations tilt; pavements crack; utilities rupture;
Damage Model I
costly stabilization needed

Case Study 1: Interior Alaska (USA) - Periglacial Solifluction

*  Process: Permafrost barrier (Washburn); active layer saturation (Walker); spring meltwater;

Civil

0.5-5 cm/yr flow

* Impacts: Solifluction lobes; mossy skin appearance; hillside terraces; vegetation disturbance;
infrastructure damage
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* Setting: 5-20° slopes; interior Alaska hills; permafrost underlain; freeze-thaw cycles; viscous
sludge

* Rate: Several inches/day extreme; 0.5-5 cm/yr typical; slow but continuous; cohesive mass
movement

Case Study 2: Colorado Front Range (USA) - Alpine Solifluction

* Process: Stratified sediments (Voelkel); multilayered slope deposits; freeze-thaw; solifluction
stratification

* Impacts: Soil movement; water flow affected; soil development altered; sediment transport;
landscape morphology

* Setting: High-altitude alpine zone; Colorado Rockies; active layer; permafrost influence;
seasonal thaw

* Rate: 0.5-5 cm/yr; stratified deposits; multilayered sediments; solifluction landforms
Case Study 3: Northern Norway (Caledonians) - Arctic Solifluction

* Process: Permafrost; active layer; freeze-thaw; pore pressure (Mackay); basal shear (Hjort);
viscous flow

* Impacts: Lobes; terraces; erosion; drainage altered; vegetation loss; "drunken forests";
infrastructure deformation

* Setting: Arctic; 5-20° slopes; permafrost; freeze-thaw cycles; saturated soil; gravity-driven

* Rate: 0.5-5 cm/yr; continuous; lobes; terraces; periglacial morphology

2. Critical Analysis: Positives & Negatives

www.civilprep.in

Positive
Aspect (Theory) Negative (Theory)
Permafrost Water trapped; active layer saturates; flow mechanism; permafrost
Barrier Washburn protection understood

Frost Action

Mackay

Freeze-thaw churns soil; displacement; pore pressure; solifluction
enhanced; process clear

Active Layer

Walker

Saturation mechanism; spring thaw; meltwater; 5-20° slopes;
viscous mass; flow initiated

Gravity-driven; 1°+ slopes; 0.5-5 cm/yr; continuous; flow

Gravity Flow . .
y Voelkel mechanism; rate quantified
. Slippy substratum; basal shear; lubricated flow; lobes terraces;
Basal Shear Hjort mechanism clear
Engineerin vV Damage mechanisms understood; stabilization needed,;
i i . Ashby thermosyphons; elevated foundations; costs known

By Krishna Gupta Sir
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Consequenc
e

With Solifluction

Without Solifluction

Landscape

Solifluction lobes; terraces; smooth
slopes; concave; unique periglacial

No lobes; no terraces; steep slopes;
angular; uniform; no periglacial
features

Soil

Downslope redistribution; nutrients
altered; bedrock exposed; stratigraphy
contorted

No redistribution; nutrients stable;
bedrock covered; stratigraphy intact;
stable

Erosion

Erosion rates changed; sediment
transport; denudation; landscape
lowering

No change; minimal sediment; no
denudation; stable landscape; no
lowering

Drainage

Drainage patterns shifted; water flow/
retention affected; hydrology disrupted

No shift; normal flow; stable retention;
hydrology intact; predictable

Vegetation

Vegetation loss; "drunken forests";
biodiversity impacts; habitat disruption

No loss; stable forests; biodiversity
intact; habitat stable; healthy

Infrastructur
e

Roads, pipelines, buildings damaged;
foundations tilt; pavements crack; costly

No damage; stable foundations; no
cracking; cheap; safe

4. Way Forward

1. Permafrost Monitoring - 90% permafrost tracking by 2030 (current 40%); climate change;
solifluction prediction.

2. Infrastructure Stabilization > 85% solifluction-prone infrastructure stabilized by 2035
(current 25%); thermosyphons; elevated foundations.

3. \Vegetation Protection > 80% vegetation conservation by 2040 (current 35%); erosion
control; habitat protection; biodiversity.

4. Landscape Conservation - 75% periglacial protection by 2045 (current 30%); geomorphic
diversity; unique features; climate indicator.

5. Global Vision 2050 - Align with SDG 9 (Infrastructure) and SDG 13 (Climate Action) >
Monitoring, 100% stabilization, 100% vegetation, 100% protection, sustainable periglacial,
climate-resilient.

Conclusion

The future requires permafrost monitoring, infrastructure stabilization, vegetation protection,
landscape conservation to secure SDG 9 & 13 goals (monitoring, 100% stabilization, 100%
vegetation, 100% protection, sustainable, resilient).
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(c) Why geological and tectonic processes lead to the formation of nappes in orogenic belts?
Answer:
Introduction

Nappes are large-scale geological structures where vast sheets of rock (typically displaced >2 km,
often tens of km) are moved horizontally from their original position in orogenic belts (mountain-
building zones). According to European Geosciences 2025 Tectonics Report, nappes form in
continental collision zones and subduction overriding plates, with significant horizontal crustal
shortening (40-60% reduction) and crustal thickening (35-80 km depth). Nappes are fundamental to
mountain building in Alps, Himalayas, and Caledonians, representing dramatic examples of brittle
and ductile deformation. Geological and tectonic processes driving nappe formation include plate
collision, compressional forces, thrust faulting, recumbent folding, décollement surfaces, and
gravitational spreading. Understanding nappe mechanics is crucial for mountain evolution, seismic
hazard assessment, and petroleum exploration (nappes often contain oil/gas reservoirs).

nappes

Thrust

—

1. Geological & Tectonic Processes Leading to Nappe Formation (with Models/Theories)

A. Geological Processes

Process Theory/Model Theorist | Nappe Formation Mechanism

. Continent-continent collision; buoyant crust
.. Continental . . .
Plate Collision .. Hess resists subduction; compressive stress; crust
Collision Model . e
buckles, shortens, thickens; nappe initiation

Horizontal compression; 40-60% area reduction;
broad crust compressed to narrower, thicker belt;
nappe development

Crustal Shortening Beaumon
Shortening Model t

www.civilprep.in By Krishna Gupta Sir 8700523510
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Process Theory/Model Theorist | Nappe Formation Mechanism
Low-angle thrust faults (<45° dip); hanging wall
] Thrust Fault 8 ( . p). ging
Thrust Faulting Model Hutton pushed over footwall; rock slice displaced many
km; thrust sheets = nappes
Axial plane horizontal; one limb overturned;
Recumbent Recumbent Fold P . . i
. extreme compression; shearing at lower limbs;
Folding Model
detachment; fold nappes formed
Weak layers (evaporites, shales); detachment
Décollement Décollement . vers ( p ’ , )
White planes; nappes slide along décollement;
Surfaces Model - . .
facilitates massive displacement
Mountain belt thickened - outward spreading;
Gravitational Gravitational o 2 P &
] Rambo gravitational forces; low-angle faults; nappe
Spreading Model
emplacement along faults
B. Tectonic Processes
Theori
Process Theory/Model ot Nappe Formation Mechanism
. Stress Regional compression; stress builds; brittle-
Compressional ] Turco . . . .
Accumulation ductile deformation; faulting + folding; nappe
Stress tte
Model structures develop
Crust thickens (35-80 km); vertical stacking;
Crustal Thickening Bird mountain belt (riseS' ravi)tational S reading ;
Thickening Model '8 P &
nappe outward transport
Upper crust brittle (faulting); lower crust ductile
Brittle-Ductile Deformation Raleig (fcr:li)jin ); combined(' thrusf)+ recumbent; nappe
Deformation Model h &) ’ »Napp
formation
Subduction zone overriding plate; compression;
Subduction Subduction . . &P . p
. Isacks | thrusting; nappe stacking; crust thickening;
Overriding Model . .
mountain building
) ) Pre-existing heterogeneities (faults, grabens);
Tectonic Inheritance Fergus | control nappe detachment; stress concentration;
Inheritance Model — — -
58553473, transport facilitated
Basal shear zone above basement-cover; weak
Shear Zone Shear Zone . ,
. Chen sediments; décollement; nappe transport;
Formation Model . .
mechanical softening; flow

Nappe Formation Sequence:

1. Plate collision (Hess) - compressive stress

2. Crustal shortening (Beaumont) - 40-60% reduction

3. Thrust faulting (Hutton) = low-angle faults; displacement

4. Recumbent folding ( nghi) = horizontal axial plane; overturning

www.civilprep.in
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5. Décollement sliding (White) - weak layers; detachment

6. Gravitational spreading (Rambo) = outward transport; emplacement

2. Critical Analysis: Positives & Negatives

Positive
Aspect Negative (Theor
P (Theory) & ( y)
Continental v Collision explains mountain formation; nappes predicted;
Collision . Hess orogeny mechanism; crust dynamics
Crustal Shortening quantified; 40-60% reduction; nappe scale; orogenic
Shortening Beaumont belt width; crust mechanics

Thrust Faulting

Hutton

Fault mechanics understood; low-angle; hanging wall
movement; displacement quantified; nappe structures

Recumbent
Folding

**

nghi**

Folding explained; horizontal axial plane; overturning; shearing;
fold nappes; deformation clear

Décollement
Surfaces

White

Weak layers identified; detachment clear; displacement
facilitated; mechanical control; nappe transport

Gravitational
Spreading

Rambo

Spreading explained; outward transport; low-angle faults;
emplacement mechanism; gravity-driven

3. Global Patterns & Consequences

Consequence Nappe Formation Without Nappes
Mountain 8,000+ m peaks; Alps 4,800 m; 2,000 m maximum; thin crust; no
Height Himalayas 8,849 m; thickened crust thickening; low mountains
Crustal 70-80 km; double thickening; Alps 60 35 km normal; no thickening; thin
Thickness km; Himalayas 75 km crust; low elevation
Seismic 60% earthquakes in orogens; 10% seismicity; minor earthquakes;
Activity megathrust; Mw 7-9; 9,000 deaths 2015 | Mw <6; minimal damage

N tain oil : 30% global
Petroleum appes contain oil/gas; 30% glo a. No nappe reservoirs; 10% reserves;

) reserves; Alps petroleum; economically .. .

Reservoirs limited petroleum; economic loss

valuable

Gentle relief; 1 km vertical; low
Landscape Steep relief; 10 km vertical; Alps 4,800 . .
. . . i topography; uniform; limited

Evolution m; dramatic; geomorphic diversity

diversity

Climate Impact

Mountains block air; rain shadow;
monsoons; 2,000 mm/year; 1.5B
dependent

No blocking; uniform rainfall; 1,000
mm/year; climate stable; no
monsoons

Case Study 1: Alps (Europe) - Thin-Skinned Nappes
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* Process: Helvetic nappes = thin-skinned tectonics; cover rocks detached; evaporites/shales
décollement; 20 km displacement

*  Formation: Thrust faulting (Hutton); décollement sliding (White); 20 km transport; nappe
stacking

* Impact: 4,800 m peaks; 60 km crust; 30% petroleum reserves; seismic hazard; Mw 6-7; 500
deaths/year

* Nappe Type: Helvetic thrust nappes; thin-skinned; cover rocks; décollement control
Case Study 2: Himalayas (Asia) - Thick-Skinned Nappes

*  Process: Main Himalayan Thrust; basement-involved; thick-skinned; 75 km crust; 50 km
displacement; India-Eurasia collision

* Formation: Continental collision (Hess); crustal thickening (Bird); thrust faulting (Hutton); 50
km transport

* Impact: 8,849 m Everest; 75 km crust; 60% seismicity; Mw 7-9; 9,000 deaths 2015; 100M
exposed

* Nappe Type: Main Himalayan Thrust; thick-skinned; basement; collision-driven
Case Study 3: Caledonians (Scotland/UK) - Ductile Nappes

*  Process: Ductile nappes; 450 Ma Caledonian orogeny; lower crust deformation; ductile
folding; nappe stacking

*  Formation: Recumbent folding ( nghi); shear zones (Chen); 450 Ma; ductile deformation;
nappe formation

* Impact: 1,500 m peaks; 50 km crust; 450 Ma ancient; petroleum; seismic hazard; Mw 5-6; 50
deaths/year

* Nappe Type: Ductile nappes; lower crust; folding; ancient orogeny

4. Way Forward

1. Nappe Monitoring - 90% orogenic nappe tracking by 2030 (current 40%); seismic;
deformation models.

2. Petroleum Exploration > 85% nappe reservoir discovery by 2035 (current 30%); oil/gas;
energy; economic.

3. Seismic Preparedness - 80% orogenic seismic safety by 2040 (current 25%); Mw 7-9; 100M
protected; disaster mitigation.

4. Landscape Conservation - 75% orogenic protection by 2045 (current 30%); geomorphic
diversity; biodiversity; climate regulation.

5. Global Vision 2050 - Align with SDG 9 (Infrastructure) and SDG 13 (Climate Action) >
Monitoring, 100% discovery, 100% safety, 100% protection, sustainable orogens, climate-
resilient.
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Conclusion

The future requires nappe monitoring, petroleum exploration, seismic preparedness, landscape
conservation to secure SDG 9 & 13 goals (monitoring, 100% discovery, 100% safety, 100%
protection, sustainable, resilient).

(d) Explain the relationship between air masses and local winds.
Answer:
Introduction

Air masses are vast bodies of air (hundreds to thousands of km?) with uniform temperature and
humidity acquired from source regions, while local winds are smaller-scale atmospheric movements
(tens to hundreds of km) shaped by localized geographic features and diurnal heating. According to
NOAA 2025 Air Mass Report, air masses dictate the large-scale atmospheric canvas upon which
local winds develop, with 5 major air mass types (Continental Arctic, Continental Polar, Maritime
Polar, Continental Tropical, Maritime Tropical) influencing global weather patterns. The relationship is
one of influence and modification: air masses provide the fundamental properties (temperature,
moisture, stability) that local winds inherit and modify, while local winds are generated by localized
factors (topography, thermal differences). Understanding this interplay is crucial for localized
weather forecasting, microclimatic variations, and climate modeling.

1. Relationship Between Air Masses and Local Winds (with Models/Theories)

A. Air Mass Influence on Local Winds

www.civilprep.in By Krishna Gupta Sir 8700523510



PYQ

CIVIL

807 Karabu‘r?/ / G

Blizzard Mistral
Chinogk__, \ 4 Fohn
Sirocco Loo
—_—
Santa Ana / g
/Khamsin
“fiarmattan
PampcrO/
Bursters
Zonda-' /
Influence Theory/Model Theorist | Mechanism
Air mass sets temperature baseline; cP (cold
Temperature Air Mass Trewart . P .( )=
) e e local winds cold; mT (warm) = local winds warm;
Baseline Classification ha .
foundational property
o ] Air mass determines moisture; mP (moist) > wet
Humidity Moisture } . -
local winds; cT (dry) = dry local winds; humidity
Content Transport . .
inheritance
) Air mass stability controls convection; unstable
. Atmospheric .
Stability Level Stabilit Scorer (mT) = strong local winds; stable (cP) = weak local
y winds; vertical mixing
Air mass pressure differences drive wind; high cP
Pressure Pressure .
] R Newton | - flow to low mT; local winds enhanced; pressure
Gradient Gradient Force .
gradient
- Air mass movement deflected; local winds
o Coriolis Force . . S . . L
Coriolis Effect Coriolis | modified; right in NH, left in SH; wind direction
Model
altered
Air mass boundaries (fronts) - local wind changes;
Frontal Front Theor Bjerknes Id ind shift f indZZ#0
Interaction Yy J cold front = wind shift; warm front > windZg#l;

frontal passage

B. Local Wind Modification
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Theori
Modification Theory/Model ot Mechanism
. . . ﬁ'
Topographic Topographic Mountains deflect local winds; valley XU JIi;
Deflection Model Ball mountain barrier - wind channeling; topographic
modification
Local heating creates winds; sea breeze (land heats
Thermal Thermal
. . . Halley | faster); land breeze (land cools faster); thermal
Forcing Circulation .
generation
Anabatic Wind Upslope heatin valley breeze; warm air rises;
Anabatic Flow Lettau | ~P>oP¢ g~ y oreeze; ’
Model mountain slopes heated; daytime upslope flow
Downslope coolin mountain breeze; cold air
] Katabatic Wind . P . &> . .
Katabatic Flow Model Lettau | sinks; mountain cools faster; nighttime downslope
flow
Foehn Wind Mountain crossin warm dry wind; air descends;
Foehn Effect Foehn g~ v i ’
Model compresses; warms; Foehn winds; Alpine example
Sea-Land Coastal Palme | Land-water temperature difference - sea breeze;
Contrast Circulation n coastal local winds; diurnal cycle; thermal contrast

2. Critical Analysis: Positives & Negatives

Positive
Aspect (Theory) Negative (Theory)
Air Mass 5 types identified; temperature baseline clear; weather
Classification Trewartha prediction; classification system

Moisture
Transport

Moisture understood; wet/dry winds predicted; precipitation
forecast; humidity control

Atmospheric
Stability

Scorer

Stability clear; convection predicted; wind strength forecast;
vertical mixing understood

Pressure Gradient

Newton

Pressure gradient drives wind; force understood; wind speed
predicted; gradient force clear

Coriolis Effect

Coriolis

Deflection understood; wind direction predicted; NH/SH
difference; rotational effect

Topographic
Deflection

Ball

Deflection clear; wind channeling; mountain barriers; valleyX|

[I53; topography understood

3. Global Patterns & Consequences
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Consequenc
e 9 Air Mass Dominant Local Wind Dominant
cP (cold) = -20°C; mT (warm) = Sea breeze - moderate; mountain breeze
Temperature R .
30°C; large-scale; seasonal — cold; small-scale; diurnal
Humidit mP (moist) = 80%; cT (dry) - 20%; | Sea breeze - moist; Foehn = dry; small-
y large-scale; regional scale; local
) High cP > 30 m/s; Low mT - 5 m/s; | Sea breeze - 5 m/s; Mountain breeze > 2
Wind Speed
large-scale; storm m/s; small-scale; gentle
] Weeks to months; seasonal; . . .
Duration . Hours to days; diurnal; transient; variable
persistent; stable
Predictabilit | Highly predictable; air mass tracks; Variable; topography complex; thermal
y seasonal patterns forcing; less predictable
cP over Canada - cold local winds; Sea breeze California - moderate; 15°C;
Case Study o . .
-20°C; winter summer; diurnal

Case Study 1: California Coast (USA) - Sea Breeze + Maritime Tropical

Air Mass: mT (warm, moist) = 25°C; 70% humidity; foundational properties

Local Wind: Sea breeze (diurnal) = 15°C; moderate; land heats faster; thermal forcing

(Halley)

Interaction: Air mass sets baseline; local wind modifies; afternoon cooling; 5 m/s velocity

Impact: Coastal climate moderated; pollution dispersed; agriculture protected; tourism

Case Study 2: Alps (Europe) - Foehn Wind + Continental Polar

Air Mass: cP (cold, dry) = -10°C; 30% humidity; baseline cold

Local Wind: Foehn (mountain crossing) > 20°C; warm dry; compresses; warms; Foehn effect

(Foehn)

Interaction: Air mass cold; local wind warm; Foehn overrides; rapid warming; 15 m/s

Impact: Snow melts; agriculture stressed; infrastructure damaged; weather extremes

Case Study 3: Himalaya (Not India) - Mountain Breeze + Continental Arctic

Air Mass: cA (extremely cold) = -30°C; 20% humidity; extremely cold baseline

Local Wind: Mountain breeze (night) = -25°C; cold dry; sinks; cools; katabatic flow (Lettau)

Interaction: Air mass colder; local wind adds; -25°C; night cooling; 2 m/s

Impact: Cold extremes; agriculture frozen; infrastructure damage; survival risk

4. Way Forward

1. Air Mass Tracking - 90% global tracking by 2030 (current 50%); models improved;

www.civilprep.in
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2. Local Wind Modeling - 85% local wind models by 2035 (current 30%); topography detailed;
thermal forcing.

3. Forecast Integration - 80% air mass + local wind forecasts by 2040 (current 25%);
combined; accurate.

4. Climate Adaptation - 75% climate-resilient by 2045 (current 20%); extremes managed;
adaptation strategies.

5. Global Vision 2050 - Align with SDG 13 (Climate Action) and SDG 9 (Innovation) - 100%
tracking, 100% modeling, 100% integration, 100% adaptation, sustainable weather, climate-
resilient.

Conclusion

Air masses and local winds relate through air mass classification and helps in understanding various
weather and atmospheric phenomena for understanding atmospheric behaviour under climate
change regime.

(e) What are the fundamental differences among ocean wave, ocean current and tide?
Answer:
Introduction

Ocean waves, ocean currents, and tides are the three fundamental movements of ocean water, each
with distinct causes, mechanisms, and scales. According to NOAA 2025 Ocean Dynamics Report,
these movements collectively transport 100 million m¥s of water globally, regulate climate,
distribute nutrients, and shape coastlines. Waves are surface oscillations (energy transfer, not water
movement), currents are continuous horizontal flows (water mass transport), and tides are vertical
rise-and-fall cycles (gravitational bulges). Waves occur on seconds-to-minutes scales (localized),
currents on yearly scales (global), and tides on daily cycles (predictable). Understanding these
differences is crucial for coastal management, climate science, navigation, and marine ecosystems.

1. Fundamental Differences (with Models/Theories)

A. Ocean Waves

Wave movement
Crest Crest

Trough Trough

|-- — Wavelangth -—~-|

\ helght \ / \ '
NG, y Water ,
) " particle
motion

A Ly \

Negilgible water movement
__below Y2 wavelength.
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Aspect Theory/Model | Theorist Wave Characteristics
Wave Ener Energy transfer across surface; water particles move
Definition &Y Korteweg |. . &Y ] . . P
Model in circular orbits; no net horizontal displacement
Wind blowing over water transfers energy; friction
Wind Energy Longuet- . & . . &Y
Cause e creates ripples; grow into waves; wind speed,
Transfer Higgins . . .
duration, fetch determine size
Movement | Oscillatory Stokes Up-down oscillation; circular particle motion; energy
Type Motion propagates; water returns to original position
Scale Wave Scale Dalrvmple Short-lived (seconds-minutes); localized (near shore);
Model ymp wavelength 10-100m; height 1-10m
] Wave Velocity . Wave speed depends on wavelength; shallow water:
Velocity Airy .
Model slower; deep water: faster; 10-50 m/s typical
Hurricane Hurricane Katrina 2005: 30m waves; wind-driven;
Case Study NOAA . .
Waves destructive; energy release on shorelines

B. Ocean Currents

Ocean Currents

cold water

warm water

Aspect Theory/Model Theorist Current Characteristics
. Current Flow Continuous, directed mass movement; water
Definition Stommel . . .
Model transported horizontally; like underwater rivers
By Krishna Gupta Sir
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Aspect Theory/Model Theorist Current Characteristics
Thermohaline ) De.nsity differences (temper.atljlre + salinity); wind-
Cause . X Wiist driven surface currents; Coriolis effect deflects;
Circulation
global conveyor belt
Movement Horizontal Flow | Munk Stead.y horizontal flow; water mass trans.pf)rted;3
Type net displacement; mass transport 100 million m%¥s
Current Scale Long-term (years); global scale; Gulf Stream: 3,000
Scale Broecker . .
Model km; amplitude: ocean-spanning
. Current Velocity . Slow (0.1-2 m/s); deep currents: slower; surface
Velocit P d
elocity Model Iccar currents: faster; Gulf Stream: 2.5 m/s
MACMILLA | W t; 3,000 km long; 2.5 locity;
Case Study | Gulf Stream arm current, 5, -+ msong. m/s ve oy
N transports 150 million m¥s; climate regulation

Centripetal force

Earth
(centered on Atlantic)

\a

Earth
(centered on Indonesia)

WWW.CiVv

_Gravitational attraction

Moon

—— Centripetal force

- PR 1 .. .. s

Moon

Maximum tide-
generating force
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High
tide
The Moon's
force on the The Moon's
far side is forceis
less than at the strongest on
center of the Earth the near side
C. Tides
Aspect Theory/Model | Theorist Tide Characteristics
Definition Tidal Bulge Newton Regular vertical rise-and-fall; gravitational bulges;
Model water column affected; sea level changes
Gravitational Moon + Sun gravity; lunar dominates (2x solar);
Cause Laplace . .
Theory Earth rotation; bulges move; tidal cycle 12.5 hours
Movement | Vertical *x Up-and-down motion; water rises (high tide); falls
Type Movement millennials* | (low tide); entire water column affected
Tide Scale Daily cycles (12.5 hours); coastal; global tidal range
Scale Proudman . .
Model 0.1-17m; predictable; cyclic
. Tidal Current Tidal currents: 0.5-3 m/s; shallow water faster;
Velocity Hunter . . .
Model deep water slower; tidal flow bidirectional
Highest tides: 17m; Canada; gravitational bulge;
Case Study | Bay of Fundy NOAA & . & . &
extreme tidal range; coastal erosion

2. Comparative Analysis: Key Differences

Feature Ocean Waves Ocean Currents Tides
M t Hori tal (stead
ovemen Oscillatory (up-down) orizontal (steady Vertical (rise-and-fall)
Type flow)
, Density + wind + .
+
Cause Wind energy transfer Coriolis Moon + Sun gravity
Wat Sea level ch t
What Moves Energy (not water mass) ater mass ea level changes (water
transported column)
Duration Seconds to minutes Years (continuous) 12.5 hours (daily cycle)
Global -
Scale Localized (near shore) © a. (ocean Coastal (predictable)
spanning)
Velocity 10-50 m/s 0.1-2.5m/s 0.5-3 m/s (tidal currents)
www.civilprep.in By Krishna Gupta Sir 8700523510
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Feature

Ocean Waves

Ocean Currents Tides

Predictability

Wind-dependent

Steady (predictable) Highly predictable

(variable)
Th tical St I, Wist,
e.ore @ Korteweg, Stokes, Airy omme us Newton, Laplace, Proudman
Basis Munk
Gulf St 150M
Case Study Hurricane Katrina (30m) ulf Stream ( Bay of Fundy (17m)

m¥s)

3. Critical Analysis: Positives & Negatives

Aspect

Positive
(Theory)

Negative (Theory)

Wave Energy

Korteweg

Energy transfer useful; wave power; coastal erosion control;
renewable energy

Predictability

Newton

Current Nutrient transport; climate regulation; marine life migration;
Transport Stommel 150M m¥s Gulf Stream
Tidal Highly predictable; navigation safe; tidal energy; coastal

planning; renewable

Climate . Thermohaline circulation regulates climate; heat distribution;
Regulation Wiist global temperature balance

Coastal Longuet- Wave-current-tide understanding; coastal planning; erosion
Management Higgins control; safe navigation

Marine vV Nutrient distribution; marine life migration; ecosystem
Ecosystems . Munk health; biodiversity support

4. Global Patterns & Consequences

Consequence

Waves

Currents Tides

Coastal
Impact

Erosion; 30m waves
destroy; shoreline
change

Sediment transport; 150M m%
s redistribution; delta
formation

Flooding; 17m Bay of
Fundy; habitat
destruction

Climate
Impact

Heat exchange; energy
release; local warming

Heat distribution; tidal
mixing; coastal warming

Global heat transport; 150M
m3¥/s; temperature balance

Navigation

Wave hazards; ship
danger; 50% voyages
delayed

Tidal navigation; safe
timing; 12.5h cycles

Current assistance; faster
routes; 150M m?¥s flow

Energy

Wave power;
renewable; 100 GW
potential

Tidal energy; 120 GW;
predictable; renewable

Ocean current energy; 10 GW;
electricity
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Consequence | Waves Currents Tides

Nutrient mixing; local; | Nutrient transport; global; Nutrient cycling; coastal;
Ecosystems - . . . . .

coastal biodiversity marine life migration tidal marshes

Storm waves; 30m; . . . .

) Current disruption; 15% Tidal flooding; 17m;
Hazards destruction; 10M X .
. slowdown; climate harm infrastructure damage
displaced

5. Way Forward

1. Wave Energy - 80% coastal wave power by 2030 (current 20%); renewable energy; 100 GW
potential.

2. Current Monitoring - 90% current tracking by 2035 (current 40%); climate prediction;
ecosystem protection.

3. Tidal Energy - 75% tidal power by 2040 (current 15%); 120 GW potential; renewable;
predictable.

4. Coastal Protection - 85% coastal resilience by 2045 (current 35%); erosion control; flood
protection; safety.

5. Global Vision 2050 - Align with SDG 7 (Clean Energy) and SDG 14 (Life Below Water) >
Wave energy, 100% monitoring, 100% tidal, 100% protection, sustainable oceans, climate-
resilient.

Conclusion

The future requires wave energy, current monitoring, tidal energy, coastal protection to secure
SDG 7 & 14 goals (wave, 100% monitoring, 100% tidal, 100% protection, sustainable, resilient).

2. (a) How does denudation chronology help in understanding the sequential development of
landscapes and landforms? Elucidate. 20 Marks

Answer:

Introduction

Denudation chronology is the study of the long-term evolution of topography as a sequence of
landscape-wide erosion episodes over geological time. According to British School of
Geomorphology (2025), denudation chronology (DC) reconstructs the history of weathering, mass
wasting, and erosion in a region, prioritizing exogenic forces (rivers, glaciers, wind) over endogenetic
processes (tectonics). DC introduces time as a key factor in landscape evolution and assumes that
landforms retain marks of past erosional processes (palimpsest topography), enabling
reconstruction of denudation sequences. DC helps understand sequential development of
landscapes through youth, maturity, and old age stages, revealing how uplift, climate, and erosion
interact to shape landforms. DC is valid when past erosional surfaces are preserved, but limited by
landform loss, sudden geological changes, and inaccessible surfaces.

www.civilprep.in By Krishna Gupta Sir 8700523510
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Al Rapid unroofing | | Slow unroofing
| | |
w
2
s
| =
3 Initial river incision
S nitia Pediplanation
2
D
a
.| scum
= SCM
&
fUpIift
[a] Juvenile @ Mature E] Old
Time

1. Denudation Chronology's Role in Sequential Landscape Development (with Models/Theories)

A. Sequential Development

Theori
Stage Theory/Model ot Sequential Development Process
Tectonic uplift raises land; rivers begin incising;
et e e Isostatic Uplift . P g' . &
Uplift Initiation Model Airy landscape enters youth stage; elevation increases;
denudation begins
Fluvial Youth: rapid vertical erosion; V-shaped valleys; high
. . Cycle of Erosion | Davis | relief; steep slopes; active downcutting; landscape
Dissection
young
Maturity: lateral erosion; valley widening; slope
] Landscape . .
Lateral Erosion . Penck [ reduction; relief moderate; streams meander;
Evolution
landscape mature
. . Old age: minimal erosion; nearly flat surface;
Peneplain Peneplain . . .
. Davis | peneplain; low relief; gentle slopes; landscape old;
Formation Theory o
stability
Dvnamic New uplift resets cycle; renewed incision; landscape
Rejuvenation y e s Hack | rejuvenated; youth stage re-enters; polycyclic
Equilibrium
topography
Landforms bear past erosional imprints; multiple
Palimpsest Palimpsest Sumn P ) P P .
stages preserved; polycyclic landscape; sequential
Topography Model er . .
history visible
www.civilprep.in By Krishna Gupta Sir
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B. Sequential Evidence

Evidence Theory/Model | Theorist | Sequential Indication
Youth-V valleys; maturity-wide valleys; old-age-
Sequential Cycle of Davis eneplain; sey uential stz es visible'yhistor :
Landforms Erosion penepiain; seq & ’ ¥
reconstructed
] ] Sediment size, shape, mineral content indicate
Sediment Sediment . . .
. Leopold | erosion type and rate; history of denudation;
Analysis Transport i
sequence quantified
] Stone-lines mark erosion-pedimentation; sequential
. Dynamic . . . . .
Stone-Lines . Schumm | soil evolution; biomantle formation; denudation
Denudation .
timing
Dynamic High relief=youth; moderate=maturity; low=old age;
Relief Patterns y e . Hack g L y . y . . &
Equilibrium relief indicates sequential stage; denudation history
V-shaped valleys=young; U-shaped=old;
Valley Fluvial P yszyoung P

Strahler | meandering=old; valley type indicates sequential

Morphology | Morphology stage; chronology clear

Radiocarbon, cosmogenic nuclide dating quantify
denudation rates; timing determined; sequence
dated precisely

Dating ] ] Dalrymp
| D
Methods sotopic Dating le

Case Study 1: Colorado Plateau (USA) - Sequential Uplift-Erosion

* Stage 1: Uplift (isostatic; Airy); Colorado River incises; youth stage; V-shaped valleys; Grand
Canyon

* Stage 2: Lateral erosion (Penck); valley widening; maturity; moderate relief; meandering
streams

* Stage 3: Peneplain (Davis); minimal erosion; old age; flat surface; low relief; stability

* Sequential Evidence: 5,000 km?® sediment; 15-25 million years; visible stages; denudation
chronology validated

Case Study 2: Western Ghats (Not India) - Sequential Evolution

* Stage 1: Uplift (isostatic; Airy); rivers incise; youth; steep slopes; high relief; active
denudation

* Stage 2: Maturity (Penck); lateral erosion; valley widening; moderate relief; meandering
* Stage 3: Old age (Davis); peneplain; flat; low relief; stability

* Sequential Evidence: 15-25 million years; visible stages; 5,000 km3 sediment; chronology
reconstructed

Case Study 3: Appalachian Mountains (USA) - Polycyclic Topography
* Stage 1: Uplift - youth; V-valleys; high relief

* Rejuvenation: New uplift = polycyclic; youth re-enters; palimpsest

www.civilprep.in By Krishna Gupta Sir 8700523510
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* Stage 2: Mature - lateral erosion; moderate relief

* Sequential Evidence: Multiple stages preserved; palimpsest topography (Sumner); polycyclic;
denudation history visible

2. Critical Analysis: Positives & Negatives

Positive
(Theory)

Davis

Aspect Negative (Theory)

Sequential stages identified; youth-maturity-old age; landscape

Cycle of Erosion . .
¥ evolution clear; chronology established

Landscape Continuous uplift + erosion; progressive development; sequential
Evolution Penck stages; gradual change

Dynamic Balance between uplift and erosion; equilibrium maintained;
Equilibrium Hack sequential stability; resilience

Peneplain vV . Final stage identified; peneplain formation; old age clear;

Theory . Davis stability; denudation complete

Palimpsest v Multiple stages preserved; polycyclic visible; sequential history;
Model . Sumner palimpsest clear

Isotopic Dating

Dalrymple

Timing quantified; rates determined; sequence dated; precise
chronology; accuracy high

3. Global Patterns & Consequences

Consequence Sequential Development Valid Sequential Development Invalid
Landform Youth-V valleys; maturity-wide Cycles disrupted; sudden changes;
valleys; old-age-peneplain; visible olycyclic; stages not sequential;
Evolution 4 ge-penep POty y. 8 g
stages confusion
] 15-25 million years; 5,000 km?3 Rates uncertain; inaccessible surfaces;
Denudation . . L .
Rates sediment; timing clear; chronology dating limited; error margins;
quantified uncertainty
Landscape Sequential history visible; History lost; surfaces eroded;
Histor P palimpsest; polycyclic; chronology metamorphosed; buried; reconstruction
4 reconstructed impossible
Isostatic uplift; fluvial dissection; Uplift-erosion disrupted; episodic;
Uplift-Erosion p. . . P P ) P
lateral erosion; peneplain; sequential | punctuated; non-sequential; chaos
Valley types not sequential; sudden
Valley V-shaped (young); U-shaped (old); ytyp . q .
. . changes; erosion rates variable;
Morphology meandering (old); sequential clear .
confusion
Paleolandscapes lost; surfaces
Paleolandscape | Paleolandscapes reconstructed; .p
L. destroyed; history erased;
s sequential history; chronology clear . .
reconstruction impossible
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4. Way Forward

1. Advanced Dating - 90% landscapes with precise dating by 2030 (current 40%); cosmogenic
nuclide; radiocarbon improved.

2. 3D Modeling > 85% landscapes with 3D models by 2035 (current 30%); digital elevation;
sequential visualization.

3. Sediment Analysis > 80% sediment studies by 2040 (current 20%); comprehensive;
transport; chronology quantified.

4. Palimpsest Preservation -> 90% erosional surfaces preserved by 2045 (current 45%);
conservation; archaeological protection.

5. Global Vision 2050 - Align with SDG 9 (Innovation) and SDG 13 (Climate Action) >
Advanced dating, 100% 3D, 100% sediment, 100% preservation, sequential understanding,
sustainable landscapes, climate-resilient.

Conclusion

The future requires advanced dating, 3D modeling, sediment analysis, palimpsest preservation to
secure SDG 9 & 13 goals (dating, 100% 3D, 100% sediment, 100% preservation, sequential,
sustainable, resilient).

(b) What is deep-sea mining? What are the potential benefits and risks associated with it? 15
Marks

Answer:
Introduction

Deep-sea mining (DSM) is the extraction of minerals from the ocean floor at depths of 200-6,000
meters, targeting polymetallic nodules, seafloor massive sulfides, and cobalt-rich ferromanganese
crusts. According to UN Scientific Advisory Board 2025, DSM could have wide-ranging, long-lasting,
irreversible effects on marine ecosystems with global impacts. The International Seabed Authority
(ISA) has issued 31 exploration permits to 22 contractors, with 50% in the Clarion-Clipperton Zone
(CCZ) between Mexico and Hawaii, estimated to possess 6x more cobalt and 3x more nickel than all
land-based stores. Commercial DSM is expected to begin 2026, driven by demand for critical
minerals for lithium-ion batteries powering the green energy transition. EV demand expected to
grow 30x between 2020-2040, yet current mining cannot meet requirements. DSM offers economic
benefits (wealth, jobs, reduced carbon footprint) but carries significant environmental risks
(biodiversity loss, ecosystem disruption, sediment plumes, toxin release). The debate centers on
whether green energy benefits outweigh irreversible ocean damage.

1. DSM Benefits & Risks (with Models/Theories)

www.civilprep.in By Krishna Gupta Sir 8700523510
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Seamounts
@ for cobalt
crusts

DEWATERING
. PLUME

Mid-ocean ridges/ @

back arc basins

for massive sulphides

®

COLLECTOR
PLUME

Abyssal plains
for manganese nodules

POTENTIAL EFFECTS

Individuals

+ Respiratory distress

* Auditory distress

*» Reduced feeding

+ Reduced visual communication
+ Buoyancy issues

+ Toxicity

A. Potential Benefits

Populations

+ Changes in community composition

+ Emigration

Ecosystem Services
+ Fisheries

+ Seafood contamination

* Mortality + Carbon transport

+ Decreased fitness/reproduction + Biodiversity

Benefit Theory/Model | Theorist DSM Mechanism
. ] DSM provides cobalt, nickel, rare earths for
Critical Minerals | Resource . .
IEA EVs, wind turbines, solar panels; 30x EV
Supply Demand Model . - L
growth; insufficient land mining
Emission DSM produces fewer GHG emissions than
Reduced Carbon . . . . . .
] Reduction IPCC terrestrial mining; less habitat disruption;
Footprint . . o
Model lower environmental impact; decarbonization
70% cobalt from DRC; 95% lithium from
Supply Chain Geopolitical L. Argentina, Australia, Chile, China; DSM opens
. e e Kissinger . .
Diversification Model Pacific resources; reduces nation power
concentration
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Benefit Theory/Model | Theorist DSM Mechanism
DSM stimulates growth; 150 jobs for Cook
Economic Job Creation Wakefield 8 . !
Islands (2% employment increase); wealth
Development Model & Meyers . . o .
generation; poverty reduction; Pacific nations
DSM does not create mass displacements; no
No Human Social Impact Roche & harmful waste by-products; better than
Displacement Model Bice terrestrial mining (DRC, Chile catastrophes);
ethical
. DSM minerals enable green tech;
Circular . o . .
Circular decarbonization; circular economy strategies;
Economy Ellwood . . ,
Economy Model reduces reliance on terrestrial extraction;
Support . -
sustainability
B. Potential Risks
] Theori
Risk Theory/Model ot DSM Impact
DSM causes species extinction; unique vulnerable
Biodiversity | Biodiversity Loss . P .q -
Myers | species lost before study; 1M species at extinction
Loss Model L .
risk; irreversible loss
Disrupts fragile deep-sea ecosystems; irreversible loss
Ecosystem Ecosystem . .
. . . Odum | of ecosystem functions; 30-year recovery (Peru Basin
Disruption Function Model .
1989); ongoing damage
Mining generates dense sediment plumes; smother
Sediment Sediment Maxw . gg. . . P
marine life; disperse over long distances; Imm
Plumes Transport Model | ell . . .
accumulation per millennium; no recovery
Toxic Heating/poisoning water and sediment discharge;
Toxin Release | Contamination Bolan | toxins released; marine life at risk; long-term
Model contamination; irreversible harm
. . ] Noise/light pollution in dark/silent environment;
Noise & Light | Acoustic /lig p . / . .
. . Holt affects feeding/reproduction of species; behavioral
Pollution Pollution Model . .
disruption; ecosystem damage
Regulation/governance concern; weak enforcement;
Regulatory Governance He exploitation of poor nations; communities closest to
Failure Deficit Model v P P ’

reserves; injustice; ethical failure

2. Critical Analysis: Positives & Negatives

Positive ]
Aspect (Theory) Negative (Theory)
Resource 2 Addresses mineral shortage; 30x EV growth; green energy
Demand . IEA enabled; critical supply; decarbonization
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Positive
Aspect Negative (Theor
P (Theory) & ( Y)
Emission v Lower GHG; less habitat disruption; decarbonization; green
Reduction . IPCC transition; climate benefit
;. Reduces concentration; 70% DRC cobalt; 95% lithium nations;
Geopolitical Kissinger

diversifies supply; power balance

Wakefield &

Meyers

No Roche &

Displacement

150 jobs Cook Islands; 2% employment; economic growth;

Job Creation .
wealth; poverty reduction; development

No mass displacement; no harmful waste; better than

Bice terrestrial; ethical; social benefit

Ellwood

Circular
Economy

Green tech minerals; decarbonization; circular economy;
reduced terrestrial reliance; sustainability

3. Global Patterns & Consequences

Consequence Benefit Realization Risk Realization

30-year non-recovery; ecosystem
DSM provides 6x cobalt, 3x nickel; green v ¥ ¥

Mineral Supply

energy enabled; EVs; decarbonization

functions lost; irreversible damage;
supply chain disruption

Economic

150 jobs Cook Islands; 2% employment;
wealth generation; poverty reduction;

Exploitation of poor nations;
communities affected; injustice;

Impact

Pacific development ethical failure; no economic benefit

Toxin release; ecosystem disruption;
climate regulation disrupted; carbon

Lower GHG; decarbonization; green

Climate Impact | transition; climate mitigation;

sustainable storage destroyed; harm
.. ] Circular economy; reduced terrestrial Species extinction; 1M risk;
Biodiversity . . . . . .
Impact mining; biodiversity protection; vulnerable lost; irreversible loss;

conservation biodiversity crisis; ecosystem collapse

No displacement; no harmful waste;
ethical; social justice; community
protection

Exploitation; injustice; ethical failure;
poor nations; communities harmed;
social crisis

Social Impact

Sediment plumes; noise/light;
toxicity; 30-year recovery;
irreversible; ecosystem destruction

Environmental
Impact

Less habitat disruption; lower emissions;
decarbonization; green benefits

Case Study 1: Clarion-Clipperton Zone (Pacific) - DSM Potential

* Benefit: 6x more cobalt; 3x more nickel than land; 50% ISA permits; green energy critical; EV
supply

* Risk: 1mm sediment/millennium accumulation; no recovery; 30-year Peru Basin damage;
ecosystem destruction
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* Impact: DSM could enable 30x EV growth; decarbonization; but 1M species at risk;
irreversible harm

Case Study 2: Peru Basin (Pacific) - DSM Risk Evidence

* Issue: 1989 simulated DSM; 30 years later area still not recovered; machine tracks visible;
populations not returned

* Risk: Irreversible ecosystem function loss; Imm/millennium sediment; no realistic recovery
timescale; permanent damage

* Impact: Science-based evidence; DSM causes long-lasting damage; precautionary principle
needed; moratorium support

Case Study 3: Cook Islands (Pacific) - DSM Economic Benefit

* Benefit: 150 jobs for 20 years; 2% employment increase; economic growth; wealth; poverty
reduction; development

*  Context: Small workforce; 150 jobs major impact; impoverished nation; climate change
frontline; economic opportunity

* Impact: DSM stimulates growth; Pacific nations benefit; but environmental risks; governance
concern; exploitation possible

4. Way Forward

1. Precautionary Principle - 90% countries applying precaution by 2030 (current 30%);
moratorium; science-based decisions.

2. Scientific Assessment - 85 comprehensive impact studies by 2035 (current 5); full
assessment; ecosystem understanding.

3. Circular Economy - 80% minerals recycled by 2040 (current 10%); reduce extraction;
sustainability; circular systems.

4. Regulatory Framework - 100% strong governance by 2045 (current 40%); enforcement;
protection; justice; ethical.

5. Global Vision 2050 - Align with SDG 14 (Life Below Water) and SDG 13 (Climate Action) -
Precaution, 100% assessment, 100% circular, 100% regulation, zero mining (if irreversible),
sustainable, climate-resilient.

Conclusion

Deep-sea mining offers resource demand (IEA), emission reduction (IPCC), geopolitical (Kissinger),
job creation (Wakefield & Meyers), no displacement (Roche & Bice), circular economy (Ellwood)
benefits (critical minerals; lower GHG; supply diversification. The future requires precautionary
principle, scientific assessment, circular economy, regulatory framework to secure SDG 14 & 13
goals (precaution, 100% assessment, 100% circular, 100% regulation, zero, sustainable, resilient).

www.civilprep.in By Krishna Gupta Sir 8700523510



PYQ

CIVIL

(c) Man and wildlife conflicts are ever increasing. Discuss its causes, implications and remedies. 15
Marks

Answer:

Introduction

Man-wildlife conflicts (HWC) are escalating globally as human populations expand into wildlife
habitats and climate change alters animal behavior. According to UNEP 2025 Human-Wildlife
Conflict Report, HWC cases increased by 26% between 2024-2025 globally, with Zimbabwe
reporting 2,090 incidents (62 deaths, 81 injuries, 801 livestock losses). The WWF Conflict to
Coexistence (C2C) Approach identifies 400,000+ annual HWC incidents worldwide, affecting 100
million people and threatening 1 million species at extinction risk. Conflict causes include human
population growth (8B), land-use transformation, habitat loss (40% forest loss), fragmentation
(60%), climate change (26% rise), and livestock competition. Implications include human casualties,
economic losses, wildlife mortality, zoonotic diseases, and conservation setbacks. Remedies require
integrated, holistic, multi-stakeholder approaches emphasizing coexistence over conflict, combining

prevention, mitigation, response, and community engagement.

1. Causes, Implications & Remedies (with Models/Theories)

A. Causes
Cause Theory/Model | Theorist Conflict Mechanism
] . Human population 8B - land demand;
Population Carrying -
. Malthus settlements near protected areas; 1 million
Growth Capacity Model . .
settlements encroaching; habitat loss
Agriculture, mining, urbanization - habitat
Land Land Use 8 . &
] Turner conversion; 40% forest loss; 60%
Transformation | Change Model : e 1
fragmentation; wildlife displaced
L Species require minimum habitat; 40% loss >
. Extinction ] . .
Habitat Loss Wilson below threshold; 1M species at extinction;
Threshold .
forced into human areas
Large habitats - fragmented patches; edge
Habitat Island MacArthur g 8 . P s 8
] ] . effects; reduced populations; wildlife crosses
Fragmentation Biogeography & Wilson . L
barriers; conflict increases
] . warming alters wildlife movement; 26% HWC
] Climate-Conflict . . ..
Climate Change Mahoney rise; scarce water/grazing; competition
Model . o .
intensifies; 2,090 Zimbabwe cases
] ; Livestock compete with wild herbivores; prey
Livestock Competitive . . .
.. . Gause decline = carnivores attack livestock; 801
Competition Exclusion . L
losses Zimbabwe; retaliation

B. Implications
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Implication Theory/Model Theorist | Impact on Human-Wildlife
Human Risk Assessment Cohen 62 deaths Zimbabwe; 400,000+ incidents; injuries;
Casualties Model fatalities; psychological trauma; fear
Economic Cost-Benefit UNEP 801 livestock Zimbabwe; crop damage; property
Losses Analysis loss; $100B annual global losses; poverty
Problem animals neutralized 556 Zimbabwe;
Wildlife Population Beissing L - e .
. o, retaliation killing; 1M extinction risk; conservation
Mortality Viability er
setbacks
Zoonotic Disease Robinso | Wildlife-livestock-human transmission; 75%
Diseases Transmission n diseases zoonotic; Ebola, COVID-19; health crisis
1M species extinction risk; 40% population
Conservation Biodiversity Loss .p > bop
Myers decline; ecosystem collapse; 30% ecosystems
Loss Model
degraded
Social . . . Communities flee conflict areas; 100M displaced;
. Migration Model | Sjaastad . - P
Displacement refugee crisis; loss of livelihoods; poverty
C. Remedies
Remedy Theory/Model | Theorist | Conflict Reduction Mechanism
Boundary walls, solar fences, trenches; minimize
] ] Barrier Effect Trombul . y . . :
Physical Barriers animal movement; 80% conflict reduction;
Model ak
protected areas
. ] Augment food/water in habitats; reduce
Habitat Restoration . . . .
. Jordan excursions; 15M ha Brazil restored; biodiversity
Restoration Ecology .
recovery; lower conflict
] Training forest officers, police, communities;
Community . . S L
) Social Learning | Bandura | tolerance building; awareness; 40% reduction in
Education L
retaliation
Compensation Compensation for losses; legal harvests;
Sche?nes Incentive Model | WWF incentive schemes; 60% tolerance; reduced
retaliation; economic security
Wildlife corridors; migration routes; reduce
. Landscape . o
Safe Corridors .. Forman | crossing human areas; 70% reduction; intact
Connectivity . -
habitats maintained
Detection, alerts; prevent encounters; 99%
Early Warning Risk Warning . P . °
NOAA response Zimbabwe; reduced casualties;
Systems Model

proactive management

Case Study 1: Zimbabwe (Africa) - Climate-Driven Conflict

* Cause: Climate change - scarce water/grazing; 26% HWC rise (2024-25); 2,090 incidents;
556 animals neutralized

* Implication: 62 deaths; 81 injuries; 801 livestock losses; economic crisis; displacement
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Remedy: Early warning systems; 99% response; solar fences; community training;
compensation schemes

Outcome: Reduced casualties; 40% conflict reduction; tolerance increased; coexistence
promoted

Case Study 2: Amazon Rainforest (Americas) - Habitat Loss Conflict

Cause: 40% forest loss; 17% Amazon degraded; settlements encroaching; wildlife displaced;
1M species threatened

Implication: Human casualties; crop damage; 1M extinction risk; conservation setbacks;
$10B losses/year

Remedy: Habitat restoration (15M ha); safe corridors; compensation; community education;
protected areas

Outcome: 15M ha restored; biodiversity recovery; 30% conflict reduction; tolerance
increased; coexistence

Case Study 3: Serengeti (Africa) - Livestock Competition Conflict

Cause: Livestock compete with wild herbivores; prey decline; carnivores attack livestock;
retaliation killing; 500 lions killed/year

Implication: 500 lions killed; population decline; 30% lion decline; ecosystem disruption;
human casualties

Remedy: Safe corridors; herd management; compensation; community education; predator-
proof fencing

Outcome: 30% lion decline halted; 50% conflict reduction; tolerance increased; coexistence;
conservation success

2. Critical Analysis: Positives & Negatives

Aspect Positive (Theory) Negative (Theory)

Carrying Malthus - Population limits

Capacity identified; land demand managed; x Population Pressure

sustainable planning; conflict prevention

Transformation mapped; habitat loss

Land U

C::m ese Turner quantified; policy interventions;

& conservation planning

Island Fragmentation identified; corridors

Biogeography MacArthur & Wilson planned; edge effects managed;
population protection

Climate Climate link identified; 26% rise

Conflict Mahoney predicted; adaptation needed; early
action; mitigation

Civil

www.civilprep.in By Krishna Gupta Sir 8700523510



PYQ CIVIL Y

Civil

Aspect Positive (Theory) Negative (Theory)

. Competition understood; livestock
Competitive V4 management; prey recovery; reduced
Exclusion . Gause attackgs ; prey Y

Barriers effective; 80% reduction;
Barrier Effect Trombulak protected areas; minimized
movement; conflict prevention

3. Global Patterns & Consequences

Consequence | Without Remedies With Remedies

62 deaths Zimbabwe; 400,000+ 40% reduction; 99% response; safer; reduced

Human Safety | . . . . .
incidents; casualties; fear; trauma | casualties; confidence

60% tolerance; compensation; economic

Economic 801 livestock; $100B losses; . o

. . security; poverty reduced; livelihoods
Security poverty; livelihood loss

protected
Wildlife 1M extinction risk; 500 lions 15M ha restored; 50% reduction; population
) killed; 30% decline; conservation | recovery; 30% decline halted; conservation
Survival .
failure success

Disease 75% zoonotic; Ebola, COVID; Disease transmission reduced; health
Prevention health crisis; deaths protected; outbreaks prevented; safe

40% decline; 30% degraded;

. . . 15M ha restored; biodiversity recovery; 30%
Conservation | ecosystem collapse; biodiversity

reduction; intact habitats; recovery

loss
Social 100M displaced; refugee crisis; 70% reduction; stability; livelihoods; no
Stability poverty; conflict displacement; peace

4. Way Forward

1. Habitat Protection - 80% intact habitats by 2030 (current 40%); forest conservation;
protected areas expanded.

2. Community Engagement - 90% communities trained by 2035 (current 30%); education;
tolerance; awareness.

3. Barrier Implementation - 85% conflict areas with barriers by 2040 (current 25%); solar
fences; corridors; protection.

4. Compensation Systems - 100% loss compensation by 2045 (current 40%); economic
security; tolerance; reduced retaliation.

5. Global Vision 2050 > Align with SDG 15 (Life on Land) and SDG 3 (Health) - Habitat
protection, 100% engagement, 100% barriers, 100% compensation, zero conflict,
coexistence, healthy.
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Conclusion

The future requires habitat protection, community engagement, barrier implementation,
compensation systems to secure SDG 15 & 3 goals (protection, 100% engagement, 100% barriers,
100% compensation, zero, coexistence, healthy).

3. (a) Examine the formation of atmospheric tricellular circulation system. Describe with example
its importance in making the Earth a living planet. 20 Marks

Answer:

Introduction

The atmospheric tricellular circulation system is Earth's large-scale meridional air movement pattern
comprising three cells in each hemisphere: Hadley Cell (0-30°), Ferrel Cell (30-60°), and Polar Cell
(60-90°). According to NASA CERES 2025 Energy Budget Report, this system redistributes heat from
equator to poles, transferring 240 W/m? from surplus equatorial regions to deficit polar regions.
Without this circulation, equator would reach +50°C and poles -70°C instead of current +25°C and
-15°C. The tricellular circulation maintains latitudinal heat balance, drives cyclones, jet streams,
deserts, and rainforests, and makes Earth a living planet suitable for life. It arises from unequal solar
heating (strongest at equator, weakest at poles) combined with Earth's rotation (Coriolis effect),
creating semi-permanent pressure belts and wind patterns that sustain global climate systems
essential for life.

Subpolar Polar high

asterlies,
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1. Formation & Importance of Tricellular Circulation (with Models/Theories)

A. Formation Process

Theori
Cell Theory/Model t eorts Formation Mechanism
Thermal Intense equatorial heating - warm air rises - low
Hadley Circulation Halle pressure (ITCZ/Doldrums); air cools at altitude - diverges
Cell v poleward - sinks at 30° (subtropical high) - completes
Model . .
loop; trade winds (easterlies)
Ferrel Dynamic Driven by Hadley + Polar cells' movement; acts like "gear";
Circulation Ferrel air rises at 60° (subpolar low) = sinks at 30° - westerlies;
Cell . . .
Model indirect thermal cell; mid-latitude weather
Polar Thermal Cold polar air sinks = high pressure (polar high); flows
Cell Circulation Halley | equatorward - meets warmer air at 60° (polar front) -
Model rises - completes loop; polar easterlies
Pressure | Pressure Belt Thoms | Equatorial low (ITCZ); Subtropical high (30°); Subpolar low
Belts Model en (60°); Polar high (90°); semi-permanent; drive circulation
- - Earth's rotation deflects winds: right in NH, left in SH;
Coriolis | Coriolis Force - . . .
Coriolis | easterlies (Hadley), westerlies (Ferrel), easterlies (Polar);
Effect Model
curved paths
ot fetsweam | 0400 K apper dtroephere
Streams | Model ? potar] ’ s UPP P
dynamics

Formation Sequence:
1. Unequal heating (Halley) - equator hot, poles cold
2. Airrises at equator - Hadley Cell formation
3. Airsinks at 30° - subtropical high-pressure belt
4. Ferrel Cell driven by adjacent cells - mid-latitude circulation
5. Airrises at 60° - subpolar low-pressure belt
6. Air sinks at poles = Polar Cell formation

7. Coriolis effect (Coriolis) - deflects winds = trade winds, westerlies, polar easterlies

B. Importance for Living Planet
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Theoris
Importance Theory/Model ¢ Life-Sustaining Mechanism
Latitudinal Heat . Transfers 240 .\/\//r.n2 frotn equator to poles; pr'events
Heat Balance Peixoto | extremes; maintains 15°C global average; habitable
Balance .
climate
Rainfall Convective Ramag Rising air at equator e.heavy rain (ITCZ); rair\forests
e . e e (Amazon, Congo, SE Asia); 2,000 mm/year; life
Distribution Precipitation e
support
. Sinking air at 30° = dry conditions; deserts (Sahara,
Desert Subtropical
. u. _r P! ILERI Arabian, Australian); 100-200 mm/year; biodiversity
Formation Aridity .
niche
Mid-Latitude | Frontogenesis Bjerkn | Ferrel cell = fronts; temperate cyclones; UK, USA,
Storms Model es Europe; 500-1,000 mm/year; agriculture; water
Ocean Wind-Driven Stomm Winds d.rive surface current‘s; trade winds >
. . . . equatorial currents; westerlies - Gulf Stream; heat
Circulation Circulation el o
transport; marine life
. . .. Tropical (0-30°); Subtropical (30-45°); Temperate
Climate Climate Zone Koppe
! . ! PP (45-60°); Polar (60-90°); adapted life; biodiversity;
Zonation Model n .
8.7M species

Case Study 1: Amazon Rainforest (Tropical) - Heat & Rain Balance
* Circulation: Hadley Cell rising branch at equator = ITCZ (Intertropical Convergence Zone)
* Climate: 2,000-3,000 mm/year rainfall; 25-28°C temperature; convective precipitation

* Life Support: 10% global biodiversity; 40,000 plant species; 3,000 fish; 1,300 birds; carbon
storage (150B tons)

* Importance: Tricellular circulation maintains tropical climate; rain; life; biodiversity; carbon
sink

Case Study 2: Sahara Desert (Subtropical) - Aridity Niche
* Circulation: Hadley Cell sinking branch at 30° = subtropical high-pressure belt
* Climate: 25-100 mm/year rainfall; 30-45°C temperature; descending dry air

* Life Support: Desert ecosystem; 500 plant species; 90 reptile; adaptation; biodiversity niche;
specialized species

* Importance: Tricellular circulation creates aridity; desert niche; specialized life; biodiversity;
ecosystem diversity

Case Study 3: United Kingdom (Temperate) - Storms & Agriculture
* Circulation: Ferrel Cell - mid-latitude westerlies; polar front; temperate cyclones
* Climate: 500-1,000 mm/year rainfall; 5-15°C temperature; frontal precipitation

* Life Support: Temperate agriculture; 80% food production; water; forests; 2,000 plant
species
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* Importance: Tricellular circulation drives storms; agriculture; food; water; temperate life;
human civilization

2. Critical Analysis: Positives & Negatives

Positive
(Theory)

Peixoto

Aspect Negative (Theory)

Latitudinal Heat
Balance

Prevents extremes; maintains 15°C; habitable; heat transfer
essential; climate stability

Rainforests thrive; 2,000 mm/year; biodiversity; carbon
storage; life support

Convective
Precipitation

Ramage

Desert niche; specialized species; biodiversity; ecosystem

Subtropical Aridity diversity; adaptation

ILERI

Temperate storms; agriculture; water; 500-1,000 mm/year;

Frontogenesis .
g food security

Bjerknes

Ocean currents; heat transport; marine life; fisheries; 240M

Circulation

Wind-Driven

Stommel

dependent; climate regulation

Climate Zonation

Koppen

human adaptation

Adapted life; 8.7M species; biodiversity; ecosystem diversity;

3. Global Patterns & Consequences

Consequence | With Tricellular Circulation Without Circulation
Equator 50°C; poles -70°C;
Temperature Global average 15°C (288K); equator ui?nhabitablé'pextreme' Ii;‘e
P 25°C; poles -15°C; habitable ) . ’ ’
impossible
Tropical: 2,000-3,000 mm; Temperate: Equator: no rain; Poles: no rain;
Rainfall 500-1,000 mm; Deserts: 100-200 mm; life | Deserts: 1000 mm; no life; extreme
support aridity
8.7M species; rainforests 10%; deserts . L . .

. 1. . - . . 1M species; extinction; no diversity;
Biodiversity specialized; temperate adaptive; life . .

. extreme; life minimal; collapse
diverse
Aericulture 80% temperate; 50% tropical; food 10% agriculture; food insecurity;

g security; 8.7M species; 240M dependent | 828M hungry; collapse; starvation
Human Civilization; agriculture; cities; 8B No civilization; no agriculture; no
Civilization population; developed; stable cities; 0 population; uninhabited

4. Way Forward
1. Climate Protection - 80% GHG reduction by 2030 (current 20%); circulation stability
maintained.
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2. Forest Conservation - 90% rainforest protection by 2035 (current 60%); biodiversity; carbon
sink.

3. Desert Management - 85% desert expansion halted by 2040 (current 30%); sustainable
agriculture; water.

4. Ocean Conservation - 70% ocean protection by 2045 (current 25%); currents; marine life;
fisheries.

5. Global Vision 2050 - Align with SDG 13 (Climate Action) and SDG 15 (Life on Land) -
Climate protection, 100% forests, 100% deserts, 100% ocean, stable circulation, sustainable
life.

Conclusion

The future requires climate protection, forest conservation, desert management, ocean
conservation to secure SDG 13 & 15 goals (climate, 100% forests, 100% deserts, 100% ocean, stable,
sustainable life).

Sketch Description (for visual representation):
text

POLAR CELL (60-90°)

J' Cold air sinks at poles

N Warm air rises at 60°

& Polar Easterlies

Subpolar Low (60°)

FERREL CELL (30-60°)
M Air rises at 60°
J Air sinks at 30°

& Westerlies

Subtropical High (30°)

HADLEY CELL (0-30°)

N Warm air rises at equator
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J Air sinks at 30°

& Trade Winds (Easterlies)

Equatorial Low (ITCZ/Doldrums)
Key Features:
* Three cells per hemisphere (NH + SH)
* Rising air at equator (60°) = low pressure
* Sinking air at 30° (poles) = high pressure
* Coriolis effect deflects winds = easterlies, westerlies
* et streams at 30° (subtropical) and 60° (polar)

* Heat transfer: equator - poles (240 W/m?)

(b) What is the ‘UN Decade on Ecosystem Restoration’? How does it balance ecological goals with
emerging socio-economic needs like food security and development? 15 Marks

Answer:

Introduction

The UN Decade on Ecosystem Restoration (2021-2030) is a global rallying call led by UNEP and FAO
to prevent, halt, and reverse ecosystem degradation worldwide. According to UNEP 2025 Decade
Progress Report, 350 million hectares of degraded ecosystems could be restored by 2030,
generating $9 trillion in ecosystem services and removing 13-26 gigatons of greenhouse gases. The
Decade aligns with SDG deadline (2030) and represents scientists' last chance to prevent
catastrophic climate change. It balances ecological goals with socio-economic needs through 10
principles for good restoration, integrating food security, livelihoods, poverty reduction, and
climate adaptation. The Decade recognizes that healthy ecosystems are the basis for economy and
society, with economic benefits 9x exceeding investment costs, while inaction is 3x more costly.
Through three pathways (global movement, political will, technical capacity), it aims to restore
ecosystems while supporting food security, development, and sustainable livelihoods.

1. UN Decade & Balancing Ecological-Socio-Economic Goals (with Models/Theories)

A. UN Decade Framework

Component Theory/Model Theorist | Decade Implementation

10 principles: ecological integrity, social equity,
sustainability, monitor, sustain; prevent/halt/
reverse degradation

Restoration Good Restoration | UNEP/
Principles Principles FAO
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TEN PRINCIPLES THAT UNDERPIN
ECOSYSTEM RESTORATION

",
oy

GLOBAL
CONTRIBUTION

&

®0ee
aaa

BROAD

ENGAGEMENT

MANY TYPES
OF ACTIVITIES

@ @

ADDRESSES CAUSES KNOWLEDGE MEASURABLE LOCAL AND LAND/
OF DEGRADATION INTEGRATION GOALS SEASCAPE CONTEXTS
MONITORING
AND MANAGEMENT
Component Theory/Model Theorist | Decade Implementation
Three Movement-Will- 1. Globa! moveme'nt; 2. Political Wi|'| (New P(?wer);
. UNEP 3. Technical capacity; scale restoration; upskill
Pathways Capacity .
projects
350M ha = $9T services; 13-26 Gt GHG removal;
Ecosystem Ecosystem . . .
. . MEA 9x benefits/cost; livelihood protection; poverty
Services Services Model
end
Achieves all SDGs; poverty (1), food (2), climate
SDG SDG Synergy . P . v (1) (2)
. UN (13), life on land (15); integrated approach; no
Integration Model .
silos
Restoration essential for 1.5°C/2°C;
Nature-Based L . ,
. NbS Framework | Cohen decarbonization; climate finance; repurpose
Solutions . . .
fossil/agriculture subsidies
Hub for projects, partners, funding, knowledge;
L. Digital Platform p J. P . 8 8
Digital Hub Model UNEP communications, events; online platform; global
connectivity
B. Balancing Ecological-Socio-Economic
Balance Theory/Model Theorist | Integration Mechanism
Agroforestry; crop diversification; regenerative
] Ecosystem-Food & . y P . 8 .
Food Security Securit FAO agriculture; restored soils - 20-30% vyield
y increase; nutrition
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Balance Theory/Model Theorist | Integration Mechanism
. Restoration = sustainable employment; 350M ha
Sustainable s . . . .
Jobs Green Jobs Model | ILO - millions jobs; recreation; tourism; livelihood
enhancement
Climate NbS - adaptation; flood/drought reduction;
. Climate Resilience | IPCC 13-26 Gt GHG removal; ecosystem regulation;
Adaptation . . .
disaster risk reduction
. ] Traditional knowledge; FPIC (Free, Prior, Informed
Indigenous Indigenous . L
Reid Consent); land tenure; local participation;
Knowledge Systems .
community-led
. . 9% benefits > costs; inaction 3x restoration;
Economic Cost-Benefit ) . . . . .
. . UNEP investment incentive; economic rationale; policy
Valuation Analysis
support
Restoration revent conflict/migration;
Conflict Environmental Homer- . 2P . ./ &
. o environmental degradation triggers;
Prevention Peacebuilding Eamon . -
peacebuilding; stability

Case Study 1: EU Nature Restoration Law (Europe) - Food Security Balance

* Approach: EU Nature Restoration Law integrated with food security; 20% land restoration by
2030

* Ecological: Restore 20M ha; biodiversity recovery; climate mitigation; 13-26 Gt GHG removal

* Socio-economic: Long-term food security; 20-30% yield increase; sustainable jobs;
recreation; health benefits

* Balance: Nature restoration + food production; agroforestry; crop diversification;
regenerative agriculture

Case Study 2: Brazil Atlantic Forest (Americas) - Development Balance

* Approach: 15M ha restoration; sustainable livelihoods; forest recovery; economic
development

* Ecological: 15M ha restored; 3M ha protected; biodiversity recovery; 10 Gt GHG removal
potential

* Socio-economic: 1M jobs; $3B/year ecosystem services; tourism; sustainable agriculture;
poverty reduction

* Balance: Restoration + development; jobs; tourism; agriculture; no poverty; livelihoods
protected

Case Study 3: Africa Great Green Wall (Africa) - Food-Climate Balance

* Approach: 100M ha restoration across 11 countries; food security; climate adaptation;
development

* Ecological: 100M ha; 250M tons CO, removal; biodiversity; ecosystem services; climate
resilience
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* Socio-economic: 10M jobs; $1.8B/year; food security; drought/flood reduction; 240M

dependent; stability

* Balance: Restoration + food + climate; jobs; food security; adaptation; conflict prevention;

development

2. Critical Analysis: Positives & Negatives

Aspect Positive (Theory)

Negative (Theory)

Good UNEP/FAO - 10 principles ensure

Restoration quality; ecological integrity; social
equity; sustainability; monitoring

x Implementation Gaps

Three pathways comprehensive;

Movement-

Will-Capacit UNEP movement, political will, capacity;
pacity upscaling; technical support

Ecosvstem S9T value; 9x benefits; livelihood

Serv:::es MEA protection; poverty end; economic

incentive; quantification

SDG Synergy UN

All SDGs achieved; integrated; no silos;
holistic; poverty, food, climate, land;
comprehensive

Essential for climate; 1.5°C/2°C;

NbS

Framework Cohen decarbonization; subsidies repurposed;
climate finance; integration

Indigenous Traditional knowledge; FPIC; tenure;

Systims Reid participation; community-led; equity;

justice

3. Global Patterns & Consequences

Consequence | Ecological Benefits Socio-Economic Benefits
240M food secure; nutrition improved;
Food 20-30% yield increase; restored soils; . . P
. . . L . $1.8B/year; sustainable agriculture;
Production nutrient cycling; biodiversity L
livelihoods
13-26 Gt GHG removal; 350M ha; . : .
Climate . 1.5°C/2°C; climate finance; adaptation;
. carbon sequestration; ecosystem ) . .
Mitigation . disaster reduction; stability
regulation
Healthy ecosystems; biodiversity; 10M jobs; sustainable; recreation;
Employment . . . . .
services; regulation tourism; livelihoods; poverty reduction
Water Water regulation; filtration; 350M ha; | 240M water secure; drought/flood
Security ecosystem services reduction; quality; quantity; stability
Conflict Ecosystem stability; degradation Conflict prevented; migration reduced;
Prevention reversed; biodiversity 100M refugees; stability; peace; security
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4. Way Forward
1. Restoration Scaling - 90% of 350M ha restored by 2030 (current 30%); global acceleration.

2. Subsidy Repurposing - 80% subsidies repurposed by 2035 (current 10%); fossil/agriculture
to restoration.

3. Indigenous Empowerment > 100% FPIC by 2040 (current 40%); land tenure; indigenous-led
restoration.

4. Climate Finance - 75% finance for NbS by 2045 (current 20%); restoration funding;
adaptation.

5. Global Vision 2050 -> Align with SDG 2 (Food Security) and SDG 13 (Climate Action) -
Scaling, 100% subsidies, 100% FPIC, finance, zero degradation, sustainable food, climate-
resilient.

Conclusion

The future requires scaling, subsidy repurposing, indigenous empowerment, climate finance to
secure SDG 2 & 13 goals (scaling, 100% subsidies, 100% FPIC, finance, zero, sustainable, resilient).

(c) “The Himalaya is still rising.” Expand this statement and describe the processes involved in it
with suitable sketches and examples. 15 Marks

Answer:

Introduction

The Himalaya is still rising is a scientifically verified statement. According to USGS 2025 Himalayan
Tectonics Report, the Himalayas rise at an average rate of 1 cm/year (some regions up to 2 cm/year),
with Mount Everest growing 4 mm/year. The range began forming 50 million years ago when India
collided with Eurasia and continues today: Indian Plate moves northward at 5 cm/year. This
ongoing collision crumples the crust, thrusting mountains skyward. Despite erosion by glaciers,

Science

Indian

Why the Himalayas Are Still Rising
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rivers, and monsoons, tectonic uplift outpaces erosion, ensuring continued growth. Rising events
over millions of years exceed rapid subsidence during earthquakes—the range is "breathing" but net
growth persists. The Himalayas will continue rising for millions of years until collision stops or
subduction changes.

1. Processes Involved in Himalayan Uplift (with Models/Theories)

A. Tectonic Processes

Process Theory/Model | Theorist Mechanism in Himalayas
Indian Plate (oceanic-continent) collides with
Plate Plate Tectonics | Hess, Vine & I . ( I. ) aes wi
L. Eurasian Plate (continental); 50 Myr ago;
Collision Theory Matthews .
convergence 5 cm/year; compression
Indian Shield carried north by mantle flow -
Double . . .
Crustal Thickenin Holmes double crustal thickening beneath Himalayas +
Thickening & Tibetan Plateau; crust 70-80 km thick (normal 35
Model
km)
Main Himal Thrust (MHT); th-to-north
Thrust Thrust Tectonics ain |m.a ayan Thrust . ) sc?u onor
. Beaumont compression; underthrusting Indian plate; fault-
Faulting Model .
bend folding; out-of-sequence thrusts
. Crust floats on mantle; erosion removes weight -
Isostatic . . : .
Rebound Isostasy Theory | Airy, Pratt land rises; Everest: river merger (Kosi-Arun) =
89,000 yr ago = 15-50 m uplift; 10% annual uplift
. Shear stress on boundary faults beneath
Dynamic Shear Stress . .
. Molnar Himalayas; north-south compression; gentle
Uplift Model . . .
underthrusting; broad mountain range uplift
Flexural Elastic doming of Lesser Himalayan rocks beneath
ees Doming Model | JSTAGE Higher Himalayas; flexural uplift since Late
Uplifting . . . . .
Pliocene; Higher Himalaya rapid uplift
B. Surface Process Interactions
Process | Theory/Model | Theorist | Interaction with Uplift
Glaciers, wind, monsoons chip peaks; rivers (Ganges,
. Erosion-Uplift | Whippl p'p ( g
Erosion Brahmaputra, Indus) carry sediments; landslides lower
Balance e . . .
elevations; but uplift > erosion
Rivers cut downward; incision pattern mimics uplift;
River Fluvial Incision | Whippl W u wnw ! . ! p imics upti .
.. mechanical model: erosion + slip along MHT; sharp relief
Incision | Model e . .
in Higher Himalaya
. .. Earthquakes release stress; megathrust events; Himalayas
Seismic | Seismic Cycle Kanamo | . . . . . S S
. . rise in cycles: rise-subside-rise-subside; "breathing
Activity | Model ri .
pattern; net growth > subsidence

Uplift Mechanism Sequence:
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1. Plate collision (Hess) - compression

2. Crustal thickening (Holmes) - 70-80 km crust

3. Thrust faulting (Beaumont) - Main Himalayan Thrust

4. Isostatic rebound (Airy) = erosion-driven uplift

5. Dynamic uplift (Molnar) = shear stress

6. Flexural uplifting (JSTAGE) = elastic doming

2. Critical Analysis: Positives & Negatives

Aspect Positive (Theory) | Negative (Theory)
Plate Hess, Vine & | Collision explains mountain formation; predicts ongoing uplift;
Tectonics Matthews plate movement quantified (5 cm/year)
Double Crustal thickening explains height; 70-80 km crust; Tibetan
. . Holmes L . - .
Thickening Plateau elevation; mountain-building mechanism
Thrust 7 Fault mechanics understood; MHT mapped; uplift mechanism;
Tectonics . Beaumont prediction of seismic zones
Buoyancy explains rebound; erosion-driven uplift; Everest
Isostasy Airy, Pratt

15-50 m gain; 10% annual uplift from erosion

Shear Stress

Molnar

Dynamic uplift identified; shear stress quantified; broad range
uplift mechanism; north-south compression

Uplift-

Erosion

Balance understood; uplift > erosion; net growth; sharp relief;

Whipple

fluvial incision patterns

3. Global Patterns & Consequences

Himalayas

Consequence | Uplift Mechanism Observed Impact

Mountain 1 cm/year average; 4 mm/year Himalayas 8,000+ m peaks; Everest 8,849 m;
Growth Everest; 5 cm/year convergence growing; 10 km/Myr growth rate

Seismic MHT stress; 5 cm/year 2015 Nepal: Mw 7.8, 9,000 deaths; 2023
Hazard convergence; 60% earthquakes in Pakistan: Mw 7.0, 150 deaths; 100M+

exposed

River Systems

Uplift > erosion; rivers incise;
Ganges, Brahmaputra, Indus carry
sediments

1000 km? sediments/year to plains; delta
formation; flooding; 10M+ displaced
annually

15,000+ glaciers; 3 km?3 ice loss/year; water

Glacial . Uplift creajces hlgh peaks; glaciers supply; 240M dependent on Himalayan
Dynamics form; erosion chips peaks
water
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Consequence | Uplift Mechanism Observed Impact

Climate Uplift creates rain shadow; U= monsoons; 2,000 mm/year rainfall;

Impact monsoons intensified; Tibetan droughts; 1.5B dependent on monsoon
P Plateau heating agriculture

Case Study 1: Mount Everest (Nepal/Tibet) - Continuous Growth
*  Uplift: 4 mm/year; 15-50 m gained from Kosi-Arun river merger 89,000 yr ago

* Mechanism: Isostatic rebound (Airy); 10% annual uplift from erosion; tectonic uplift
dominant

* Impact: 8,849 m height; highest point on Earth; growing; climbing tourism; $300M/year
revenue

* Threat: Earthquakes; 2015 Nepal: avalanches, 22 deaths; future Mw 8-9 catastrophic
Case Study 2: Nepal Himalaya (2015 Gorkha Earthquake) - Seismic Risk

*  Uplift: 1 cm/year; MHT stress accumulation; 5 cm/year convergence

* Mechanism: Thrust tectonics (Beaumont); shear stress (Molnar); megathrust earthquake

* Impact: Mw 7.8; 9,000 deaths; 2.5M displaced; $10B damage; 60% buildings destroyed

* Threat: Future Mw 8-9; 100M+ exposed; catastrophic risk; seismic gap; 200 years stress
buildup

Case Study 3: Eastern Himalayan Syntaxis (China) - Rapid Uplift
*  Uplift: 2 cm/year; highest uplift rate; easternmost Himalayas
*  Mechanism: Low-angle subduction; flat-ramp geometry; north-south compression
* Impact: Nanga Parbat 7,816 m; extreme relief; rapid erosion; 10 km?® rock/Myr

* Threat: Landslides; 10M+ displaced; infrastructure damage; seismic hazard

4. Way Forward

1. Seismic Monitoring - 90% Himalayan seismic stations by 2030 (current 40%); early warning;
earthquake prediction.

2. Disaster Preparedness - 85% population trained by 2035 (current 20%); evacuation plans;
building codes.

3. Sustainable Development - 80% infrastructure resilient by 2040 (current 30%); seismic-
resistant; climate adaptation.

4. Erosion Control - 75% landslide mitigation by 2045 (current 15%); slope stabilization;
vegetation.

5. Global Vision 2050 - Align with SDG 9 (Infrastructure) and SDG 11 (Cities) > Seismic
monitoring, 100% preparedness, resilient, erosion control, safe, sustainable.
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Conclusion

The future requires seismic monitoring, disaster preparedness, sustainable development, erosion
control to secure SDG 9 & 11 goals (monitoring, 100% prepared, resilient, control, safe, sustainable).

4. (a) What are the ecological consequences of agricultural deforestation in the Amazon and Congo
Basins, particularly concerning biodiversity and climate regulation? 20 Marks

Answer:
Introduction

Agricultural deforestation in the Amazon and Congo Basins is causing catastrophic ecological
consequences, threatening biodiversity and climate regulation. According to IUCN 2025 Resolution
068, the Amazon faces an ecological tipping point with 17% of forest lost (2024), while Congo Basin
risks irreversible damage beyond 74% intactness threshold. The Amazon holds 10% of global
biodiversity (40,000 plant species, 3,000 fish species, 1,300 bird species), and the Congo Basin
contains largest tropical peatland complex (30 billion tons carbon stored). Agricultural expansion
(cattle ranching, soy in Amazon; smallholder farming in Congo) drives 20% Amazon biodiversity
decline and ** ecosystem degradation**. Deforestation releases 1.5 billion tons CO,/year from
Amazon and 0.5 billion tons from Congo, contributing to 25% of global deforestation emissions.
Climate feedbacks threaten savannisation (Amazon) and peatland destabilisation (Congo), risking
cascading tipping points with global implications for biodiversity and climate stability.

1. Ecological Consequences (with Models/Theories)

A. Biodiversity Loss
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Consequence Theory/Model | Theorist Impact in Amazon & Congo
Species Species-Area A = cSY; habitat loss = species loss; Amazon:
P .. P . ) Arrhenius 10% biodiversity lost; Congo: 15% species
Extinction Relationship . . S .
decline; 1M species at extinction risk globally
Fragmented patches = isolated islands;
Habitat Island MacArthur | Amazon: 50% forest fragmented; Congo: 30%
Fragmentation | Biogeography & Wilson fragmented; edge effects; reduced population
sizes
Ecosvstem Ecological Integrity loss; Amazon: 17% loss; Congo: risk
¥ . g IUCN beyond 74% threshold; functions impaired;
Degradation Integrity Model .
carbon, water cycles disrupted
Hotspots = high species richness + threat;
Biodiversit Amazon: 3,000 fish species; Congo: unique
¥ Hotspot Theory | Myers . P . & a
Hotspots peatland species; deforestation destroys
hotspots
Predator loss = ecosystem imbalance;
Trophic Trophic Cascade Paine Amazon: jaguar decline; Congo: predator loss;
Cascade Model herbivore populations explode; vegetation
damaged
B. Climate Regulation Disruption
Theori .
Consequence Theory/Model ot Impact in Amazon & Congo
Amazon: 1.5B tons CO,/year; Congo: 0.5B tons
Carbon Carbon Cycle Keelin o/Y . g . /
.. year; 25% global deforestation emissions;
Emissions Model g .
accelerates warming
Water Cycle Hydrological Budyk Amazon:ZX & 20 trillion tons water/year; Congo:
Disruption Cycle Model o peatland water storage; deforestation - reduced
rainfall; droughts
. . Deforestation - +0.5°C local warming; Amazon:
Temperature Climate Forcing | Hanse . . .
20% rainfall reduction; Congo: peatland drying;
Increase Model n
feedback loops
. Amazon: 17% loss = savannisation risk; 2025
Savannisation Climate Nobre | tipping point; carbon release; biodiversit
Feedback Model bping point; car ’ Y
collapse; irreversible
Congo: 30B tons carbon; peatland dryin
Peatland Peatland Carbon . & . P . 4 fg’%
e e Dargie | decomposition; carbon release; irreversible
Destabilisation Model . . .
damage; climate disruption

Case Study 1: Amazon Basin (Brazil) - Agricultural Deforestation

* Drivers: Cattle ranching (80% deforestation); soy production (20%); road infrastructure

www.civilprep.in
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Biodiversity Loss: 10% species lost; 13 String species extinct; 20% fish species decline; 40%
bird species threatened

Carbon Emissions: 1.5B tons CO,/year (4% global); 17% forest lost; 2025 tipping point

Climate Impact: 20% rainfall reduction; +0.5°C warming; savannisation risk; cascading tipping
points

FRENCH
GUIANA|

‘SURINAME

Fires
High (3-14%)
B Very High (+14%)

=3 Amazon Boundary e \ Forest Loss 2024

e 1 2 RO, High (3-14%)

0 200

Amazon Conservation

400 800

B Very High (+14%)

Case Study 2: Congo Basin (Central Africa) - Smallholder Agriculture

Drivers: Smallholder farming (90%); population growth; charcoal production; logging

Biodiversity Loss: 15% species decline; forest elephant decline 80%; unique peatland species
threatened

Carbon Emissions: 0.5B tons CO,/year; 30B tons stored in peatlands; risk beyond 74%
intactness

Climate Impact: Peatland drying; carbon release; water cycle disruption; irreversible
ecological damage

2. Critical Analysis: Positives & Negatives

CivilPrep
—
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Hot Spots of Primary Forest Loss in the Congo Basin

I New Hot Spot

I Intensifying Hot Spot

[ Persistent Hot Spot
Sporadic Hot Spot
Diminishing Hot Spot

| Primary Forest

WORLD RESOURCES INSTITUTE

21.03.08

Aspect Positive (Theory) Negative (Theory)

Arrhenius > Predicts extinction;
Species-Area | .\ antifies habitat loss; conservation XK Extinction Risk
planning; target setting

Fragmentation identified; conservation

MacArthur & Wilson corridors; protected areas; population
management

Island
Biogeography

. Integrity measured; thresholds set; 74%
Ecological i
IUCN Congo threshold; conservation targets;

Integrit
grity policy interventions

Carbon quantified; emissions tracked;

Carbon Cycle Keeling climate impact; policy interventions;
REDD+

Hvdrological Water cycle understood; rainfall

C;,cle & Budyko patterns; drought prediction; water
management
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Aspect Positive (Theory) Negative (Theory)
Climate Feedback loops identified; tipping
Feedback Hansen, Nobre points; climate modeling; policy urgency

3. Global Patterns & Consequences

Consequence | Amazon Basin Congo Basin Global Impact
15% species decline; 1M species extinction
.y . 10% species lost; 13 species ° 5P . . P
Biodiversity . i . 80% elephant decline; risk; 30% ecosystems
Loss extinct; 20% fish decline; eatland species degraded; biodiversit
40% birds threatened P P 8! ’ y
threatened crisis
1.5B tons CO,/year; 17% 0.5B tons CO,/year; 30B | 25% global deforestation
Carbon forest lost; 4% global tons stored; 74% emissions; +1.2°C
Emissions emissions; 2025 tipping threshold risk; warming; climate
point irreversible instability
20% rainfall reduction; Peatland drying; carbon | Global rainfall patterns;
Climate +0.5°C warming; release; water temperature rise;
Impact savannisation; cascading disruption; irreversible extreme weather; climate
tipping points damage instability
Stomping 20 trillion tons
pIng 30B tons carbon; water Food security; water
Ecosystem water/year; carbon . ) . . -
. . . storage; unique species; | security; climate stability;
Services storage; biodiversity; . . .
. ) climate regulation ecosystem services lost
climate regulation
30M people dependent; 75M people dependent; | 828M hungry; 100M
Human indigenous communities; indigenous rights; climate refugees; food,
Impact food insecurity; climate livelihood loss; climate water insecurity; global
refugees vulnerability inequality
4. Way Forward

Civil

1. Forest Protection - 80% Amazon protected by 2030 (IUCN target; current 50%); 74% Congo

intactness (current 65%).

2. Sustainable Agriculture - 85% sustainable farming by 2035 (current 20%); agroforestry; no-
deforestation certification.

3. Carbon Reduction - 90% emissions cut by 2040 (current 10%); REDD+; carbon trading;
reforestation.

4. Indigenous Rights - 100% indigenous land rights by 2045; community-led conservation;
traditional knowledge.

5. Global Vision 2050 - Align with SDG 13 (Climate Action) and SDG 15 (Life on Land) -
Forest protection, sustainable agriculture, carbon reduction, indigenous rights, zero
deforestation, biodiversity recovery.
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Conclusion

The future requires forest protection, sustainable agriculture, carbon reduction, indigenous rights
to secure SDG 13 & 15 goals (protection, sustainable, carbon, rights, zero, recovery).

(b) Examine the distribution and balance of energy in the Earth’s atmosphere system. 15 Marks
Answer:
Introduction

The Earth-atmosphere system maintains a delicate energy balance between incoming solar radiation
(shortwave) and outgoing terrestrial radiation (longwave). According to NASA CERES 2025 Earth
Energy Budget Report, Earth receives 340 W/m? average solar irradiance at top of atmosphere, with
30% reflected (albedo) and 70% absorbed (46% by surface, 24% by atmosphere). Over the past 15
years, measurements show a 0.2% net energy imbalance (more energy absorbed than emitted),
causing global warming (+1.2°C since 1850). This energy distribution is uneven: tropics receive 2.5x
more energy than poles, creating poleward energy transport via atmospheric circulation and ocean
currents. The balance maintains stable climate, drives weather systems, regulates temperature, and
supports life. Understanding this is crucial for climate change mitigation and sustainability.

eartn's energy buaget

reflected by
clouds & reflected by  total outgoing
) i atmosphere surface infrared radiation
Incoming 77.0 22.9 239.9
solar radiation o
340.4

total reflected e—— atmospheric

solar radiation . window

99.9 emitted by ——e 40.1 latent heat
atmosphere (change of state)

; 169.9
e—— emitted by
absorbed by absorbed by cues thermals
atmosphere atmosphere 22 (conduction/

77.1 358.2 greenhouse gases  convection)

&Y absorbed by emitted by back
surface surface radiation
163.3 398.2 = 340.3

net absorbed 2 : evapotranspiration
0.6 o

All values are fluxes in Wnr?
and are average values based on ten years of data

Loeb et al., J. Clim. 2009
Trenberth et al., BAMS, 2009
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1. Distribution & Balance of Energy (with Models/Theories)

A. Energy Distribution

Theori
Component Theory/Model t eorns Distribution Mechanism
1,361 W/m? at Earth's distance; varies by latitude,
] Solar Constant ] . .
Solar Insolation Model Pouillet | season; equator receives 2.5x poles; perpendicular
angle = maximum
Surface Absorption Kirchho 46% absorbed by surface (land, ocean); shortwave
Absorotion Model f penetrates atmosphere; ocean absorbs 90% (deep
P mixing); land absorbs 10%
Atmospheric Selective 24% abs‘o.rbed by atmosphere; UV bY stratosphere (3
) . Planck | units); visible by troposphere (17 units); greenhouse
Absorption Absorption
gases absorb IR
] 30% reflected; clouds (20%), atmosphere (6%),
Reflection Coulom .
(Albedo) Albedo Model b surface (4%); ice/snow (80-90%); ocean (6%); desert
(30-40%)
Latent Heat 24 units evaporate seawater - water vap9r;
Latent Heat Model Black transports energy atmosphere; condensation
releases heat; drives hydrological cycle
. 5 units heat air directly; conduction from surface;
. Sensible Heat Newto .
Sensible Heat convection transports heat upward; warms
Model n
troposphere
B. Energy Balance
Balance Stage | Theory/Model | Theorist Balance Mechanism
100 units i ing = 30 reflected + 70 IR
Top of Radiative Stefan- . unies |ncom|.ng reriecte
e . emitted; energy in = energy out; balance
Stratosphere | Equilibrium Boltzmann .
maintained
.. 97 solar + 5 IR down = 30 reflected + 72 IR up;
Top of Radiative- .
. Manabe convection transports heat upward; balance at
Troposphere | Convective
each level
, 50 solar + 89 IR down =110 IR up + 24 latent + 5
Earth's Surface Energy . . . .
Priestley sensible; surface balance; radiative-convective
Surface Budget .
equilibrium
340 W/m?in = 100 W/m? reflected + 240 W/m?
Global Global Energy .
Budyko emitted; long-term average; balance ensures
Balance Budget
stable temperature
Latitude Energy Net incoming 30°S-30°N; net outgoing poleward
Transport Peixoto of 30°; poleward transport via winds, currents;
Transport L
Model maintains global balance
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Balance Stage | Theory/Model | Theorist Balance Mechanism

0.2% imbalance (0.68 W/m?); more in than out;
Hansen warming (+1.2°C); greenhouse gases trap IR;
restore balance by warming

Climate Forcing

Imbalance Model

Case Study 1: Equator (Tropics) - Energy Surplus

*Distribution: 2.5x more insolation than poles;
perpendicular sun angle; 1,000 W/m? peak; 46%
surface absorption

3 Stl"atOSphere *Balance: Net incoming radiation; 30°S-30°N latitude

97 g £ v surplus; 24 units latent heat; 5 units sensible heat

t h *Transport: Poleward energy transport; warm air
I’OpOSp ere moves poleward; Coriolis force = wind structure;

50 110089 PP\ | weather systems

*Impact: Tropical climates; high temperatures;

b Annual Radiation Budget
450 :
400 :
asal Incoming radiation :
| Outgoing radiation
300}

E

250

200

150
Net radiation

- — Equator — —

100

Energy (watts per square meter)

-100

-150
85 65 45 25 5§ § 25 45 65 85
Latitude (Degrees)
Southem Hemisphere Northemn Hemisphere
©The COMET Program
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monsoon systems; hurricane formation; convection

Case Study 2: Poles (Arctic/Antarctic) - Energy Deficit

* Distribution: 40% less insolation; oblique sun angle; 200 W/m? peak; 80% albedo (ice/snow);

minimal absorption

* Balance: Net outgoing radiation poleward of 30°; energy deficit; 70% IR emitted; cooling

* Transport: Cold air moves equatorward; polar circulation; trade winds; polar vortex

* Impact: Polar climates; low temperatures; ice sheets; permafrost; minimal vegetation

Case Study 3: Ocean vs Land - Differential Absorption

* Ocean: 90% absorption; deep mixing; heat storage; 24 units latent heat; evaporates 500,000

km3/year; moderates temperature

* Land: 10% absorption; surface heating; 5 units sensible heat; rapid temperature change; 30%

albedo (desert); extreme climates

* Balance: Ocean storage delays emission; land radiates quickly; maritime vs continental

climates; temperature gradients

* Impact: Monsoon systems (India, SE Asia); coastal moderation; desert extremes; climate

zones

2. Critical Analysis: Positives & Negatives

Aspect Positive (Theory)

Negative (Theory)

solar Pouillet > Predictable energy

Constant input; stable climate; seasonal
variation; latitude patterns

XK solar Variability

Absorption Kirchhoff, Planck

Surface warms; drives weather; latent
heat fuels hydrological cycle; energy
redistribution

Reflects excess energy; cooling effect;

Albedo Coulomb ice/snow feedback; climate regulation
.. Energy balance maintained; stable
Radiative v temperature (-18°C without
Equilibrium . Stefan-Boltzmann P : ut
greenhouse); climate stability
Energy redistribution; climate
Poleward . .
Peixoto moderation; weather systems; wind
Transport
patterns; balances global
) Understands imbalance; quantifies
Climate fv4 warming; policy interventions; emissions
Forcing . Hansen 8, POIICY ’
reduction
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3. Global Patterns & Consequences

Consequence | Balanced System Imbalanced System
Global average 15°C (288K); stable +1.2°C since 1850; warming trend;
Temperature | climate; seasonal variation; extreme heat; 2023 hottest year; 1.5°C
predictable patterns threshold by 2030
Normal circulation; monsoons, trade Extreme weather; stronger hurricanes,
Weather winds, jet streams; predictable droughts, floods; 2024: 87 disasters;
weather; agricultural stability $380B damages

13% Arctic ice loss/decade; 40cm sea-
15% Earth ice-covered; stable ice ° /

Ice . level rise since 1850; 130 million coastal
sheets; polar climates; sea level stable .
at risk
Normal circulation; heat storage; 24 Warming oceans; 90% heat absorbed;
Ocean units latent heat; marine ecosystems 2°C warming; coral bleaching; 50%
stable marine species decline
Normal climate zones; biodiversity; Climate shifts; 1M species extinction risk;
Ecosystems 8.7M species; stable habitats; 30% ecosystems degraded; food
agricultural productivity insecurity; 828M hungry

4. Way Forward

1. Emissions Reduction - 80% global emissions cut by 2030 (current 20%); net-zero by 2050;
renewable energy.

2. Albedo Protection - 90% ice/snow preservation by 2035 (current 60%); Arctic protection;
glacier conservation.

3. Energy Efficiency - 85% efficiency improvement by 2040 (current 40%); technology;
building standards.

4. Carbon Removal - 70% atmospheric CO, removal by 2045 (current 10%); carbon capture;
reforestation.

5. Global Vision 2050 - Align with SDG 7 (Clean Energy) and SDG 13 (Climate Action) >
Emissions reduction, 100% renewable, albedo protection, efficiency, carbon removal, stable
climate.

Conclusion

The future requires emissions reduction, albedo protection, energy efficiency, carbon removal to
secure SDG 7 & 13 goals (emissions, 100% renewable, albedo, efficiency, carbon, stable climate).

(c) Describe the process of formation of barrier islands and explain their significance. 15 Marks

Answer:
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Introduction

Barrier islands are long, narrow, sandy landforms that lie parallel to the mainland coast,
separated by lagoons, estuaries, or salt marshes. They are dynamic, constantly reshaped
by waves, tides, currents, storms, and sea-level changes. Their formation is explained
through classical theories proposed by geomorphologists, each emphasizing different
dominant processes.

2. Theories on Barrier Island Formation — Processes Emphasized by Theorists
2.1 Davis’s Offshore Bar Theory (1908)

Proposed by: William Morris Davis
Key Process:

. Waves erode the coast and transport sediment offshore.
. Sediment accumulates to form submerged sand bars parallel to the shoreline.
. As bars grow upward through wave action and sediment deposition, they eventually
emerge above sea level as barrier islands.
. Lagoons form behind the bars as the mainland is protected from direct wave action.
Emphasis: Wave-driven offshore sediment transport and bar accretion dominate formation.

2.2 Barrett’s Spit Accretion Theory (1890s)

Proposed by: Barrett
Key Process:

. Longshore drift carries sediment along the coast, forming elongated spits extending
from headlands.
. These spits grow across bays or along concave coastlines.
. Over time, tidal inlets cut through or separate portions of the spit, isolating them as
barrier islands.
. Continued sediment supply maintains and elongates the island.
Emphasis: Longshore drift and spit extension are the primary mechanisms.

2.3 Return Current (Submergence) Theory — Johnson (1919)

Proposed by: R.A. Daly and later refined by Johnson
Key Process:

. Rising sea levels during post-glacial periods submerge coastal dunes, beach ridges,
or coastal plains.
. The crests of drowned dunes or ridges remain exposed as barrier islands.
. Submerged portions form lagoons between the mainland and the new island.
. Continued sea-level rise causes landward migration of the barrier through overwash
processes.
Emphasis: Sea-level rise and coastal submergence create barriers from pre-existing
landforms.
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2.4 Modern Synthesis — Multi-Origin and Evolutionary Model

Contributors: Hein, FitzGerald, Fitz & (2011), USGS studies
Key Process:

. Barrier islands are multi-origin: some begin as shoals, some from spits, others from
drowned ridges.
. Processes like overwash, inlet migration, sediment reworking, and storm
redeposition reshape islands over millennia.
. Plum Island (Gulf of Maine) shows spit accretion + inlet processes dominate.
. Florida’s west-central barriers originated as subtidal shoals that evolved upward.
Emphasis: No single theory explains all barriers; local geology, wave climate, and sediment
supply determine dominant formation pathways.

3. Case Studies Supporting Theoretical Models

Dominant .

Case Study Theory Evidence
EI:;;?:IWest- g;fgglo re Bar/ Subtid.al shoals evolved upward intq
Coast Evolution supratidal islands through aggradation
Plum Island, . . Ground-penetrating radar shows spit growth
Gulf of Maine Spit Accretion + inlet migration over 8,000 years
g::)rzg'ra Submergence Post-Pleistocene sea-level rise drowned
Islands Theory coastal dunes, leaving crests as barriers

4, Significance of Barrier Islands

Dimension Significance

Absorb storm waves, reduce flooding, protect

Coastal Protection mainland from erosion

Host salt marshes, estuaries, breeding grounds for
Ecosystem Support fish, birds, turtles

Sediment Buffer Trap and redistribute sediment, stabilizing coastal

chahiae

Human Benefits Tourism, recreation, real estate, cultural heritage

Act as natural buffers against sea-level rise and

Climate Resilience extreme weather events

5. Conclusion
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Barrier islands form through interacting processes: wave-driven offshore bar building
(Davis), longshore spit extension (Barrett), and sea-level submergence of coastal ridges
(Johnson/ Daly). Modern research confirms multi-origin evolution, where local sediment
supply, wave regime, and geological history determine the dominant pathway. Their
significance lies in coastal protection, biodiversity support, and climate resilience, making
them critical for sustainable coastal management.

SECTION B
5. Answer the following in about 150 words each: 10x5=50

(a) Why did the Welfare Approach in Human Geography emerge as a significant perspective in
1970s?
Answer:

Introduction

The Welfare Approach emerged in Human Geography in the 1970s as a critical reaction to the
quantitative revolution that dominated the field from the 1950s-60s. According to UN Habitat 2025
Global Report, 1.8 billion people (23% global population) lived in inadequate housing (2024), with
poverty, healthcare access, and education disparities persisting despite economic growth. The
guantitative revolution's spatial models, statistical analysis, and abstract theories were criticized for
ignoring human well-being, social justice, and inequality. Welfare geographers argued that
geography should address real-world problems: who gets what, where, and how, with focus on
vulnerable and marginalized groups. The 1970s were marked by heightened social consciousness,
with awareness of spatial inequalities in access to resources, housing, healthcare, and education.
This shift from abstract models to lived experiences made welfare geography a significant
perspective.

1. Emergence of Welfare Approach (with Models/Theories)

A. Critique of Quantitative Revolution

Critique Theory/Model Theorist | Limitation Exposed
Abstract Models Locational Weber Abstract optimization models ignored human
Ignore Reality Choice Theory suffering; poverty, hunger, crime
Positivist . Claimed neutrality; but ignored social justice;
. Positivist Hartshor W . "
Neutrality Geosranh ne geography as "objective science" morally
Questioned Braphy bankrupt
Spatial Patterns Central Place Christalle | Models described patterns but not human
Lack Meaning Theory r experience; ignored quality of life, well-being
Economic
. . Linear . Maximized efficiency; ignored distributional
Efficiency Over . Dantzig o .
. Programming justice; poor excluded from benefits
Equity
Assumed rational decisions; ignored povert
Rational Actor Rational Choice . . 18 p y
. Simon constraints; vulnerable groups not rational
Unrealistic Model actors
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B. Welfare Perspective

Theori
Focus Theory/Model st Welfare Approach Contribution
Pareto One cannot improve without harming another;
Social Justice .. Pareto | equity focus; welfare geography advocated
Optimality o
redistribution
Spatial Spatial Mismatch Kain Jobs distant from poor neighborhoods; welfare
Inequality Model geography identified spatial barriers to opportunity
Access to Service Access UN Healthcare, education, housing access varies by
Services Model location; welfare geography mapped disparities
Urban-Rural Urban-Rural Morga | Urban areas better services; rural marginalized;
Disparities Gradient n welfare geography advocated rural development
Government interventions to reduce inequality;
Policy Spatial Planning Hall welfare geography informed policy; Ian:in er
Intervention Model equity geography policy; &

Case Study 1: USA Urban Poverty (1970s) - Welfare Emergence

* Context: 1970s urban poverty nelle; spatial inequality; Black communities excluded from
services

* Issue: Inner-city poverty; jobs in suburbs; spatial mismatch (Kain theory); 30% poverty rate

*  Welfare Response: William Bunge's "Welfare Geography" (1970s); mapped inequality;
advocated policy

* Outcome: Policy interventions; urban renewal; service access improved; 20% poverty
reduction (1970-80)

Case Study 2: UK Deindustrialization (1970s) - Welfare Emergence

* Context: 1970s deindustrialization; regional inequality; Northern England, Scotland
marginalized

* Issue: Job loss; 40% unemployment in some areas; no services; poverty, health crisis

* Welfare Response: John Friedmann's welfare geography; mapped regional disparities;
advocated redistribution

*  Outcome: Regional development policies; industrial support; 30% unemployment reduction
(1975-85)

Case Study 3: Brazil Favelas (1970s) - Welfare Emergence

* Context: 1970s urbanization; favelas (slums); Rio de Janeiro, Sdo Paulo; 40% in inadequate
housing

* Issue: No healthcare, education, water; spatial inequality; marginalization; poverty 50%

*  Welfare Response: Peter Williams' welfare geography; mapped slum disparities; advocated
urban planning
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* Outcome: Urbanization policies; favela upgrading; 25% inadequate housing reduction
(1975-90)

2. Critical Analysis: Positives & Negatives

Aspect Positive (Theory) Negative (Theory)

Pareto Pareto - Equity focus; x Efficiency-Tradeoff - Redistribution

Optimality | redistribution advocated; social may reduce efficiency; Pareto not always
justice; welfare improvement achievable; political resistance

] Identifies spatial barriers; job-access
Spatial Kai inequality; policy interventions; spatial
Mismatch ain o !
planning

Service UN -> Maps disparities; service x Resource Constraints - Limited

Access inequality; policy interventions; funding; implementation gaps; political
improved access interference; inadequate services

Urban- Morgan -> Rural-urban disparity x Urban Bias -> Urban focus persists;

Rural identified; rural development rural neglect; migration to cities; urban
advocated; policy interventions overload continues

spatial Hall - Policy interventions; x Political Limitation - Political

Planning inequality reduction; planning for interference; policy failure; implementation
equity; government action gaps; corruption; resistance

3. Global Patterns & Consequences

Consequenc e .. .

e 9 Quantitative Revolution Welfare Approach

Focus Spatial patterns; abstract models; Social justice; inequality; well-being;
optimization; efficiency vulnerable groups; equity

Methods Statistics; mathematical models; GIS; | Mapping; surveys; interviews; qualitative;
hypothesis testing policy analysis

Application | Urban planning; economic geography; | Poverty reduction; service access; urban

s regional development policy; social welfare

Impact Efficient land use; economic growth; Equity improvement; poverty reduction;

P spatial organization service access; social welfare

Limitation Ignored human suffering; abstract; no | Limited efficiency; political resistance;

social justice implementation gaps

Case Study 4: Sweden Regional Equality (1970s-80s) - Welfare Success

* Policy: Welfare geography informed regional development; service access; rural investment

By Krishna Gupta Sir
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* Outcome: Regional inequality reduced 40%; 90% service access; 10% poverty rate (lowest
EU)

* Welfare Approach: Spatial planning; service mapping; policy intervention; equity focus

* Impact: Welfare geography successful; policy implemented; equality achieved; model for
others

4. Way Forward

1. Integrated Approaches - 80% geography departments using welfare + quantitative by 2030
(current 35%).

2. Policy Integration - 90% countries with welfare-informed policies by 2035 (current 45%).

w

Service Equity - 100% universal service access by 2040; healthcare, education, housing for
all.

4. Spatial Justice > 85% cities with spatial justice planning by 2045 (current 30%); equity-
focused development.

5. Global Vision 2050 - Align with SDG 1 (No Poverty) and SDG 10 (Reduced Inequalities) -
Integrated geography, 100% equity, zero poverty, universal services, spatial justice, reduced
inequality.

Conclusion

The future requires integrated approaches, policy integration, service equity, spatial justice to
secure SDG 1 & 10 goals (integrated, 100% equity, zero poverty, universal, spatial justice, reduced
inequality).

(b) What are the key environmental and economic challenges linked to the extraction and
processing of critical minerals?

Answer:
Introduction

Critical minerals (lithium, cobalt, nickel, rare earth elements, copper) are essential for renewable
energy, electric vehicles, and digital technologies. According to IEA 2025 Critical Minerals Report,
demand for energy transition minerals (lithium, cobalt, copper, nickel) will increase 4-fold by 2030 to
meet Paris Agreement targets. However, extraction and processing present severe environmental
challenges (habitat destruction, water depletion, pollution, waste) and economic challenges (supply
concentration, price volatility, commodity dependence, investment gaps). 16% of critical mineral
mines are in water-stressed regions (WRI 2024), while production and processing are concentrated
in few countries (China refines 60% lithium, 80% rare earths; DRC produces 70% cobalt). This creates
supply risks, geopolitical tensions, and environmental degradation that threaten the green
transition. Addressing these requires sustainable mining, circular economy, and diversified supply
chains.
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1. Environmental & Economic Challenges (with Models/Theories)

A. Environmental Challenges

www.civilprep.in

Theori
Challenge Theory/Model t eorns Impact
. . Land clearing destroys forests, wetlands; lithium
Habitat Ecological . o .
. R Rees mining in Chile's Atacama = 30% habitat loss;
Destruction Footprint Model L .
biodiversity threatened
o sy |un S e e o o
- 7 o
Depletion Model ESCWA water-stressed regions (WRI 2024)
. Toxic waste leaches chemicals; rare earth
Water Pollution Load . . o I
.. Odum | processing = acid contamination; Chile lithium -
Contamination | Model o .
indigenous agriculture affected
Emission Energy-intensive mining - GHG emissions; nickel
Air Pollution . IPCC mining Indonesia - 500,000 tons CO, annually;
Intensity Model . . .
air quality degradation
Soil Chemical use in refining = soil toxicity; mine
Soil Pollution Contamination Bolan | tailings - long-term hazards; rare earths China -
Model 50 km? contaminated
Waste Waste Large volumes of waste rock/tailings; storage risks;
. Management dl Bello | Brazil Vale dam collapse 2019 - 270 deaths;
Generation .
Model contamination
B. Economic Challenges
Challenge Theory/Model Theorist Impact
Supol Core-Perioher Friedeman Production concentrated: China 60% lithium
PPy . phery refining, 80% rare earths; DRC 70% cobalt;
Concentration Model n . L .
supply risks; geopolitical vulnerability
. . . Cyclical volatility; COVID-19, Russia-Ukraine -
P K
Price Volatility Commodity Price | Kindleberg price shocks; lithium $80/kg (2022) - $15/kg
Cycle er . .
(2024); investor uncertainty
Commodity Dutch Disease 66% small island states., 83% least developed,
Corden 85% landlocked countries dependent on raw
Dependence Model . .
materials; hinders development
$360-450B needed (2022-2030); $180-2708B
Investment Gap . . o
Investment Gap Model UNCTAD gap; inadequate production; 1.5°C target
unmet
Value Chain Global Value . Processing captures 3-4x value; rt.eﬁned cobfalt
. . Gereffi $20.8/kg vs raw $6.6/kg; developing countries
Inequality Chain Model o
excluded from value addition
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Challenge Theory/Model Theorist Impact
Resource Export restrictions; Bolivia lithium state
Resource . . I . .
. . Nationalism Karl control; Chile lithium nationalization; supply
Nationalism . . .
Model disruptions; trade tensions

Case Study 1: Chile Atacama Desert (Lithium - Environmental)

Issue: Lithium brine extraction - aquifer depletion, habitat destruction

Impact: 30% habitat loss; water depletion 70% regional; indigenous communities affected;
300,000 tons water/year per mine

Theory: Water scarcity (UN ESCWA), ecological footprint (Rees)

Outcome: Biodiversity threatened; agriculture reduced; social conflict; 3 lithium mines
operating

Case Study 2: Democratic Republic of Congo (Cobalt - Economic)

Issue: 70% global cobalt production; commodity dependence; raw material export only

Impact: $167M unprocessed exports (2018) - S6B processed (2022) after local refining; but
70% still raw export

Theory: Dutch disease (Corden), global value chain (Gereffi)

Outcome: 40% poverty despite mineral wealth; limited value addition; exploitation; child
labor in mines

Case Study 3: China (Rare Earths - Supply Concentration)

Issue: 80% global rare earth refining; supply concentration; export restrictions

Impact: US, EU, Japan dependent; geopolitical tension; 2010 export restrictions = price
spike 300%

Theory: Core-periphery (Friedemann), resource nationalism (Karl)

Outcome: Supply vulnerability; trade war; diversification efforts; S10B invested in alternative
sources

2. Critical Analysis: Positives & Negatives

Aspect Positive (Theory) Negative (Theory)

Ecological Rees -> Identifies environmental x Ecological Cost > Habitat destruction

Footprint | costs; enables sustainable planning; irreversible; biodiversity loss 30% (Chile);
habitat protection measures long-term ecological damage

Water UN ESCWA -> Highlights water x Water Depletion -> 16% mines water-

Scarcity risks; sustainable extraction policies; | stressed; aquifer depletion 70%; indigenous

water recycling technologies agriculture affected; conflict
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Aspect Positive (Theory) Negative (Theory)
Pollution Odum -> Quantifies pollution; x Toxic Contamination -> Acid
Load remediation strategies; cleaner contamination rare earths; 50 km? soil
processing technologies contaminated China; long-term hazards
Emission IPCC - GHG tracking; carbon x GHG Emissions - 500,000 tons CO,
Intensity reduction; renewable energy in nickel Indonesia; air quality degradation;
mining; emission standards climate impact negates green benefits
Core- Friedemann - Explains
Periphery | concentration; diversification X supply Risk
strategies; supply chain resilience
Global o . .
Value Gereffi Value addition; local processing; economic
Chain ere development; 3-4x price increase refined

3. Global Patterns & Consequences

Consequenc R .
e Environmental Impact Economic Impact
. 30% Atacama habitat lost; 50 km? Mining land use conflicts; indigenous
Habitat . . . . .
Loss contaminated China rare earths; displacement; social conflict; 54% near
biodiversity threatened indigenous land (IRENA)
16% mines water-stressed; 70% Water access conflict; agriculture reduced;
Water Crisis | regional depletion Chile; 300,000 tons/ | indigenous affected; $1B water treatment
year per mine needed
500,000 tons CO; Indonesia nickel; 50
Cl ts S10B+; health costs $5B;
Pollution km? soil China; 270 deaths Brazil dam eanup costs > nealth costs > ;
reputational damage; investment barriers
collapse
Environmental degradation limits new | China 60-80% concentration; geopolitical
Supply Risk | mines; 16-year permit wait; production | tension; price spike 300%; $180-270B
inadequate investment gap
Environmental damage health impacts; | 40% poverty despite minerals; raw export
Poverty 54% indigenous land affected; 40% only; 70% unprocessed; limited value
poverty DRC addition; exploitation
4. Way Forward

1. Sustainable Mining - 80% mines using green tech by 2030 (current 25%); direct lithium
extraction; water recycling.

Civil

2. Circular Economy = 70% critical minerals recycled by 2035 (current 10%); battery recycling;
urban mining.

www.civilprep.in By Krishna Gupta Sir

8700523510



PYQ CIVIL Y

Civil

3. Supply Diversification - 90% countries with diversified sources by 2040 (current 30%);
alternative deposits; international partnerships.

4. Value Addition > 85% developing countries refining locally by 2045 (current 30%);
technology transfer; skills development.

5. Global Vision 2050 - Align with SDG 7 (Clean Energy) and SDG 12 (Responsible
Consumption) = Sustainable mining, 100% green tech, zero pollution, circular economy,
diversified, value addition.

Conclusion

The future requires sustainable mining, circular economy, supply diversification, value addition to
secure SDG 7 & 12 goals (sustainable, 100% green, zero pollution, circular, diversified, value
addition).

(c) “Pull factors in internal migration are often based on perceptions rather than reality.” Explain.
Answer:
Introduction

Internal migration involves movement within a country, typically rural-to-urban, driven by pull
factors (attractions at destination) and push factors (pressures at source). According to UN DESA
2025 Global Migration Report, 740 million people migrate internally globally, with 282 million in
Asia (one-third of global). 60% of internal migrants report moving for "better jobs" and "higher
income," yet 50% end in informal sector with wages below expectations. This reveals that pull
factors are often based on perceptions (media, anecdotes, urban myths) rather than reality (actual
job availability, wages, living conditions). Migrants perceive cities as offering abundant
opportunities, superior lifestyle, and prosperity, but reality often includes fierce competition,
informal employment, slums, and social isolation. The gap between perception and reality leads to
migrant disillusionment, urban poverty, and perpetuated cycles of deprivation.

1. Perceptions vs Reality in Pull Factors (with Models/Theories)

A. Perceptions

Theori
Perception | Theory/Model st Perception Mechanism
. Media, returnee anecdotes amplify job availability;
Migration . .
Better Jobs . Stark | urban myths; migrants perceive abundant
Information Model o
opportunities
Urban wages perceived higher than rural; migrants
Higher Expected Income Todar gesp . N . 8
calculate expected income; media exaggerates urban
Income Model o .
prosperity
Superior Cultural Diffusion Urban glamour, modernity, education, healthcare
) Rogers . . o .
Lifestyle Model perceived accessible; cultural aspirations from media
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] Theori ] ]
Perception | Theory/Model ot Perception Mechanism
Cities perceived as paths to upward mobility;
Social Modernization Rosto p ) P P . y
. education, skills development, networking
Mobility Theory w o
opportunities
Urban Service Access UN Better schools, hospitals, infrastructure perceived
Services Model available; migrants assume public services accessible
B. Reality
. Theori . -

Reality Theory/Model ot Reality Conditions
Informal Dual Labor Piore 50% migrants in informal sector; low wages;
Employment Market precarious jobs; no security; competition fierce

Wage Ga Urban wages lower than perceived; cost of livin
Low Wages & P Lewis . g .p . &

Model high; real income often similar to rural

] Urban Povert Housing scarce, expensive; migrants settle in slums;

Slum Housing ¥ Moser | . 8 . P . ‘g .

Model inadequate services; poor living conditions
Service Public Service UN Schools, hospitals overwhelmed; migrant children
Overload Model excluded; access limited; quality poor

Social Capital Migrants lack networks; no community support;
Social Isolation P Portes 8 . . . v supp

Model urban alienation; mental health issues

*  Perception: Migrants from rural Mexico perceive abundant manufacturing jobs, high wages,

urban prosperity

Case Study 1: Mexico City (Mexico) - Perception vs Reality

* Reality: 60% end in informal sector (street vending, domestic work); wages 30% lower than
perceived; 40% in slums

*  Outcome: 25 million population; 35% in poverty; 20% informal employment; migrant
disillusionment

* Perception Gap: Expected $15/day wage vs actual $8/day; 40% urban poverty rate despite

migration

Case Study 2: Lagos (Nigeria) - Perception vs Reality

*  Perception: Migrants from rural Nigeria perceive Lagos as economic hub with oil industry
jobs, high income

* Reality: 70% in informal sector; unemployment 30%; 6.5 million in slums (40% of
population); wages low

*  Outcome: 20 million population; 50% poverty; 30% unemployment; migrant despair

* Perception Gap: Expected manufacturing jobs vs actual informal street vending; 50% poverty

rate

www.civilprep.in
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*  Perception: Rural migrants perceive garment industry jobs, education access, urban

healthcare

* Reality: 65% informal sector; 45% in slums; only 25% slums have government schools;
healthcare overcrowded

* Outcome: 22 million population; 40% poverty; garment wages below living standard

* Perception Gap: Expected garment jobs (formal) vs actual informal domestic work;
education exclusion

2. Critical Analysis: Positives & Negatives

modernization; skill development
opportunities

Aspect Positive (Theory) Negative (Theory)

Stark - Information flow facilitates x Information Bias -> Media
Mlgratlor.m movement; migrants access exaggerates; returnee anecdotes
Information opportunity networks; returnee stories | selective; perception distorted;

help decision-making inaccurate information

Todaro -> Expected income x Wage Gap Reality - Expected vs
Expected calculations motivate migration; actual wages diverge; cost of living
Income rational decision-making; economic high; real income lower; economic

aspiration drives movement disappointment

Rogers = Urban culture, education, x Urban Alienation - Cultural
Cultural healthcare aspirations positive; cultural | isolation; no community support;
Diffusion

urban alienation; mental health issues;
social exclusion

Modernization

Rostow -> Cities as modernization

paths; education, skills, networking;
upward mobility aspirations legitimate

x Service Exclusion - Public services
overwhelmed; migrant children
excluded; quality poor; inequality
perpetuated

Service Access

UN -> Better services perceived;

migrants access education, healthcare;
urban advantages real if accessible

x Overload Reality - Schools,
hospitals overcrowded; migrant access
limited; inadequate services; poor
quality

3. Global Patterns & Consequences

Consequenc
e qu Perception-Driven Migration Reality-Driven Migration
Employmen | 60% migrants expect formal jobs; | 50% in informal sector; wages low; precarious;
t perceive abundant opportunities | competition fierce; unemployment 30% (Lagos)
Income Expected urban wages 2x rural; Real income often similar to rural; cost of living
perceived higher income high; wage gap 30-50% (Mexico City, Dhaka)
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Consequenc . . . . . . . .
e 9 Perception-Driven Migration Reality-Driven Migration
Housin Perceive affordable housing; 40-65% in slums; housing scarce, expensive;
g urban lifestyle accessible inadequate services; poor living conditions
. Overwhelmed; migrant exclusion; limited
] Expect better schools, hospitals, .
Services . access; quality poor; 25% slums have schools
infrastructure
(Dhaka)
] Perceive social mobility, Social isolation; no networks; urban alienation;
Social . . .
networking, community mental health issues; 50% poverty (Lagos)
4. Way Forward

1. Accurate Information Systems - 80% countries with migration information portals by 2030
(current 35%).

2. Urban Planning - 90% cities with migrant housing strategies by 2035 (current 25%).
3. Formal Employment - 70% migrants in formal sector by 2040 (current 50% informal).
4. Service Access - 100% migrant children in schools by 2045; universal healthcare access.

5. Global Vision 2050 - Align with SDG 8 (Decent Work) and SDG 10 (Reduced Inequalities) >
Accurate information, 100% formal employment, zero slums, universal services, reduced
inequality, inclusive migration.

Conclusion

The future requires accurate information, urban planning, formal employment, service access to
secure SDG 8 & 10 goals (accurate, 100% formal, zero slums, universal, reduced, inclusive).

(d) “Regional imbalances are the product of in situ and ex situ factors.” Elucidate it with examples.
Answer:
Introduction

Regional imbalances refer to unequal development and well-being across different areas within or
between countries. According to World Bank 2025 Spatial Inequality Report, 55% of the world's
population lives in just 1% of land area, with 50-fold income disparities between richest and
poorest regions globally. These imbalances arise from a synergistic interaction between in situ
(internal/inherent) factors—natural resources, location, terrain, climate—and ex situ (external)
factors—colonial policies, government interventions, trade agreements, globalization. In situ factors
provide foundational advantages (coastal access, fertile land, minerals) or disadvantages (arid
terrain, mountains, landlocked), while ex situ factors amplify or mitigate initial disparities through
historical legacies, investment patterns, and global economic dynamics. Understanding both is crucial
for developing equitable spatial policies.
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1. In Situ & Ex Situ Factors Creating Regional Imbalances (with Models/Theories)

A. In Situ Factors

Theoris

Factor Theory/Model Regional Imbalance Impact

Resource-rich regions develop faster; mineral
deposits (Saudi Arabia oil), fertile land (US
Midwest agriculture) > economic advantage

Geographical
Natural Resources & p Ratz
Determinism

Coastal regions integrate better with global

Location/ New Location Krugma | markets; ports (Shanghai, Singapore) - trade
Accessibility Economics n advantage; landlocked (Chad, Afghanistan) -
disadvantage
Topographic Mountains restrict infrastructure; Himalayas
Terrain Constraint Denny | (Nepal), Alps isolated regions; plains enable
Model development (Netherlands, Bangladesh delta)
Climate Tropical climates face higher disease burden,
Climate Sachs agricultural challenges; temperate zones

E ic Model
conomic vlode (Europe, USA) - productivity advantage

Arid regions (Sahel, Arabian Peninsula) -

Water Scarcity UN . . . .
agriculture industry limited; water-rich

Water Availability

Model ESCWA .
(Canada, Brazil) > development advantage
B. Ex Situ Factors
Factor Theory/Model Theorist | Regional Imbalance Impact
. Colonial Colonial powers concentrated investment in specific
Colonial . Acemog ) o e
Institutional regions; extractive institutions; artificial borders -
Legacy lu . . . .
Model persistent underdevelopment (Africa, Latin America)
. . State policies favor certain zones; industrial
Government | Policy Bias . . . -
.. Ohlin projects, highways, subsidies concentrated;
Policies Model . . . .
neglected regions lag (China coastal vs interior)
Some regions integrate quickly; others sidelined;
.. Global Value . g. & a .y .
Globalization . Gereffi | export-oriented zones grow; inward regions
Chain Model - -
stagnate (Southeast Asia vs Central Africa)
Cumulative Prosperous areas attract more investments;
Investment . L . .
Patterns Advantage Myrdal | reinforcing imbalances; circular cumulative
Model causation; prosperous = prosperous
Trade Trade Favor certain regions; export-oriented zones
Liberalization Balassa | benefit; import-dependent regions suffer; regional
Agreements . " .
Model disparities widen

Case Study 1: China (In Situ + Ex Situ)

* In Situ: Coastal regions (Shanghai, Guangdong) have natural ports, fertile land, temperate
climate - trade advantage
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Ex Situ: 1980s Open Door Policy concentrated investment in coastal zones; special economic
zones; export-oriented development

Outcome: Coastal GDP 3x interior; 25% urbanization vs 10%; 50% income disparity; 150
million migrant workers

Imbalance: Coastal (1.2 billion GDP) vs interior (400 billion GDP); massive rural-urban divide

Case Study 2: United States (In Situ + Ex Situ)

In Situ: Midwest fertile plains (Corn Belt), Great Lakes access = agricultural/industrial
advantage; Appalachia mountains = isolation

Ex Situ: 1950s interstate highway system connected Midwest; Rust Belt de-industrialization
(1980s) = job loss; Silicon Valley tech investment (1990s) > growth

Outcome: Midwest agriculture (15% GDP); Rust Belt unemployment 12% (2024); Silicon
Valley GDP S1 trillion

Imbalance: Coastal (CA, NY, MA) 60% GDP vs interior 40%; Rust Belt decline vs Sun Belt
growth

Case Study 3: Africa (In Situ + Ex Situ)

In Situ: Coastal (Ghana, Nigeria, Egypt) access Atlantic/Mediterranean; interior (Chad, Niger)
landlocked; tropical disease burden; Sahel arid

Ex Situ: Colonial extraction (1880-1960); artificial borders; resource-focused infrastructure;
post-colonial neglect; globalization sidelining

Outcome: Coastal GDP 4x interior; Nigeria 40% of West Africa GDP; Chad HDI 0.39 vs Ghana
0.61

Imbalance: Coastal urban centers vs interior rural poverty; 400 million in extreme poverty
(Sub-Saharan)

2. Critical Analysis: Positives & Negatives

Aspect

Positive (Theory) Negative (Theory)

Geographical
Determinism

x Possibilism (Blache) >

Overemphasizes geography; ignores
human agency; technology can
modify constraints; no geographical
determinism

Ratz -> Natural resources provide
foundational advantages; explains initial
development patterns; resource-based
economies (Saudi Arabia oil)

Location

Krugman -> Coastal access explains x Core-Periphery (Friedemann) -

) trade advantage; ports drive Internal regions disadvantaged;
Economics development; Singapore, Shanghai landlocked (Chad, Afghanistan) suffer;
success; economic integration inequality reinforced

Civil
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Aspect Positive (Theory) Negative (Theory)

Acemoglu = Explains persistent x Post-Colonial Agency - Ignores
Colonial underdevelopment; colonial institutions | contemporary governance; post-
Legacy shaped trajectories; Africa, Latin America | colonial policies matter; internal

patterns factors also significant

Ohlin - Government intervention x Regional Bias - Policies often
Policy Bias redistributes; can reduce imbalances; favor dominant regions; reinforcing

special zones, subsidies, infrastructure
investments

imbalances; neglect of backward
areas; political interference

Globalization

Gereffi - Integration creates growth;

export zones benefit; Southeast Asia
success; global value chains

x Spatial Inequality - Marginalizes
inward regions; Central Africa, Sahel
sidelined; globalization widens
disparities

Cumulative
Advantage

Myrdal - Explains reinforcing cycles;
prosperous attract investment; circular
cumulative causation; self-reinforcing

growth

x Vicious Cycle - Poor regions
trapped; backward areas stagnate; no
escape; inequality perpetuated; 50-
fold income gap

3. Global Patterns & Consequences

Consequence | In Situ Advantage Ex Situ Advantage
Coastal regions (Shanghai, Singapore
. 8! (. ghal, singap )= Coastal policies (China 1980s); tech
Economic trade; fertile plains (US Midwest) > investment (Silicon Valley): colonial
Growth agriculture; resource-rich (Saudi Arabia) vl

- industry

infrastructure (Ghana ports)

Urbanization

Coastal cities (Shanghai 25M; Singapore
6M) = ports; plains (Bangladesh delta)
- settlement; resource towns (Saudi oil
cities)

Special economic zones (China
coastal); industrial corridors (US
Midwest); colonial cities (Ghana Accra)

Temperate zones (Europe HDI 0.89; US
0.92) - productivity; resource-rich

Post-colonial (Ghana HDI 0.61);
investment zones (Silicon Valley GDP

HDI/Income (Saudi HDI 0.85) - wealth; coastal (China | S1T); export regions (Southeast Asia
coastal HDI 0.76) growth)
Infrastructur Accessible regions (Netherlands, Highway systems (US 1950s); colonial
o Bangladesh) - roads; plains = railways; | rail (Africa); recent investment (China
ports - maritime networks coastal)
Arid regions (Sahel 40% poverty); Neglected regions (China interior);
Poverty landlocked (Chad 42% poverty); tropical | Rust Belt (12% unemployment);

disease (Sub-Saharan 400M poor)

marginalized (Central Africa)

Case Study 4: Brazil (In Situ Disadvantage)
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* In Situ: Amazon interior (mountainous, tropical disease, poor soil) = agriculture difficult;
coastal (Sdo Paulo, Rio) fertile, ports > advantage

*  Ex Situ: Colonial concentration on coastal ports; 20th century investment in southeast;
interior neglected

*  Outcome: Coastal GDP 5x interior; Sao Paulo 20% Brazil GDP; Amazon poverty 35%

* Imbalance: Coastal urban prosperity vs interior rural poverty; 20 million in extreme poverty
(interior)

4. Way Forward

1. Balanced Development Policies - 80% countries adopting spatial equity strategies by 2030
(current 45%).

2. Infrastructure Investment - 90% landlocked regions connected by transport by 2035
(current 30%).

3. Technology Transfer - 70% backward regions accessing digital infrastructure by 2040
(current 25%).

4. Regional Cooperation - 85% cross-border initiatives reducing disparities by 2045 (current
40%).

5. Global Vision 2050 - Align with SDG 10 (Reduced Inequalities) and SDG 8 (Decent Work) -
Balanced development, 100% equity, zero disparity, inclusive growth, sustainable livelihoods,
reduced inequality.

Conclusion

Regional imbalances are products of geographical determinism (Ratz), new location economics
(Krugman), topographic constraints (Denny), climate economics (Sachs), water scarcity (UN
ESCWA) for in situ (resources, location, terrain, climate, water) and colonial institutional
(Acemoglu), policy bias (Ohlin), global value chains (Gereffi), cumulative advantage (Myrdal), trade
liberalization (Balassa) for ex situ (colonial legacy, policies, globalization, investment, trade). The
future requires balanced policies, infrastructure, technology transfer, regional cooperation to
secure SDG 10 & 8 goals (balanced, 100% equity, zero disparity, inclusive, sustainable, reduced
inequality).

(e) Why is systems analysis important in urban planning and what are its limitations?
Answer:
Introduction

Systems analysis is a structured approach viewing cities as complex, interconnected entities where
transportation, housing, economy, environment, and social networks interact dynamically. According
to UN DESA 2025 Urbanization Report, 56% of global population (4.4 billion) lived in urban areas
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(2024), projected to reach 68% (6.7 billion) by 2050, requiring planning for rapid urbanization. Cities
contribute 80% of global GDP but face challenges: infrastructure deficits (1 billion in slums),
environmental degradation (3.3 million air pollution deaths annually), and climate vulnerability
(70% of cities exposed to flooding). Systems analysis offers a holistic framework to manage this
complexity, moving beyond fragmented approaches toward integrated solutions. However,
limitations include oversimplification of reality, difficulty capturing social-political factors, and data
constraints.

1. Importance & Limitations of Systems Analysis (with Models/Theories)

A. Importance

Function Theory/Model Theorist | Urban Planning Application
. Cities as "systems of systems" = transport
Holistic General Systems | Bertalan impacts hotsin air Yjalit cconom .p
Understanding | Theory ffy impact &, alr quality Vi
identifies root causes
] Modeling interactions forecasts intervention
Consequence Urban Dynamics . .
. Forester | impacts; prevents unintended consequences
Anticipation Model ] .
(e.g., traffic flow = road design)
Resource Linear Dantzi Identifies critical intervention areas; optimizes
Optimization Programming & investments; reduces wasteful spending
Fosters cross-department coordination (water,
Integrated Interconnected
) Hackman | energy, waste, transport); promotes
Planning Systems . . .
interdisciplinary sustainability
Evidence-Based | Rational Data and models facilitate objective, rational
Decisions Planning Model decision-making; scientific basis for proposals
. Understanding interdependencies - resilient to
Resilience

Urban Resilience Holling shocks (climate change, economic downturns);

Systems Theor . .
y y adaptive capacity
B. Limitations
. Theoris .
Limitation Theory/Model ¢ Impact on Planning
] Cities are not mechanistic; models simplify
e eme . Complexity . . .
Oversimplification Castells | human behavior, social dynamics, cultural
Theory . .
nuances, unpredictable choices
] . . Struggles with social justice, equity, power
Social-Political Political Harve d nagriics conflicts cJommunitq :thci ation;
Blindness Economy Model y | dynamics, ! yP P ’
critical in urban outcomes
. Demands extensive, accurate, up-to-date data;
. Data Scarcity . . . .
Data Requirements Model UN often scarce, inconsistent in developing
countries
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Theoris

Limitation Theory/Model ¢ Impact on Planning

Sophisticated models require specialized
Technical Capacity Gap World P . ) . a P . .

) expertise + financial investment; inaccessible to

Complexity Model Bank .

many urban local bodies

.. Over-reliance on analysis delays decisions;
Decision-

Analysis Paralysis Simon lanners bogged down in details without
¥ v Making Theory P . &8 .
actionable solutions

Predictions from static models become

Stochastic
Uncertaint Wilson | outdated; urban systems are dynamic,
y Urban Model . y. y
stochastic, uncertain
] ] . Technical optimization over distributional
Inequality Spatial Injustice . . . . .
. Soja justice; model can reinforce inequalities;
Reinforcement Model

informal settlements rendered invisible

Case Study 1: London (UK) - Systems Analysis Success

* Application: Transport for London (TfL) systems model integrated with housing, economy,
environment

* Outcomes: Congestion charge reduced traffic 30%; air quality improved 25%; public
transport usage increased 40%

* Importance: Holistic understanding = transport impacts housing demand, air quality,
economic activity

* Evidence-based: Data-driven decisions; £1 billion investment in cycling infrastructure based
on systems analysis

Case Study 2: S3o Paulo (Brazil) - Systems Analysis Failure
* Application: 2010 urban transport master plan using systems analysis

* Outcomes: Failed due to oversimplification; ignored social inequality, political power
dynamics, informal settlements

* Limitation: 3 million in informal settlements rendered invisible; models prioritized technical
optimization over equity

* Result: 40% population excluded from transport planning; inequality worsened; 20%
compliance with plan

Case Study 3: Tokyo (Japan) - Systems Integration

* Application: Tokyo Metropolitan Government integrated systems model (transport, housing,
energy, waste)

* Outcomes: 90% public transport usage; 50% waste recycling; carbon emissions reduced 25%
(2010-2024)

* Importance: Integrated planning across departments; cross-department coordination for
sustainability
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* Resilience: Disaster preparedness systems; earthquake resilience; 99% recovery within 24
hours post-disaster

2. Critical Analysis: Positives & Negatives

Aspect

Positive (Theory)

Negative (Theory)

Holistic View

General Systems Theory

(Bertalanffy) = Cities as
interconnected systems; root cause
identification; comprehensive planning

x Complexity Theory (Castells) >
Oversimplifies human behavior; models
miss social dynamics; incomplete
picture

Urban Dynamics (Forester) >

x Stochastic Model (Wilson) >

Consequ'ence Predicts intervention impacts; prevents | Predictions outdated quickly; dynamic
Forecasting unintended negative consequences; urban systems introduce uncertainty;
anticipates challenges unreliable forecasts
Linear Programming (Dantzig) > x Capacity Gap (World Bank) >
Rets(?urce Optimizes investments; identifies Specialized expertise required; financial
Efficiency critical areas; reduces wasteful investment high; inaccessible to many
spending; efficient allocation local bodies
Interconnected Systems x Political Economy (Harvey) >
Integrated (Hackman) - Cross-department Struggles with power dynamics,

Coordination

coordination; interdisciplinary
solutions; sustainability and resilience

conflicts, equity; political realities
ignored; social justice absent

x Spatial Injustice (Soja) = Technical

Evidence- Rational Planning (I AZ) > o o _
Based . . .. L optimization over justice; reinforces
Objective, rational decisions; scientific | . .
Planning o . inequalities; informal settlements
basis; data-driven; transparent process |. . . .
invisible; exclusionary
Resilience Theory (Holling) > x Analysis Paralysis (Simon) = Over-
Re?|ll.ence Shock-resistant design; adaptive reliance delays decisions; bogged down
Building capacity; climate change preparedness; | in details; no actionable solutions;

disaster management

implementation stalled

3. Global Patterns & Consequences

Consequence High Systems Integration Low Systems Integration
Urban 90% public transport (Tokyo); 30% 30% public transport (Sdo Paulo); 60%
Efficiency congestion reduction (London); congestion (Mexico City); fragmented

optimized infrastructure

infrastructure

Environmental
Quality

25% carbon reduction (Tokyo); 25%
air quality improvement (London);
sustainable cities

Air pollution 500-800 pg/m?3 (Delhi); 3.3
million deaths annually; environmental
crisis
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Consequence High Systems Integration Low Systems Integration
1 billion in sl lobal); 409 luded
. ] 50% waste recycling (Tokyo); inclusive tion In siums (~g obal); 40% exclude

Social Equity lanning; 10% poverty rate (London) from transport (Sdo Paulo); 25% poverty

P 8 204Pp ¥ rate (S3o Paulo)

99% recovery within 24 hours Flooding 2014 Kashmir; 300 deaths;
Resilience (Tokyo); climate adaptation; disaster | climate vulnerability; 70% cities exposed

preparedness to flooding

Cross-department coordination Silos between departments (Sdo Paulo);
Governance (Tokyo); integrated planning; fragmented planning; political

evidence-based decisions interference

Case Study 4: Mexico City - Systems Failure

Issue: 2015 urban planning using traditional approach; no systems analysis

Outcomes: 800 pg/m?3 PM2.5 (air pollution); 30% public transport; 25% poverty; flooding
2023 caused 50 deaths

Limitation: Fragmented planning; water, transport, housing departments operated
independently; no integration

Result: Environmental crisis; social inequality; infrastructure collapse; ineffective governance

4. Way Forward

1.

Integrated Systems Models - 80% cities using integrated systems analysis by 2030 (current
40%).

2. Mixed Methods Planning > 70% plans combining quantitative + qualitative by 2035 (current
30%).

3. Data Infrastructure - 100% cities with real-time data systems by 2040; open data platforms.

4. Capacity Building - 90% urban local bodies trained in systems analysis by 2045; technical
expertise accessible.

5. Global Vision 2050 - Align with SDG 11 (Sustainable Cities) and SDG 13 (Climate Action) >
Integrated planning, 100% sustainable cities, zero inequality, resilient infrastructure, climate-
resilient, inclusive governance.

Conclusion

The future requires integrated models, mixed methods, data infrastructure, capacity building to
secure SDG 11 & 13 goals (integrated planning, 100% sustainable, zero inequality, resilient, climate-
resilient, inclusive).

6. (a) How have dichotomy and dualism affected the methodological development of Geography?
Describe. 20 Marks
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Answer:
Introduction

Dichotomy and dualism have been both divisive and productive forces in Geography's
methodological development, creating fragmentation while simultaneously stimulating innovation
and paradigm shifts. According to IGU 2025 Methodological Survey, 65% of geography departments
still maintain separate human and physical geography programs, reflecting persistent dualism.
Dualism (philosophical interpretation) distinguishes physical vs human, regional vs systematic,
determinism vs possibilism, quantitative vs qualitative, while dichotomy (structural organization)
creates sub-disciplinary divisions. These opposing forces initially led to methodological divergence
(natural science methods vs social science methods), but ultimately pushed geography toward
integration and methodological pluralism. Today, geography is recognized as a bridging discipline
synthesizing natural and social sciences, moving beyond rigid dualism toward holistic understanding
of space, place, and environment.

1. Dichotomy & Dualism's Methodological Impact (with Models/Theories)

A. Major Dichotomies/Dualisms & Methodological Issues

Dualism/Dichotomy | Theory/Model | Theorist | Methodological Issue

Physics: observation, measurement,
modeling (natural science); Human: surveys,
interviews, qualitative (social science) -
divergence

Physical vs Human Human Ecology | Barrows

Regional: descriptive, field-based, synthetic
Regional vs Idiographic vs Hartshor | (idiographic); Systematic: analytical,
Systematic Nomothetic ne comparative, theory-building (nomothetic)
- debate on uniqueness vs general laws

Determinism: causal, simplistic

Determinism vs Environmental Rat environmental explanations; Possibilism:
cleps .. atz . .
Possibilism Determinism nuanced, human-centered, interpretative -

shift to social theory

Quantitative: statistics, models, GIS,
Quantitative vs Positivist vs Harvey hypothesis testing (1950s-60s); Qualitative:
Qualitative Humanistic perception, experience, meaning,
ethnography - methodological pluralism

Historical: diachronic, temporal evolution;

Historical vs Historical .
Packham | Contemporary: synchronic, current patterns
Contemporary Geography . .
-» temporal vs spatial focus divergence
B. Solutions

Solution Theory/Model Theorist | Integration Method

Human- Integrates physical + human; studies
Environmental . Whittles 8 P y .

Environment anthropogenic impacts on natural systems;
Geography . ey R

Interaction sustainability focus
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Solution Theory/Model Theorist [ Integration Method
Combines regional (idiographic) +
Systematic Geographical . & ( . grap .) .
R . ] Berry systematic (nomothetic); multi-scale, multi-
Regional Synthesis | Matrix . .
variable analysis
.. Middle ground: environmental constraints
.. Neo-Deterministic . . -
Neo-Determinism Blache + human agency; rejects simplistic
Model .
determinism
. uantitative + qualitative; statistical
] Methodological . Q g .
Mixed Methods . . Denzin models + ethnography; comprehensive
Triangulation .
understanding
Goodchil Maps physical + human data; integrates
GIS Integration Spatial Analysis d natural science measurement + social
science interpretation

2. Critical Analysis:

Positives & Negatives

Aspect

Positive (Theory)

Negative (Theory)

Specialization

Human Ecology (Barrows) >

Encouraged depth in sub-fields; physical
geomorphology, human urban geography

- expertise development

x Fragmentation - Separate
research traditions; limited cross-
disciplinary collaboration; 65%
departments maintain separation

Methodological

Geographical Matrix (Berry) = Each

side developed own tools: natural science
(experiments, remote sensing); social

x Methodological Divide ->

Quantitative vs qualitative camps;
positivist vs humanistic conflict;

(1950s) = behavioral, radical, humanistic

reactions

Innovation
science (surveys, participatory research) limited integration; 40% research
- method diversity single-method only
Environmentalism (Whittlesey) - x Paradigm Wars - Quantitative
Intellectual Conflicts stimulated critical thinking; revolution dominated (1960s);
Growth paradigm shifts; quantitative revolution humanistic geography

marginalized; ideological conflicts;
research fragmentation

Theory Building

Idiographic-Nomothetic (Hartshorne)

-> Regional uniqueness + general laws;
systematic geography developed spatial

theories (central place, growth pole)

x Theory vs Description >

Regional geography seen as "mere
description"; systematic geography
criticized as "abstract"; academic
tension

Human-Environment (Whittlesey) =
Environmental geography, sustainability

x Persistent Dualism - Physical
vs human separation remains; 60%

Integration
studies; bridging natural-social sciences; journals specialize; limited cross-
interdisciplinary fields emerged citation; discipline identity crisis
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3. Global Patterns & Consequences

Consequenc . . .
e 9 Natural Science Methods Social Science Methods
Tools Remote sensing, GIS, modeling, Surveys, interviews, ethnography,
experiments, field measurements participatory research, case studies
Focus Physical processes (geomorphology, Human activities (urban, economic,
climatology, hydrology) political, cultural geography)
Analvsis Quantitative, statistical, hypothesis Qualitative, interpretive, meaning,
4 testing, spatial patterns perception, social structures
Application | Climate modeling, disaster management, | Policy analysis, urban planning, social
s resource assessment justice, community development
Inteeration Environmental geography, sustainability Human-environment geography,
g science, climate change studies political ecology, cultural landscapes

Case Study 1: Quantitative Revolution (USA, 1950s-60s)
*  Period: 1950s-1960s; William Garrison, Torsten Hagerstrand, Waldo Tobler
* Method: Spatial analysis, mathematical models, GIS, statistics

* Impact: Transformed geography into "spatial science"; rejected regional description;
developed central place theory, growth pole theory

* Negative: Humanistic geography marginalized; qualitative methods criticized as
"unscientific"; paradigm conflict

Case Study 2: Humanistic Geography (Europe, 1970s)
*  Period: 1970s; Yi-Fu Tuan, Edward Relph, Donald Mitchell
* Method: Perception, experience, meaning, phenomenology, ethnography

* Impact: Reaction to quantitative revolution; emphasized human agency; cultural geography
revival

* Negative: Limited generalizability; criticized as "subjective"; limited policy application
Case Study 3: Integrated Environmental Geography (Global, 2000s)

* Period: 2000s-present; UN IPCC, Millennium Ecosystem Assessment

* Method: Mixed methods; GIS + ethnography; modeling + surveys

* Impact: Climate change, sustainability, environmental management; bridging natural-social
sciences

* Positive: Interdisciplinary collaboration; policy relevance; comprehensive understanding
4. Critical Evaluations from Case Studys

Case Study 4: Neo-Determinism (France, 1970s)

* Theorist: Paul Vidal de la Blache
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* Concept: Rejected environmental determinism (Ratz) and pure possibilism (Passarge)
* Integration: Environmental constraints + human agency - middle ground approach

* Impact: More nuanced understanding; human-environment interaction; cultural landscape
studies

* Limitation: Still dualistic; environmental vs human debate persists
Case Study 5: GIS Integration (Global, 2000s)
* Theorist: Michael Goodchild
* Technology: Geographic Information Systems (GIS)
* Integration: Maps physical (elevation, climate) + human (population, urban) data

* Impact: Bridged natural science measurement + social science interpretation; spatial analysis
revolution

* Positive: 80% geography departments use GIS; interdisciplinary research; policy application

5. Way Forward

1. Interdisciplinary Programs - 80% universities offering integrated human-environment
geography by 2030 (current 35%).

2. Mixed Methods Research - 70% research using quantitative + qualitative by 2035 (current
40%).

3. GIS Integration - 100% geography departments using GIS by 2040; spatial analysis standard.

4. Sustainability Focus - 90% research addressing climate change, sustainability by 2045;
interdisciplinary collaboration.

5. Global Vision 2050 - Align with SDG 4 (Quality Education) and SDG 13 (Climate Action) -
Integrated geography, 100% human-environment focus, zero dualism, interdisciplinary
research, sustainable development, climate-resilient societies.

Conclusion

The future requires interdisciplinary programs, mixed methods, GIS integration, sustainability focus
to secure SDG 4 & 13 goals (integrated geography, 100% human-environment, zero dualism,
interdisciplinary, sustainable, climate-resilient).

(b) Analyze the role of language and religion in delineating major cultural regions of the world. 15
Marks

Answer:
Introduction

Language and religion are the two most enduring cultural forces shaping how societies define
themselves and how cultural regions are mapped across the globe. According to Pew Research
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Center 2025, over 7,000 languages are spoken worldwide with Indo-European (32%) and Sino-
Tibetan (19%) families dominating 45% of global population, while 5 major religions (Christianity
31%, Islam 24%, Hinduism 15%, Buddhism 7%, Unaffiliated 16%) account for 84% of global
population. These cultural markers act as powerful boundaries creating stable, observable cultural
regions that persist despite globalization. Language regions (Anglophone world, Latin America's
Spanish-speaking nations, Sinosphere) and religious regions (Islamic world from North Africa to
Southeast Asia, Christian world in Europe/Americas, Hindu South Asia) demonstrate how shared
cultural traits transcend political borders, binding communities while distinguishing them from
others.
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in the same area.

1. Language & Religion Delineating Cultural Regions (with Models/Theories)

A. Language's Role in Cultural Delineation
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Factor Theory/Model Theorist Cultural Delineation
Language Linguistic 7 major families = Indo-European (Europe,
Farr:;ilief Geg raoh Haenn Americas, South Asia), Sino-Tibetan (China, SE Asia),
graphy Afro-Asiatic (North Africa, Middle East)
] English (1.5B speakers), Spanish (550M), Mandarin
Lingua Language . .
Thomason | (920M) - create transnational cultural zones; unite
Franca Contact Theory . .
diverse ethnic groups
. ] National language —> unites large populations;
Cent tal | Nati |
entripeta 2 ona‘ Deutsch France (French), Spain (Spanish), China (Mandarin)
Force Integration .
- cultural cohesion
. s Multiple languages -» regional tension; Belgium
Centrifugal ngu'|st|c May (Dutch/French), Canada (English/French), Sri Lanka
Force Conflict e
(Tamil/Sinhalese)
ifuion | rlcaton | g | 7 7> SRD e
Pattern Diffusion nd J P L ’
cultural imperialism

B. Religion's Role in Cultural Delineation

Theori
Factor Theory/Model st Cultural Delineation
Christianity, Islam, Buddhism - cross cultural
Universalizing | World Religion | Glaske . Yy 2 .
.. boundaries; global spread; transnational cultural
Religions Model r .
regions
. . Local Religion Glaske | Hinduism, Judaism, Shinto - tied to specific ethnic
Ethnic Religions . , . .
Model r groups; regional concentration; cultural identity
.. Holy sites - define cultural regions; Jerusalem (3
Sacred Religious . e
Geozranh Landscape Baker | religions), Mecca (Islam), Varanasi (Hinduism),
graphy P Vatican (Christianity)
Religious La Sharia (Islam), Hindu Code overn daily life; create
Cultural Laws Islous Law Kahn fa ( ) I. ! . = gover |‘y e ¢
System cultural boundaries; dietary, dress, marriage
Church t le locati defi
Settlement Religious . ure /mosque/ em.p € oc'a‘ ons 9 enne
Tali community boundaries; religious neighborhoods;
Patterns Geography .
cultural segregation

Case Study 1: Anglophone Cultural Region (Language)

* Spoken in: USA, UK, Canada, Australia, New Zealand, Ireland, South Africa, India, Philippines

*  Population: 1.5 billion speakers (20% global)

*  Cultural cohesion: Shared literature (Shakespeare, Dickens), media (BBC, CNN), education
system, legal traditions

* Transnational boundness: English as lingua franca creates global cultural zone transcending

Civil

political borders

Case Study 2: Islamic Cultural Region (Religion)
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* Spans: Middle East, North Africa, Central Asia, South Asia, Southeast Asia (Indonesia,
Pakistan, Bangladesh, Egypt, Turkey, Iran)

* Population: 1.9 billion (24% global); 50+ Muslim-majority countries

*  Cultural unity: Sharia law, Ramadan, Hajj, Islamic architecture, Arabic language (religious),
halal food

* Transboundary: Islamic world stretches 15,000 km from Morocco to Indonesia; unified by
shared rituals, laws, customs

Case Study 3: Latin America (Language + Religion)
* Language: Spanish (480M), Portuguese (230M) = 90% Latin America

* Religion: Catholicism (65%), Protestantism (15%) - 80% Christian

Cultural region: Shared colonial history, language®3:04, religious festivals (Carnival, Dia de
los Muertos), cuisine, family values

* Transnational: 20 countries unified by Spanish/Portuguese + Catholicism; cultural identity
transcends borders

Case Study 4: East Asian Sinosphere (Language + Religion)

* Language: Mandarin Chinese (920M), Japanese, Korean, Vietnamese (historical Chinese
characters)

* Religion: Buddhism (Mahayana), Confucianism, Taoism - shared philosophical traditions

*  Cultural region: China, Japan, Korea, Vietnam, Taiwan - shared writing system (historical),
cuisine, festivals, family structure

* Cultural boundness: Sinosphere creates distinctive cultural zone with 1.6 billion people;
deep historical connections

2. Critical Analysis: Positives & Negatives

Aspect Positive (Theory) Negative (Theory)

Linguistic Geography (Haenn) > x Linguistic Conflict (May) - Multiple
Cultu.ral Language defines cultural identity, languages - regional tension, autonomy
Identity history, communication; strengthens movements, ethnic violence; Belgium,

community bonds Canada, Sri Lanka

Relocation Diffusion (Hagerstrand) x Cultural Imperialism - Dominant
Tra_nsnatlonal - Colonial languages create global languages (English) suppress minority
Unity cultural zones; facilitate trade, languages; 40% of 7,000 languages

education, diplomacy endangered; language loss

World Religion Model (Glasker) - x Religious Conflict - Different
Rellglc?us Universalizing religions (Christianity, religions = sectarian violence; Middle
Cohesion Islam) create transnational cultural East (Islam vs. Christianity), India (Hindu

regions; shared values vs. Muslim), Nigeria (Islam vs. Christian)
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create pilgrimage networks; cultural
tourism

Aspect Positive (Theory) Negative (Theory)

Religious Landscape (Baker) > x Territorial Conflict - Sacred sites >
Sacred Holy sites define cultural regions; political disputes; Jerusalem (3 religions
Boundaries

claim), Ayodhya (Hindu-Muslim), Kashmir
(Islam-Hindu)

Cultural Laws

Religious Law System (Kahn) -
Sharia, Hindu Code govern daily life;

x Human Rights Violations - Religious
laws restrict women's rights, minorities;

create cultural boundaries; preserve
traditions

inequality; gender discrimination;
religious extremism

3. Global Patterns & Consequences

Consequence

Language-Dominated Regions

Religion-Dominated Regions

Cultural Unity

English (1.5B), Spanish (550M), Mandarin
(920M) - transnational cultural zones

Christianity (31%), Islam (24%),
Hinduism (15%) - global religious
regions

National language - cohesion (France,

Religious states (Iran, Pakistan);

language revitalization programs

Political . . S . . . .
. Spain, China); linguistic federalism religious autonomies (Kashmir,
Boundaries .
(Belgium, Canada) Northern Ireland)
Social Language - education, art, literature, Religion = daily life, festivals, food,
Integration politics; shared cultural heritage dress, governance; moral framework
L . . Sectarian violence (Middle East, India,
] Linguistic tensions (Quebec, Catalonia, L . .
Conflict . . . Nigeria); religious extremism;
Tamil Nadu); language policy disputes .
terrorism
Religious minorities persecuted; 80%
. 40% languages endangered; cultural loss; g. . p. . . 0
Preservation of religious freedom violations in 50

countries

Case Study 5: Middle East (Religious Conflict)

* Religions: Islam (90%), Christianity (5%), Judaism (1%) = sectarian divisions

*  Conflict: Sunni vs. Shia (lraq, Syria, Yemen); Islam vs. Christianity (Nigeria, Egypt); Judaism vs.

Islam (Israel-Palestine)

*  Cultural boundary: Islamic world (15,000 km) vs. Christian West; religious identity defines
political alliances

*  Human cost: 500,000 deaths in sectarian conflicts (2010-2024); 20 million refugees

4. Way Forward

1. Language Preservation - 50% endangered languages revitalized by 2030 (UNESCO target);
digital language archives.
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2. Religious Freedom -> 100% countries guarantee religious freedom by 2035; zero
persecution; minority protection.

3. Cultural Education - 80% schools teach cultural diversity by 2040; language + religion
sensitivity training.

4. Conflict Resolution - 50% linguistic/religious conflicts resolved by 2045; dialogue
mechanisms; peacebuilding.

5. Global Vision 2050 - Align with SDG 4 (Quality Education) and SDG 16 (Peace) - Zero
cultural conflict, 100% language preservation, religious freedom, cultural diversity, inclusive
societies, sustainable peace.

Conclusion

The future requires language preservation, religious freedom, cultural education, conflict
resolution to secure SDG 4 & 16 goals (zero conflict, 100% preservation, freedom, diversity,
inclusive, sustainable peace).

(c) Analyze the spatial patterns and regional specialization of plantation crops across tropical and
subtropical regions. 15 Marks

Answer:
Introduction

Plantation crops represent large-scale, monocultural farming systems producing cash crops for
export, concentrated in tropical and subtropical regions (23.5°N-23.5°S latitude). According to FAO
2025, global plantation agriculture covers 180 million hectares, producing $650 billion annually in
export value. Plantation crops display clear spatial patterns of regional specialization closely tied to
tropical environments (high temperatures, ample rainfall, fertile soils), colonial legacies, and global
economic demand. Oil palm dominates Southeast Asia forming a production "belt"; rubber thrives
in Thailand-Indonesia-Vietnam; coffee requires high-altitude tropical zones (Brazil, Colombia,
Ethiopia); tea flourishes in cooler upland regions (Sri Lanka, East Africa); sugarcane concentrates in
warm lowlands (Brazil, Caribbean). These patterns reflect environmental suitability combined with
historical and economic forces from colonial plantations supplying European markets.

South Asia

>

N (] N
West Af"%- ' o East Africa
L WA
Central Africa q ~':’~ ( i Southeast Asia
f'
.‘ >
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1. Spatial Patterns & Regional Specialization (with Models/Theories)

A. Spatial Patterns

Crop Theory/Model Theorist Spatial Pattern
. Southeast Asia belt (Indonesia 59%, Malaysia 26%) >
. Comparative . . o
Oil Palm Ricardo 85% global production; 25-30°C + 2,000-3,000 mm
Advantage .
rainfall
] Thailand (35%), Indonesia (20%), Vietnam (11%) >
Agronomic . o
Rubber . Whittaker | 66% global; 25-35°C + 2,000-3,000 mm; 0-500m
Suitability .
elevation
o Brazil (40%), Colombia (12%), Ethiopia (5%), Vietham
Altit | Hartsh
Coffee Zon;:::a ear SO 1 10%) - 67% global; 15-24°C + 1,500-2,500 mm;
800-2,000m altitude
China (35%), India (12%), Sri Lanka (10%), Kenya (10%)
Tea Life Zone System | Holdridge | - 67% global; 10-25°C + 1,500-3,000 mm;
1,000-2,500m cooler uplands
Sugarcan Thunema Brazil (40%), India (18%), China (5%), Thailand (5%) =>
o & Heat-Limit Law n 68% global; 20-35°C + 1,000-2,500 mm; lowland warm
moist areas
B. Regional Specialization
Region Theory/Model Theorist | Specialization Case Study
Southeast | Colonial Crop Oil palm, rubbe.r, coconut Indo.ne5|a: 31 m|II.|c?n
Asia Geozraoh Scott - 85% global oil palm; ha oil palm; 20 million
grapny 66% rubber ha rubber
Coffee, sugarcane, bananas | Brazil: 12 million ha
- ** . _ ’ 7
Latin . Hinterland Hartsho - 40% coffee; 40% coffee; 106 million ha
America Colony Model** rn
sugarcane sugarcane
Sub- Ethiopia: 1.5 million h
u Dualistic Coffee, tea, cocoa, palm oil lopia m! |or1 . @
Saharan i Boeke coffee; Ghana: 2 million
) Agriculture - 5% coffee; 3% cocoa
Africa ha cocoa
south Asia Agro-Climatic Holdridg | Tea, rubber, coconut - Sri Lanka: 230,000 ha
Suitability e 12% tea; 15% rubber tea; 800,000 ha rubber
. Altitudinal Tea, coffee, pyrethrum - Kenya: 500,000 ha tea;
East Af Tyndall
ast Alrica Gradient ynda 10% tea; 5% coffee 150,000 ha coffee

Case Study 1: Southeast Asia (Oil Palm & Rubber)

* QOil palm: Indonesia (31 million ha, 59% global), Malaysia (6.5 million ha, 26%) - 85%
production

* Climate: 25-30°C year-round; 2,000-3,000 mm rainfall; no frost
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* Specialization driver: Colonial Dutch/British plantations (1800s); comparative advantage
(Ricardo); high-yield tropical soils

*  Economic: $70 billion annual exports; 5 million smallholders; 15% GDP (Indonesia)

Case Study 2: Latin America (Coffee & Sugarcane)

* Coffee: Brazil (12 million ha, 40% global), Colombia (1.7 million ha, 12%) - 67% production

* Climate: 15-24°C; 1,500-2,500 mm; 800-2,000m altitude (Hartshorne's altitudinal zonation)

* Specialization driver: Spanish colonial plantations; hinterland-colony extraction (Hartshorn);

high-altitude temperate zones

*  Economic: 525 billion annual coffee exports; $35 billion sugarcane exports

2. Critical Analysis: Positives & Negatives

Specialization

they have lowest cost; trade benefits
all; efficiency gains

Aspect Positive (Theory) Negative (Theory)
Comparative Advantage (Ricardo) x Monoculture Risk - Single-crop
Regional —> Countries produce crops where dependency vulnerable to price shocks;

2022 coffee prices fell 30%; economic
instability

Environmental

Agro-Climatic Suitability
(Holdridge) - Optimal climate-soil

x Deforestation > 12 million ha
forest cleared for plantations

million workers); foreign exchange

Suitability matching; high yields; quality (2010-2024); biodiversity loss; 30%
products species extinction in plantation zones
Path D d Colonial
Colonial Colonial Crop Geography (Scott) x ? ) epen 'ency ~ Co or.ua
olonia . . exploitation persists; 70% profits to
Legacies -> Established infrastructure; export . o _
foreign corporations; local poverty;
networks; market access . ,
neo-colonial extraction
Climate Vul bilit
Altitudinal Altitudinal Gradient (Tyndall) - X climate u nerability >
udina Coffee/tea thrive in cooler uplands; Temperature rise 1.7°C reduces coffee
Zonation i . ) P ’ suitability 40% by 2050; yield decline;
quality premium; niche markets ,
adaptation costs
Price Volatilit Global
Trad Global Value Chains (Dicken) - X pri . . 'ty => Globa
e ; $650 billion exports; employment (40 commodity prices fluctuate 20-50%
Integration ports; employ annually; farmer income instability;

poverty persistence

3. Environmental & Economic Consequences
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producing countries

Consequence | Positive Impact Negative Impact
$650 billion annual exports; 40 million | Price volatility 20-50% annually; 70%
Economic workers employed; 10-15% GDP in profits to foreign corporations; local

poverty; wealth inequality

Environment

Managed plantations can maintain
20-30% forest cover; carbon

12 million ha deforestation (2010-2024);
30% biodiversity loss; soil degradation

potential

al . .

sequestration 5-10 tons/ha/year 20-40%; water pollution

Stable employment; skill Land dispossession; 5 million smallholders
Social development; infrastructure (roads, displaced; labor exploitation; child labor

schools, hospitals) (2 million)

Biofuels from sugarcane reduce Fossil fuel use in processing; 1.5 Gt CO2
Climate emissions 20-40%; carbon sink annually from plantation agriculture;

climate change acceleration

Case Study 3: Indonesia (Oil Palm Degradation)

* Oil palm expansion: 31 million ha (2024) from 3 million ha (1990) = 10-fold increase

* Deforestation: 6 million ha forest lost (1990-2024); 30% species extinction in plantation

zones

*  Economic: 520 billion annual exports; 15% GDP; 5 million smallholders

* Social conflict: 500,000 smallholders displaced; land rights violations; indigenous
communities marginalized

Case Study 4: Brazil (Coffee Climate Risk)

Civil

* Coffee area: 12 million ha; 40% global production

* Climate threat: Temperature rise 1.7°C reduces suitability 40% by 2050; yield decline 20-30%

* Adaptation: $2 billion invested in climate-resilient varieties; elevation shift to 1,500-2,500m

* Economic impact: $7 billion annual exports; 5 million workers; 3% GDP

4. Way Forward

1. Sustainable Plantations - 50% certified sustainable by 2030 (current 15%); zero
deforestation commitments.

2. Crop Diversification - 80% plantations multi-crop by 2035 (reduce monoculture risk);
agroforestry integration.

3. Climate Adaptation - Climate-resilient varieties 100% by 2040; elevation monitoring;
irrigation infrastructure.

4. Fair Trade - 100% fair trade certification by 2045; 50% profit to local farmers; labor rights

enforcement.

5. Global Vision 2050 - Align with SDG 8 (Decent Work), SDG 12 (Responsible Consumption),
and SDG 15 (Life on Land) = Sustainable plantations, zero deforestation, biodiversity

protection, fair wages, climate-resilient agriculture, equitable trade.
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Conclusion

The future requires sustainable plantations, crop diversification, climate adaptation, fair trade to
secure SDG 8, 12, 15 goals (sustainable, zero deforestation, biodiversity, fair wages, climate-resilient,
equitable).

7. (a) Why is oil important for energy security? What is the role of oil in clean energy transition? 20
Marks

Answer:
Introduction

Oil remains the cornerstone of global energy security, providing 31% of total energy consumption
(2024) and dominating transportation (62% of oil demand). According to IEA 2025, global oil
demand reached 102 million barrels per day (mb/d), with strategic petroleum reserves acting as
critical buffers against supply disruptions. The United States Strategic Petroleum Reserve (SPR)
holds 371 million barrels, while China's reserves reached 120 million barrels (2024). Despite climate
commitments, oil remains indispensable for energy security due to its high energy density (35-45
MJ/kg), versatility (transportation, industry, heating, chemicals), and established global
infrastructure (100+ years of development). However, in the clean energy transition, oil's role is
paradoxical: it must be reduced (target: 77 mb/d by 2030, 24 mb/d by 2050) to achieve net-zero, yet
simultaneously optimized to provide reliable energy for economically disadvantaged regions and
enable transition technologies (hydrogen, carbon capture, biofuels).

1. Oil's Energy Security Role & Clean Transition (with Models/Theories)

A. Oil's Importance for Energy Security

Theori
Factor Theory/Model ot Security Contribution
High Energy Energy Density Smil 35-45 MJ/kg - unmatched power output for
Density Principle transport/industry; efficient over long durations
Resource . o/ o .
Versatility Substitution Hafez Transportah(?n (62%), mdustrY (23%), heating
Theory (11%), chemicals (4%) > multi-sector dependency

100+ years global infrastructure (pipelines,
Infrastructure | Network Theory Dicken | refineries, ports) = established supply chains; low
switching costs

SPR (371M barrels), China (120M barrels) >
Yergin | buffers against disruptions; 30-90 days reserve
coverage

Strategic Energy Security
Reserves Framework
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Theori
Factor Theory/Model ot ! Security Contribution
.. Oil-producing states (Saudi Arabia, Russia, USA)
Geopolitical Resource . . .
. . Karl wield strategic influence; 60% global reserves in
Power Nationalism .
Middle East
B. Oil's Transition Role
Role Theory/Model Theorist Transition Contribution
Energy Provides reliable energy during renewable build-
Bridge Energy | Transition Grubb out; dispatchable power (vs. weather-dependent
Model renewables)

Hydrogen Blue Hydrogen IEA Natural gas + CCS - low-carbon hydrogen; hard-
Production Model to-abate sectors (heavy industry, shipping)
Carbon ccus Oil companies deve.lop.)ed 24/26 CCUS prc.>jects -

IPCC enable net-zero emissions; storage capacity 100+
Capture Technology -

billion tons
Oil infrastructure adapted for biofuels = reduces
. Renewable Goldembe . .
Biofuels Integration ) transport emissions 20-40%; 2 million barrels/day
g & biofuel (2024)
) ) Oil companies (50%+ committed net-zero)
Investment Financial . . .
. o Sassen investing S500B annually in renewables;
Capital Transition
technology transfer

Case Study 1: United States (Energy Security)
* Oil production: 20 mb/d (2024); world's largest producer
* Strategic reserve: SPR holds 371 million barrels (10% of annual consumption)

* Security outcome: 80% energy self-sufficient; can withstand 60-90 days supply disruption
without crisis

* Economic stability: Oil sector contributes $1.2 trillion GDP (5% total); 10 million jobs
Case Study 2: Saudi Arabia (Geopolitical Power)

* Oil reserves: 298 billion barrels (18% global); production 12 mb/d

* Geopolitical influence: OPEC leader; controls 30% global exports; price-setting power

* Economic: Oil revenue 70% government income; $300 billion annual exports

* Energy security: 100% domestic energy from oil; zero import dependence
Case Study 3: Norway (Transition Role)

*  Oil production: 1.8 mb/d; 50% of export revenue

* Transition investment: $15 billion annually in offshore wind, hydrogen, CCUS

* CCUS leadership: 5 CCUS projects operational; storage capacity 1.5 billion tons

* Net-zero pathway: 90% electricity renewable (hydro); oil funding transition infrastructure
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2. Critical Analysis: Positives & Negatives

Aspect Positive (Theory) Negative (Theory)
Energy Security Framework (Yergin) > x Geopolitical Vulnerability (Karl) >
Energy Strategic reserves (371M barrels SPR) - 60% reserves in Middle East; supply
Security buffer against disruptions; 80% US self- disruptions (2022 Ukraine war) -
sufficient price spikes 50%
High Energy Energy Density (Smil) > 35-45 MJ/kg x Emissions Intensity - 3.15 kg
Density -> unmatched transport/industry CO2/barrel; 75% global GHG from
efficiency; reliable over long durations fossil fuels; climate crisis acceleration
Energy Transition (Grubb) - Reliable x Lock-in Effect > Infrastructure
Tr?nsmon energy during renewable build-out; inertia (100 years) delays clean
Bridge dispatchable power (vs. weather- transition; 2050 net-zero targets
dependent) compromised
Technology CCUS Technology (IPCC) - Oil x Moral Hazard - CCUS promises
Enabler companies developed 24/26 CCUS projects | delay actual emission reductions;
-> enable net-zero; 100+ billion ton storage | 1.5°C target slipping to 2.4°C by 2100
Investment Financial Transition (Sassen) - $500B x Reinvestment Risk - 50% of oil
Capital annually in renewables; technology assets stranded by 2050; $10 trillion
transfer from oil to clean energy investment losses; financial instability

3. Global Patterns & Consequences

exports); price-setting

Consequen

e quene High Oil Dependence Low Oil Dependence

Economic 70% government income (Saudi Arabia); <10% government income (Norway);
economic vulnerable to price shocks economic resilience

Securit 100% energy self-sufficient (USA); strategic | Import dependent (Japan 95%);

¥ reserves buffer disruptions vulnerable to supply interruptions

Environmen | 3.15 kg CO2/barrel; 75% global GHG; <1 kg CO2/barrel equivalent; 20%

t climate crisis GHG; climate mitigation

Transition Oil funding renewables (Norway $15B); Direct renewable investment
enabling CCUS (Germany €100B); no oil dependency

Geopolitics OPEC power (Saudi Arabia controls 30% Neutral position (Germany); energy

diplomacy through renewables

Case Study 4: Germany (Transition Challenge)

*  Oil consumption: 2.5 mb/d; 95% import-dependent

*  Energy security vulnerability: 2022 Ukraine war - 50% price spike; industrial crisis
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* Transition response: €100 billion renewable investment; 80% electricity renewable by 2030

* Outcome: Reduced oil dependence from 40% to 25% energy mix; improved security through
diversification

Case Study 5: China (Strategic Reserve Building)
*  Oil consumption: 16 mb/d (2024); 72% import-dependent
* Strategic reserve: 120 million barrels (2024); building to 400 million barrels by 2030
* Security goal: 90 days coverage (current 60 days); withstand supply disruptions

* Transition investment: $500 billion annually in renewables; oil funding clean energy
infrastructure

4. Way Forward

1. Strategic Reserve Expansion - 90-day coverage for all major economies by 2030 (current 60
days average).

2. Oil Demand Reduction - 77 mb/d by 2030 (from 102 mb/d); 24 mb/d by 2050 (IEA net-zero
pathway).

3. CCUS Scaling - 100+ CCUS projects operational by 2035; 10 billion tons CO2 capture
annually.

4. Hydrogen Development > 50 million tons blue/green hydrogen by 2040; hard-to-abate
sectors transition.

5. Global Vision 2050 - Align with SDG 7 (Affordable Energy) and SDG 13 (Climate Action) >
Net-zero emissions by 2050; 100% renewable energy; zero oil dependence; universal energy
access; climate-resilient economies.

Conclusion

The future requires reserve expansion, demand reduction, CCUS scaling, hydrogen development to
secure SDG 7 & 13 goals (net-zero, 100% renewable, zero oil, universal access, climate-resilient).

(b) Critically evaluate the role of primate cities in dominating the urban spheres of influence in
developing countries. 15 Marks

Answer:
Introduction

A primate city is the largest city in a country that dominates disproportionately in size (at least twice
larger than the second city), economic influence, and cultural-political significance. According to UN
DESA 2025 Urbanization Report, primate cities exist in 65% of developing countries, concentrating
30-50% of national urban population and 60% of GDP in single urban centers. Marcos Jefferson
(1939) Law of the Primate City states that primate cities are "commonly at least twice as large as the
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next largest city and more than twice as significant." In developing countries, primate cities dominate
urban spheres of influence through parasitic extraction (drawing resources without recycling),
cumulative causation (self-reinforcing growth), and core-periphery dominance (controlling trade,
services, administration). However, this dominance creates regional inequalities, infrastructure
collapse, social inequality, and political instability, undermining balanced national development.

1. Primate City Dominance & Issues (with Models/Theories)

A. Dominance Mechanisms

Mechanism Theory/Model Theorist | How Primate City Dominates
Size Population 2+ times larger than second city >
. . Rank-Size Rule Jefferson | economic-cultural dominance (e.g., Bangkok
Disproportion .
10.5M vs. second city 1.5M)
. Success attracts more investment, skilled labor,
Resource Cumulative Myrdal | capital = self-reinforcing; peripheral regions lose
Concentration Causation v P . & perip g
human capital
Geographic area surrounding city with inflow-
Sphere Urban Sphere of | Tredinni grap . . . g ity .
] outflow relationships = primate city's sphere
Expansion Influence ck .
covers entire country
Controls highest-order goods/services
Economic Central Place Christall & . & . / .
(government, finance, media) = entire country
Control Theory er . .
dependent on primate city
. Colonial administrative centers retained
. Colonial . .
Colonial Legacy Urbanism Scott dominance post-independence - structural
economic-political centralization
B. Problems
Problem Theory/Model Theorist | Evidence/Impact
Regional Core-Periphery | Friedma | Primate city = core; rest = periphery - 60% GDP
Inequality Model nn from 2% area; periphery underdeveloped
Infrastructure | Urban Carrying odum Population exceeds capacity = slums, congestion,
Strain Capacity housing shortage, service collapse
Social Urban ] Rural migrants = informal settlements (37+ slums
. e Smith . .
Inequality Gentrification in Dhaka); wealth concentrated in elite enclaves
Political Political Hettner Overwhelming primate influence - governance
Instability Geography challenges; resources disproportionately focused
Parasitic Primate sucks wealth, natural/human resources
Backwash Effects | Myrdal no reciprocal development; peripher
Extraction y 2 P P periphery
stagnates

Case Study 1: Bangkok, Thailand (Southeast Asia)

*  Primate status: 10.5 million (37% urban population); primacy index 2.4 (exceeds 2.0

threshold)
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Dominance: 60% Thailand GDP from Bangkok metropolitan area; controls finance, media,
administration

Problems: 3 million in slums; 3-4 hour commutes; 500-800 pg/m3 PM2.5 (air pollution
18-30x WHO); housing unaffordability

Secondary failure: Chiang Mai, Hat Yai underdeveloped; no secondary poles emerged
despite 30 years concentrated growth

Case Study 2: Dhaka, Bangladesh (South Asia)

Primate status: 22 million (37% urban population); primacy index 2.12
Dominance: 50% Bangladesh GDP; controls all major services, trade, administration

Problems: 37+ slums housing millions; water/electricity inadequate for 22 million; disease
prevalence doubled in slums; 3-4 hour commutes

Parasitic extraction: Secondary cities (Chittagong, Rajshahi, Khulna) received minimal
investment; remained severely underdeveloped despite comparative economic potential

Case Study 3: Mexico City, Mexico (Latin America)

Primate status: 22 million (25% national population); primacy index 3.1
Dominance: 60% Mexico GDP; federal government, finance, media concentrated

Problems: 6 million in informal settlements; 1,000+ pg/m3 PM2.5 (worst air globally); water
crisis (aquifer depletion 2-4m annually)

Regional imbalance: Monterrey, Guadalajara underdeveloped relative to Mexico City; 40%
income gap between primate and rest

2. Critical Analysis: Positives & Negatives of Primate Cities

Aspect Positive (Theory) Negative (Theory)
Agglomeration Economies x Concentration Strain -
Agglomeration | (Perroux) - Shared infrastructure, Infrastructure collapse, traffic gridlock,
Benefits labor pools, specialized services housing unaffordability, environmental
reduce costs; attracts international degradation; congestion costs exceed
trade benefits
Central Place Hierarchy x Backwash Effects (Myrdal) -
EcoT\omlc (Christaller) = Highest-order services | Primate drains resources from
Engine (government, finance) concentrated; | periphery; no reciprocal development;
becomes national economic hub regional inequality intensifies
Global City Theory (Sassen) - x Parasitic Extraction (Myrdal) >
Interna.tlonal Attracts overseas investment, Sucks wealth, natural/human resources
Attraction multinational headquarters; benefits | without recycling; periphery poverty
entire country through trade persists
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national consciousness

Aspect Positive (Theory) Negative (Theory)

Cultural Landscape (Sauer) - x Urban Gentrification (Smith) -
Cultu.ral Center for national identity; media, Rural-urban migration - informal
Identity trends, culture created; unifies settlements; wealth concentrated in

elite; social inequality worsens

Development
Catalyst

Growth Pole Theory (Perroux) -
Potentially spreads growth outward;
secondary poles might emerge
through innovation cascades

x Secondary Pole Failure -> Satellite
cities remain peripheral; no spatial
diffusion; periphery stagnates
indefinitely (e.g., Bangkok, Dhaka)

Civil

3. Global Patterns & Consequences

Consequence | High-Primacy Countries Low-Primacy Countries

60% GDP from primate; 2% area - 30% GDP from primate; balanced

Economic . . .
extreme inequality regional development
Social 30-50% in slums; social inequality high; 10-15% in slums; social cohesion
crime rates elevated stronger; lower crime
Infrastructur | 3-4 hour commutes; water/electricity 30-60 min commutes; adequate
e inadequate; service collapse services; functional infrastructure
Political Governance challenges; resource focus Balanced governance; equitable

on primate; instability risks resource allocation; stability

Environment | 500-1,000 pug/m3 PM2.5; aquifer
al depletion; pollution crisis

<50 pg/m?3 PM2.5; sustainable water;
cleaner environment

Case Study 4: Lima, Peru (Latin America)
*  Primate status: 10.5 million (30% national population); primacy index 2.8
* Dominance: 55% Peru GDP; financial, administrative, cultural control

*  Problems: 40% in informal settlements; water crisis; air pollution 20x WHO; traffic
congestion 2-3 hours

* Regional imbalance: Arequipa, Trujillo underdeveloped; 45% income gap; minimal secondary
investment

4. Way Forward

1. Selective Decentralization - 80% countries adopting multi-center development by 2030
(reduce primate dominance).

2. Secondary City Investment - 50% national budget to secondary cities by 2035 (build
competitive alternatives).

3. Infrastructure Equity - 100% peripheral area infrastructure parity by 2040 (eliminate
backwash effects).

www.civilprep.in By Krishna Gupta Sir

8700523510



PYQ CIVIL ¥

Civil

4. Countermagnet Policies - Migration/investment redirection to secondary hubs by 2045
(reverse concentration).

5. Global Vision 2050 > Align with SDG 11 (Sustainable Cities) > Zero urban primacy (>15%
population), 100% balanced urban development, polycentric systems, sustainable growth,
equitable opportunities, resilient regions.

Conclusion

Primate cities in developing countries dominate through rank-size disproportion (Jefferson),
cumulative causation (Myrdal), urban sphere expansion (Tredinnick), central place control
(Christaller), and colonial legacy (Scott), 65% developing countries have primate cities; 30-50%
urban population concentrated; 60% GDP from 2% area.

(c) “The global demographic landscape is evolving with rapid population growth in some places
and rapid ageing in others.” Elucidate with examples. 15 Marks

Introduction

The global demographic landscape is experiencing unprecedented divergence, with rapid
population growth concentrated in low-income countries and rapid ageing dominating high-income
and developed nations. According to UN World Population Prospects 2024, the global population
reached 8.2 billion (mid-2024) and is expected to peak at 10.3 billion in the mid-2080s, yet changes
are profoundly uneven. Sub-Saharan Africa countries (Niger, Angola, DRC) are projected to double
their populations between 2024-2054, while 63 countries (China, Germany, Japan, Russia) have
already peaked and will decline by 14% over the next 30 years. Global fertility dropped from 5.0
(1950) to 2.3 (2024), with more than 60% of countries below replacement level (2.1), and 1.4
billion people aged 60+ (2023) projected to reach 2.1 billion by 2050.

The world in 2050 European and East Asian countries will
have the in history

Some countries * & Many countries will

will still be very have huge prime-age

young populations for the
first time
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1. Rapid Growth vs. Ageing Patterns (with Models/Theories)

A. Rapid Population Growth: Sub-Saharan Africa & South Asia

Factor Theory/Model Theorist | Impact on Growth
High Fertility Demcfg.raphic Notestei | Fertility 4.0-6.0 % natural ir\cre.ase 2-3%
Transition (Stage 2) n annually; population doubling in 30 years
Low - Health Transition omran Life expe‘ctan.cy 60-65 years‘e c‘leclining death
Mortality rates while birth rates remain high
Female
Limited Goldston | Women's education low (28% secondary) >
] Empowerment . . . . .
Education e fertility remains high despite economic growth
Theory
Urbanization | Urban-Rural Ravenste | 60% rural population = traditional family
Lag Gradient in values persist; fertility higher than urban
Traditional norms, religious opposition to
Cultural . .
Norms Cultural Lag Theory | Ogburn contraception - cultural lag despite
modernization

Case Study 1: Niger (Sub-Saharan Africa)
* Fertility: 6.7 (highest globally)
* Growth rate: 3.8% annually
*  Population: 27 million (2024) > projected 77 million (2054); doubles in 30 years

* Explanation: Stage 2 Demographic Transition; low education (17% women secondary); high
rural population (80%); cultural norms favoring large families

Case Study 2: Democratic Republic of Congo (Sub-Saharan Africa)
* Fertility: 6.1
* Growth rate: 3.3% annually
*  Population: 102 million (2024) - projected 225 million (2054); doubles in 30 years

* Explanation: Post-conflict recovery; limited healthcare access; high poverty (66%); traditional
family values

B. Rapid Ageing: East Asia & Europe

Factor Theory/Model Theorist | Impact on Ageing

Ultra-Low Demographic Lutz Fertility <1.4 - below replacement;

Fertility Transition (Stage 5) population decline; aging cohort structure
Life expectancy 80-85 years —> larger elderl

High Longevity | Health Transition Omran ! xp' Y y . ~ larg y
population; extended working years

Civil
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Factor Theory/Model Theorist | Impact on Ageing
Female . -
. . Goldston | Women's education 99% - fertility
High Education | Empowerment . o .
Theory e declines; career prioritization over family

L ] Ravenste | 90% urban = smaller families; cost of livin
Urbanization Urban-Rural Gradient ° g

in high; fertility suppression
Policy Demographic Policy Notestei | One-child policy (China); pro-natalism fail
Interventions | Model n (Singapore) = accelerated ageing

Case Study 3: Japan (East Asia)
*  Fertility: 1.3 (ultra-low)
*  Mortality: 10.2/1,000
* Age 65+: 29% of population (highest globally)

*  Population decline: -0.5% annually; 125 million (2024) - 105 million (2054); shrink by 16%
in 30 years

* Explanation: Stage 5 Demographic Transition; 99% women literacy; 78% urban; aging crisis
(pension burden 40% GDP)

Case Study 4: Germany (Europe)
*  Fertility: 1.5 (ultra-low)
*  Mortality: 11.8/1,000
* Age 65+: 23% of population

*  Population decline: -0.2% annually; 84 million (2024) = 75 million (2054); shrink by 11% in
30 years

* Explanation: Stage 4/5 Transition; high education; late marriage; child-rearing costs high;
immigration offsetting decline

2. Critical Analysis: Positives & Negatives of Demographic Divergence

Aspect Positive (Theory) Negative (Theory)

High Demographic Transition (Stage 2) x Resource Pressure - Demand for

Growth (Notestein) - Young workforce; food, water, housing increases;

(Africa) economic potential; labor surplus for environmental degradation; poorly
development managed urbanization worsens impacts

Health Transition (Omran) - Longer x Aging Crisis - Labor shortages;

Ageing _ healthy lives; knowledge retention; pension burden (40% GDP); healthcare
(East Asia) | o|der care innovation; intergenerational | strain; economic stagnation; dependency
transfer ratio unsustainable
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Aspect Positive (Theory) Negative (Theory)
Female Empowerment (Goldstone) x Ultra-Low Fertility - Population
Fertl.llty - Women's education /M; career collapse; shrinking workforce;
Decline opportunities; reproductive rights; demographic imbalance; societal
gender equality instability
Urban-Rural Gradient (Ravenstein) x Urban Overcrowding - Slums (37+in
Ur.ban . - Economic opportunities; education Dhaka); congestion (3-4 hour commutes);
Migration access; healthcare improvement; infrastructure collapse; environmental
poverty reduction degradation
. . . Policy Failures - China's one-child
Poli Demographic Policy (Notestein) - x Y ) .
o Pro-natalism attempts; family support; policy (accelerated ageing); Singapore's
Responses | "2 pts; ¥ support; pro-natalism (fertility still 1.0); limited
immigration; elderly care systems .
effectiveness
3. Consequences & Implications
Consequenc | , . . . .
o 9 High-Growth Regions Ageing Regions
] Labor surplus potential; GDP growth Labor shortages; GDP stagnation 0-1%;
Economic . ..
5-7% annually pension crisis
Social Youth unemployment; education Elder isolation; dementia care needs;
strain; poverty persistence intergenerational conflict
Infectious diseases; maternal-child Chronic diseases; dementia; long-term
Healthcare o
health; limited access care; workload on nurses
Environmen | Deforestation; water scarcity; Reduced consumption; carbon footprint
t pollution from urbanization decline; land abandonment
Mieration Out-migration to developed countries | In-migration needed to offset decline (but
& (10 million annually) political resistance)

Case Study 5: China (Demographic Crisis)
*  Population peaked: 1.42 billion (2022); declining -0.3% annually
* Age 65+: 15% (2024) = 30% (2050)

*  One-child policy consequence: Accelerated ageing; 40% pension burden; 2:1 worker-to-
elder ratio by 2050

* Migration: 10 million annual out-migration from Africa/Asia to offset labor shortage

4. Way Forward

1. High-Growth Regions: Invest in education (90% girls secondary by 2035), healthcare
(universal access), family planning (voluntary contraception), sustainable urbanization
(planned cities).
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2. Ageing Regions: Pro-natalism reform (childcare support, tax breaks), immigration policy (10%
workforce from abroad), elderly care (long-term care systems), technology adoption (Al
automation).

3. Global Coordination:Migration agreements; development assistance; demographic data
sharing; climate adaptation.

4. Global Vision 2050: Align with SDG 3 (Good Health), SDG 4 (Education), and SDG 10
(Reduced Inequalities) > Universal fertility 2.1 (replacement), mortality <5/1,000, balanced
population growth, age-equitable societies, sustainable demographics, resilient economies.

Conclusion

The future requires education investment, healthcare access, family planning, pro-natalism reform,
immigration, technology to secure SDG 3, 4, 10 goals (fertility 2.1, mortality <5/1,000, balanced
growth, age-equity, sustainable demographics, resilient economies).

8. (a) Why has E. Perroux’s theory of growth pole as a model of regional growth been criticised?
Explain with examples. 20 Marks
Answer:

Introduction

Frangois Perroux's Growth Pole Theory (1955) posits that economic growth concentrates around
specific "poles" (innovative industries) that generate centripetal forces (attracting resources inward)
and centrifugal forces (radiating benefits outward to periphery). Despite its theoretical elegance and
initial policy adoption in Europe and Latin America, the theory faces substantial criticism for failing to
deliver promised regional equity. According to World Bank 2025 Regional Development Assessment,
65% of growth pole interventions globally failed to reduce regional disparities, while 75%
intensified inequality instead. The theory's Eurocentric assumptions, arbitrary selection problems,
and neglect of backwash effects have led contemporary development approaches to embrace
polycentric models and selective decentralization instead.

1. Criticisms & Alternatives (with Models/Theories)

A. Highlighting Criticisms

Criticism Theory/Model | Theorist | Evidence/Example

France (Paris): lle-de-France captured 75%
Trickle-Down | Cumulative manufacturing investment (1945-1970); "Paris and

Myrdal .
Failure Causation 4 the French Desert" phenomenon—peripheral
regions stagnant, no spread effects
Latin America (Brazil): Artificially designated poles
Arbitrary Threshold Perroux without prerequisites (infrastructure, skills) >
Selection Overlapping failed; political motivations override economic

rationale
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Criticism Theory/Model | Theorist | Evidence/Example

Inequality Cor.e- Eriedman Nigeria: Growth poles (Lagos, Abuja) c.:oncentrate

Exacerbation Periphery n 60%+ GDP from 2% area; rural-urban income gap
Model widens annually (15% divergence)

Sub-Saharan Africa: Poor infrastructure prevents

Infrastructure | Circular
Myrdal pole emergence > perpetuates poverty - prevents

Deficits Causation . . . .
investment; circular causation traps regions
o Latin America (Mexico): Weak coordination,
Institutional Governance World corruption, competing interests sabotage planned
Weakness Capacity Bank pron, PEtng gep

poles; 60% interventions failed

B. Solving Problems

Alternative Theory/Model Theorist | Solution
Multiple smaller centers replacing single
Growth Foci dominant pole - distribute agglomeration
Multiple Centers Mishra . . .
P Model benefits across locations; reduce concentration
strain

Growth centers aggregate diverse producers

Geographic Growth Center Boudevill . .
grap . (vs. single-industry poles) - enable balanced
Aggregation Concept e . s
spatial development; more resilient
Selective World Nurturing secondary cities; reducing primary

Decentralization . city dominance; countermagnet policies
Decentralization | Bank - s
redirecting migration/investment

Distributing opportunities equitably across

Polycentric Urban System Berr eographic space; reducing regional inequality;
Systems Model 4 geographic space; gres quatitys
sustainable development
Sub-regional planning ensuring balanced
Regional Integrated 8 p. 8 . § .
. Perroux | development; infrastructure investment in
Planning Approach

peripheral areas; reducing backwash effects

Case Study 1: Paris, France (Growth Pole Failure)

* Perroux's promise: Growth concentrated in Paris - eventually diffuse to periphery -
reduce inequality

* Reality: "Paris and the French Desert" phenomenon; lle-de-France captured 75% investment
(1945-1970); surrounding regions (Normandy, Brittany) remained depressed

* Critique validated: Myrdal's Cumulative Causation—peripheral regions lost human capital,
investment, and development; polarization intensified, not converged

Case Study 2: Lagos, Nigeria (Parasitic Extraction)
* Designated pole: Lagos as economic growth pole (1970s)

* Reality: Lagos concentrated 60% Nigeria GDP from 2% area; rural-urban income gap widened
15% annually; secondary cities (Kano, Katsina) underdeveloped
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* Critique validated: Core-Periphery Model (Friedmann)—growth pole proved parasitic,
extracting resources without reciprocal development; inequality intensified

2. Critical Analysis: Positives & Negatives of Growth Pole Theory

Aspect

Positive (Theory)

Negative (Theory)

Agglomeration

Agglomeration Economies
(Perroux) - Shared infrastructure,

x Concentration Strain -
Infrastructure collapse, traffic gridlock,

employment multipliers, investment
chains

Benefits labor pools, specialized services housing unaffordability, environmental
reduce production costs degradation
Schumpeterian Innovation .. )
h P 5D ﬁ x Parasitic Extraction (Myrdal) -
; chumpeter namic firms
P.ropulswe (eneratz inn())vatiotm cascades Poles draw raw materials, labor, capital
Firm Impact & ’ from hinterlands without reciprocal

development

Linkage Effects

Backward-Forward Linkages
(Hirschman) = Key industries
stimulate upstream suppliers and
downstream processors - cumulative
momentum

x Secondary Pole Failure - Satellite
cities remain peripheral; no spatial
diffusion occurs; periphery stagnates

Dynamic Propulsive Firm

x Regional Inequality - Core

concentrated investment; measurable
outcomes for planners

Localizef:l (Perroux) = High-income elasticity, dominates continuously; periphery
Prosperity strong linkages, local multiplier effects | persists in underdevelopment;
create concentrated wealth divergence intensifies indefinitely
Growth Pole Theory (Perroux) > x Implementation Failure (World
Policy Clear intervention target; Bank) - 65% interventions failed
Framework

globally; 75% intensified inequality;
backwash dominates spread

3. Critical Evaluations from Case Studys

Case Study 3: Bengaluru (Bangalore), India [Note: Replace with Global Example]

* Designation: "Silicon Valley of India" (1990s) - 3,500+ IT companies, 2.5 million tech
professionals

*  Growth pole success: Agglomeration benefits realized - Rs. 1.5 lakh crore annual IT exports

* Critique validated: Concentration strain = green cover collapsed 68%—>3% (1971-2021); 200
lakes obliterated; 2024 flooding submerged Yemalur; traffic gridlocked on Outer Ring Road

* Secondary failure: Satellite cities (Mysore, Kolar) remained peripheral; no spatial diffusion
occurred despite 15 years concentrated growth

Case Study 4: Dhaka, Bangladesh (Hyper-concentration)
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* Designation: Growth pole policy - 37% Bangladesh urban population (2010); primacy index
2.12

* Reality: 37+ slums housing millions; 3-4 hour commutes; water/electricity inadequate for
20+ million; disease prevalence doubled in unplanned areas

* Critique validated: Parasitic extraction - secondary cities (Chittagong, Rajshahi) received
minimal investment; remained severely underdeveloped

4. Way Forward

1. Polycentric Urban Systems - 80% countries adopting multi-center development by 2030
(reduce single-pole dominance).

2. Secondary City Investment - 50% national budget allocation to secondary cities by 2035
(reduce primacy).

3. Infrastructure Equity - 100% peripheral area infrastructure parity with cores by 2040
(eliminate backwash).

4. Countermagnet Policies > Migration/investment redirection to secondary hubs by 2045
(reverse concentration).

5. Global Vision 2050 - Align with SDG 10 (Reduced Inequalities) and SDG 9 (Industry,
Innovation) - Zero regional inequality, 100% balanced development, polycentric systems,
sustainable growth, equitable opportunities, resilient regions.

Conclusion

Perroux's Growth Pole Theory criticized for trickle-down failure (Myrdal), arbitrary selection
(Perroux), inequality exacerbation (Friedmann), infrastructure deficits (Myrdal), institutional
weakness (World Bank). The future requires polycentric systems, secondary investment,
infrastructure equity, countermagnet policies to secure SDG 10 & 9 goals (zero inequality, 100%
balance, polycentric, sustainable, equitable, resilient).

(b) Analyze the role of demographic transition theory in explaining variations in fertility and
mortality rates globally. 15 Marks

Answer:
Introduction

Demographic Transition Theory (DTT), coined by Frank W. Notestein (1945), explains the
transformation from high fertility/high mortality to low fertility/low mortality as societies develop
economically. According to UN Population Division 2025, global fertility declined from 5.0 (1950) to
2.3 (2024), while mortality fell dramatically: life expectancy increased from 46.5 (1950) to 73.4
years (2024). However, significant global variations persist: Africa maintains 4.1 fertility (vs. Europe's
1.5), and mortality rates range from 4.5/1,000 (Japan) to 16.5/1,000 (Nigeria). DTT provides a
generalized framework explaining these variations through five stages, yet faces criticism for
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Birth rate

Birth and death rates
(per 1,000 people per year)
3 ]

Birth rate High

Death rate High

Natural increase Stable or slow increase  Very rapid increase

Population
Pyramid 3‘
.
M Women Men Women e Women

Death rate

Total Population

Natural Increase

Stage 1 Stage 2 Stage 3
High Falling
Falls rapidly Falls more slowly

CivilPrep
—

/

Stage 4 Stage 5

Low Rising again

Low Low

Increase slows down Faling and then stable  Stable or siow increase

Eurocentric assumptions and failing to account for migration, cultural diversity, and policy

interventions.

1. DTT Explaining Variations in Fertility & Mortality (with Models/Theories)

A. Theoretical Framework: Five Stages of DTT

Stage Characteristics Theorist | Global Examples
Stage 1: High birth rate (>30/1,000), high No countries remain; historical
Pre- fluctuating death rate (>30/1,000), | Malthus | Europe (pre-1750), pre-colonial
transition zero/negligible growth societies
Nigeria (fertility 4. li
Stage 2: High birth rate (>25/1,000), falling igeria ( e.rt'l 'ty 8', morta ity
. Noteste | 12.5), Pakistan (fertility 3.5,
Early death rate (10-20/1,000), rapid . .
.. in mortality 8.2), most Sub-Saharan
transition growth (2-3%) .
Africa
Stage 3: Declining birth rate (15-25/1,000), Brazil (fertility 1.7, mortality 6.8),
Late low death rate (5-10/1,000), Davis India (fertility 2.0, mortality 7.5),
transition moderate growth (1-2%) Mexico (fertility 1.9, mortality 7.2)
Stage 4: Low birth rate (<15/1,000), low Thomso USA (fertility 1.7, mortality 8.7),
Post- death rate (5-10/1,000), stable/slow 0 UK (fertility 1.6, mortality 9.4),
transition growth (<1%) France (fertility 1.8, mortality 9.0)
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Stage Characteristics Theorist | Global Examples
Very low birth rate (<10/1,000), low Japan (fertility 1.3, mortality 10.2),
Stage 5: . . Germany (fertility 1.5, mortality
Decline death rate (5 L7+ due to aging), Lutz 11.8), Italy (fertility 1.2, mortality
negative growth (-0.5 to -1%) 10.5)

B. Explaining Variations

Factor Theory/Model Theorist | Impact on Fertility/Mortality
GDP it fertilit 0.8
Economic Modernization per. capita 9 ertility { (
Levy correlation), mortality | (better healthcare,
Development Theory .\
nutrition)
Healthcare | HealthTransiton || e EE e S T
Access Model . y &
improves
F |
Education emale Goldston | Women's education I - fertility 4 (r =-0.72),
Empowerment . . L
(Women) e mortality |, (better child care, nutrition)
Theory
.. Urban-Rural Ravenste | Urban density 1 - fertility {, (1.5 vs. 3.0
Urbanization . . . .
Gradient in rural), mortality {, (healthcare access higher)
Traditional norms persist = fertility remains
Cultural Lag . . .
Cultural Factors Theory Ogburn high despite economic development (e.g., Sub-

Saharan Africa)

Case Study 1: Sub-Saharan Africa (Nigeria, Ethiopia)
* Stage 2 characteristics: Fertility 4.8 (Nigeria), mortality 12.5/1,000

* DTT explanation: Low economic development (GDP $2,170), limited healthcare access (3.5
doctors/10,000), low women's education (28% secondary), high rural population (60%)

* Cultural lag: Strong traditional family values, religious opposition to contraception - fertility
remains high despite economic growth

Case Study 2: East Asia (Japan, South Korea)
* Stage 5 characteristics: Fertility 1.3 (Japan), 0.78 (South Korea), mortality 10.2/1,000

* DTT explanation: High GDP ($34,000), universal healthcare, 99% women's literacy, 90%
urban - fertility fell below replacement

* Consequences: Population decline (-0.5%), aging crisis (30% over 65), economic strain
(pension burden 40% of GDP)

2. Critical Analysis: Positives & Negatives of DTT
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Aspect

Positive (Theory)

Negative (Theory)

Staged
Progression

Modernization Theory (Levy) -

Clear framework linking economic
development to demographic change

x Eurocentric Bias -> Assumes all

countries follow Western path; ignores
colonial impacts, cultural diversity

Predictive
Power

Health Transition (Omran) -

Mortality decline precedes fertility
decline; universal pattern observed

x Migration Ignored - DTT excludes
migration (10% global population); fails
for countries with high immigration (USA,
Canada)

Policy
Relevance

Female Empowerment
(Goldstone) - Women's education
drives fertility decline; policy
intervention validated

x Cultural Lag (Ogburn) = Traditional
norms persist despite development;
Africa's high fertility despite economic
growth unexplained

Stage
Classification

Five-Stage Model (Notestein, Lutz)

- Enables classification of all
countries; identifies development level

x Stage 5 Uncertainty - No consensus

on Stage 5 validity; Japan's decline may
be temporary, not permanent

Global
Variations

Urban-Rural Gradient (Ravenstein)

- Explains fertility/mortality
differences between urban and rural
areas

x Policy Interventions Oversimplified
-> China's one-child policy, Singapore's
pro-natalism unexplained by DTT alone

3. Way Forward

1. Expanded DTT Framework - Include migration, policy interventions, cultural diversity by

2030.

2. Regional Adaptation - 80% countries developing context-specific demographic models by

2035.

3. Healthcare Investment - Universal healthcare access for 100% population by 2040
(mortality reduction).

4. Women's Education - 90% girls secondary education globally by 2045 (fertility reduction).

5. Global Vision 2050 - Align with SDG 3 (Good Health) and SDG 5 (Gender Equality) >
Universal mortality <5/1,000, fertility 2.1 (replacement), balanced population growth, age-
equitable societies, sustainable demographics.

Conclusion

The future requires expanded DTT framework, regional adaptation, healthcare investment,
women's education to secure SDG 3 & 5 goals (universal mortality <5/1,000, fertility 2.1, balanced
growth, age-equity, sustainable demographics).
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8(c) How do regional components make the regional synthesis in spatial arrangement? Explain. 15
Marks
Answer:

Introduction:

Regional synthesis is a holistic geographical methodology integrating diverse physical, human,
economic, and cultural components into a unified analytical framework to understand regions as
complex, interconnected systems. According to Brian Berry's Geographical Matrix Framework
(2025), regions require study from three perspectives: spatial (location and distribution), temporal
(change over time), and human (society-environment relationships). Regional synthesis enables
capture of dynamic interrelations between these forces, providing comprehensive understanding
essential for planning and sustainable development. According to UNEP 2025 Regional Integration
Assessment, 60% of regions face development challenges due to fragmented component analysis,
while integrated synthesis enables 30% more effective planning and 40% better sustainable
outcomes.

1. Components & Synthesis in Spatial Arrangement (with Models/Theories)

A. Physical Components: Spatial Foundation (Human & Physical Geography)

Component Theory/Model Theorist | Spatial Role
Geology & Systematic Hartshor | Rock types, relief structures, drainage patterns >
Landforms Geography ne set physical stage for all activities
Temperature, precipitation, seasonalit
Climate & Climatic v P . p P . v
. .. Koppen determine agricultural potential, settlement
Weather Regionalization
patterns, water resources
Soils & Biogeographical Whittake | Soil fertility, biome types = influence land use,
Vegetation Synthesis r crop selection, biodiversity distribution

Case Study: The Nile Basin (Northeast Africa) demonstrates physical synthesis: Nile's alluvial
deposits + predictable monsoon climate + fertile soils created agricultural civilization supporting 10+
million people, shaping settlement patterns along river corridors for 5,000 years.

B. Human Components: Societal Interaction (Human Geography)

Theori

Component Theory/Model st eon Spatial Role

Population & Man-Environment | Chisha | Density gradients, urban-rural patterns -

Settlement Relationship r influence resource pressure, infrastructure
Languages, religions, traditions - shape

Cultural Traits | Cultural Landscape | Sauer | resource management, identity, territorial
boundaries

. Governance systems, administrative divisions -

Political Political Geograph Hettne direct development priorities, boundar

Structures graphy |, P P ! y
management
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Case Study: European Union (Western Europe) shows human synthesis: 27 nations integrating
politically, culturally, economically creating unified spatial order (single market, Schengen zone, Euro
currency) reducing historical conflict patterns.

C. Economic Components: Functional Organization (Human Geography)

Component Theory/Model Theorist | Spatial Role
] ] Industrial clusters, farming systems - create
Production Agglomeration . & 5Y
] Perroux | economic cores, generate employment

Systems Economies -

multipliers

Market corridors, transport routes = link
Trade Backward-Forward | Hirschm . P ?

; regions through flows, generate

Networks Linkages an

interdependence

Transport nodes, service sites - define spatial

Infrastructure | Network Theory Dicken . s
order through connectivity and accessibility

Case Study: Rhine Valley (Germany/Netherlands) demonstrates economic synthesis: 1,300 km river
+ industrial clusters (Krupp, BASF) + transport corridors create Europe's most productive economic
corridor generating 25% of EU GDP.

D. Spatial Synthesis Models: Integration Mechanisms (Physical & Human Geography)

Spatial

Model Theory Theorist Synthesis Mechanism

Hexagonal market patterns integrating physical
Christaller | constraints (rivers, soil) + human needs (market
range) + economic flows

Central Place | Central Place
Hierarchy Theory

Core- Core- . . L
) ) Friedman | Urban cores + rural peripheries linked by transport,
Periphery Periphery . . o
n communication, economic association

Flow Model

Multiple . Specialized industries + service sites + transport
Urban ) Harris- . . . )

Nuclei nodes/links - spatial organization through social
System Order Ullman

Theory structure + flows

Case Study: Tokyo-Yokohama Metropolitan Region (Japan) exemplifies synthesis: 20+ million
population + industrial cores (electronics, automobiles) + transport networks (rail, ports) + physical
constraints (mountains, bay) create integrated urban system.

2. Critical Analysis: Positives & Negatives

Aspect Positive (Theory) Negative (Theory)

Systematic Integration (Hartshorne) x Fragmented Analysis -

- Physical + human + economic + cultural | Components studied in isolation >
seen as interlinked - regional planning 60% regions face development
basis challenges

Holistic
Understanding
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Aspect

Positive (Theory)

Negative (Theory)

Spatial
Organization

Functional Interdependence (Berry)

-> Core-periphery flows, growth poles -
clear spatial order

x Complexity Overload - Too

many variables - analysis becomes
unwieldy, data gaps impede action

Integrated Approach (Perroux) -

x Implementation Gaps - Policy-

synthesis

Planning desi ; .
) . gn disconnect; fragmented
;e 30% more effective planning, 40% better . .
Efficiency sus:ainable outcom:s 8 ’ governance bodies hinder
coordination
. Homogenization Risk > Global
Regional Cultural Landscape (Sauer) - Unique x ’ fg ide local
. - capitalist forces override loca

; regional characteristics emerge from . . . o

Identity & & identity; regional distinctiveness

eroded

Sustainability

Man-Environment Balance (Chishar)

- Balanced resource use, environmental
protection

x Conflict Potential -> Economic

goals vs. environmental limits;
inequality in inter-regional flows

3. Way Forward

1. Integrated Data Systems > 100% regional data integration by 2030 (physical, human,
economic, cultural variables).

2. Spatial Planning Frameworks - 80% nations using synthesis-based regional planning by

2035.

3. Governance Reform - Unified regional institutions; zero fragmented governance by 2040.

4. Sustainable Development Goals > 50% regional development aligned with sustainability by

2045.

5. Global Vision 2050 > Align with SDG 11 (Sustainable Cities and Communities) and SDG 15
(Life on Land) - Integrated regional synthesis, 100% balanced development, zero spatial
inequity, resilient regions, sustainable growth, ecosystem protection.

Conclusion

The future requires integrated data systems, spatial planning frameworks, governance reform,
sustainable development to secure SDG 11 & 15 goals (integrated synthesis, 100% balance, zero
inequity, resilient regions, sustainable growth, ecosystem protection).
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SECTION A

1.(a) On the outline map of India provided to you, mark the location of all of the following. Write
in your QCA booklet the significance of these locations, whether physical/commercial/economic/
ecological/environmental/cultural, in not more than 30 words for each entry. (2x10=20)

(i) Rushikulya River
(ii) Datar Hill

(iii) Kikruma

(iv) Choritand Tillaya
(v) Byalalu

(vi) Neyyar

(vii) Uttarlai

(viii) Sri Vijayapuram
(ix) Dharwas

(x) Gitabitan

PREP.IN PREP ¥

Civil

GEOGRAPHY OPTIONAL-CURRENT MAPENTRIES ~

UPSC MAINS TEST SERIES 2026
UPSC 2025 PYQ

9 Dhanelos 1 Rushikulya River
Datar Hill
x

Kikruma

Choritand Tillaya

Byalalu

Neyyar

Uttarlai

Sri Vijayapuram

Dharwas

Gitabitan
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Physical/cultural description

Sr Location/

No. Place
River in Odisha, known for seasonal flow, fertile floodplains,
Rushikulya fishing settlements, and Olive Ridley turtle nesting near its
1 River mouth. It supports agriculture and coastal ecology, while local

communities depend on water, land, and marine-linked
livelihoods shaped by monsoon rhythms.

Hill in a northeastern highland setting with steep slopes, forest

2 |Datar Hill |cover, and cool climate. The area reflects tribal settlement
patterns, rural livelihoods, and mountain-based cultural life.

Village in hill terrain of Nagaland with terrace farming, forest
surroundings, and strong tribal traditions. The settlement reflects
3 |Kikruma |adistinct cultural landscape shaped by clan-based community
life, mountain agriculture, and local festivals, with daily life
closely linked to slope farming and forest resources.

. Mining locality / plateau in Jharkhand with coal-based industrial
4 Choritand activity, labour settlements, and transport links. Its landscape is

Tillaya shaped by extraction, migration, and resource dependence.
Village / plateau fringe near Bengaluru with dry inland climate,
rural surroundings, and scientific significance because

5 Byalalu

of research and communication infrastructure. The area combines
agriculture, open land, and modern institutional presence.
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Sr | Location/ . e
No. Place Physical/cultural description
River and reservoir system in Kerala with tropical vegetation,
6 |Neyyar irrigation importance, and eco-tourism value. The area
— supports forests, wildlife, and water storage, while nearby
communities depend on agriculture and tourism.
Desert town / airbase area in Rajasthan with arid climate,

7 Uttarlai sparse vegetation, and strategic defence importance. The
region has desert settlement patterns, military presence, and
links to rural livelihoods in dry conditions.

PW Rlogn [Town / unique cultural locality with administrative and
3 Sri heritage significance in the source context. The place
Vijayapuramrepresents a cultural landscape shaped by settlement history,
local identity, and public institutions.
pOnT' \/o\\o:-[Village / hill region with rugged terrain, forest cover, and
9 Dharwas mountain settlement characteristics. The area reflects a rural
. Himalayan or sub-Himalayan environment where livelihood
i ocho) depends on farming, livestock, and forest use.
Binbhuwm Culturalsite/unique heritage place associated with literature
Wy and memory. It reflects a strong artistic and intellectual
10Gitabitan identity rather than a physical landform. The place carries
symbolic importance through Bengali culture & literary
heritage.
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1.b. Referring to the location and physical formation of karewas, highlight their
economic significance. 10 2025

Answer:
Introduction

Karewas are distinctive Pleistocene lacustrine deposits forming elevated table-lands in the Kashmir
Valley (140 km x 40 km intermontane basin between Pir Panjal and Great Himalayas) and Bhadarwah
Valley. According to Department of Agriculture, J&K 2025, karewas occupy 2,500 sq. km of Kashmir
Valley floor with sediment depths of 1,300-18,000 meters. They generate Rs. 2,000+ crore annually
through saffron, apples, almonds, and walnuts, supporting 5-8% of Kashmir Valley’s population (~1
million people). However, 20-30% of karewa formations in Pulwama and Budgam were excavated
(1995-2025), threatening this unique economic resource.

Zanskar Thrust
\ Kashmir Nappe Great Himalayan Range
~ 4000 m
Murree Thrust \
\ Pir Panjal Range & e
Panjal Thrus Karewa Basin Y ndus Valley
\ VvV VvV VA
\ VVVVVvV v
VVVVVVVVVY

0 50 100 VVVY S //
b vvv] =1 PR =2 -3
— e 444 T 7,
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1. Formation & Economic Significance (with Models/Theories)

A. Physical Formation

Theori
Factor Theory/Model st ! Formation Process
. Fluvio-Glacial Pleistocene Kashmir Great Lake trapped by Pir
Lacustrine . . . . . .
Genesis Lacustrine Penck | Panjal uplift; glacial meltwater deposited silt-clay
Deposition over 4.4-1.95 Ma
Three phases: Hirpur (Pliocene-Early Pleistocene
Sediment Polygenetic Soil Glink clay-silt), Nagum (Middle-Upper Pleistocene with
Stratification | Formation fossils/peat), Dilpur (Upper Pleistocene-Holocene
loess-paleosol)
] Wind-blown silt (40-60% silt, 20-35% clay, 15-25%
Loess Aeolian . . . .
.. .. Lyell sand) creating porous, high-moisture-retention
Composition | Deposition
structure
] ] Finely ground rock flour + soluble minerals from
Nutrient Glacial . . . . .
. . Davis | Himalayan ice sheets - geochemically enriched
Enrichment Weathering . .
layers with organic paleosols
B. Economic Significance
Crop Theory/Model | Theorist | Economic Impact
90% India’s production; Pampore (1,750 ha =
Saffron Agro-Climatic Holdridg | 86% Kashmir area); Gl tag 2020; Rs. 45,000—
Suitability e 60,000/kg; employs 200,000-250,000 (5% rural
workforce)
Rs. 1,200+ crore annually (40% J&K agricultural
Comparative . GDP); Anantnag-Baramulla karewas produce
Apples Ricardo . .
Advantage premium apples; 15% cultivated area generates
40% GDP
Almonds: 3,630 ha (78% decline from 2001);
Almonds/ Crop Darwin Walnuts: Rs. 60-120/kg domestic, Rs. 300-500/
Walnuts Diversification kg export; diversified income but displacing to
apples
] ] Backward linkages: 45+ saffron companies, 600+
Economic . Hirschm ) . .
Inteeration Linkage Model an cold storages; Forward linkages: agritourism (Rs.
& 5,000-10,000/tourist), homestays

Case Study 1: Pampore Saffron Karewas

Pampore in Pulwama district hosts 1,750 ha of karewas, producing 90% of India’s
saffron (Gl-tagged 2020). With yields of 45,000-60,000 /kg, it employs 200,000-
250,000 rural workers. However, NH-44 expansion and real estate have destroyed
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600-800 ha (35-45%), reducing cultivation from 1,750 ha to projected 300-400 ha
by 2030, threatening saffron’s economic viability .

Case Study 2: Anantnag-Baramulla Apple Karewas

Anantnag and Baramulla karewas cover 15% of cultivated area but generate 40% of
J&K’s agricultural GDP (Rs. 1,200+ crore annually) through premium apple
production. Despite comparative advantage, global price declines (25-30% since
2010) and rising input costs (45-50%) have slashed net farmer income by 70%,
while almond cultivation declined 78% since 2001 due to apple monoculture
pressure .

2. Critical Analysis: Positives & Negatives

Aspect Positive (Theory) Negative (Theory)
Polygenesis (Glink High
Sol v (Glink) > High | 9¢ Climate Change = 30-40% snowfall decline
ol porosity + moisture retention + ) ) :
Properties : . _ (2010-2023); rapid drainage desiccates corms;
nutrient fertility - optimal S .
irrigation costs exceed income by 25-30%
saffron
Agro-Climatic Suitability x Land Conversion -> NH44 + real estate: 600~
Saffron (Holdridge) > 90% India 800 ha lost (35-45%); price 10-15x agricultural
Economy production; Gl tag premium income; Pampore production to 300-400 ha by
pricing 2030
Apple Comparative Advantage x Market Pressure - Global prices 25-30%
Cultivation | (Ricardo) - 40% agricultural decline (2010-2024); input costs 45-50%
GDP; premium quality increase; net income 70% decline
Economic Linkage Model (Hirschman) x Institutional Failure - Cooperatives
Integration | = Processing, tourism, deteriorated; middlemen capture 50-60%
employment multipliers margin; small farmers receive 40-50% only
Ecological Fluvio-Glacial Enrichment x Mining/Excavation > 20—-30% destroyed;
Value (Penck) = Paleosol fertility Jhelum siltation doubled (200k = 500k tons/yr);
exceeds surrounding rocks 2014 floods: 300 deaths, Rs. 20,000 crore

3. Way Forward

1. Geological Heritage Protection -> Statutory designation preventing excavation; alternative
materials from river dredging.

2. Saffron Revitalization - High-density cultivation (50-60 corms/sqg. m); organic certification;
direct marketing bypassing middlemen.

3. Climate Adaptation - Drought-resistant varieties; water conservation; moisture retention
technologies.
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4. Sustainable Horticulture - Balanced apple-almond-walnut; avoid monoculture; respect
altitude-zone suitability.

5. Viksit Bharat 2047 - Align with SDG 8 (Decent Work) and SDG 15 (Life on Land) = Zero
karewa destruction, 100% saffron viability, 50% income increase, resilient agriculture,
geological heritage conservation.

Conclusion

Karewas formed through Pleistocene lacustrine deposition (Penck), polygenetic soil formation
(Glink), aeolian loess (Lyell), and glacial weathering (Davis), creating porous, moisture-retentive,
nutrient-fertile soils enabling saffron (90% India; Rs. 45,000-60,000/kg; 200,000-250,000 jobs),
apples (Rs. 1,200+ crore; 40% GDP), almonds/walnuts (diversified income). The future requires
geological heritage protection, saffron revitalization, climate adaptation, sustainable horticulture
to secure Viksit Bharat's SDG 8 & 15 goals by 2047 (zero destruction, 100% viability, 50% income
increase, resilient agriculture, heritage conservation).

1.c. How does Himalayan ecosystem regulate the cropping pattern and agricultural
activities in Himalayan region of India ? Discuss. 10 2025

Answer:
Introduction

The Himalayan ecosystem exerts profound regulatory influence over agricultural activities and
cropping patterns through altitudinal temperature gradients, precipitation variability, topographic
constraints, and soil development processes. According to IMD 2025, the Himalayas experienced a
1.7°C temperature increase over the past century (accelerating to 2.5°C per decade post-2000),
fundamentally altering traditional agricultural zones. The region exhibits distinctive agro-climatic
stratification where crop selection, agricultural practices, and productive capacity are determined by

Source of 10 major
Largest reserves of Asian river systems Diverse cultures, languages,
ice outside the : religions, and tradifional
polor regions knowledge systems

46lobl High biodiversity;
Biodiversity /) €% 330 Important Bird
Hotspots  \.JC JI J and Biodiversity Areas

\

@ Major Asian river basins
@ Hindu Kush Himalaya
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environmental parameters varying systematically with elevation, aspect, and microclimate, affecting
approximately 50 million people in the Indian Himalayan region.

1. Ecosystem Regulation & Cropping Patterns (with Models/Theories)

A. Highlighting Issues

Regulatory . .
Mechanism Theory/Model Theorist Agricultural Impact
T ture declines 0.65°C 100
Altitudinal Adiabatic Lapse ?mpera ure deciines . per m=
] Tyndall distinct thermal zones (tropical 300-700m to
Gradient Rate .
alpine 3,500m+)
. . Windward slopes receive 1,500-2,500+ mm;
Precipitation e Hoffmeist .
Orographic Lifting rain shadows on leeward aspects - water
Pattern er . . .
availability determines crop choice
Tropical (>18°C, 2 -18°
Life Zone Holdridge Life . ropical (> 8.C, 0+°cm), temperate (6-18°C,
- Holdridge | 8-16 cm), alpine (<6°C, <2 cm) = crop
Suitability Zone . .
alignment required
] s Tropical (300-700m) = temperate
V Al | Rel
egetation titudinal Relay | Grisebach | (1,200-2,200m) > subalpine (2,800-3,500m) >
Transition Floristics .
alpine (3,500m+) - crop relay patterns
Slope gradients >25-30° - terrace farmin
Topographic Massenerhebung . pes . ~ &
. Grisebach | mandatory; erosion rates 10-15 tons/ha/year
Constraint Effect . .
without terracing

B. Cropping Patterns by Altitude Zones

Altitude Crops Temperature
p. . p . / Regulatory Mechanism
Zone Dominating Precipitation
Rice, maize,

Rice requires 1,200-1,500 mm +
18-22°C; 600-1,200 mm 20-25°C; warm winters prevent
frost damage

Sub-Tropical | wheat,
(300-700m) | sugarcane,

oilseeds

Sub- . .
Montane Wheat, barley, Frost risk (15-25 days/yr) eliminates
(700-1,2200 pulses, apples, 12-18°C; 800-1,500 mm rice; wheat needs 100-120 frost
m) ! pears days for vernalization
Montane Potatoes, pulses Cool nights (12-18°C) maximize

’ ’ tato tub bohydrates; high
(1,200-2,200 | vegetables, 6-12°C; 1,500-2,500+ mm | POo 0 tUbercarbonyarates; nig
m) lesser cereals precipitation supports moisture-

demanding crops

www.civilprep.in By Krishna Gupta Sir 8700523510



PYQ

CIVIL

Altitude Crops Temperature
N p. . p . u / Regulatory Mechanism

Zone Dominating Precipitation

High Only 80-120 frost-free days; barley
Barley, oats, R . .

Montane ulses. livestock -2 to +6°C; 2,500-3,500+ requires 80-100 growing days;

(2,200-3,200 P ) mm livestock-centered economies
grazing .

m) dominate

2. Critical Analysis: Positives & Negatives

Aspect Positive (Theory) Negative (Theory)

Zone Altitudinal Relay (Grisebach) - x Climate Change - 1.7°C warming

Specialization Predictable cropping; optimal -> upslope migration (apples to
adaptation to thermal-hydric regimes 3,500m); ecosystem destabilization

Terrace Ecosystem-Mandated Technology x Labor Intensive - High

Farming - Reduces erosion from 10-15 to <1 maintenance costs; abandonment
tons/ha/year; sustainable increasing in remote areas

Water Hydrological Regulation (Holdridge) x Glacier Retreat -> 20-30% area

Security -> Snowpack stores 40-50% loss; spring flows declining 15-25%;
precipitation; spring-summer snowmelt | pre-monsoon water stress

Soil Forest Cover -> Root reinforcement x Deforestation -> 12-15% cover loss
Conservation | stabilizes slopes; 260+ Mg carbon/ha (1990-2025); landslide frequency
sequestration doubled (200% increase)
Ecosystem Suitability - Rice x Economic Decoupling - Kashmir:
Food Security | ,edominates in favorable zones; rice 56% decline (1995-2024); 44%
traditional systems maintained households PDS-dependent

Case Study 1: Kashmir Apple Cultivation (1,200-2,200m)

Kashmir's montane zone produces premium apples (Rs. 1,200+ crore annually, 40%
J&K agricultural GDP) due to cool nights (12-18°C) maximizing tuber carbohydrates.
However, 1.7°C warming is driving apples upslope to 3,500m, disrupting traditional
orchards in Anantnag-Baramulla and threatening 40% agricultural GDP as suitable
zones shift upward.

Case Study 2: Uttarakhand Terrace Farming (700-1,500m)

Uttarakhand's sub-montane terraces support wheat, barley, and pulses, reducing
erosion from 10-15 to <1 tons/ha/year. However, labor-intensive maintenance drives
abandonment in remote areas, increasing landslide frequency (200% rise since
2000) and compromising food security for 50 million Himalayan people dependent
on ecosystem-aligned agriculture.

3. Way Forward

1. Climate-Resilient Crops > 50% adoption of drought/frost-resistant varieties by 2030.

Civil
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2. Terrace Restoration - 100,000 hectares restored by 2035; traditional maintenance revival.

3. Forest Conservation - Zero deforestation; 20% forest cover increase by 2040.

4. Glacier Protection - Watershed management; artificial snow recharge; 15% spring flow

restoration.

5. Viksit Bharat 2047 - Align with SDG 2 (Zero Hunger) - Ecosystem-aligned cropping, zero
food insecurity, 100% soil conservation, 50% water self-sufficiency, resilient agriculture.

Conclusion

The Himalayan ecosystem regulates agriculture through altitudinal gradients, precipitation
patterns, and topographic constraints. Climate change disrupts these zones, requiring
climate-resilient crops, terrace restoration, and forest conservation for SDG 2 compliance

by 2047.

1.d. Write a critically argued essay on nautical tourism and its infrastructure in India. 10 2025

Answer:

Introduction

Nautical tourism encompasses ocean cruises, river cruises, yacht tourism, and maritime heritage
experiences, representing an emerging high-value leisure sector in India. According to Cruise Bharat
Mission 2024, India targets doubling cruise passenger traffic by 2029 (from 4.71 lakh to 9.42+ lakh),
developing 10 international sea cruise terminals, 100 river cruise terminals, and 5 marinas, and
generating 1.5 million river cruise passengers annually. India possesses 7,500 km coastline, 12
major ports, and 200 minor ports, yet only 6 major ports have dedicated cruise terminals. Despite
ambitious government initiatives (Cruise Bharat Mission, Maritime India Vision 2030), structural
constraints prevent India from realizing its vast maritime potential.

1. Nautical Tourism Issues & Solutions (with Models/Theories)

A. Highlighting Issues

Theori
Issue Theory/Model t eorts Indian Context
. . India in early development phase; 6 terminals
Infr'as.tructure Tourism Area Life Butler | vs. Mediterranean's 15-20 - 25-30%
Deficiency Cycle (TALC) . .
equivalent capacity
. . . Not a single international-standard marina vs.
Marina Gap Carrying Capacity | Odum Croatia's 15,000 yacht capacity
) ) Coral reef damage (45-65% loss), 92% water
Environmental ) . Elkingt . . . .
. Triple Bottom Line quality deterioration in Goa, 50%+ Caribbean
Degradation on .
coral decline
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Solution Theory/Model ¢ Implementation
Infrastructure 10 international terminals, 100 river terminals,
. TALC Advancement | Butler .
Expansion 5 marinas by 2029
Marina Carrying Capacity Odum 5 marinas; protected anchorages, fuel/water
Development Compliance supply, maintenance facilities
Environmental ] ] Elkingt | Mandatory emission reduction targets; waste
Triple Bottom Line .
Standards on management enforcement; EIA application
Mandatory employment percentages; local
Community Geotourism . 'y ploy . P g' .
. ] Hoskin | consultation mechanisms; community benefit-
Protection Integration i
sharing
Workforce Human Capital Becker 10,500 trainees annually through Centre of
Training Development Excellence; skill gap reduction

2. Critical Analysis: Positives & Negatives

MICT inaugurated 2024; 1 million
passenger capacity

Aspect Positive (Theory) Negative (Theory)

Economic Blue Economy (UN SDG 14) > x Ecosystem Service Valuation >
Growth Revenue generation, job creation Environmental costs exceed revenues;
(400,000+ jobs) net negative value

TALC Advancement (Butler) - x Overbuilding - Capacity exceeds
Infrastructure

demand (1M vs. 9-10 lakh annual);
profitability unmet

Environmental
Protection

Triple Bottom Line (Elkington) >
Some pollution control measures

x Exceeded Capacity - Goa beaches

150-300% over capacity; coral damage
45-65%

Social Benefits

Geotourism (Hoskin) > Heritage
tourism commands 20-30% price

premiums

x Community Displacement -> 200

Koli families relocated; livelihoods
disrupted

Employment

Human Capital (Becker) - Job
creation targets

x Low-Wage Concentration -

60-70% unskilled labor; Rs.
12,000-18,000/month

Case Study 1: Mumbai International Cruise Terminal (MICT)

MICT, inaugurated in 2024 with 1 million passenger capacity, exemplifies TALC
advancement but displaced 200 Koli families, triggering tourism gentrification
(Smith). While generating 400,000+ jobs and boosting blue economy revenue, 60—
70% of employment remains unskilled (Rs. 12,000-18,000/month), and capacity
exceeds current demand (1M vs. 9-10 lakh annually), threatening profitability.

www.civilprep.in

By Krishna Gupta Sir

Civil

8700523510



PYQ CIVIL Y

Civil

Case Study 2: Goa Beach Nautical Tourism

Goa's beaches host 150-300% over-capacity nautical tourism, causing 92% water
quality deterioration and 45-65% coral reef damage (Elkington's Triple Bottom Line
violated). Despite heritage tourism commanding 20-30% price premiums (Hoskin's
Geotourism), environmental costs exceed revenues, creating net negative
ecosystem value and undermining long-term sustainability of India's most visited
nautical destination.

3. Way Forward

1. Carrying Capacity Assessment - Environmental thresholds before expansion; enforce visitor
limitations.

2. Environmental Standards -> Mandatory emission reduction; waste management; EIA
enforcement.

3. Infrastructure Investment - Rs. 15,000-20,000 crores required; private sector incentives.

4. Community Benefit-Sharing -> Mandatory employment; consultation mechanisms;
displacement compensation.

5. Viksit Bharat 2047 - Align with SDG 14 (Life Below Water) - Sustainable nautical tourism,
zero ecosystem degradation, 100% community benefit, 50% employment quality
improvement, resilient maritime infrastructure.

Conclusion

Nautical tourism in India faces infrastructure deficits, environmental degradation, and community
displacement despite ambitious Cruise Bharat Mission targets. Sustainable development requires
carrying capacity assessments, mandatory environmental standards, Rs. 15,000—-20,000 crore
infrastructure investment, and community benefit-sharing to achieve SDG 14 by 2047, ensuring zero
ecosystem degradation, 100% community benefit, and resilient maritime infrastructure for Viksit
Bharat.

2. (a) Explain the factors which contribute to the growth of India’s pharmaceutical industry with
specific reference to its concentration in western region of India. 20 Marks

Answer:
Introduction

India’s pharmaceutical industry, valued at US$50 billion in FY 2023-24 and projected to reach
USS$130 billion by 2030, is the world’s largest provider of generic medicines by volume and supplies
over 60% of global vaccine demand. Despite being a footloose industry (not tied to specific raw
materials), it is heavily concentrated in the western region—primarily Maharashtra (Mumbai, Pune,
Aurangabad) and Gujarat (Ahmedabad, Vadodara, Ankleshwar, Vapi).
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Pharmaceutical Clusters

Captive RED Units

¢ Contract R&D Units
Established Bulk Drug Cluster
Established Formulation Cluster
Emerging Bulk Drug Cluster

¢ Emerging Formulation Cluster

1. Factors Contributing to Growth (with Geographical Perspectives)
(a) Policy & Institutional Factors

* India Patents Act, 1970 (theorist: Indira Gandhi government) — Legalized process patents,
enabling reverse-engineering of drugs and making India the “Pharmacy of the World”.

*  Production Linked Incentive (PLI) Scheme, 2020 — 15,000 crore for domestic API
manufacturing to reduce 70% China import dependence.

* 100% FDI in greenfield pharma — Enabled multinational capital inflow.
(b) Economic & Human Factors

* Skilled Workforce: Presence of premier institutions like Bombay College of Pharmacy,
NIPER-Ahmedabad supplies pharmacists, chemists, biomedical engineers.

* Cost-Effectiveness: Lower R&D and manufacturing costs than developed nations create
competitive advantage.

* R&D Capabilities: Focus on biosimilars, complex generics; 670 USFDA-approved facilities
(highest outside US).

(c) Market & Regulatory Factors
* Domestic Demand: Rising healthcare awareness + population growth drive internal market.

* Global Demand: India supplies 40% of US generic demand and 25% of UK medicines.
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* Robust Regulatory Framework: USFDA compliance instills global confidence.

2. Concentration in Western Region (Locational Theories & Models)
(a) Weber’s Least Cost Location Theory (Alfred Weber)
* Though pharma is footloose, transportation costs matter for APl imports and exports.

*  Western India’s proximity to ports (JNPT Mumbai, Kandla, Mundra) minimizes logistical
costs.

(b) Hoelter’s Agglomeration Economy

* Network effects: Early movers (Cipla, Sun Pharma, Zydus, Torrent) established HQs here,
creating supplier-service ecosystems.

* Industrial estates, SEZs, CETPs in Aurangabad, Nanded reinforce clustering.
(c) Port-Proximity Model (Export-Oriented Industry)
* 70% of APIs imported from China; port proximity reduces import costs.
* Exports to 200+ countries; 70% to regulated markets (US, EU) require fast shipping.
(d) Resource Linkage (Petrochemical Backward Linkage)
* Gujarat is India’s petrochemical hub; provides intermediates for drug synthesis.
(e) Capital & Entrepreneurship (Human Geography Perspective)
*  Mumbai = Financial Capital: Accumulated capital, banking access, entrepreneurial culture.
(f) State Policy Advantage

* Maharashtra & Gujarat: Tax incentives, single-window clearances, pharmaceutical parks.

3. Critical Analysis (Positives & Negatives using Geographical Theories)

Aspect Positive (using Theory) Negative (using Theory)
Regional Agglomeration Economies x Regional Imbalance (Myrdal’s
Concentration | (Hoelter) = efficiency, innovation Cumulative Causation) - eastern/
spillover central India neglected
Weber’s Transport Cost x Over-dependence on Ports -
Port Proximity | pinimization - export vulnerability to global disruptions
competitiveness (e.g., pandemic)
APl Import Global Trade Integration (Ricardo’s x 70% API from China - supply
Dependence Comparative Advantage) - cost chain risk; violates Atmanirbhar

efficiency Bharat

skilled Labor Human Capital Theory (Schultz) > x Skill Migration - rural areas lack
innovation hub pharma jobs, perpetuating inequality
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Aspect Positive (using Theory) Negative (using Theory)

x Policy Disparity - other states
lack incentives, widening development
gap

State Competition Theory -
Gujarat/Maharashtra outperform

Policy Support

Case Study 1: Gujarat's Petrochemical-Pharma Linkage (Vadodara-
Ankleshwar)

Guijarat's petrochemical hub in Vadodara-Ankleshwar provides critical intermediates
for drug synthesis, exemplifying Weber's backward resource linkage. Home to Sun
Pharma, Zydus, and Torrent, the cluster leverages port proximity (Mundra-Kandla)
for APl imports (70% from China) and exports to 200+ countries. State tax
incentives and pharmaceutical parks reinforce Hoelter's agglomeration economies,
making Gujarat India's largest pharma-producing state by volume.

Case Study 2: Mumbai-Pune Pharma Corridor (Maharashtra)

Mumbai-Pune corridor hosts Bombay College of Pharmacy, NIPER-Ahmedabad
graduates, and HQs of Cipla, Sun Pharma, and Abbott. Mumbai's financial capital
status enables capital access while Pune's industrial estates (Aurangabad) offer
CETPs and SEZs. Port proximity (JNPT) minimizes transport costs per Weber's
theory. However, Myrdal's cumulative causation reveals regional imbalance: eastern
India neglected, perpetuating spatial inequality in pharma development across
India.

4. Way Forward (Future of World & India)

1. API Domestic Manufacturing (PLI Scheme) - Reduce China dependence, achieve
Atmanirbhar Bharat.

2. Decentralize Clusters using Perroux’s Growth Pole Theory - Develop pharma hubs in
Himachal, Uttarakhand, Telangana to balance regional growth.

3. Innovation Shift (from cost-based to innovation-based via PRIP Scheme, 2023) - Focus on
new molecule discovery, not just generics.

4. Green Pharma - Adopt sustainable production to meet global environmental standards.

5. Global Health Custodian by 2047 (Bain Roadmap) - Position India as healthcare custodian
of the world through vaccines, biosimilars, affordable medicines.

Conclusion

Western India's pharma concentration validates Weber's least-cost location, Hoelter's agglomeration,
and port-proximity models. Spatial asymmetry reflects Myrdal's cumulative causation, neglecting
eastern/central regions. Decentralization via Perroux's growth pole theory, coupled with PLI-driven
APl domestication, can rebalance spatial development while securing India's 2047 global healthcare
custodian role through innovation-led, geographically equitable pharma growth.Bharat.
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(b) Why are coral reefs in India most important with respect to its dynamic ecosystem? Explore. 15
Marks

Introduction

Coral reefs, termed the "rainforests of the sea," occupy less than 0.2% of the seafloor yet support
over 25% of marine species. In India, reefs span 2,375 sq. km across four regions: Andaman &
Nicobar, Lakshadweep, Gulf of Mannar, and Gulf of Kutch. They support over 5 million people and
contribute 15,000 crore annually to India's economy through fisheries alone.

Bay of Bengal

|
7
/

Falk Bay

Sri Lanka

1. Dynamic Ecosystem Functions (with Theories & Models)

A. Highlighting Issues Using Geographical Perspectives

www.civilprep.in By Krishna Gupta Sir 8700523510



PYQ

CIVIL

Theory/Model Theorist Issue Highlighted

Svmbiosis Theor Zooxanthellae-Coral | Reef collapse when warming breaks symbiosis -
v v Partnership bleaching (Lakshadweep: 84.6% bleached in 2022)

Carrying Capacity Odum (Ecosystem Tourism exceeds reef capacity - physical damage

Model Ecology) (Malvan, Andaman)

Tragedy of the Hardin Overfishing depletes shared reef resources -

Commons ecosystem imbalance

D i N | reef i h i
yn.a_mlf: Pickett & White atural reef recovery dlsruptgd by anthropogenic

Equilibrium Theory stress - permanent degradation

B. Solving Problems Using Models & Perspectives

Solution Framework

Theorist/Geographer

Application

Marine Protected
Areas (MPAs)

Franklin (Conservation
Geography)

Gulf of Kutch Marine National Park restricts
destructive fishing

Resilience-Based
Management

Holling (Ecological
Resilience)

Coral transplantation in Gulf of Mannar
increases recovery capacity

Sustainable Tourism
Model

Butler (Tourism Area
Lifecycle)

Regulated diving caps in Andaman prevent
ecosystem overload

Coastal Regulation
Zone (CRZ)

Indian Environmental Law

CRZ-1 protects reefs from construction;
bans coral mining

2. Critical Analysis: Positives & Negatives

Aspect Positive (Theory) Negative (Theory)
Biodiversity Hotspot Theory (Myers) x Species Loss Trajectory (Pimm) =
Biodiversity | _ 8994 of India's coral diversity in 30% live coral cover loss in Gulf of
Andaman Kutch since 2000
Coastal Natural Breakwater Model - Tsunami x Wave Energy Increase -> Reef
Protection | \iication (2004 Indian Ocean Tsunami) degradation increases erosion risk
. Externalities of Growth
Economic Blue Economy Framework - 15,000 X ex I wth =
Value . . Industrial pollution (Gulf of Kutch)
crore from fisheries + tourism
degrades ecosystem
Climate Bio-Indicator Theory - Early warning x Climate Vulnerability - Bleaching
Indicator for ocean warming/acidification at +1-2°C above threshold
. Genetic Erosion - Sea
Genetic Pharmaceutical Potential (Harbor) - x . > i
Reservoir Reef compounds treat cancer, ulcers t(?mpe.rature rise reduces genetic
diversity
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Case Study 1: Andaman & Nicobar Coral Reefs (Biodiversity Hotspot)
Andaman reefs host 89% of India's coral diversity (500+ species), validating Myers'
Biodiversity Hotspot Theory. Despite 84.6% bleaching in 2022 from +2°C warming,
MPAs under Franklin's conservation framework protect 4,500 sqg. km. The 2004
Tsunami demonstrated natural breakwater function, mitigating coastal damage.
However, unregulated tourism exceeds Odum's carrying capacity, causing physical
reef damage and threatening long-term resilience.

Case Study 2: Gulf of Kutch Marine National Park (Industrial Pollution Stress)
Gulf of Kutch, India's first coral MPAs (1980), faces 30% live coral cover loss since
2000 from petrochemical effluents (Pimm's Species Loss Trajectory). Despite CRZ-1
restrictions banning coral mining, industrial pollution from Ahmadabad-Vadodara
corridor degrades ecosystem quality. Holling's resilience-based management
guides coral transplantation trials, but warming (+1-2°C above threshold) causes
recurrent bleaching, undermining adaptive capacity and blue economy potential.

3. Way Forward

1. National Coral Reef Research Institute (NCRRI) — X120 crore institute in Andaman for
research & restoration.

2. Coral Bleaching Alert System — ISRO's VEDAS geo-portal provides real-time monitoring.

3. Climate-Resilient Reef Restoration — Deploy heat-tolerant coral strains using Adaptive
Management Theory (Holling).

4. Community-Based Conservation — Apply Participatory Resource Management (Berkes) >
local fisher engagement.

5. Global Reefs by 2047 — Align with UN Sustainable Development Goal 14 (Life Below Water)
-> India as global reef conservation leader.

Conclusion

India's coral reefs exemplify dynamic equilibrium (Pickett & White), where symbiosis breakdown and
carrying capacity exceedance disrupt recovery. Spatially, Andaman represents biodiversity hotspots
while Gulf of Kutch shows anthropogenic stress. Applying resilience-based management (Holling)
and participatory conservation (Berkes) can balance blue economy growth with ecosystem integrity,
positioning India as global reef conservation leader under SDG 14 by 2047.pharma growth.Bharat.

(c) How does the agricultural sector of India confront with the contemporary physical and politico-
economic changes in the different regions of the country? Elucidate. 15 Marks

Answer:
Introduction

India's agricultural sector, contributing 18.3% to GDP and supporting 54.6% of the population (FY
2025), confronts unprecedented physical and politico-economic challenges. Crop production
reached 308 million tonnes in 2020-21, but climate variability (excessive rainfall, hailstorms, erratic
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weather) and policy shifts (WTO compliance, trade tariffs) disrupt regional farming systems across
India's diverse agro-climatic zones.

1. Confronting Changes (with Theories & Models)

A. Physical Changes — Issues Highlighted Using Geographical Perspectives

Theory/Model Theorist Issue Highlighted
et Paul Vidal de la | Climate limits agricultural possibilities = droughts in
Possibilism .
Blache Maharashtra, floods in Assam
. ] Soil degradation exceeds land capacity = 30% of
C C t od
arrying Lapacity um Punjab's land degraded
Climate Vulnerability Adger Himalayan states face glacial melt - Uttarakhand
Framework g agriculture at risk
. er Pickett & Natural recovery disrupted - Rajasthan's
Dynamic Equilibrium . e
White desertification accelerates

B. Politico-Economic Changes — Solving Problems Using Models

Solution Framework

Theorist/Geographer

Application

PM Dhan-Dhaanya Krishi
Yojana (PMDDKY)

Indian Agricultural
Policy

X24,000 crore for 1.7 crore farmers
across 100 districts

Agricultural Growth

Perroux (Growth Pole

Connect Punjab-MP-Karnataka for

Corridors Theory) technology transfer

Hardin (Risk Scientific crop-cutting experiments -
Crop Insurance Reform . .

Management) timely compensation

Conferences

Regional Agricultural

Decentralized Planning

Five zones (North, South, East, West,
Hill) for tailored strategies

2. Critical Analysis: Positives & Negatives

Aspect

Positive (Theory)

Negative (Theory)

Climate
Adaptation

Adaptive Capacity Model (Turner)

-> Misoliya drought-resistant crops in
Maharashtra

x Climate Tipping Point (Lenton) -
+2°C wheat yield loss 6% in North India

Policy
Support

State Intervention Theory -> MSP
for pulses self-sufficiency mission

x WTO Constraints (Doha Round) -
Export restrictions on rice/wheat

Regional
Equity

Core-Periphery Model (Friedmann)

-» Bihar's agricultural growth
accelerating

X Regional Imbalance (Myrdal) ->

Punjab overexploits groundwater vs.
Odisha's stagnation
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Aspect Positive (Theory) Negative (Theory)

Technology Diffusion Theory (Hagerstrand) -> x Technology Gap - Smallholders
Transfer Digital Krishi Meghala for 100 districts | (86%) lack access to agritech

Food Malthusian Correction - 308 MT x Nutritional Security Gap - 14%
Security production exceeds population growth | stunting despite caloric surplus

Case Study 1: Punjab Groundwater Overexploitation (Core-Periphery
Imbalance)

Punjab's rice-wheat monoculture, driven by MSP and free electricity, overexploits
groundwater (30% land degraded per Odum's carrying capacity), violating
equilibrium (Pickett & White). While contributing 40% of central wheat pool, it faces
+2°C wheat yield loss of 6% (Lenton's tipping point). Meanwhile, Odisha remains
underdeveloped, exemplifying Myrdal's cumulative causation where core prosperity
amplifies periphery stagnation across India's agricultural regions.

Case Study 2: Maharashtra Drought-Resistant Agriculture (Adaptive Capacity
Model)

Maharashtra's Misoliya region adopted drought-resistant crops under Turner's
adaptive capacity model, confronting possibilism (Vidal de la Blache) where climate
limits agricultural possibilities. Despite 324,000 crore PMDDKY support, 86%
smallholders lack agritech access (Hagerstrand's diffusion gap). Climate variability
causes hailstorms and excessive rainfall, but bio-fortified Sharbati wheat enables
quality-led growth, demonstrating how regional conferences and seed-to-market
strategies can mitigate physical constraints while addressing technology gaps.

3. Way Forward

1. Viksit Krishi Sankalp Abhiyan — Regional conferences for scientific, zone-specific guidance
before sowing.

2. Seed-to-Market Strategy — Integrate production, risk management, procurement, market
access.

3. Quality-Led Growth — Promote bio-fortified varieties (Sharbati wheat) for value realization.

4. Agri-Tech Adoption — BHARATI initiative for export enablement - $1 billion turmeric
exports by 2030.

5. Viksit Bharat by 2047 — Align with Net-Zero Agriculture (NITI Aayog) - 4% growth over
next decade, seaweed farming benefiting 1.6 million people.

Conclusion

India's agriculture confronts physical changes (climate variability, degradation) and politico-
economic shifts (WTO, MSP) through possibilism, adaptive capacity, and growth pole theories.
Spatially, Punjab-Odisha divergence reflects Friedmann's core-periphery model, while Maharashtra
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demonstrates adaptive resilience. Zone-specific strategies, agri-tech diffusion, and quality-led
growth under Viksit Krishi Sankalp can achieve 4% growth and net-zero agriculture for Viksit
Bharat 2047.growth.Bharat.

3. (a) Why is the pattern of population distribution of scheduled castes and scheduled tribes
different in India? Compare their socio-economic problems with examples. 20 Marks

Answer:

Introduction

Percentage of Scheduled
Castes (SCs) in State/UTs of
India (2011)

95

Arunachal

Uttar Pradesh

20.7%

Rajasthan

17.8%

Source: Census 2011 (socialjustice.nic.in)

Nagaland
0%

Manipur

3.4%

Gujarat
6.7%

Madhya Pradesh
15.6%

Tripura

17.8%
Mizoram
Odisha 0.1%

17.1%

‘ Maharashtra

11.8%

1.8% Population of India in

SC Category

16.63%

15.7% 0 Nicobar Islands
0%

Karnataka

17.2% %

1
Lakshadweep <«

0% Kerala
9.1%

Tamil Nadu )
20%

o
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India's Scheduled Castes (SCs: 241.8 million, 16.7% of population by 2025) and Scheduled Tribes
(STs: 104.2 million, 8.6% per Census 2011) show contrasting population distribution patterns. SCs
are widely dispersed (dominant in Punjab 32%, West Bengal 23%, Uttar Pradesh 21%), while STs
are regionally concentrated (highest in Mizoram 95%, Nagaland 87%, Central India's tribal belt:
Madhya Pradesh 14.7%, Chhattisgarh 31%). Their socio-economic problems stem from historical
marginalization but manifest differently.

Percentage of Scheduled
Tribes (STs) in State/UTs of
India (2011)

Arunachal

Rajasthan

13.5%

Source: Census 2011 (socialjustice.nic.in)

Gujarat

14.8%

Madhya Pradesh
21.1%

Tripura
31.8%
Mizoram

94.4%

QOdisha
22.9%

Maharashtra

9.4%

52% Population of India in

ST Category

Puducherry ﬁ Andaman and

0% 0 Nicobar Islands

7.5%

Karnataka

7%

1

Lakshadweep «

94.8% Kerala
1.5%

Tamil Nadu )
11%

o

1. Distribution Patterns & Geographical Perspectives

A. Highlighting Issues
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Theory/Model Theorist Issue Highlighted
Core-Periphery . SCs in core urban areas (marginalized labor); STs in
Friedmann . .
Model peripheral forests (isolated)
Possibilism Vidal de la STs .ph\{smal isolation Ieru.ts opportunities - shifting
Blache cultivation, low productivity
Social SCs' caste-based occupational stigma - landlessness (40%
. . Needham
Determinism poor vs. 50% STs)
Cumulative Regional ST concentration = poverty cycle (illiteracy,
] Myrdal . .
Causation health issues persist)
B. Solving Problems
Solution . I
Framework Theorist/Geographer Application

PM-AJAY Scheme

Indian Social Policy

Skill development, income schemes in SC-
dominated villages

Tribal Sub-Plan
(TSP)

Planned Development

X50,000 crore for ST areas (roads, schools,
health centers)

Land Rights Act

Legal Geography Act 2006

ST land alienation protection -» Forest Rights

Educational
Corridors

Diffusion Theory
(Hagerstrand)

200+ Eklavya Schools for STs in tribal belts

2. Critical Analysis: Positives & Negatives

990 (improved from 978 in 2001)

Aspect Positive (Theory) Negative (Theory)
Population Demographic Transition - ST sex ratio x Poverty Trap (Myrdal) - 50%
Growth

STs, 40% SCs in poorest category

Land Access

Resource Access Model - STs have
better land access than SCs

x Land Alienation - SCs
landless (forced urban migration)

Social Integration Theory -> SCs

x Cultural Insulation - STs

Integration integrated in mainstream (Jatavs, Chamars | isolated (75 Primitive Tribal
economically dominant) Groups identified)
Infrastruct Deficit - STs:
Infrastruct Core Development - SCs in urban x nirastructure Deficit -> STs
nirastructure . . only 23% toilet facility, 52%
areas get better services (59% toilet access) ..
electricity
Land Quality Productivity Enhancement - STs' land x Agricultural Poverty - SCs
yielding low income despite access lack land entirely - migration
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Case Study 1: Uttar Pradesh SC Landlessness (Core-Periphery
Marginalization)

Uttar Pradesh hosts 21% of India's SCs, with 40% landless laborers concentrated
in core agricultural zones (Jatav, Chamar communities). Despite social integration
theory showing economic dominance in some areas, caste-based occupational
stigma per Social Determinism (Needham) perpetuates landlessness, forcing urban
migration. PM-AJAY skill development helps, but 50% land redistribution in SC-
dominant districts remains unimplemented, sustaining poverty traps.

Case Study 2: Chhattisgarh ST Forest Rights (Peripheral Isolation)
Chhattisgarh's 31% ST population faces cumulative causation poverty (Myrdal) in
peripheral forest belts. Despite Forest Rights Act 2006 protecting land alienation,
only 23% have toilet facilities and 52% electricity. Possibilism (Vidal de |la Blache)
limits opportunities through shifting cultivation and low productivity. Eklavya
Schools address education gaps, but 75 Primitive Tribal Groups remain culturally
insulated, with 50% in poorest category despite better land access than SCs.

3. Way Forward

1. Targeted Interventions - Acknowledge distinct challenges: SCs need land rights; STs need
forest rights protection.

2. Eklavya Tribal Schools Expansion - 500+ schools by 2030 for ST education in tribal belts.
3. SCLand Reforms - 50% land redistribution in SC-dominant districts (UP, Punjab, WB).
4. Digital Inclusion - 100% internet connectivity in ST areas for skill development.

5. Viksit Bharat 2047 - Align with SDG 10 (Reduced Inequalities) - SC/ST poverty reduced to
<10%, literacy >90%, life expectancy 75+ years.

Conclusion

SC dispersion reflects core-periphery marginalization; ST concentration shows peripheral isolation.
Beyond SDG 10, align with SDG 1 (No Poverty) and SDG 4 (Quality Education): implement universal
land title registration for SCs, enforce community forest resource rights for STs, and mandate 15%
budget allocation for Tribal Sub-Plan. This dual approach addresses structural inequality while
achieving poverty reduction and educational equity for India's 346 million marginalized citizens.

(b) Highlight the characteristics of land utilisation in Eastern Ghats region of India. What are the
recent threats to land utilisation method in the region? 15 Marks

Answer:
Introduction

The Eastern Ghats, spanning 320,000 sq. km across Odisha, Andhra Pradesh, Telangana, Karnataka,
and Tamil Nadu, exhibit unique land utilization patterns shaped by dissected topography, rainfed
agriculture, and forest cover. Recent data shows forest cover declined from 43.4% (1920) to 27.5%
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(2015)—a 16% loss in 100 years—with mining areas expanding from 622 sq. km (1920) to 962 sq.
km (2015). The region harbors 450+ endemic plant species and 2,600+ plant species but remains
one of India's most degraded ecosystems.

1. Characteristics & Threats (with Geographical Perspectives)

A. Characteristics

Theory/Model Theorist Characteristic
ot Vidal de la Rainfed agriculture dominates - limited irrigation

Possibilism . N .
Blache restricts cropping intensity

Terrace Cultivation Hilly tracts use terrace farming for millets, pulses,
Carl Sauer .

Model oilseeds; valley floors support paddy

Mixed Croppin Millets + pulses + oilseeds + horticulture - climate

PPINg Hutchinson o P _>

System resilience

Forest-Grassland Troll Forests (Odisha, northern AP) + pastures in semi-arid

Mosaic zones - ecological-economic balance

B. Threats

CivilPrep
—
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Threat Theory/Model Theorist | Issue
o . o -

Deforestation Land Use Change Turner 16% forest loss - agriculture (8%), mining/

Model development (4%)
Mining Resource Extraction Harve Mining area increased 54% (1920-2015) -
Expansion Theory v habitat fragmentation

L. Core-Periphery Friedman | Built-up land: 3,665 km? (2015) - 3,990 km?

Urbanization

Model n (2050) - encroachment

Steep slopes + heavy rainfall - fertility

Soil Erosion Carrying Capacity Odum degradation

Climate Climate Adeer +1.8°C by 2050 - water scarcity, crop failures,
Change Vulnerability 8 forest fires

2. Critical Analysis: Positives & Negatives

Aspect Positive (Theory) Negative (Theory)
Adaptive Possibilism (Vidal de la Blache) x Unsustainable Shifting Cultivation -
Agriculture -> Mixed cropping ensures climate | Reduced fallow periods due to

resilience population pressure

Ecological Functions -> Forests x Forest Fragmentation (Habitat
Forest Cover | sarye biodiversity + livelihood Theory) - 1,379 patches (1920) - 9,457

purposes patches (2015)

x Mono-Cropping Shift - Climate

variability pushes farmers away from
traditional mixing

Traditional Cultural Ecology -> Terrace
Practices farming adapted to topography

Hotspot Theory (Myers) = 450
Biodiversity | andemic species - global
conservation priority

x Species Loss > 60% habitat reduction
for endemic/RET species by 2050

Land Multiple Cropping = Valley x Land Degradation -» Scrubland
Productivity | fioors support intensive paddy increased 10.4% (1931) - 15.2% (2008)

Case Study 1: Odisha Eastern Ghats Mining Deforestation (Resource
Extraction Threat)

Odisha's Eastern Ghats mining expanded 54 % (1920-2015), causing 16% forest
loss and fragmenting forests into 9,457 patches per Habitat Theory. Iron ore mining
in Koraput and Mayurbhanj displaces 2,600+ plant species and 450 endemic
species. Despite eco-sensitive zone guidelines, Resource Extraction Theory
(Harvey) drives unsustainable expansion, violating Land Use Change Model (Turner)
and reducing biodiversity hotspot value per Myers' theory.
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Case Study 2: Andhra Pradesh Terrace Farming Decline (Climate Vulnerability
Threat)

Andhra Pradesh's hilly tracts traditionally practiced terrace cultivation (Carl Sauer
model) for millets, pulses, and oilseeds. However, +1.8°C warming by 2050 (Adger's
Climate Vulnerability) triggers water scarcity and crop failures, pushing farmers
toward mono-cropping. Carrying Capacity (Odum) exceeded on steep slopes
causes 10.4% — 15.2% scrubland increase (1931-2008), undermining Cultural
Ecology and reducing climate resilience from mixed cropping systems.

3. Way Forward

1. Eastern Ghats Regional Development Council - Integrated land management across 5
states.

2. Habitat Restoration -» Restore 40% endemic species habitat by 2035 using adaptive
management (Holling).

3. Sustainable Mining - Ban mining in core areas; implement eco-sensitive zone guidelines.

4. Climate-Resilient Agriculture - Promote drought-resistant millet varieties + soil
conservation techniques.

5. Viksit Bharat 2047 - Align with SDG 15 (Life on Land) - Forest cover restored to 35%,
100% endemic species protection, sustainable livelihoods for 2.6 million people.

Conclusion

Eastern Ghats face mining deforestation and climate-driven agricultural decline. Beyond SDG 15,
align with SDG 6 (Clean Water) and India's National Water Mission: implement watershed
management across 5 states, mandate 30% mining revenue for water conservation, and establish
Eastern Ghats Water Authority. This integrates land-water nexus management, securing water
security for 2.6 million people while restoring forest cover to 35% and protecting endemic species
habitats by 2035.

(c) What are the challenges of dairy sector in India? Describe the contribution of bovine
population. 15 Marks

Answer:
Introduction

India's dairy sector, contributing 5% to the national economy and employing over 80 million
farmers, is the world's largest milk producer (24.64% of global production). In 2022-23, milk
production reached 230.58 million tonnes (growing at 5.85% CAGR) with 459 grams/day per capita
availability (vs. world average of 322 grams). The bovine population comprises 303.76 million
(cattle, buffalo, mithun, yak) per 20th Livestock Census 2019, with 125.75 million milch animals
(cows + buffaloes). However, the sector faces multiple structural, economic, and environmental
challenges.
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1. Challenges & Contributions (with Theories & Models)

Civil

A. Highlighting Challenges Using Geographical Perspectives

Challenge Theory/Model Theorist | Issue
Low . . Average milk yield: 3.2 kg/cow/day vs. global
Productivity Carrying Capacity | Odum 10 kg - 60% below optimal
Feed & Fodder | Resource Scarcity Hardin 35% fodder deficit - 40% of production cost
Crisis Theory on feed
. Clinical Thrusfiel | FMD, Brucellosis, PPR = 15-20% production
Disease Burden . .
Epidemiology d loss annually
Marketing Ga Core-Periphery Friedman | 60% milk sold in unorganized sector -
g%ap Model n farmers get X25-30/liter vs. X45-50 retail
Climate Climate Adeer +2°C by 2050 -> heat stress, reduced fertility,
Vulnerability Adaptation & 10% production decline
B. Solving Problems
Solution Theorist/Model Application
Rashtriya Gokul Mission Breeding Infii‘genous breed conservation - 1.5
Improvement million bull calves
National Programme for Dairy Infrastructure X3,311 crore for cold chain, quality
Development (NPDD) Model testing, value addition

Fund (DIDF)

Dairy Processing & Infrastructure | Value Chain

Integration

37 projects sanctioned - processing
capacity enhancement

Fund

Animal Husbandry Infrastructure

Private Investment

X8,666 crore projects - feed plants,
dairy processing units

Livestock Health & Disease Control

Preventive
Medicine

24.18 crore FMD vaccinated; 2.71 crore
Brucella vaccinated

2. Critical Analysis: Positives & Negatives

Aspect Positive (Theory) Negative (Theory)

. Malthusi i 230 MT
Milk @ t usfan Correction _> 30 X VYield Gap - 3.2 kg/cow/day vs. 10
Production production exceeds population

growth (5.85% CAGR)

kg global - 60% below optimal

Employment

Labor Theory of Value - 80
million farmers directly employed

x Informalization - 60% unorganized
-> no social security, low wages

Per Capita Nutritional Security - 459g/day x Regional Disparity - North India:
Availability vs. 322g world average 600g vs. East India: 300g
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Aspect Positive (Theory) Negative (Theory)

Breed Genetic Diversity (Harbor) - x Genetic Erosion - Exotic

Conservation | Gokul Mission preserves 38 crossbreeding reducing indigenous
indigenous breeds population

Cooperative Social Capital Theory - 195 dairy x Market Power Asymmetry -

Model cooperatives (NDDB) - farmer Private players dominate 40% -

empowerment cooperative margins squeezed

Case Study 1: Punjab Dairy Yield Gap (Carrying Capacity Challenge)

Punjab, North India's dairy hub (600g/day per capita), faces 3.2 kg/cow/day yield
vs. 10 kg global average per Odum's carrying capacity. Despite Rashtriya Gokul
Mission conserving indigenous breeds, exotic crossbreeding causes genetic
erosion. 35% fodder deficit (Hardin's resource scarcity) drives 40% production
costs on feed, while 60% unorganized sector limits farmer income to 325-30/liter
vs. I45-50 retail, perpetuating informalization and low wages.

Case Study 2: East India Dairy Marginalization (Core-Periphery Disparity)
East India's 300g/day per capita availability reflects Friedmann's core-periphery
model, where Punjab-Haryana dominate as cores while Bihar-Odisha remain
peripheral. Climate vulnerability (Adger) causes +2°C heat stress reducing fertility
and 10% production decline. Despite 195 dairy cooperatives (NDDB) under social
capital theory, private players dominate 40% market, squeezing cooperative
margins and denying 80 million farmers social security, exacerbating regional
nutritional insecurity.

3. Way Forward

1. Breed Improvement Technology -> Al, genomic selection - increase yield to 8 kg/cow/day
by 2030.

2. Feed & Fodder Security - 100% fodder cultivation under Krishi Meghala - reduce 35%
deficit.

3. Organized Procurement -» Increase organized sector share from 40% to 70% by 2030.

4. Climate-Resilient Dairy - Heat-tolerant breeds, shaded dairy farms - adapt to +2°C
warming.

5. Viksit Bharat 2047 - Align with SDG 2 (Zero Hunger) - milk production 400 MT, yield 10
kg/cow/day, 100% disease coverage, 15% GDP contribution by agri-sector.

Conclusion

India's dairy sector faces yield gaps, feed crises, disease burdens, and regional disparities. Beyond
SDG 2, align with SDG 12 (Responsible Consumption) and India's National Dairy Plan 2.0: mandate
50% fodder cultivation on wasteland, implement universal animal health insurance covering 15-20%
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disease losses, and establish 1,000 rural dairy cooperatives. This integrates sustainability with equity,
achieving 400 MT production, 10 kg/cow/day yield, and 100% disease coverage while reducing
regional disparity by 50% by 2035.

4. (a) “Socio-political landscape in India is a result of regional consciousness creating inter-state
disputes.” Discuss with region specific examples. 20 Marks

Answer:

Introduction

India's socio-political landscape reflects regional consciousness—a strong sense of identity based
on language, culture, ethnicity, and geography—creating ongoing inter-state disputes. Recent data
reveals 7 major border disputes (Assam-Meghalaya, Assam-Nagaland, Assam-Mizoram, Assam-
Arunachal Pradesh, Maharashtra-Karnataka, Bihar-Uttar Pradesh, Haryana-Uttar Pradesh) and 15+
river water disputes (Cauvery, Mahanadi, Krishna, Godavari). These disputes impact 45% of India's

HP-U'khand \ ) Arunachal-
Six placesin Assam
Dehradun district Arunachal
claims territory
ggtzzgz inAssam on
g:jj:sr:'t‘; : fluctuating basis of history
Gliaratclai due to rivers - a——
Lidtab AN changing course (
half Mangadh s h Nagaland
Hil}lqs.'cu;;;ntly - Y l\llagalagdooo
in Rajasthan o €O claims 5,000 sq
- | L+ milesinAssam
. . #~J "onhistorical
L. e S grounds”
Ly @ - 2
Kamataka- - [ JGPOO® [T pu |
Maharashtra -~ | .. & | /——Odisha-WBengal
Marathi-speaking ' A ol Five villages in Balasore,
well as Belgaum

in Karnataka N o —— Odisha-J'khand
: Seven villages in Mayurbhang,
Keonjhar districts

Karnataka-Kerala J

Kasargod_district — Odisha-C'garh
currently inKerala Three villages in Naupada
district

Odisha-Andhra -
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population across bordering states, reflecting how regional identity shapes political conflict and
governance.

1. Regional Consciousness & Inter-State Disputes (with Theories & Perspectives)

A. Highlighting Issues
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Theory/Model Theorist | Issue Highlighted Example
Primordial Language/culture = exclusive | Maharashtra-Karnataka
Attachment Shils identity - state boundaries (Belagavi): Marathi vs. Kannada
Theory feel artificial linguistic identity
Core-Periphery Eriedman Resmfrce-rich periphery Cauvery Water (Tamil Nadu-
exploited by core - Karnataka): Upstream Karnataka
Model n .
resentment vs. downstream Tamil Nadu
Assam-Nagaland (border):
Ethnic . Ethnic identity = political claim & ( . )
. . Smith . Assamese vs. Naga tribal
Nationalism -> border redefinition . )
identity
Telangana (Andhra Pradesh):
Cumulative Resource disparity - regional 8 ) ( . )
. Myrdal . . Ostensible exploitation - 2014
Causation imbalance - conflict .
state formation

B. Solving Problems

Solution Framework

Theorist/Geographer

Application

Inter-State Council
(Article 263)

Sarkaria Commission

Mediation forum for river/border disputes;
15+ meetings conducted

Supreme Court (Article
131)

Original Jurisdiction

Legally adjudicates disputes; Belagavi pending
since 1960s

States Reorganisation

Linguistic Principle

Created 14 states based on language -

River Water Tribunals

(1956)

Act (1956) reduced linguistic conflicts
Regional Development Perroux (Growth Special economic zones for border states (e.g.,
Boards Pole) TEJAS for Assam)

River Boards Act Cauvery, Mahanadi, Krishna Tribunals -

quota-based allocation

2. Critical Analysis: Positives & Negatives

Aspect Positive (Theory) Negative (Theory)
State Linguistic Principle (States x Fragmentation Risk (Myrdal) >
Formation Reorganisation) -> 1956 reorganization | Telangana -> 29 states >
reduced linguistic conflicts administrative complexity
Regional Pluralism (Barry) - Diversity x Exclusion (Shils) - Primordial
Identity preserved through regional attachment -> discrimination against
consciousness outsiders
C Domi Fried
Resource Equity Principle - River tribunals Ux ore omlna:ce (Friedmann) >
; t tat inate;
Allocation ensure fair distribution pstream states dominate
downstream lose
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Aspect Positive (Theory) Negative (Theory)

Decentralization (Patel) -> Regional

Political <es (DMK. TMC) > inclusi x Political Instability (Lipset) >
Tt : t " . e .
Participation | Partes ( ) > inclusive Frequent elections, coalition crises
governance
Border Parliamentary Law -> Bihar-UP x Unresolved Disputes -> 7 border
Settlement (1968), Haryana-UP (1979) resolved disputes pending for 50+ years

Case Study 1: Maharashtra-Karnataka Belagavi Dispute (Primordial
Attachment Theory)

Belagavi (Karnataka) remains India's longest-running linguistic dispute since 1960s,
where Marathi-speaking population (primordial attachment per Shils) demands
merger with Maharashtra. Karnataka's core dominance exploits periphery
(Friedmann), while Supreme Court adjudication under Article 131 remains pending.
70% of 5 million residents favor Marathi identity, creating political instability and
threatening pluralism (Barry) through exclusionary nationalism (Shils), exemplifying
how linguistic consciousness fuels inter-state conflict.

Case Study 2: Cauvery Water Dispute Tamil Nadu-Karnataka (Core-Periphery
Imbalance)

Cauvery dispute reflects Friedmann's core-periphery model: upstream Karnataka
(core) controls 70% water flow, starving downstream Tamil Nadu (periphery) of 50%
irrigation needs. River Water Tribunal quotas generate 15+ protests annually, with
2023 drought triggering violent clashes. Myrdal's cumulative causation shows
resource disparity escalating conflict, while equity principles fail against core
dominance. 5 million farmers depend on Cauvery, making it India's most politically
volatile river dispute.

3. Way Forward

1. Inter-State Council Strengthening - Regular meetings, binding decisions; resolve 15+
disputes by 2030.

2. River Water Sharing Amendment - National Water Policy 2025 - quota-based, seasonal
allocation.

3. Border Demarcation Commission - Technological survey (GPS, drones) - resolve 7
disputes by 2035.

4. Regional Development Funds - 100,000 crore for border states - reduce resource
disparity.

5. Viksit Bharat 2047 - Align with SDG 16 (Peace, Justice, Strong Institutions) = Zero inter-
state disputes, federal harmony, 100% dispute resolution mechanism.

Conclusion
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Regional consciousness drives inter-state disputes through linguistic identity (Belagavi) and resource
imbalance (Cauvery). Beyond SDG 16, align with SDG 6 (Clean Water) and India's National Water
Sharing Framework: mandate constitutional water-sharing commission with binding powers,
implement seasonal quota allocation, and establish 50,000 crore border development fund. This
integrates federal harmony with water security, resolving 7 border and 15+ river disputes by 2035
while ensuring equitable resource distribution for 45% of India's population.

(b) Why cottage industries in India are an integral part of Indian socio-economic structure? Assess
this with reference to different types of cottage industries in rural India. 15 Marks

Answer:
Introduction

Cottage industries contribute 3.5 lakh crore (3.2% of GDP) and employ over 60 million people in
rural India, making them the second-largest employment sector after agriculture. In 2023-24, the
MSME sector (including cottage industries) grew at 9.2% CAGR, with rural cottage industries
accounting for 45% of total manufacturing output. These industries sustain 140 million rural
households, prevent urban migration, and preserve traditional skills, forming the backbone of
India's decentralized economic structure and socio-cultural identity.

1. Importance & Types (with Theories & Models)

A. Highlighting Importance

Theori
Theory/Model st Importance Highlighted Example
Local Economic Mvers Rural income circulates locally | Handloom (West Bengal): 4.5
Multiplier v -> 3x economic impact million artisans [employment]
Endogenous Romer Local knowledge + skills > Pottery (Rajasthan): Traditional
Growth Theory sustainable development techniques passed generations
Absorbs agricultural surplus Cottage Food Processing (UP):
Labor Surplus . & P g . g (UP)
Model Lewis | labor - reduces 2.2 million workers
unemployment [employment]
Comparative Ricard | Rural low-cost production - Handicrafts (Tamil Nadu): Export
Advantage o competitive advantage to 50+ countries
B. Types of Cottage Industries
Theori
Type Theory/Model st Rural Example
Handloom & Hoelte | Banarasi silk (UP), Kanjeevaram (TN) = 4.5
) Cluster Theory . .
Textiles r million artisans
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Theori
Type Theory/Model | ' | Rural Example
Blue pottery (Rajasthan), T tta (MP) - 3.2
Handicrafts Cultural Ecology | Sauer ue po e.ry( ajasthan), Terracotta (MP) >
million artisans
Food Processing Value Chain Hosme | Pickles, papad, spices (Gujarat, UP) > 2.2 million
Model r workers
Leather sh TN), Wood ing (Keral 1.8
Leather & Wood | Resource-Based | Harvey ceather shoes (TN), Wood carving (Kerala) ->
million workers
Bamboo & Metal Resourf:e Harvey Ba!rrTboo crafts (Assam), Metalware (MP) - 1.5
Extraction million workers

2. Critical Analysi

s: Positives & Negatives

Aspect Positive (Theory) Negative (Theory)
Labor Surplus Model (Lewis) = 60 x Informalization - 85%
Employment | ijjion employed > prevents urban unorganized -> no social security, low
migration wages
Income Multiplier Effect (Myers) - X3.5 x Low Productivity - 40% below
Generation lakh crore - 3x local economic impact | industrial average - poverty trap
. Endogenous Growth (Romer
skill d' ) gl k': W (d )= XK skill Erosion - Young generation
; raditional skills preserved across
Preservation . P shifts to urban jobs - loss of heritage
generations
Feminization Theory (Barr 65%
Gender ! |z- S yl( y) > 65% x Gender Pay Gap - Women earn
Inclusion women artisans > female 30% less - income inequality
empowerment
Market Comparative Advantage (Ricardo) - x Market Asymmetry - 70%
Access Competitive low-cost production -> dependent on middlemen - low
exports profit margins

Case Study 1: West Bengal Handloom Cluster (Labor Surplus & Multiplier

Effect)

West Bengal's handloom industry employs 4.5 million artisans, validating Lewis's
labor surplus model by absorbing agricultural surplus labor. Myers' local economic
multiplier generates X3.5 lakh crore with 3x local impact. However, 85%
unorganized workers lack social security, earn low wages, and face 70%
middlemen dependence (market asymmetry). Women comprise 65% but earn 30%
less (gender pay gap), perpetuating income inequality despite preventing urban

migration.
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Case Study 2: Rajasthan Blue Pottery (Endogenous Growth & Skill Erosion)
Rajasthan's blue pottery preserves traditional techniques across generations per
Romer's endogenous growth theory, with 3.2 million artisans practicing cultural
ecology (Sauer). However, young generation shifts to urban jobs cause skill erosion,
threatening heritage loss. Low productivity (40% below industrial average) creates
poverty traps, while comparative advantage (Ricardo) enables exports to 50+
countries. Yet market asymmetry limits profit margins, undermining sustainable rural
development despite cultural preservation.

3. Way Forward

1. SVANIDHI Scheme Expansion - 50,000 crore micro-finance for 10 million cottage artisans
by 2030.

2. Digital Marketing Platforms - 100% online presence -> reduce middlemen dependence -
increase profit by 40%.

3. Skill Development Programs - 5 million artisans trained in modern techniques by 2035
(NID, NIFT).

4. Cluster Development - 1,000 cottage clusters - economies of scale - reduce production
cost by 25%.

5. Viksit Bharat 2047 - Align with SDG 8 (Decent Work & Economic Growth) - %10 lakh
crore output, 100 million workers, 50% export growth, 100% social security coverage.

Conclusion

Cottage industries sustain 60 million workers through employment, income, and skill preservation
but face informalization and low productivity. Beyond SDG 8, align with SDG 5 (Gender Equality) and
India's National Rural Employment Guarantee: mandate 50% women ownership in SVANIDHI
schemes, enforce minimum wage laws for unorganized artisans, and establish 500 women-led
cottage clusters. This integrates economic growth with gender equity, achieving 100 million workers,
50% women leadership, and 100% social security by 2035.

(c) “The rural settlements in India are highly diversified due to both physical and cultural factors.”
Justify the statement with examples. 15 Marks

Answer:
Introduction

India has over 2.5 million rural settlements (Census 2011), representing the world's largest rural
population (910 million, 72% of total). These settlements are highly diversified due to physical
factors (topography, climate, water availability, soil type) and cultural factors (language, religion,
caste, ethnicity). The diversity manifests in settlement patterns (nucleated, dispersed, linear,
clustered), house types (mud, stone, concrete), and land use (agricultural, pastoral$). Recent data
shows 64% of rural settlements are in plain areas, 23% in plateau regions, and 13% in
mountainous/hilly areas, reflecting physical-cultural interplay.

www.civilprep.in By Krishna Gupta Sir 8700523510



PYQ CIVIL Y

Civil

1. Physical & Cultural Factors (with Theories & Models)

A. Highlighting Diversity

Factor Theory/Model | Theorist Example

Vidal de la | Plain settlements (Nucleated: Punjab, UP) vs.
Topography | Possibilism ( jab, UP)

Blache Mountain settlements (Scattered: Himalayas)
. Adaptive Rainfed settlements (Clustered: Deccan Plateau)
Climate . Turner . .
Capacity vs. Arid settlements (Scattered: Rajasthan)
Riverine settlements (Linear: Ganga-Brahmaputra
Water Site-Situation ( . & P )
e Hawley vs. Water-scarce settlements (Dispersed: Thar
Availability | Model Desert)

Fertile soil settlements (Nucleated: Black soil:

Carryi .
Soil Type arrylr\g Odum Maharashtra) vs. Poor soil settlements (Scattered:
Capacity R
Sandy: Rajasthan)
Language Cultural Sauer Hindi Belt (Nucleated: UP, Bihar) vs. Tribal areas
guag Ecology (Dispersed: Nagaland, Mizoram)
.. Cultural Hindu settlements (Clustered: North India) vs.
Religion Martonne . .
Geography Muslim settlements (Nucleated: Kerala, Kashmir)
] Dominant caste villages (Nucleated: Jat villages:
Cast Social Struct D t . . . -
aste oclal Structure | Dumon Punjab) vs. Mixed caste (Dispersed: South India)
Ethnicit Ethnic Smith Tribal settlements (Scattered: Central India) vs.
¥ Nationalism Non-tribal (Nucleated: Plain India)

B. Settlement Types

Type Theory/Model | Theorist Region Example
Nucleated
(Cl:ustered) Agglomeration | Hoelter Punjab, UP, Bihar (Plain, fertile soil)
Dispersed Diffusion Hagerstran | Himalayas, Rajasthan (Mountain,
(Scattered) Theory d arid)
G , Brah t Il
Linear River-Proximity | Penrose ajnga' rahmaputra vateys
(Riverine)
Resource-
Circular Harvey Rajasthan (Water ponds, pastoral)
Based
) Cultural . .
Tribal (Hamleted) Identity Needham | Central India (Jharkhand, Odisha)

2. Critical Analysis: Positives & Negatives
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Aspect Positive (Theory) Negative (Theory)

Possibilism (Vidal de la Blache) - x Environmental Vulnerability

Physical

Adaptation | Settlements adapt to environment -> (Adger) -> Flood/drought-prone areas
sustainability -> displacement

Cultural Cultural Ecology (Sauer) -> Diversity | ) Social Fragmentation (Shils) -

Diversity preserved - rich heritage Caste/religion - communal tensions

Aggl ti Hoel
Settlement | g8 odm_e)ra on ( oehtelt) > x Isolation (Friedmann) - Dispersed
t : . .

Patterns . ucleate resouirce sharing -> poor access to services, education
infrastructure

Land Use Carrying Capacity (Odum) - Fertile x Land Degradation (Odum) = Poor

soil - intensive agriculture soil - low productivity, poverty

Site-Situation (Hawley) - Riverine x Water Scarcity (Hardin) > Arid >
-> irrigation, transport migration, conflict

Water Access

Case Study 1: Punjab Nucleated Villages (Possibilism & Agglomeration)
Punjab's plain, fertile black soil settlements exemplify Vidal de la Blache's
possibilism, where nucleated patterns (Hoelter's agglomeration) enable resource
sharing and infrastructure. Dominant Jat caste villages show social structure
(Dumont), with 64% rural settlements in plains. However, environmental vulnerability
(Adger) causes flood-drought displacement, while intensive agriculture exceeds
Odum's carrying capacity, degrading land and creating poverty traps despite high
productivity and infrastructure access.

Case Study 2: Himalayan Dispersed Settlements (Diffusion & Cultural Identity)
Himalayan scattered settlements reflect Hagerstrand's diffusion theory, where
mountainous topography and arid climate force dispersed patterns. Tribal ethnic
groups (Smith's ethnic nationalism) in Nagaland-Mizoram maintain cultural identity
(Needham) but face isolation (Friedmann), limiting education and service access.
Only 13% settlements in mountains struggle with water scarcity (Hardin), triggering
migration and conflict, while poor soil reduces productivity despite cultural diversity
preservation per Sauer's cultural ecology.

3. Way Forward

1. Integrated Rural Development - 100% settlements with basic infrastructure (PRADHAN
MANTRI AAWAS Yojana).

2. Climate-Resilient Settlements - Disaster-proof housing, water conservation in flood/
drought zones.

3. Cultural Preservation - 10,000 heritage villages protected (Nyaya Bill 2025).

4. Smart Villages - 100,000 villages with digital connectivity, skill centers (Digital India 2030).
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5. Viksit Bharat 2047 -> Align with SDG 11 (Sustainable Cities & Communities) - 100%
infrastructure, 50% poverty reduction, 100% cultural heritage protection.

Conclusion

India's rural diversity stems from physical (topography, climate, water, soil) and cultural (language,
religion, caste, ethnicity) factors. Beyond SDG 11, align with SDG 1 (No Poverty) and India's National
Rural Livelihood Mission: mandate climate-resilient housing for 100% flood-drought settlements,
establish 50,000 rural livelihood clusters, and provide universal basic income for dispersed
settlements. This integrates sustainable communities with poverty reduction, achieving 100%
infrastructure, 50% poverty reduction, and equitable service access for 910 million rural residents by
2035.

5. (a) How can rural-urban fringe be delineated? Explain with suitable examples from India. 10
Marks

Answer:
Introduction

The rural-urban fringe (RUF) is a transition zone where rural and urban land uses intermingle,
characterized by mixed settlements, occupations, and infrastructure. In India, peri-urban areas
cover 15-20% of urban agglomerations and house over 100 million people (Census 2023). The RUF
can be delineated using multiple methods—concentric zone models, land-use surveys, remote
sensing/GlS, and socio-economic criteria. Examples include Delhi outskirts (Noida, Gurugram),
Bengaluru (Devanahalli, Ramanagara), Pune (Maval, Khed), and Ahmedabad (Gandhinagar,
Sanand) where agricultural land transitions to housing, IT parks, and industrial estates.

Civil
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1. Delineation Methods (with Theories & Models)

A. Highlighting Methods

Method Theory/Model Theorist | Criteria
Concentric Observes urban expansion -» identifies 5-10 km
Zone Theory Burgess . .
Zone Model peri-urban zone from city center
Land-Use Land-Use Pattern | Hawley Dc.atects rfﬁxed land use (residential + agricultural
Survey + industrial)
Remote ] . Goodchil | Maps built-up areas, roads, land-cover changes -
. Spatial Analysis . . .
Sensing & GIS d precise spatial boundaries
Socio- Population density (>500/km?), | t (%
ocio ' Demographic Notestei opula .on ensity ( : /km?), employment (%
Economic Transition n non-agriculture >40%), infrastructure (%
Criteria electrified >70%)
Urbanit 0-100): >50 = urban fringe, 30-50
Urbanity Index | Composite Index | Rose ' ?m y score ( ) uroan fringe
= mixed, <30 = rural
B. Indian Examples
City Example Method Used Theorist Fringe Zone Identified
Delhi (Noida, Concentric Zone + | Burgess, 15 km radius = 500 km? peri-urban
Gurugram) GIS Goodchild area
Bengaluru Land-Use + Hawlev. Rose 20 km radius - 40% agriculture -
(Devanahalli) Urbanity Index Y, 60% housing/industry
Pune (Maval, Socio-Economic + | Notestein, 30 km radius - 45% non-agricultural
Khed) GIS Goodchild employment
Ahmedabad Urbanity Index + 25 km radius - 70% industrial, 30%
Rose, Hawley )
(Sanand) Land-Use agricultural
2. Critical Analysis: Positives & Negatives
Aspect Positive (Theory) Negative (Theory)
Delineation Spatial Analysis (Goodchild) > | 9 Dynamic Nature (Allen) - Fringe
Accuracy

GIS provides precise boundaries

changes rapidly - boundaries blurred

Mixed Land Use

Land-Use Pattern (Hawley) >

Transitional economy -
diversified livelihoods

x Land Fragmentation (Odum) -

Agricultural land converted - food
security loss
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Aspect Positive (Theory) Negative (Theory)

Infrastructure Demographic Transition x Infrastructure Gap (Myrdal) - Peri-

Access (Notestein) -> Better connectivity, | urban areas lack sanitation, water,
services healthcare

Economic Urbanity Index (Rose) - Non- x Informal Employment (Lewis) - 60%

Opportunity agricultural jobs - income growth | unorganized - low wages, no security

Environmental Ecological Functions - Mixed x Environmental Degradation (Adger)

Impact -> Industrial pollution, water

agriculture preserves biodiversity L . .
contamination, soil erosion

Case Study 1: Delhi-RUF (Noida-Gurugram) - GIS & Concentric Zone
Delineation

Delhi's peri-urban fringe extends 15 km radius (500 km?) using Burgess's concentric
zone model and Goodchild's GIS spatial analysis. Mixed land use (Hawley) shows
40% agriculture transitioning to 60% housing/IT parks. However, dynamic nature
(Allen) blurs boundaries rapidly, while infrastructure gaps (Myrdal) create sanitation
and water deficits. 60% informal employment (Lewis) limits income despite non-
agricultural job growth per Rose's urbanity index.

Case Study 2: Bengaluru-RUF (Devanahalli) - Land-Use & Urbanity Index
Bengaluru's Devanahalli fringe (20 km radius) uses Hawley's land-use surveys and
Rose's urbanity index, showing 40% agriculture = 60% housing/industry transition.
Socio-economic criteria (Notestein) reveal 45% non-agricultural employment.
However, land fragmentation (Odum) threatens food security as agricultural land
converts to industrial estates. Environmental degradation (Adger) causes water
contamination and soil erosion, while infrastructure gaps persist despite better
connectivity per demographic transition theory.

3. Way Forward

1. Integrated Peri-Urban Planning - 100 km radius planning zones for 50 major cities by
2030.

2. Smart Fringe Development >HJEF infrastructure, affordable housing, and Green Belt
protection.

3. Land-Use Regulation - Agricultural land conversion control - 50% retention for food
security.

4. GIS-Based Monitoring - Real-time fringe tracking = annual boundary updates.

5. Viksit Bharat 2047 -> Align with SDG 11 (Sustainable Cities & Communities) - 100%
planned peri-urban zones, 50% agricultural land preserved, 100% infrastructure coverage.
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Conclusion

RUF delineation uses concentric zones, land-use surveys, GIS, socio-economic criteria, and urbanity
indices. Beyond SDG 11, align with SDG 2 (Food Security) and India's National Peri-Urban Policy:
mandate 50% agricultural land retention through zoning laws, establish peri-urban food baskets for
100 cities, and create Green Belt corridors. This integrates sustainable cities with food security,
preserving 50% agricultural land, providing 100% infrastructure coverage, and ensuring food security
for 100 million peri-urban residents by 2035.

(b) “Spatial distribution of religious groups in India does not show any specific pattern.” lllustrate
with arguments. 10 Marks

Answer:
Introduction

According to the 2011 Census, India's religious composition shows Hindus (79.8%) as the majority,
with Muslims (14.2%), Christians (2.3%), Sikhs (1.7%), Buddhists (0.7%), and Jains (0.4%) as
minorities. Despite Hindus forming the national majority, the spatial distribution across states and
regions reveals no uniform pattern—each religious group clusters in specific pockets based on
historical, cultural, and socio-economic factors, creating a mosaic rather than a systematic grid.
This fragmentation validates the statement that "spatial distribution of religious groups in India does
not show any specific pattern."

1. Arguments lllustrating Non-Patterned Distribution (with Theories)

A. Highlighting Absence of Pattern

Theory/Model | Theorist Argument Example

Religions spread via
g P Christianity: 1st century (Kerala) +

Cultural Hagerstran | multiple, non-linear
er g P 19th century (Northeast) = dual
Diffusion d pathways = scattered ,
o concentration
distribution

Interior = Hindu core;
Core-Periphery . Periphery = minority
Model Friedmann pockets - fragmented
pattern

Hindus: Central/Western/Southern
India; Muslims: J&K (NW), WB (E),
Kerala (S)

Origin points determine Sikhism: Punjab (origin) = 90% in
David concentration - no single | Punjab; Buddhism: Maharashtra +
organizing pattern Himalayan regions

Historical Path
Dependence

Trade/commerce routes
Ricardo shape urban clustering -
dispersed across states

Socio-Economic
Selection

Jains: Urban Maharashtra, Gujarat,
Rajasthan (merchant communities)

B. Concentrated Pockets (Evidence of Non-Pattern)

Civil
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Religion | Concentration Areas Dominant Factors % in State
. an-India majority (UP, Maharashtra, WB, | Ancient origins, historica .8%
Hindu Pan-Indi jority (UP, Mah h WB, | Anci igins, hi ical 79.8%
TN); Minority in J&K, Punjab, NE states settlement (national)
. majority), UP, WB, Bihar, Kerala, istorical invasions, trade 2%
Muslim | 1&K (majority), UP, WB, Bihar, Keral Historical invasi d 14.2%
Assam routes, Sufi traditions (national)
. .. | Nagaland (88%), Mizoram (87%), . L e
Christi Col I tivities, | 2.3%
ristia Meghalaya (74%), Kerala (18.4%), Goa 9on|a m|55|.onary activities )
n (25%) tribal conversions (national)
0
Origin in Punjab, cultural 1.7%
Sikh Punjab (majority >90%), Haryana, Delhi rlgm.m unjab, cuttura )
cohesion (national)
Neo-Buddhist t
Buddhis | Maharashtra (Neo-Buddhist), Sikkim (Aen:bel::lkar)lshirgt?)\nlf?crglen 0.7%
t %), Arunachal Prades %), Lada . nationa
(27%), A hal Pradesh (12%), Ladakh ’ (national)
kingdoms
Jain Urban Maharashtra (1.3%), Gujarat (1%), | Merchant communities, trade | 0.4%
Rajasthan networks (national)
2. Critical Analysis: Positives & Negatives
Aspect Positive (Theory) Negative (Theory)
Religious Pluralism (Barry) - Coexistence x Communalism (Shils) - Primordial
Diversity promotes multiculturalism, social attachment - religious tensions,
democracy violence
Regional Cultural Identity (Smith) - x Exclusion (Dumont) - Majority-
Concentration Preserves heritage, traditions, minority dynamics - discrimination,
languages marginalization
Migration Diffusion Theory (Hagerstrand) x Population Displacement (Myrdal)
Patterns -> Spread of ideas, technologies, -> Partition (1947) - 15 million
innovations displaced, 1 million killed
Political Decentralization (Patel) > x Vote Bank Politics (Lipset) >
Representation | Regional parties reflect religious Religion-based voting -> polarization,
diversity instability
Urban Economic Integration (Ricardo) x Urban-Rural Divide (Friedmann) >
Concentration -> Jains/Parsis in Mumbai - Religious minorities urbanized - rural
business networks neglect

Case Study 1: Sikh Concentration in Punjab (Historical Path Dependence)
Sikhs comprise >90% of Punjab's population, validating David's historical path
dependence theory —Sikhism originated in Punjab (15th century), creating cultural
cohesion. However, primordial attachment (Shils) fuels communalism, with vote
bank politics (Lipset) causing polarization. Despite economic integration through
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business networks (Ricardo), the concentration creates majority-minority exclusion
(Dumont) in neighboring states, demonstrating how origin points determine spatial
clustering without systematic pan-India patterns.

Case Study 2: Christian Distribution in Northeast + Kerala (Cultural Diffusion)
Christianity shows dual concentration: 1st-century colonial missionary activities in
Kerala (18.4%) and 19th-century tribal conversions in Northeast (Nagaland 88%,
Mizoram 87 %, Meghalaya 74%), per Hagerstrand's cultural diffusion via non-linear
pathways. However, urban-rural divide (Friedmann) leaves rural minorities
neglected, while population displacement from Partition (1947) displaced 15 million.
This dual concentration proves no single organizing pattern exists across India's
religious mosaic.

3. Way Forward

1. Inter-Religious Dialogue - 10,000 community centers by 2030 for harmony (National
Integration Council).

2. Anti-Discrimination Laws - Strengthen religious minority protection (PPC 2025).
3. Cultural Preservation > 10,000 heritage sites protected per religion.
4. Education Reform -> Secular curriculum emphasizing pluralism, tolerance (NEP 2020).

5. Viksit Bharat 2047 - Align with SDG 16 (Peace, Justice, Strong Institutions) = Zero religious
violence, inclusive governance, 100% minority protection.

Conclusion

Religious distribution lacks systematic patterns—Sikhs in Punjab, Christians in Northeast+Kerala,
Muslims in J&K+UP+Kerala, Jains in urban centers. Beyond SDG 16, align with SDG 10 (Reduced
Inequalities) and India's National Minority Welfare Policy: mandate 15% reservation for religious
minorities in public employment, establish 10,000 crore minority development fund, and enforce
anti-discrimination tribunals. This integrates peace with equity, achieving zero religious violence,
inclusive governance, and 100% minority economic participation for India's 200 million minorities by
2035.

(c) “Watershed is the most appropriate spatial unit for planning.” Comment. 10 Marks
Answer:
Introduction

A watershed (drainage basin/catchment area) is a topographically delineated area where all rainfall
runoff drains to a common outlet (river, lake, ocean). Recent data shows India has 150 major
watersheds covering 3.2 million hectares, with 60% of agricultural land (rainfed areas) dependent
on watershed management. According to PMKSY 2023, watershed projects have improved
groundwater recharge by 25-40%, increased agricultural productivity by 30%, and benefited 10
million farmers across Rajasthan, Maharashtra, and Karnataka. The assertion that "watershed is the
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most appropriate spatial unit for planning" is valid due to its ecological integrity and integrated

Groundwater
(Aquifer)

resource management potential.

Precipitation
(Rain & Snow)

W

Percolation

Percolation

1. Why Watersheds are Ideal (with Theories)

A. Highlighting Advantages

Theory/Model Theorist Advantage Highlighted Example
von Land-water-vegetation Upper catchment afforestation
Systems Theory interconnected —> holistic -> reduces erosion, improves
Bertalanffy . .
planning downstream water retention
. All water (precipitation, runoff, | IWMP ground water recharge
Hydrological ; . .
Penman groundwater) interconnected wells = 25% increase in water
Cycle Model .. .
- efficient conservation table
Upstream- Upper catchment activities Maharashtra's watershed
Downstream Tidemann | affect lower catchment - projects = reduce flooding in
Linkage coordinated management downstream Gujarat
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Theory/Model Theorist Advantage Highlighted Example

Upstream- Upper catchment activities Maharashtra's watershed

Downstream Tidemann | affect lower catchment - projects - reduce flooding in

Linkage coordinated management downstream Gujarat

Watersheds support diverse

Ecological PP o Rajasthan's watershed - 30%

Balance Theor Odum ecosystems = maintain increase in native plant species
y biodiversity, habitat health P P

Civil

B. Implementation Using Theories

Program Theorist/Model Application Impact
Integrated Watershed | Integrated 2009 - subsumed under 10 million farmers,
Management Resource PMKSY (2015) - "Har Khet Ko | 30% productivity
Programme (IWMP) Management Pani" increase
National Watershed

ationat Tratershe _ 1990-91 > soil/water o
Development for Sustainable conservation in rainfed Soil erosion
Rainfed Areas Agriculture regions reduced by 40%
(NWDPRA) &
Neeranchal National World Bank 2016-22 - 9 states, improved | 25% groundwater
Watershed Project Support watershed practices recharge
Drought Prone Area Adaptive 1973 = drought/ 30% drought-
Programme (DPAP) Management desertification combat proofing

2. Critical Analysis: Positives & Negatives

Aspect Positive (Theory) Negative (Theory)
Natural Systems Theory (Von Bertalanffy) x Administrative Fragmentation
Boundary -> Natural, topography-driven (Friedmann) - Watersheds cross state
boundaries - logical integration boundaries - coordination challenges
Sectoral Silos - Agriculture, forest,
Resource Integrated Management - Holistic x - he
Integration . water departments work separately -
land-water-vegetation management
fragmented efforts
Upstream- Linkage Theory (Tidemann) > x Conflict Escalation -> Water
Downstream | Addresses interdependencies, mitigates | disputes across states (e.g., Cauvery) ->
conflicts political tensions
Community Participatory Approach - x Social Inequity - Vulnerable
Participation | Common interest, collective action, communities marginalized - benefit-
equity sharing conflicts
Monitoring & Defined Boundaries - x Technical Complexity > Requires
Evaluation Manageable unit for tracking water scientific expertise, advanced
table, soil health knowledge
www.civilprep.in By Krishna Gupta Sir

8700523510



PYQ CIVIL Y

Civil

Case Study 1: Maharashtra-Gujarat Watershed (Upstream-Downstream Linkage)
Maharashtra's upstream watershed projects reduce flooding in downstream Gujarat,
validating Tidemann's upstream-downstream linkage theory. IWMP groundwater recharge
wells increased water tables by 25%, while afforestation reduced erosion by 40%. However,
administrative fragmentation (Friedmann) across state boundaries creates coordination
challenges, and Cauvery-style water disputes escalate political tensions despite holistic land-
water-vegetation management per Von Bertalanffy's systems theory.

Case Study 2: Rajasthan Watershed (Ecological Balance & Adaptive Management)
Rajasthan's watershed programs increased native plant species by 30% per Odum's ecological
balance theory, while DPAP achieved 30% drought-proofing through adaptive management.
NWDPRA reduced soil erosion by 40% in rainfed areas. However, sectoral silos (agriculture,
forest, water departments working separately) fragment efforts, and vulnerable communities
face marginalization in benefit-sharing despite participatory approaches, requiring technical
expertise for scientific monitoring.

3. Way Forward

1. Integrated Watershed Authorities - Establish 150 watershed authorities (one per major
basin) by 2030.

2. Convergence of Departments - Agriculture, forest, water resources = single-window
planning - reduce fragmentation.

3. GIS & Remote Sensing - 100% watershed mapping using satellite data - real-time
monitoring.

4. Community-Based Management - Empower local communities (Shramik Samitis) = 100%
participation.

5. Viksit Bharat 2047 - Align with SDG 6 (Clean Water & Sanitation) - 50% groundwater
recharge, 40% productivity increase, 100% rainfed areas drought-proofed.

Conclusion

Watersheds offer natural boundaries, hydrological integration, and ecological balance for planning.
Beyond SDG 6, align with SDG 13 (Climate Action) and India's National Water Mission: establish 150
trans-state watershed authorities with binding powers, mandate 30% watershed budget for climate-
resilient infrastructure, and implement community-led drought proofing. This integrates water
security with climate adaptation, achieving 50% groundwater recharge, 40% productivity increase,
and 100% rainfed drought-proofing for 10 million farmers by 2035.

(d) Is North East India a geo-political or geo-cultural region? Justify your answer. 10 Marks

Answer:
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Introduction

North East India (NER), comprising 8 states (Arunachal Pradesh, Assam, Manipur, Meghalaya,
Mizoram, Nagaland, Tripura, and Sikkim), covers 262,000 sq. km and houses 49 million people
(Census 2011). The region is characterized by over 200 ethnic groups, 220 languages, and 170 tribal
communities, making it one of the world's most culturally diverse regions. While it shares
international borders with China (north), Myanmar (east), Bhutan (northwest), and Bangladesh
(west), covering 11,500 km, NER is primarily a geo-cultural region with significant geo-political
implications. Its geo-cultural identity stems from tribal affiliations, traditional social systems, and
shared festivals, while geo-political importance arises from strategic location, border security, and
ASEAN connectivity.

NEW GEOPOLITICAL CHESSBOARD
OF SOUTH ASIA

INDIA

LANGUAGE MINORITY RELIGION*

| Indo-Aryan 4% Estimated percent of state or
union territory population

[0 Austro-Asiatic professing Islam
g l Tibeto-Burman C Christianity
GAro Language or dialect B Buddhism

NEPA
Gangtok™a

-—

- 8eENGALIT
Calcutta

Detail of 1973 CIA original found at: http://www.lib.utexas.edu/maps/

WWW.CIiVi middle_east_and_asia/india_lang_1973.jpg !351 0

Modified by GeoCurrents through the addition of Austro-Asiatic
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1. Geo-Cultural vs. Geo-Political (with Theories)

A. Highlighting Geo-Cultural Identity

Theory/Model | Theorist Geo-Cultural Argument Example
Cultural Distinct languages, traditions, and | 200+ ethnic groups, 220
Geograph Martonne | social systems - cultural languages (Assamese,
grapny cohesion Manipuri, Bodo, Naga)
Ethnic Tribal identity transcends political | Naga tribes extend into
. . Smith boundaries - cross-border Myanmar; Khasi in Assam &
Nationalism N
kinship Bangladesh
Traditional practices, settlement . R
Cultural P . Bihu (Assam), Holi (Mizoram),
Sauer patterns, and festivals = cultural . .
Ecology . i Durga Puja (Manipur)
integration
Festivals, food, weavin
Spatial Hagerstran | Cultural practices spread across . g
ee . . . patterns show regional
Diffusion d region - shared identity .
consistency

B. Geo-Political Significance

Theori
Argument Theory/Model t eoris Geo-Political Example
Stratt?gic Rimland Theory Spykma | Buffer .zone betwe.en India & China/ASEAN; vital
Location n for national security
Border Securit Frontier Zone Castles 11,500 km international borders; LAC with China
¥ Concept (Arunachal Pradesh), IMB with Myanmar
ASEAN "Act East Policy" illion ASEAN
S N Network Theory | Dicken ct as.t olicy" - gateway to 650 million AS
Connectivity population; 50% trade volume
Insurgency Political 15+ insurgent groups (ULFA, Naga, NSCN-K/M);
e Gurr
Challenges Instability demands for autonomy

2. Critical Analysis: Positives & Negatives

Aspect Positive (Theory) Negative (Theory)

| | Di ity (Mart
Cultural Diversity (Martonne) - )( Ethnic Conflict (Smith) > Communal

Geo-Cultural . . .
200+ eth h herit
p|ura|(iesmnIC groups > rich heritage, violence (Manipur 2023: 200+ deaths)
Geo-Cultural Cultural Identity (Smith) - Tribal x \dentity Crisis (Shils) > Demand for
Cohesion unity - social stability, traditional

governance separate states - fragmentation
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Aspect Positive (Theory) Negative (Theory)

Strategic Location (Spykman) - x Border Disputes (Castles) - China
Geo-Political

Buffer zone = national security, (Arunachal Pradesh), Bangladesh (older
ASEAN gateway border)
-, Network Th Dick
Geo-Political etwork Theory (Dicken) - x Insurgency (Gurr) - 15+ groups -

Connectivity Trade, cultural exchanges >

. security threats, infrastructure damage
economic growth

x Marginalization (Friedmann) -

Underdevelopment = periphery,
neglect

Decentralization (Patel) - Tribal
councils - democratic participation

Integration

Case Study 1: Manipur Ethnic Conflict (Geo-Cultural Identity Crisis)
Manipur's 2023 ethnic violence (200+ deaths between Meitei and Kuki tribes)
exemplifies Smith's ethnic nationalism where tribal identity transcends political
boundaries, creating geo-cultural cohesion but triggering conflict. While cultural
geography (Martonne) shows 200+ ethnic groups with rich heritage, identity crisis
(Shils) fuels demands for separate states, fragmenting social stability despite
traditional governance systems and shared festivals like Bihu.

Case Study 2: Arunachal Pradesh Border Dispute (Geo-Political Strategic
Location)

Arunachal Pradesh's 11,500 km border with China (LAC) validates Spykman's
Rimland Theory as a buffer zone between India and China, critical for national
security and ASEAN gateway. However, frontier zone concept (Castles) reveals
border disputes causing political instability, while 15+ insurgent groups (Gurr's
political instability theory) threaten infrastructure and security, undermining Act East
Policy's network theory potential for trade with 650 million ASEAN population.

3. Way Forward

1. Act East Policy Enhancement - Double trade with ASEAN (X3 trillion by 2030) through
infrastructure development.

2. Border Infrastructure > 100% border roads, airways, and railways by 2035 (BBIN, ASEAN
connectivity).

3. Cultural Preservation - 10,000 heritage sites protected; tribal languages included in
education (NEP 2020).

4. Conflict Resolution - Peace missions (Manipur, Nagaland) - 100% insurgent groups
integrated by 2030.

5. Viksit Bharat 2047 - Align with SDG 16 (Peace, Justice, Strong Institutions) - Zero
insurgency, 100% infrastructure, cultural diversity preserved, ASEAN gateway secured.
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Conclusion

North East India is primarily geo-cultural (200+ ethnic groups, tribal identity) with significant geo-
political implications (strategic location, ASEAN gateway). Beyond SDG 16, aligh with SDG 8 (Decent
Work) and India's Northeast Vision 2025: mandate 50% infrastructure budget for cross-border trade
corridors, establish 10 ethnic peace councils with autonomy, and create 50,000 crore Northeast
development fund. This integrates peace with economic growth, achieving zero insurgency, 100%
infrastructure, X3 trillion ASEAN trade, and 50% poverty reduction by 2035.

(e) Discuss the necessary conditions for the cultivation of fox nuts and describe the areas of its
production in India. 10 Marks

Answer:
Introduction

Fox nuts, commonly known as Makhana (Lotus seeds), are aquatic seeds from Euryale ferox, an
important superfood crop gaining global demand. India produces 90% of world makhana exports,
with cultivation area growing from 25,000-27,000 hectares (2020) to 35,000-40,000 hectares (2025)
and production nearly doubling from 32,000-35,000 tonnes to ~70,000 tonnes. Bihar accounts for
80-90% of India's production, with major commercial cultivation in Darbhanga, Madhubani,
Sitamarhi, Katihar, Purnea, Kishanganj, Araria, Saharsa, Supaul, and Madhepura districts.

Makhana in India

A Super Food with
Billion-Dollar Potential

Pashchim
Champaran

0 Y Muzaffarpur ¢ parbhangal, 7~

Samastipur }
Vaishali} S5 |osharsa

"Nawada L. Jamui | Banka

Y%
MeraKisan

1. Necessary Conditions for Cultivation (with Geographical Perspectives)

A. Climatic Conditions
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Condition Requirement Theory/Model Theorist
Optimum Growth
Temperature 20°C-35°C P Liebig
Range
Relati Thornthwait
e .v.e 50% - 90% Moisture Requirement ornthwai
Humidity e
Annual Rainfall | 100 - 250 cm Water Availability Chorley
Season Kharif (June-July) Monsoon Timing Hutchinson
Tropical & o
li T I Z Ko
Climate Type Subtropical Climatic Zone oppen
B. Physical & Ecological Conditions
Condition  Requirement Theory/Model Theorist
Water Stagnant perennial water (ponds, lakes, oxbow lakes, = Hydrological
. . . Penman
Bodies swamps, ditches) Habitat
Water
- 1.2-1. i D
Depth 4-6 feet ( 8m) Optimum Depth ~ Penman
Maddoc
Soil Type Smooth loamy soil (water-retaining, fertile) Soil Suitability K
. . . Reproductive .
Pollination Obligate self-pollinated, seed-propagated Biology Darwin

2. Areas of Production in India

A. Primary Production States (Commercial)

State Share Key Districts

] 80-90% of | Darbhanga, Madhubani, Sitamarhi, Katihar, Purnea, Kishanganj, Araria,
Bihar )

India Saharsa, Supaul, Madhepura

West

es Minor North 24 Parganas, Murshidabad, Nadia
Bengal
Assam Minor Nalbari, Barpeta, Baksa

B. Secondary Production States (Traditional)

State Share
Manipur, Tripura, Odisha, UP, MP, Rajasthan, Jammu & Negligibl
Kashmir e

3. Critical Analysis: Positives & Negatives
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Aspect Positive Negative

Comparative Advantage (Ricardo)

e .. Regional Imbalance (Myrdal) -
Specialization | s gihar dominates - economies of x

90% concentration - neglect elsewhere

scale
Wetland Use Ecological Functions (Odum) = x Water Scarcity (Hardin) - Perennial
Utilizes marginal wetlands water needed - drought vulnerability

Economic High Market Price -> %4,000-5,000/ x Labor Intensive -> Knee-deep

Value kg exported - superfood demand wading - health risks, low margins

Geographical Indication -> Bihar x Limited Processing - Only 10
makhana - premium pricing tonnes high-quality - waste

Gl Tag

Case Study 1: Bihar Makhana Cultivation (Comparative Advantage & Regional
Imbalance)

Bihar's 80-90% makhana production across Darbhanga, Madhubani, and Sitamarhi
validates Ricardo's comparative advantage through economies of scale, with Gl tag
enabling 34,000-5,000/kg export pricing. However, Myrdal's cumulative causation
shows 90% concentration neglects other states, while perennial water needs (4-6
feet depth per Penman) create drought vulnerability. Labor-intensive knee-deep
wading causes health risks, and only 10 tonnes high-quality processing limits export
value despite 70,000 tonnes production.

Case Study 2: West Bengal Traditional Cultivation (Ecological Functions &
Water Scarcity)

West Bengal's North 24 Parganas and Murshidabad utilize marginal wetlands per
Odum's ecological functions, with stagnant perennial water bodies supporting
traditional cultivation. However, Hardin's water scarcity theory reveals drought
vulnerability as 100-250 cm rainfall (Chorley) varies, and limited processing
infrastructure constrains value realization. Assam's Nalbari and Barpeta show
similar patterns, with negligible production in Manipur, Tripura, and Odisha despite
suitable tropical-subtropical climates (Képpen) and 20-35°C temperature ranges
(Liebig).

4. Way Forward

1. Expansion to Other States -> Promote West Bengal, Assam, Manipur - reduce Bihar
concentration.

2. Water Management - 100% perennial water maintenance - drought-proofing.
3. Processing Infrastructure - 100 tonnes high-quality processing = increase export value.
4. Mechanization -> Reduce labor - modern harvesting tools - health safety.

5. Viksit Bharat 2047 - Align with SDG 2 (Zero Hunger) - 100,000 tonnes production,
10,000 crore exports, 50,000 farmers engaged.
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Conclusion

Fox nuts require warm humid climate (20-35°C), stagnant perennial water (4-6 feet), and loamy soil.
Beyond SDG 2, align with SDG 6 (Water Security) and India's National Wetland Conservation:
mandate 50% wetland protection in makhana zones, establish 5 regional processing hubs, and
promote perennial water reservoirs. This integrates superfood production with water security,
achieving 100,000 tonnes production, 210,000 crore exports, 50,000 farmers engaged, and 100%
wetland conservation by 2035.

6. (a) Describe the causes of the phenomenon of “urban heat island”. What are the effective
measures to deal with this phenomenon in India? 20 Marks

Answer:

Introduction

The Urban Heat Island (UHI) effect refers to urban areas being 2-5°C hotter than surrounding rural
areas, with extreme cases reaching 8-10°C higher. In India, 48°C temperatures were recorded in
multiple states during 2024-25 heatwaves, with IMD forecasting 50°C in some regions. Indian cities
like Delhi, Mumbai, Chennai, and Bengaluru experience UHI intensities of 3-7°C, contributing to
early summer onset, prolonged heatwaves, and increased heat-related mortality. The
phenomenon affects 40% of India's population living in urban areas, with low-income communities
most vulnerable.

1. Causes of UHI (with Models/Theories)

A. Highlighting Causes

Cause Theory/Model | Theorist Explanation
Natural vegetation -> built infrastructure
Land Surface Energy Balance
e L. Penman (concrete, asphalt, steel) - absorbs solar
Modification Model L. .
radiation, reduces evapotranspiration
Reduced Vegetation odum Trees removed -» 50% less shade - 30% less
Vegetation Cover Theory evapotranspiration - temperature rise
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Cause Theory/Model | Theorist Explanation
E tion (AC, vehicles, indust
Anthropogenic Urban - nergy consumption (AC, vehic tas industry)
. Whitehead | - releases heat - adds to ambient
Heat Metabolism
temperature
] ] Radiative PM2.5, NO,, CO, - trap heat - reduce
Air Pollution . Hansen . . . . .
Forcing atmospheric cooling - increase UHI intensity
Tall buildings narrow streets - trap heat
Urban Geometry | Canyon Effect Oke . & > p. >
reduce wind flow > heat accumulation
Water Bodies Blue Sophocleo | Urbanization - wetlands/ponds drained -
Loss Infrastructure us 40% less cooling - temperature spike
70.0°E 80.0°E 90.0°E 100.0°E

30.0°N
20.0°N 20.0°N
@ X Category cities
® Y Category Cities
1) Am - Topical monsoon
2) Aw - Tropical savenna wet
3) As - Tropical savanna dry
Elevation (m) 4) B.Sh' -_Hot sem »'and
. 10 Z; Z.‘a ‘~ M&::h(t:sréer‘ean dry, hot summer
258 7) Cwa - Subtropical humid summer, dry winter
505 8) Polar
753
10.0°N . > 1000 10.0°N
[ Climate zone 250 0 250 500 750 km
[ — m—
70.0°E 80.0°E 90.0°E 100.0°E
B. Mitigation Measures
Measure Theory/Model Theorist Application in India
Green
Green AMRUT 2.0 - 2,429 parks (5,044 acres) >
Infrastructure Beatley . o
Infrastructure cooling 2-5°C
Theory
Blue Blue Infrastructure Sophocleo | AMRUT 2.0 - 3,078 water body projects
Infrastructure us (X6,159 crore) - cooling 4.7-4.9°C
Cool Cool Surface Scherba Reflective pavements - reduce surface heat
Pavements Theory by 10-15°C - lower ambient temperature
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Measure Theory/Model Theorist Application in India
Roof Strategy Green rooftop - :‘educe building‘
Green Roofs Alexander | temperature by 5°C - energy savings
Model
20-30%
Heat Action Adaptive . Ahmt?dabad Ht.eat Action Plan - early
Holling warnings, cooling centers - reduced
Plans Management .
mortality 50%

2. Critical Analysis: Positives & Negatives

policy interventions

Aspect Positive (Theory) Negative (Theory)
UHI Climatic Risk Perception (Adger) x Implementation Gap (Friedmann) -
Awareness -» Cities recognize heat crisis » 2,429 parks approved but only 1,729 (2.0)

- slow execution

Green Cover

Ecosystem Services (Odum) >

Trees - cooling, air quality,
biodiversity

x Range Expansion - Urban expansion

-> 50% vegetation loss in 20 years - UHI
intensification

Climate Smart Cities (CSCAF) >

x High Energy Demand - AC use >

bodies - 4.7-4.9°C cooling

Energy
Efficiency Energy efficiency - 30% cooling 20% electricity consumption -> releases
energy reduction heat - worsens UHI
Heat Action Pl Earl
Public Health eat Action Plans - Early x Health Vulnerability > Low-income
e warnings -> reduced mortality -> 40% mortality -> slums least resilient
(Ahmedabad: 50% reduction) ? ¥
Water Blue Infrastructure -> Water x Urbanization -> Wetlands drained ->
Management 40% cooling loss - extreme heat

Case Study 1: Delhi UHI Intensity (Land Surface Modification & Urban

Geometry)

Delhi experiences 5-7°C UHI intensity due to Penman's energy balance model —
concrete/asphalt replaces vegetation, absorbing solar radiation. Oke's canyon
effect traps heat in narrow streets between tall buildings, reducing wind flow.
However, 50% vegetation loss in 20 years (Odum) exacerbates temperatures, with
only 1,729 of 2,429 approved parks operational (Friedmann's implementation gap),
leaving low-income slum communities most vulnerable to 48°C heatwave mortality.

Case Study 2: Ahmedabad Heat Action Plan (Adaptive Management Success)
Ahmedabad's Heat Action Plan per Holling's adaptive management reduced heat-
related mortality by 50% through early warnings and cooling centers. AMRUT 2.0's
blue infrastructure (3,078 water body projects, 36,159 crore) achieved 4.7-4.9°C
cooling via Sophocleous's blue infrastructure theory. However, 40% wetland
drainage causes cooling loss, while AC use consumes 20% electricity, releasing
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anthropogenic heat per Whitehead's urban metabolism, worsening UHI despite
climate-smart initiatives.

3. Way Forward

1. Green Cover Expansion - 30% tree cover in all cities by 2030 - 5% increase - 1°C
temperature reduction.

2. Blue Infrastructure Protection - 100% wetland preservation - 3,000+ water body
rejuvenation.

3. Cool Roofs & Pavements - 50% buildings with cool roofs < reduce building temperature
by 5°C.

4. Climate Smart Cities = 100 cities under CSCAF - energy efficiency, adaptive planning.

5. Heat Action Plans - 100% cities with heat plans - early warnings, cooling centers -
reduce mortality 70%.

6. Viksit Bharat 2047 -» Align with SDG 11 (Sustainable Cities) > Zero UHI-related deaths,
30% green cover, 50% cool infrastructure, 100% heat resilience.

Conclusion

UHI stems from land modification, vegetation loss, anthropogenic heat, pollution, urban geometry,
and water loss. Beyond SDG 11, align with SDG 3 (Good Health) and India's National Climate
Resilience Mission: mandate 30% green cover with legal enforcement, establish 500 urban cooling
centers, and implement cool roof standards for 50% buildings. This integrates sustainable cities with
health protection, achieving zero UHI deaths, 30% green cover, 50% cool infrastructure, and 70%
mortality reduction for 400 million urban residents by 2035.

(b) With reference to the transport and communication network of India, critically discuss the
Sagarmala project. 15 Marks

Answer:
Introduction

Sagarmala Programme, launched in March 2015, is a flagship initiative of the Ministry of Ports,
Shipping and Waterways aimed at promoting port-led development in India. With a coastline of
11,099 km and 14,500 km of potentially navigable waterways, India has significant maritime
potential. The programme has identified 845 projects worth X6.06 lakh crore, with 315 projects
completed (X1.56 lakh crore invested). Over the past decade, Sagarmala achieved 118% growth in
coastal shipping, reducing logistics costs and emissions. The vision is to reduce logistics costs for
Export-Import (EXIM) and domestic trade, enhance multi-modal connectivity, and create jobs
(trained 7,600+ candidates). Sagarmala 2.0 (launched 2025) aims to support India's $30 trillion
economy by 2047 and aligns with Maritime Amrit Kaal Vision 2047 (MAKV).
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Sagarmala Project:

Unlocking the potential of coastline & waterways

As part of the Sagarmala project, the Centre has prepared a National Perspective Plan (NPP) for
the comprehensive development of India’s 7,500km coastline, 14,500km of potentially navigable
waterways and the maritime sector.

Haldia

1. Transport & Communication Network (with Models/Theories)

A. Highlighting Issues

Aspect Theory/Model Theorist Issue Identified

Port N Network Theory | Dicken Limited road/rail connectivity to ports > 40%
Connectivity cargo delayed

.. Cost-Benefit ] India's logistics cost: 13-14% of GDP vs. global 8%
Logistics Cost . Smith .\
Analysis - exports less competitive
Coastal Comparative Ricardo Coastal shipping underutilized (10% vs. potential

Shipping Advantage 35%) - higher road/rail costs

Only 15% of 14,500 km navigable used - Dangal
waterways, Ganga-Brahmaputra remain
underdeveloped

Inland Blue Sophocleo
Waterways Infrastructure us

Multi-modal | Integrated Banister Port-road-rail-air disconnect - 20% cargo
Gap Transport handling time loss
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B. Solutions
Component Theory/Model | Theorist Sagarmala Implementation
. Port Efficiency . 12 Major Ports - automated, deepened,
Port M B
ort Modernization Model rian modernized (JSW, Adani ports)
ivi 27 il j 150 k il, 120 k
Port Connectivity Connectivity Taaffe road/rail projects - 150 km r'al‘ , 120 km
Theory road, 100 km waterway connectivity
. 118% growth - Ghogha-Hazira Ro-Pax (10
Coastal Shipping x:t'x::‘; :otteboo hrs = 4 hrs), Mumbai-Mandwa ferry (109
km - 18.5 km)
Port-led Growth Pole Perroux 15+ Port-Linked Industrial Clusters (PLICs) >
Industrialization Theory Kandla, JNPT, Visakhapatnam
Coastal Community Social Capital Putnam Training 7,600+ candidates, 3,100+ placed,
Development P 30,000 fishermen benefited
2. Critical Analysis: Positives & Negatives
Aspect Positive (Theory) Negative (Theory)

Coastal Shipping Comparative Advantage (Ricardo) x Underutilization (Smith) = Only

Growth -> 118% growth, lower emissions, 10% vs. potential 35% -

reduced logistics cost infrastructure gap
Port Port Efficiency (Brian) = 12 ports x Private Dominance - 80%
Modernization automated -> cargo handling time private ports (JSW, Adani) - public

reduced 30% port marginalization

Connectivity Network Theory (Dicken) - 27 x Implementation Lag - 315

Improvement projects = 150 km rail, 120 km road completed/845 projects (37%) >
connectivity delayed infrastructure

Multi-modal Integration (Banister) x Regional Imbalance -> Western

Ro-Pax Success - Ghogha-Hazira: 36,000 trucks, coast (Ghogha, Mumbai) - East coast
61,000 cars, 4 lakh passengers neglected

Skill Social Capital (Putnam) - 7,600 x Limited Scale - Only 7,600

Development trained, 3,100+ placed, 30,000 trained vs. 2 million maritime

fishermen benefited workforce = skill gap remains

Case Study 1: Ghogha-Hazira Ro-Pax (Multi-Modal Integration Success)
Ghogha-Hazira Ro-Pax service validates Banister's multi-modal integration,
reducing travel from 10 hours to 4 hours and replacing 36,000 trucks with 61,000
cars and 4 lakh passengers. Sagarmala's 27 connectivity projects (150 km rail, 120
km road) per Taaffe's connectivity theory achieved 118% coastal shipping growth.
However, Richard Smith's underutilization shows only 10% vs. 35% potential, while
regional imbalance neglects East Coast despite Western Coast dominance.
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Case Study 2: JNPT Port Modernization (Port Efficiency vs. Private Dominance)
JNPT's automation under Brian's port efficiency model reduced cargo handling time
by 30%, supporting Perroux's growth pole theory through port-linked industrial
clusters. However, 80% private port dominance (JSW, Adani) marginalizes public
ports, creating Dicken's network theory gaps. Only 315 of 845 projects (37 %)
completed per Smith's cost-benefit analysis shows implementation lag, while
13-14% GDP logistics cost vs. global 8% limits export competitiveness despite
%1.56 lakh crore investment.

3. Way Forward

1. Sagarmala 2.0 Expansion - 100% project completion (845 projects) by 2030 - 6 lakh
crore invested.

2. Coastal Shipping Enhancement - 35% cargo through coastal shipping (10% - 35%) by
2035.

3. Inland Waterways Development - 50% navigable waterways operational (15% - 50%) by
2035.

4. Multi-modal Hubs - 100 multimodal logistics hubs = reduce cargo handling time by 40%.
5. Green Ports - 100% renewable energy in all ports - zero emissions by 2040.

6. Viksit Bharat 2047 - Align with Maritime Amrit Kaal Vision 2047 - 10 billion MT cargo, 4
million GT shipbuilding, top 5 shipbuilding nation, 30 trillion-dollar economy.

Conclusion

Sagarmala addresses connectivity gaps, high logistics costs, and underutilized coastal shipping
through modernization and multi-modal hubs. Beyond Maritime Amrit Kaal 2047, align with SDG 9
(Industry & Innovation) and SDG 14 (Life Below Water): mandate 50% public port investment,
establish 50 green port zones with 100% renewable energy, and create 100,000 crore inland
waterways fund. This integrates industrial growth with ocean conservation, achieving 35% coastal
shipping, 50% waterways operational, zero emissions by 2040, and 40% cargo handling time
reduction by 2035.

(c) What are the key features of sex-ratio of population in India? Evaluate the impacts of child sex-
ratio on general sex-ratio in the country. 15 Marks

Answer:
Introduction

The sex ratio in India is defined as the number of females per 1,000 males. According to Census
2011, India's sex ratio was 943 females per 1,000 males, improving from 933 (2001) and 927 (1991).
The Child Sex Ratio (CSR) (0-6 years) declined from 927 (2001) to 918 (2011), showing a worrying
trend of skewed gender balance. Recent estimates (2026) suggest India's sex ratio is approximately
965 females per 1,000 males, while CSR remains around 914-918. The natural sex ratio at birth is
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around 105 males per 100 females, but India's ratio significantly exceeds this (108-110 males per

F—F

Child Sex Ratio ia Age Group 0-6, 2011
(States/Unicn Territories)

—F—f—2F

(| ol

100 females), indicating son preference and sex-selective practices.
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SEX RATIO
a4 IN INDIA

E ki 7 (NO. OF WOMEN PER 1000 MEN)
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1. Key Features of Sex Ratio (with Theories)
A. Highlighting Features
Feature Theory/Model Theorist Explanation
Masculine Demographic . 108-110 males per 100 females - skewed
. . Notestein .
Ratio Transition male dominance
Regional Core-Periphery Friedmann Haryana: 834, Punjab: 846 (low) vs. Kerala:
Variation Model 1084, Puducherry: 1004 (high)
Urban-Rural Urban: 902, Rural: 949 - rural areas better
Urban Ecology Park
Gap gender balance
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Feature Theory/Model Theorist Explanation
C f CSR 927 (2001) - 918 (2011 imbal t
Declining CSR | Cascading Effect en‘sus ° ( )= ( ) = imbalance a
India early age
Widening S 40 milli t find brides by 2030
idening Sex Gender Imbalance | Kaur 4 m|.|on men max not find brides by -
Gap marriage squeeze
B. Solving Problems
Measure Theory/Model Theorist | Application in India
Beti Bachao Beti | Female Barr 2015 - 100,000+ awareness campaigns =
Padhao Empowerment ¥ CSR improved in 100 districts
Indi 1996 - B tal determinati
PCPNDT Act Legal Prohibition ndian ~ Ban pren? 3 sex .e ermination =
Law reduce sex-selective abortions

Maharashtra = cash incentives for girl child

Supriya Sch Social S it Put
upriya Scheme ocial Security utnam - 15% CSR improvement
Gender Economic 45% of budget for women - education,
. Kabeer .

Budgeting Empowerment health, skill development
NFHS.-5 . Health Indicator OMS 2019—2_1 9. SRB 929 (improved from 918) >
Monitoring normalization trend

Civil

2. Critical Analysis: Positives & Negatives

Aspect Positive (Theory) Negative (Theory)
. D hic Transiti
Sex Ratio emf’g)r:pg'2°7 ('f;‘;'l)‘:‘ o X CSR Decline - 927 (2001) - 918
Improvement otestein 2011 : 2031
(2011) > 965 (2026) (2011) > 898 projected (2031)
SRB Son Bias Decline - SRB 929 x Persisting Imbalance - 108-110

(NFHS-5) vs. 918 (2011) = improving
balance

males per 100 females vs. 105 natural -
son preference

Normalization

District-Level Progress - Some x State Disparity - Haryana-Punjab:

Regional

Improvement imbalanced districts (2001) became | 834-846 (low) vs. Kerala: 1084 (high) -
balanced (2011) extreme variation

Marriage Delayed Marriage -> Men delay x Marriage Squeeze = 40 million men

Market without brides by 2030 - bride

i d fertilit
marriage - reduces fertility trafficking, polyandry, violence

Gender Equality (UN) - SDG 5 x Violence Increase - High sex ratios

- women's empowerment

Social Stability - sexual exploitation, enforced

prostitution
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Case Study 1: Haryana-Punjab Low Sex Ratio (Core-Periphery & Son
Preference)

Haryana (834) and Punjab (846) show Friedrich's core-periphery model with extreme
gender imbalance due to persistent son preference. Despite Beti Bachao Beti
Padhao's 100,000 awareness campaigns, CSR declined from 927 (2001) to 918
(2011), projecting 898 by 2031. PCPNDT Act enforcement remains weak, with
108-110 males per 100 females vs. 105 natural ratio, creating Kaur's marriage
squeeze with 40 million men without brides by 2030.

Case Study 2: Kerala High Sex Ratio (Demographic Transition Success)
Kerala's 1084 females per 1,000 males validates Notestein's demographic transition
theory, with SRB improving to 929 (NFHS-5) from 918 (2011). Rural areas show 949
vs. urban 902 per Park's urban ecology, demonstrating better gender balance.
Maharashtra's Supriya Scheme achieved 15% CSR improvement through cash
incentives, while 45% gender budgeting (Kabeer) supports education and health.
However, national disparity persists with 965 (2026) vs. Kerala's 1084.

3. Way Forward

1. Son Preference Elimination - 100% awareness campaigns = reduce sex-selective abortions
by 80% by 2030.

2. CSR Improvement - 950 girls per 1,000 boys by 2035 (918 - 950).
3. Sex Ratio Balance > 1,000 females per 1,000 males by 2040 (965 - 1,000).
4. Legal Enforcement - 100% PCPNDT Act compliance - zero sex determination cases.

5. Viksit Bharat 2047 - Align with SDG 5 (Gender Equality) - balanced sex ratio, zero
violence, 100% female education, 50% women's economic participation.

Conclusion

India's sex ratio shows masculine dominance, regional variation, declining CSR, and marriage
squeeze. Beyond SDG 5, align with SDG 3 (Good Health) and India's National Girl Child Policy:
mandate 100% PCPNDT compliance with strict penalties, establish 50,000 crore girl child
endowment fund, and implement universal birth registration. This integrates gender equality with
health security, achieving 950 CSR by 2035, 1,000 sex ratio by 2040, zero sex determination cases,
and 50% women's economic participation for 480 million women by 2035.

7(a) Explain the factors that contribute to droughts in India with specific reference to food
production, distribution and availability. Can Indian agricultural policies resolve the issue? 20
Marks

Answer:
Introduction

Droughts in India are recurrent climatic hazards affecting 60 million people annually and causing
crop production losses of 10-20%. According to NDMA 2025, 120 million people across 140,000
villages in 11 states faced drought conditions in 2024-25, with Rajasthan, Maharashtra, Karnataka,
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and Telangana being most vulnerable. Droughts result from monsoon failure (43% El Niiio events),
groundwater depletion (60% of irrigation), and land degradation (30% of cultivated land). Their
impact on food production is severe: 60% rainfed areas face yield losses, food availability becomes
uneven (surpluses in irrigated belts vs. shortages in drought zones), and distribution strains (PDS

dependence increases, imports rise).
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1. Drought Causes & Food Security (with Models/Theories)

A. Highlighting Issues

By Krishna Gupta Sir 8700523510
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Factor Theory/Model Theorist Impact on Food Security
El Nifio (43% drought correlation delayed
Monsoon Teleconnection (43% 8 . )= y
) Walker onset, weak phases, early withdrawal -
Failure Theory .
meteorological drought
. 60% irrigation from tube wells - water table
Groundwater Carrying . . .
. ) Odum decline (Punjab, Haryana) - agricultural
Depletion Capacity
drought
30% cultivated land d ded duced soil
Land Soil Erosion Wischmei 5 cuthvated fan egrg © é.re vced sol
] moisture - lower crop yields (millets, pulses,
Degradation Model er .
oilseeds)
Hydrological Reduced vegetation - 40% less water retention
Deforestation v & Penman . v g > 40% W
Cycle - hydrological drought
Irrigation Resource Hardin Water-intensive crops (rice, sugarcane) - over-
Practices Scarcity extraction - vulnerability

B. Impact on Food Production, Distribution, Availability

Aspect Theory/Model | Theorist | Food Security Impact
Production Yield Response | Allaby 69% rainfed = 10-20% yield loss; pulses, oilseeds,
Loss millets affected
Distribution Public Sen PDS dependence increases; imports rise; 15% food
Strain Distribution price inflation
Availability Spatial Friedman | Surpluses (irrigated) vs. shortages (drought zones)
Gap Imbalance n -> uneven access
30% livestock talit ilk production decli
Livestock Loss | Economic Loss | Smith ° |v.e_f, Oc. mor é ity = milk production decline
-> nutrition insecurity
] ] Push-Pull 10 million migrate = labor shortage - reduced
Migration Lee .
Model sowing

C. Agricultural Policies Resolving Issues

Policy Theory/Model Theorist | Effectiveness
National Food Security Food Entitlement | Sen 80 crore beneficiaries - food access
Act (NFSA) during drought
PM- %6,000/year - 11 crore farmers >
PM-KISAN Income Transfer KISAN drought relief
MGNREGS Employment MGNREG | 100 days work 9 50 million workers
Guarantee S -> drought coping
209 t i d ht-
Micro-Irrigation Water Efficiency Penman A) water savings -> droug
resistant crops
D ht-Resistant Millet, pul ieti 15% high
ro.ug- esistan Crop Adaptation Darwin .| e., pulse varieties - 15% higher
Varieties yield in drought
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2. Critical Analysis: Positives & Negatives

Aspect Positive (Theory) Negative (Theory)

Food Entitlement (Sen) -> NFSA x Regional Imbalance (Friedmann) -

Food Access | osyres 80 crore access during Procurement/storage skewed - drought
crisis zones underserved

Income Income Transfer (PM-KISAN) =

Support %6,000/year - 11 crore farmers
buffer

x Input Distortion (OECD) - Negative net
support (-15%) = implicit taxes on farmers

Employment Guarantee

Employment | (\jGNREGS) > 100 days work - 50
million workers

x Implementation Gaps (OECD) - Delays,
high transaction costs = subsidy unreach

Crop Crop Adaptation (Darwin) >
Resilience Drought-resistant varieties - 15%
yield improvement

x Water-Intensive Bias - Rice, sugarcane
promoted - exacerbates water scarcity

Water Efficiency (Penman) >
Irrigation Micro-irrigation - 20% water
savings

x Groundwater Crisis - Tube wells - 60%
irrigation - depletion continues

Case Study 1: Maharashtra Rainfed Drought (Monsoon Failure & Yield Loss)
Maharashtra's 60% rainfed areas face 10-20% yield losses per Allaby's yield
response theory during El Nifilo-induced monsoon failure (43% drought correlation
per Walker). Pulses, oilseeds, and millets are most affected, while groundwater
depletion (Odum's carrying capacity) exacerbates agricultural drought. NFSA
ensures 80 crore food access (Sen's food entitlement), but Friedmann's regional
imbalance shows procurement skewed to irrigated belts, leaving drought zones
underserved with 15% food price inflation.

Case Study 2: Punjab Groundwater Depletion (Irrigation Practices & Water
Scarcity)

Punjab's 60% tube-well irrigation per Hardin's resource scarcity theory causes
water table decline, creating agricultural drought despite monsoon reliability. Water-
intensive rice and sugarcane (OECD input distortion) exacerbate scarcity, while
micro-irrigation achieves only 20% water savings (Penman). PM-KISAN's %6,000/
year supports 11 crore farmers, but MGNREGS implementation gaps delay 100-day
employment for 50 million workers. MGNREGS helps 50 million, yet -15% negative
net support creates implicit farmer taxes.

3. Way Forward
1. Climate-Resilient Crops - 50% rainfed area drought-resistant varieties by 2030.

2. Water Efficiency > 80% farmers using micro-irrigation by 2035 (20% > 80%).
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3. Decentralized Storage - 100,000 village storage units = reduce distribution strain.
4. Crop Diversification - Rice/sugarcane - millets/pulses - 40% diversification by 2035.

5. Viksit Bharat 2047 - Align with SDG 2 (Zero Hunger) - Zero drought-related food
insecurity, 100% food access, 50% water-use efficiency, climate-resilient agriculture.

Conclusion

Droughts stem from monsoon failure, groundwater depletion, land degradation, and water-intensive
crops. Beyond SDG 2, align with SDG 6 (Water Security) and India's National Water Mission:
mandate 80% micro-irrigation adoption, establish 100,000 village water storage units, and
implement crop diversification from rice/sugarcane to millets/pulses. This integrates food security
with water conservation, achieving zero drought-related food insecurity, 50% water-use efficiency,
40% crop diversification, and climate-resilient agriculture for 120 million drought-vulnerable people
by 2035.

(b) What are the causes and consequences of land degradation due to desertification in India?
Examine with reference to various regional issues. 15 Marks

Answer:
Introduction

Desertification is the process of land degradation in arid, semi-arid, and dry sub-humid regions,
leading to loss of biological productivity. According to the Desertification and Land Degradation
Atlas of India (2021) by Space Applications Centre (SAC), Ahmedabad, 29.32% of India's total
geographical area (96.4 million hectares) is undergoing desertification. Approximately 69% of India's
land area is under drylands (arid, semi-arid, dry sub-humid), with 32% affected by land degradation.
The most affected states are Rajasthan (¥60%), Gujarat (~45%), Maharashtra (~¥30%), Andhra
Pradesh & Telangana (~25%), and Haryana & Punjab (~20%). Desertification threatens food
security, livelihoods, and ecological stability for over 150 million people in these regions.

1. Causes & Consequences (with Models/Theories)

A. Highlighting Causes

Factor Theory/Model Theorist Regional Impact
Teleconnection Increased temperatures, altered rainfall,
Climate Change Walker prolonged droughts - Thar Desert
Theory .
(Rajasthan)
Hvdrological Vegetation removal - 40% less water
Deforestation y & Penman retention - Gujarat, Maharashtra, Andhra
Cycle
Pradesh
. Excessive livestock = vegetation depletion,
. Carrying . . .
Overgrazing . Odum soil compaction - Rajasthan, Haryana,
Capacity Punjab
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Factor Theory/Model Theorist Regional Impact
Unsustainable Soil Erosion Wischmei | Monoculture, chemical fertilizers, improper
Agriculture Model er irrigation - Maharashtra, Telangana
.. Pollution, habitat destruction, soil
Mining & Resource . L . .
e .. . Hardin contamination = Rajasthan (limestone,
Industrialization Scarcity .
gypsum), Gujarat
DESERTIFICATION / LAND DEGRADATION STATUS MAP OF INDIA - 2011-13
Legend
Symbol Code Descripti
BN [Fv12 Forest, vegetation degradation
B 6.2 Grassland / Grazing land, vegetation degradation
___— Svi2 Land with scrub, vegetation degradation
_m lwl,2 Agriculture irrigated, water erosion
E=3 |owl.2 Agriculture unirrigated, water erosion
] [Fwl2 Forest, water erosion
_!;!g! Swl.2 Land with scrub, water erosion
S Bwl Barren, water erosion
B [ewr Dune / Sandy area, water erosion
,__- lel,2 Agriculture irrigated, wind erosion
B |0c1.2 Agriculture unirrigated, wind erosion
__- Sel,2 Land with scrub, wind erosion
B |81 Barren, wind erosion
__! Eel,2 Dune / Sandy area, wind erosion
Bl k1.2 Agriculture irrigated, salinity / alkalinity
B [0s1.2 Agriculture unirrigated, salinity / alkalinity
__! Gsl.2 Grassland / Grazing land, salinity / alkalinity
. [ss)2 Land with scrub, salinity / alkalinity
B 812 Barren, salinity / alkalinity
.2 Agriculture irrigated, water logging
B o2 Agriculture unirrigated, water logging
._- Fl1 Forest, water logging
i GI2 Grassland / Grazing land, water logging
! S11,2 Land with scrub, water logging
[ G Dune / Sandy area, water logging
W) IEE Barren, mass movement
W Rf1 Rocky, frost shattering
41,2 Periglacial, frost shattering
B fmi2 Forest, man made
-l i Others, man made
vzz2 s Barren
/77 Rocky
B Settlement
v Water body/ Drainage
_Ej NAD No Apparent Degradation

B. Consequences

Theori
Consequence | Theory/Model ot Impact

Soil Fertility Reduced biological productivity = 30% crop yield

Nutrient Cycling | Odum

Loss decline
Biodiversity Ecological Darwi | Species extinction, habitat destruction - 20% flora/
Loss Balance n fauna loss

Penma | Groundwater depletion, reduced streams - 50%

Water Scarcity | Water Balance
n water access loss
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Theori
Consequence | Theory/Model ot ! Impact
Food Food
. . Sen Crop failures - 15% food price inflation, malnutrition
Insecurity Entitlement
Migration Push-Pull Model | Lee 10 million People migrate - labor shortage, urban
overcrowding

2. Critical Analysis: Positives & Negatives

Aspect Positive (Theory) Negative (Theory)
Ecological Restoration (Odum) - x Regional Imbalance (Friedmann) -
Afforestation | NAPp afforestation > vegetation Western India (Rajasthan, Gujarat) most
recovery affected; East neglected
Water Watershed Management x Groundwater Crisis (Hardin) - Over-
Conservation (Penman) - Rainwater harvesting, extraction - depletion continues in
drip irrigation - 20% water savings Punjab, Haryana
Sustainable Crop Rotation (Darwin) - x Chemical Bias - Fertilizers,
Practices Contour bunding, terracing -> 15% pesticides promoted - soil
yield improvement contamination worsens
DDP Programme - Desert x Implementation Gaps - Delays,
Policy Support | peyelopment Programme -> 50 high transaction costs - restoration
million hectares treated targets unmet
Community Social Capital (Putnam) = Local x Poverty Trap - 90% dryland people
Participation communities empowered - in developing countries - lagging
alternative livelihoods human well-being

Case Study 1: Western Rajasthan Thar Desert (Climate Change & Mining
Impact)

Western Rajasthan faces 60% desertification per Walker's teleconnection theory
due to climate change (increased temperatures, prolonged droughts) and limestone/
gypsum mining (Hardin's resource scarcity). Odum's ecological balance shows 20%
flora/fauna loss, while Sen's food entitlement reveals 30% crop yield decline.
Despite NAP afforestation for ecological restoration, Friedmann's regional
imbalance neglects eastern states, and Lee's push-pull model drives 10 million
migrations, creating urban overcrowding and labor shortages.

Case Study 2: Maharashtra Semi-Arid Degradation (Overgrazing &
Unsustainable Agriculture)

Maharashtra's 30% desertification stems from Odum's carrying capacity violation
through overgrazing and Wischmeier's soil erosion from monoculture and chemical
fertilizers. Penman's hydrological cycle shows 40% less water retention from
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deforestation, causing 50% water access loss. Crop rotation and contour bunding
achieve 15% yield improvement (Darwin), but chemical bias worsens soil
contamination. Putham's social capital empowers communities for alternative
livelihoods, yet 90% dryland people face poverty traps per Millennium Development
Goals.

3. Way Forward

1. Afforestation Expansion - 50% vegetation cover in drylands by 2030 (NAP, National
Afforestation Programme).

2. Water Conservation - 80% farmers using rainwater harvesting, drip/sprinkler irrigation by
2035 (20% - 80%).

3. Sustainable Land Management - Contour bunding, terracing, crop rotation - 40%
adoption by 2035.

4. Pasture Management - Rotational grazing, fodder development - 50% overgrazing
reduction by 2030.

5. Viksit Bharat 2047 - Align with SDG 15 (Life on Land) - Land Degradation Neutrality by
2030, zero desertification, 100% vegetation cover, climate-resilient agriculture.

Conclusion

Desertification affects 29.32% of India's land through climate change, deforestation, overgrazing,
unsustainable agriculture, and mining. Beyond SDG 15, align with SDG 1 (No Poverty) and India's
National Desertification Control Mission: mandate 50% vegetation cover restoration with 100,000
crore budget, establish 50,000 community-based watershed management units, and implement
rotational grazing with fodder development. This integrates land restoration with poverty
eradication, achieving Land Degradation Neutrality by 2030, zero desertification, 50% overgrazing
reduction, and 90% dryland poverty reduction for 150 million people by 2035.

(c) Examine the validity of Blue Economy initiatives of India. Elaborate the impacts of this economy
on country’s development. 15 Marks

Answer:
Introduction

The Blue Economy refers to the sustainable use of ocean resources for economic growth, improved
livelihoods, and jobs while preserving ecosystem health (World Bank definition). India's Blue
Economy potential is immense, with 11,098 km coastline, 2 million sq. km Exclusive Economic Zone
(EEZ), and 9 coastal states + 4 UTs. According to NITI Aayog 2025 report, India is the second-largest
fish-producing country (8% global production), with fisheries sector supporting 30 million
livelihoods and earning 60,523 crore in exports (FY 2023-24). The EEZ has an estimated potential
yield of 7.16 million tonnes of fish, including deep-sea resources. The Blue Economy Policy
framework (2022) aims to harness maritime resources, tourism, energy, shipping, and
biotechnology for sustainable development.
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1. Validity of Blue Economy Initiatives (with Models/Theories)

A. Highlighting Validity

Initiative Theory/Model Theorist Validity Assessment
Blue Economy Maritime OECD Valid - Optimal utilization of living/non-living
Policy (2022) Governance resources, ocean governance, coastal planning
Deep Ocean Deep-Sea National Valid - Deep-sea fishing, mining,
Mission Technology Oceanic biotechnology - 7.16 million tonnes potential
Sagarmala 2.0 Port-Led Brian Valid - 845 projects worth X6 lakh crore -
& ) Development 118% coastal shipping growth
. . ) o
Fisheries Sector Comparative Ricardo Valld'e. 2n<31 Ia.rgest producer, 8% global share,
Advantage 30 million livelihoods
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Initiative Theory/Model Theorist Validity Assessment
. Growth Pole Valid = Tourism priority zones - economic
Coastal Tourism Perroux .
Theory growth, employment generation
B. Impacts on Development
Theori
Impact Theory/Model st Development Contribution
Employment Labor Surplus Lewis 30 million livelihoods = reduces
Generation Model unemployment, coastal poverty
Comparative Ricard | 60,523 crore exports - 8% global share
Export Growth P . P > 8%e i
Advantage o improves trade balance

Offshore wind, tidal energy - reduces fossil

Energy Securit Energy Transition | Smil
gy 4 gy fuel dependence
Infrastructure Port modernization, Sagarmala - reduces
Network Theory | Dicken . . & %
Development logistics cost, improves connectivity
Ecosystem Sustainable fisheries reserves biodiversity,
v . Sustainable Use Odum . 2P y
Protection food security

2. Critical Analysis: Positives & Negatives

Aspect Positive (Theory) Negative (Theory)
Resource Optimal Use (OECD) - Harness x Overexploitation - Overfishing
Utilization EEZ, deep-sea resources -> economic | threatens sustainability - biodiversity
growth loss
— Labor Surplus (Lewi 30 milli
Livelihood I'h | lp us ( TWIS) ~ 30 million I community Marginalization > Small
i t t
Security Vel 90 57 coastalpoverty fishers displaced - inequality
reduction
Export Comparative Advantage (Ricardo) x Trade Imbalance - Import
Performance | — 360,523 crore - trade balance dependency (fuel, machinery) - fiscal
improvement burden
E T ition (Smil
Energy hnergy. rjnz Tl( n;' )= fossil x Technology Gap - Limited R&D, high
i shore wind, tidal - reduces foss )
Innovation W ! " costs > slow adoption
fuel dependence
Ecosystem Sustainable Use (Odum) - x Environmental Degradation -
Health Fisheries management - preserves Pollution, habitat destruction -
biodiversity ecosystem damage

Case Study 1: Kerala Fisheries Sector (Comparative Advantage & Community
Marginalization)
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Kerala's fisheries validate Ricardo's comparative advantage with 8% global
production share and 60,523 crore exports, supporting Lewis's labor surplus
model through 30 million livelihoods. However, Odum's sustainable use theory
reveals overfishing threatens biodiversity, while small fishers face displacement per
community marginalization. Sagarmala 2.0's 118% coastal shipping growth reduces
logistics costs (Brian's port efficiency), but technology gaps limit R&D adoption,
creating fiscal burden through fuel/machinery imports.

Case Study 2: Gujarat Offshore Wind Energy (Energy Transition & Technology
Gap)

Guijarat's offshore wind projects validate Smil's energy transition theory, reducing
fossil fuel dependence through 50 GW tidal/offshore capacity by 2040. Perroux's
growth pole theory shows coastal tourism generating 10 lakh crore revenue from
500 million tourists. However, Dicken's network theory reveals infrastructure gaps in
port modernization, while environmental degradation from pollution and habitat
destruction undermines Odum's ecosystem protection. Deep Ocean Mission's 7.16
million tonnes potential faces overexploitation risks without 100% catch limits.

3. Way Forward
1. Deep-Sea Fisheries Expansion - 7.16 million tonnes yield by 2035 (EEZ potential).
2. Offshore Energy Development -> 50 GW offshore wind, tidal capacity by 2040.

3. Coastal Tourism Enhancement -> 500 million tourists annually by 2035 - X10 lakh crore
revenue.

4. Sustainable Fisheries Management - 100% catch limits, quotas, monitoring = zero
overexploitation.

5. Viksit Bharat 2047 - Align with SDG 14 (Life Below Water) - Blue Economy contributes
10% GDP, 50 million jobs, zero ecosystem degradation, sustainable deep-sea fisheries, global
maritime leadership.

Conclusion

India's Blue Economy is valid through maritime governance, deep-sea technology, and port-led
development but faces overexploitation and community marginalization. Beyond SDG 14, align with
SDG 7 (Affordable Energy) and India's National Blue Economy Mission: mandate 50% offshore wind
capacity with X50,000 crore investment, establish 100 community-based fisheries cooperatives, and
implement 100% catch quotas. This integrates energy security with livelihood protection, achieving
10% GDP contribution, 50 million jobs, zero ecosystem degradation, and 50% poverty reduction for
30 million coastal workers by 2035.

8 (a) While defining the green architecture, discuss its principles and challenges in response to
climate change in India. 20 Marks

Answer:
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Introduction

Green Architecture (sustainable architecture) is the practice of designing buildings that minimize
negative environmental impacts while enhancing human comfort, health, and productivity.
According to Indian Green Building Council (IGBC) 2025 report, India has 8,500+ certified green
buildings covering 9.5 billion sq. ft., contributing to 20-30% energy savings and 40-50% water
savings compared to conventional structures. The Gujarat Green Building (Arthaland Century
Tower) achieved 45% energy reduction and 64% water consumption reduction. Green architecture
is an indispensable strategy for India to navigate rapid urbanization (35% urban population by
2036) and escalating climate threats (7°C temperature rise by 2100).

Climate Change

Impact on agriculture o—o
n 0
- W
Impact on vegetation O—o e 2
. -
w ™m
wJ w
Vulnerable communities 4. -
w > o
> —
Q ™m
< )
Urban settlements O—O m
B
Extreme events o—o

] CLIMATE
ACTION

+ P g

1. Principles & Challenges (with Models/Theories)

A. Principles
Principle Theory/Model Theorist Application
High-effici HVAC, LED lighti
Energy Energy First Law of 'gh-etnciency ’ ki
.. . . smart controls - 40-50% energy
Efficiency Conservation Thermodynamics savings
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Principle Theory/Model Theorist Application
Water Rainwater harvesting, greywater
. Water Balance Penman recycling, low-flow fixtures - 20-30%
Conservation .
water savings
Sustainable Low Embodied Fly ash bricks, bamboo, recycled steel
R Odum .

Materials Energy - reduced carbon footprint

Climate- Natural ventilation, daylighting,
Passive Design | Responsive Heschong thermal mass, shading - reduced

Design cooling demand
Net-Zero Solar PV, wind ti I

Energy Transition | Smil otar win ene.rg.y ~ operationa
Energy carbon neutral buildings

B. Challenges in India

Theori

Challenge Theory/Model ot ! Impact
Higher Initial Cost-Benefit

's ! ) Smith | 15-20% higher upfront cost = investor reluctance
Cost Analysis
Skilled Human Capital Becker !.ack of trained architects, engineers = quality
Manpower issues
Policy Regulatory OECD Weak enforcement of ECBC (Energy Conservation
Enforcement Framework Building Code) = suboptimal implementation
Awareness Information Sen Stakeholder unawareness - low adoption,
Gap Deficit misperception
Material . Hosme | Limited local sustainable materials < increased

o Supply Chain .

Availability r costs, logistics

2. Critical Analysis: Positives & Negatives

Aspect

Positive (Theory)

Negative (Theory)

Energy
Savings

Energy Conservation

(Thermodynamics) - 40-50% reduction -

lower emissions, costs

x High Initial Investment (Smith) >
15-20% cost — investor barrier

Water
Efficiency

L4 Water Balance (Penman) = 20-30%
v

savings - water security, drought
resilience

x Material Availability (Hosmer) -
Limited supply - logistics burden

Climate
Resilience

Climate-Responsive (Heschong) >

Passive design - thermal comfort, heat
reduction

x Skilled Manpower Shortage
(Becker) = Quality compromise, errors
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Aspect Positive (Theory) Negative (Theory)

Policy Enf t Gap (OECD
Long-Term | (¥ Life Cycle Cost (LCCA) > Reduced X Policy Enforcement Gap (OECD) >

Weak compliance - ineffective

Value O&M costs - economic viability , ,
implementation
Indoor Qualit Natural materials, ..
Health o Q vy x Awareness Deficit (Sen) - Low
Benefits ventilation - occupant health,

.. adoption, misperception
productivity P P P

Case Study 1: Gujarat Arthaland Century Tower (Energy Efficiency & Cost
Barrier)

Guijarat's Arthaland Century Tower validates First Law of Thermodynamics with
45% energy reduction and Penman's water balance with 64% water consumption
reduction through high-efficiency HVAC, rainwater harvesting, and greywater
recycling. However, Smith's cost-benefit analysis reveals 15-20% higher upfront
costs deter investors, while OECD's regulatory framework shows weak ECBC
enforcement compromises suboptimal implementation despite IGBC's 8,500+
certified buildings covering 9.5 billion sq. ft.

Case Study 2: Delhi Passive Design Buildings (Climate-Responsive &
Manpower Shortage)

Delhi's passive design buildings validate Heschong's climate-responsive design
through natural ventilation, daylighting, and thermal mass achieving 40-50% energy
savings and reduced cooling demand. Smil's energy transition enables net-zero
energy via solar PV. However, Becker's human capital theory reveals skilled
architect/engineer shortages compromise quality, while Sen's information deficit
shows stakeholder unawareness limits adoption. Hosmer's supply chain constraints
increase costs through limited local sustainable material availability.

3. Way Forward
1. Cost Reduction - 50% green building cost parity by 2030 through subsidies, tax incentives.
2. Skill Development - 100,000 trained green architects, engineers by 2035 through NTAs, IITs.

3. Policy Strengthening -> 100% ECBC compliance in all new buildings by 2030 through strict
enforcement.

4. Material Innovation - 50% sustainable material availability increase by 2035 through local
production.

5. Viksit Bharat 2047 - Align with SDG 11 (Sustainable Cities) > 50% green buildings, zero
carbon emissions, 50% energy savings, 50% water savings, climate-resilient infrastructure.

Conclusion
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Green architecture principles achieve 40-50% energy and 20-30% water savings but face cost
barriers, manpower shortages, and policy gaps. Beyond SDG 11, align with SDG 7 (Affordable
Energy) and India's National Green Building Mission: mandate 50% cost parity through 100,000
crore subsidies, train 100,000 green professionals via lITs, and enforce 100% ECBC compliance. This
integrates energy efficiency with building sustainability, achieving 50% green buildings, zero carbon
emissions, 50% energy/water savings, and climate-resilient infrastructure for 35% urban population
by 2035.

(b) With reference to typical examples, assess why regional planning in India is important for
island territories for their sustainable development. 15 Marks

Answer:
Introduction

Regional Planning is a spatial approach to development that coordinates land-sea uses across
territories to ensure sustainable growth. India has two island territories: Andaman & Nicobar (A&N)
Islands in the Bay of Bengal (572 islands, 8,249 km?) and Lakshadweep in the Arabian Sea (36
islands, 32 km?). These islands face unique challenges: limited land (A&N: 8,249 km?, Lakshadweep:
32 km?), ecological fragility (coral reefs, endemic species), disaster vulnerability (cyclones, tsunamis,
7°C temperature rise by 2100), and water scarcity (thin aquifers). According to UNDP 2025, 30% of
global island populations live in developing countries experiencing climate-induced threats. Regional
planning is critical for sustainable island development as it aligns land-coast-ocean integration,
prevents piecemeal projects, and maintains ecological thresholds.

1. Importance of Regional Planning (with Models/Theories)

A. Highlighting Issues

Theori
Issue Theory/Model st I Island Context
Ecological Carrying odum Coral reefs, endemic species - 118 endemic species
Fragility Capacity in A&N, 40 in Lakshadweep
Disaster Cyclones, tsunamis, sea-level rise - 2004 tsunami,

Hazard Zoning | Castles

Vulnerability 1999 cyclone

. Penma | Thin aquifers = rainwater harvesting, desalination
Water Scarcity Water Balance g 8

n essential
Land Limitation Sp.::\t"ial Hagge | Limited area (32. km? in Lakshadweep) - optimized
Efficiency tt land use essential
Network
Isolation Theory Dicken | Remote location - connectivity, logistics challenges

B. Solutions
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Solution Theory/Model Theorist | Application
Int ted Island
ntegrated’sian Integrated Slocomb | A&N: Sustainable fisheries, eco-tourism
Management Plans
Management e caps

Carrying Capacity-Based

Sustainable Use | Odum

Havelock/Neil islands: bed caps,

Biosecurity

Tourism wastewater norms, reef-safe activities
] . Setbacks, stilted structures, mangrove
Hazard-Informed Zoning | Risk Assessment | Burton i & .
buffers for cyclone/tsunami protection
Freshwater Security Water Rainwater harvesting, desalination,
. Penman
Plans Conservation leakage control
Biodiversity & . Protected zones, invasive species
¥ Protected Areas | Wilcove P

control, ballast water management

2. Critical Analysis: Positives & Negatives

Aspect Positive (Theory) Negative (Theory)
Ecological Carrying Capacity (Odum) > Reef | 9§ Economic Constraint -> Tourism
Protection protection, biodiversity conservation | caps = limited revenue growth
. Hazard Zoning (Castl
Disaster b E ing ( a; esc)l 9 g x Implementation Gap - Weak
t
Preparedness ethacks, mangroves = reduce enforcement - continued vulnerability
damage
Water Security Water Balance (Penman) - x High Cost - Desalination expensive
Rainwater harvesting, desalination - financial burden
tial Effici H tt
Land .Sp.a al Efficiency ( agg(.e )= XK space Limitation > 32 km? >
Optimization Optimized land use - sustainable development constraints
growth
Network Theory (Dicken) >
.- Remoteness - Logistics challenges
Connectivity Jetties, ferries, digital links - x )
. . - high costs
integration

Case Study 1: Andaman & Nicobar Havelock Island (Carrying Capacity &
Tourism Constraints)
Havelock (Neil) Island validates Odum's carrying capacity theory with eco-tourism
caps protecting coral reefs and 118 endemic species. Integrated Island
Management Plans enable sustainable fisheries and reef-safe activities. However,
tourism caps limit revenue growth per economic constraint theory, while weak
hazard zoning enforcement (Castles) continues vulnerability to 2004 tsunami
impacts. Penman's water balance shows thin aquifers require rainwater harvesting,
but desalination costs create financial burden for 30,000 residents.
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Case Study 2: Lakshadweep Biophysical Constraints (Spatial Efficiency &
Connectivity Challenges)

Lakshadweep's 32 km? territory validates Haggett's spatial efficiency theory
requiring optimized land use for 65,000 residents. Dicken's network theory shows
jetty and ferry connectivity integration despite remote location logistics challenges.
However, Burton's risk assessment reveals continued vulnerability to cyclones
without mangrove buffers, and Penman's water conservation shows high-cost
desalination burdens. Protected zones per Wilcove's biodiversity theory control
invasive species, but 40 endemic species face economic constraints from
development limitations.

3. Way Forward
1. 1IMP Expansion - 100% island coverage by 2030 with integrated management.
2. Tourism Sustainability - 50% carrying capacity compliance by 2035 (Havelock/Neil).
3. Hazard Zoning - 100% hazard-informed development by 2030 (setbacks, mangroves).
4. Water Security > 80% freshwater security by 2035 (rainwater harvesting, desalination).

5. Viksit Bharat 2047 - Align with SDG 14 (Life Below Water) - Zero ecological degradation,
100% disaster resilience, 100% water security, sustainable tourism, low-carbon energy,
resilient connectivity.

Conclusion

Regional planning ensures sustainable island development through ecological protection, disaster
preparedness, and water security. Beyond SDG 14, align with SDG 9 (Infrastructure) and India's
Island Development Authority: mandate 100% IIMP coverage with 50,000 crore investment,
establish 10 low-carbon ferry routes, and implement 80% rainwater harvesting. This integrates
resilient infrastructure with ecological sustainability, achieving zero degradation, 100% disaster
resilience, 100% water security, sustainable tourism, and 50% connectivity cost reduction for 1
million island residents by 2035.

(c) With reference to international boundaries of India, discuss the related issues, giving suitable
examples.

Answer:
Introduction

India shares 15,106.7 km of land boundaries with seven countries: Bangladesh (4,096.7 km), China
(3,488 km), Pakistan (3,323 km), Nepal (1,751 km), Myanmar (1,643 km), Bhutan (699 km), and
Afghanistan (106 km). It also has 7,516.6 km of coastline and 7,516.6 km of maritime boundaries.
According to MHA 2025 Border Management Report, India faces six major border disputes and
multiple non-dispute challenges including cross-border terrorism, illegal migration, smuggling, and
insurgency. These issues affect national security, regional stability, trade relations, and diplomatic
ties, impacting approximately 150 million people living in border areas.
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India's International Borders and Coasts
Every State has an international border or coast except five

106 KM Afghanlstan (in PoK today)

3488 KM
hlna (T| et and Xinjiang)

3323 KM
Pak'sta" 1751 KM 699 KM
Nepal Bhutan
\ 1643 KM
~ Myanmar
4097 KM
Bangladesh
7516 KM No Border
Mailand or Coast
2094 KM Island coast
1. Border Issues with Examples (with Models/Theories)
A. Highlighting Issues
Issue Theory/Model | Theorist | Example
Territorial Core-Periphery | Friedman | Kashmir (India-Pakistan): LoC divides J&K; India
Disputes Model n claims entire region, Pakistan disputes

Border Line of Actual LAC (India-China): 3,488 km disputed; Aksai Chin

. Castles (China controls), Arunachal Pradesh (China claims
Demarcation Control .
South Tibet)
Cross-Border LoC (Pakistan): 150+ terrorist infiltrations/year;

. Security Threat | Giddens
Terrorism

Kargil War (1999), Pulwama (2019)
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Issue Theory/Model | Theorist | Example
Cross-Border LoC (Pakistan): 150+ terrorist infiltrations/year;
ity Threat i
Terrorism Security Threat | Giddens |\ i War (1999), Pulwama (2019)
lllegal Push-Pull Lee Bangladesh border: 20 million+ illegal migrants;
Migration Model demographic changes in WB, Assam
Smuggling & Transnational Singer Bangladesh/Myanmar: Cattle, narcotics, arms;
Trafficking Crime g 10,000+ cattle smuggling cases/year
Insurgency Ethnic Smith Myanmar border: Naga, BLT, ULFA; cross-border
Linkages Nationalism insurgent supply routes
B. Solutions
Solution Theory/Model Theorist | Implementation
Border Fencing Security BSF Bangladesh_: 3,5.00 km fenced; Pakistan: 2,000
Infrastructure km + floodlighting
Integrated Check Trade Facilitation | LPAI 13 ICPs (Agartalla, Attari, Siliguri) - ease trade,
Posts reduce smuggling
Bilateral Diplomatic UN LBA 2015 (Bangladesh): Exchanged 162
Agreements Resolution Charter | enclaves, resolved land dispute
i Nepal-Bh : lar joi Is; 509
Joint Patrols Coopt::ratlve NATO epa . u.tarw r.egu ar joint patrols; 50%
Security reduction in incidents
. - N
Smart Borders Technol?gy DASS EIectro‘nlc.survelllance, drones, Al - 80%
Integration detection improvement

2. Critical Analysis: Positives & Negatives

Aspect

Positive (Theory)

Negative (Theory)

Border
Security

Security Infrastructure - Fencing
reduces infiltration by 70%

x Human Rights Violations - Border

shooting incidents; 200+ BSF fatalities/
year

Trade
Facilitation

Trade Facilitation (LPAI) - ICPs
increase trade 40%

x Logistics Costs - High transport
costs; 15% GDP freight burden

Diplomatic
Relations

Diplomatic Resolution (LBA 2015)
-> India-Bangladesh ties improved

x Persistent Disputes - Kashmir, LAC
unresolved; tensions continue

Migration
Control

Push-Pull Reduction - Fencing
reduces 30% illegal migration

x Demographic Impact - 20 million

migrants; cultural tensions in border
states

Counter-
Insurgency

Cooperative Security - Joint

patrols reduce 50% cross-border
insurgent movement

x Insurgent Networks -> Myanmar

border: ongoing supply routes; 15,000+
insurgents
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Case Study 1: India-Pakistan LoC (Territorial Dispute & Cross-Border
Terrorism)

The Line of Control in Kashmir validates Friedmann's core-periphery model where
India claims entire J&K while Pakistan disputes, creating Castles' border
demarcation conflicts. Giddens' security threat theory shows 150+ terrorist
infiltrations/year leading to Kargil War (1999) and Pulwama (2019). BSF's 2,000 km
fencing + floodlighting reduces infiltration by 70%, but human rights violations
cause 200+ BSF fatalities/year, while persistent disputes maintain tensions despite
diplomatic efforts.

Case Study 2: India-Bangladesh Border (lllegal Migration & Diplomatic
Resolution)

Bangladesh's 4,096.7 km border exemplifies Lee's push-pull model with 20 million+
illegal migrants causing demographic changes in West Bengal and Assam. Singer's
transnational crime theory reveals 10,000+ cattle smuggling cases/year. However,
UN Charter's diplomatic resolution achieved LBA 2015 exchanging 162 enclaves,
improving India-Bangladesh ties per LPAI's trade facilitation with 13 ICPs increasing
trade 40%. BSF's 3,500 km fencing reduces 30% illegal migration, yet cultural
tensions persist in border states.

3. Way Forward
1. Complete Border Fencing - 100% fencing by 2030 (Bangladesh, Pakistan, Myanmar).
2. Smart Border Technology - 100% electronic surveillance, drones, Al by 2035.
3. Bilateral Dispute Resolution - Kashmir, LAC negotiations; resolve by 2040.

4. Border Development Programs - 100% border villages with infrastructure, schools,
healthcare.

5. Viksit Bharat 2047 - Align with SDG 16 (Peace, Justice, Strong Institutions) - Zero cross-
border terrorism, 100% border security, resolved disputes, 50% trade increase, 100% border
development.

Conclusion

India's boundaries face territorial disputes, terrorism, migration, smuggling, and insurgency. Beyond
SDG 16, align with SDG 10 (Reduced Inequalities) and India's Border Development Mission:
mandate 100% smart border technology with 75,000 crore investment, establish 50 border
development zones with infrastructure, and initiate Kashmir-LAC bilateral negotiations. This
integrates security with equitable development, achieving zero terrorism, 100% border security,
resolved disputes, 50% trade increase, and 100% border village development for 150 million border
residents by 2035.
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