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Section-A 

Q.1) Answer the following in about 150 words each. 

a) Describe the “Knob and Basin topography”.

Approach – Introduce with a statement on Fluvio-glacial landforms. Then, discuss the formation of 
Knob and Basin topography. Thereafter, discuss its features. Conclude accordingly.  

Fluvio-glacial landforms are those that are created by the work of melt water streams in front of an 
often-retreating glacier. Glacial deposits tend to be unstratified (have no layers), unsorted and 
angular.  
Knob and basin topography are landforms of glaciations wherein, 

 Knob is a small hills or irregular mounds of bedded sands and gravels which are deposited by
melt water near or at the edge of the retreating ice sheets. Knobs form when till accumulates
on top of ice and fills in a depression left by the melted ice. This results in an elevated mound,
often of different material than the surrounding soil

 Kettle holes or basin are small enclosed depressions formed by the melting of partially buried
blocks of ice, usually within fluvioglacial material.

 Areas of mounds and depressions commonly associated with a stagnant glacier are referred
to as knob and basin topography, also called as kame-and-kettle topography.

 Example: The Fonthill Kame in southern Ontario, Kames National Natural Landscape in
Washington, Minnesota- the acclaimed land of 10,000 lakes, mostly kettles lakes.

Figure: Showing Knob and Basin Topography 

Features 
 Knobs are small alluvial cones if deposited on the land or small alluvial deltas if deposited in

the lakes.
 They are characterized by steep side slopes. Narrow flat-topped terrace like ridges formed

along the trough between the glacier and the valley side are called kame terraces.
 The mounds formed in hollows and perforations in decaying ice are called Moulin kames or

perforation kames.

 Knob and basin topography is often located on end moraines because sediment is deposited
when glaciers recede.

Kame and kettle topography is usually an indicator of a high-discharge supraglacial and englacial 
drainage system of a glacier in the final stages of melt, and large quantities of glacially derived debris 
associated with melt water. 
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b) Why is mapping important for analyzing geo-hydrological investigations. 
 

Approach – Introduce with the aspects the geo-hydrology encompasses. Then, discuss the tools for 
investigation. Thereafter, elaborate on the importance for analyzing geo-hydrological investigation. 
Conclude accordingly.  
 
Geo-hydrological studies major aspects like effects of moving water to hill slopes, rivers and 
landscapes on geomorphic processes and geomorphic forms and the effects of geomorphic form on 
the spatial and temporal distribution of shallow groundwater 
The Investigation of the availability of overall water resources in particular areas is called Geo-
hydrological Investigation. It includes the following: 

 Assessment of depth of groundwater level pre-monsoon and post-monsoon. 
 Calculating moisture in Soils and the rate of evapotranspiration. 
 Finding the Quantity and quantity of water in the river stream, lakes, groundwater, and 

reservoirs. 
 Impact of urbanization on water demand. 

 

 

 
Importance of mapping for analyzing Geo-hydrological investigation: 

 Due to water shortage problems on local, regional and even global levels, the interest in 
groundwater has increased considerably during the past decades. In order to support the 
sustainable management of groundwater resources, it is necessary to map, model and 
quantify the stored volume and average annual replenishment of groundwater, while 
determining its chemical quality. 

 The map represents the complex information of water resources in a very simple way and 
much small scale that making investigation easy. 

 Hydrology of limestone terrains-. Availability of water in limestone region depends on the 
type of rock i.e., permeability. Mapping plays an important role to obtain water in limestone 
region. 

o There may not be difficulty in obtaining wells of large yields if the limestone’s have 
enough permeability and are capped with sandstone layer.  

 Glaciated areas and groundwater- Yield of large volume of water obtained from Outwash 
plains, valley trains, and inter till gravels or buried outwash. Due to clay content most of the 
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aquifers are poor, but containing local strata of sand and gravel may hold and supply enough 
water for domestic needs. The study of pre-glacial topography and geomorphic mapping of 
the area could detect the presence and absence of underground water. 

 Hazard management -A topographic map will help to identify the flood and drought-prone 
area and help in mitigating the same. For example, areas with low elevation are prone to flood 
and high elevations are prone to drought.  

 Dam construction- The morphometric properties of the drainage basin, analysis of hydraulic 
geometry, channel morphology and hydrodynamics provide useful information about the 
drainage basins which may be helpful in selecting suitable sites for the construction of dams. 

o The determination of hierarchical orders of the fluvially originated drainage basin 
provides detailed information about the number of stream segments, catchment 
areas, water discharge etc. at each confluence point.  

o This helps in determining the volume of water, discharge of water, flow velocity, 
sediment load and sediment transport, sedimentation etc. at specific point of a river 
which facilitate dam construction. 

o Mapping will also help to make a strategy about the river linking such as planning the 
route, affected areas such as the national park, sanctuary, etc. 

 Geo-hydrological studies by using maps are found helpful by environmentalists in identifying 
hazards and studying climate change. 

o It will also help in mitigating pollution and environmental conservation. For e.g. -If 
the groundwater is contaminated due to infiltration of polluted water during rainfall, 
it can be identified by geo-hydrological mapping. 

 The accurate, detailed, timely and reliable data on the extent, location and quality of land 
along with water resources and climatic characteristics helps resource planners in 
agricultural land-use.  

 Data on land potential and conservation requirements through the geo-hydrological map 
helps in improving the quality of land.  

 Geologist have found it useful in examining role of surface and subsurface flow regimes and 
flow paths on fluvial erosion and mass wasting. 

 Ecologists found it useful to describe the linked water and geomorphic conditions that define 
habitats in wetlands, rivers and other environment.  

 Watershed management depend on the collection and management of information on 
physical relationship between vegetation, soil and water resources, which can easily be done 
geo-hydrological maps. 

The growth in the importance of geo-hydrological investigation as a geoscience can be seen with the 
fact that now the world organisations like UNDP and World Bank have added a clause of 
understanding the geo-hydrological investigation of the area before starting any development project 
into it.  
Emphasis has been made by these organizations to have detailed knowledge of landforms, 
hydrogeology materials and earth surface processes to be utilized or the remedial work, planning 
framework and land zoning plans. Thus, it can be said that the geo-hydrological knowledge is now 
being utilized in planning and development of earth as a whole. 
 
c) Write a geographical note on equatorial westerlies. 
 

Approach - Introduce your answer by defining equatorial westerlies. In the body, discuss its genesis 
and characteristics. Conclude by mentioning how it still remains an unsolved puzzle of climatology. 
 
On an average, there is westerly air circulation (from west to east) in the doldrums or in the inter-
tropical convergence zone. These westerly winds have been called as equatorial westerlies by 
Hermann Flohn. 
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Figure: Diagram depicting Equatorial westerlies. 

 
Geographical Reach of equatorial westerlies: 
Equatorial westerlies cover 200 degree longitudes and cover the areas extending from the western 
parts of Africa across the Indian Ocean to the western Pacific Ocean. The equatorial westerlies are 
associated with strong atmospheric disturbances (cyclonic storms).  
Flohn has further maintained that south western monsoons of South Asia are, in fact equatorial 
westerlies because these winds are extended up to 30-35degree N latitudes over Indian subcontinent 
due to northward shifting of NITC at the time of summer solstice. 
 

 
                                                    Figure: Shifting of equatorial westerlies. 
 
The following are the characteristics of equatorial westerlies: 

1) They develop in the summer hemisphere. 
2) These are non-continuous, found only in some longitudes. 
3) They are mostly developed over oceans as compared to continents. 
4) These are onshore winds which provide good precipitation. 

 

Genesis of equatorial westerlies: 
There are majorly two major views on the genesis of equatorial westerlies, the first is given by Flohn 
where he considers equatorial westerlies as modified trade winds. 
The other view is where equatorial westerlies are being considered as compensatory winds due to the 
presence of tropical easterly winds on both the sides of equator. 
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However both the above views do not properly explain the genesis and there remain many 
unanswered questions like why equatorial westerlies are dominant over sea as compared to large 
continents and why are equatorial westerlies more common in summer vis-a-vis winters. 
However, due to lack of proper knowledge of the genesis of equatorial westerlies, these winds still 
remains an unsolved puzzle of climatology. 
 
d) Marine resources are economically very significant. Discuss citing suitable examples. 
 

Approach - Introduce with a statement on marine resources. Then, highlight the types of marine 
resources. Then, discuss the significance of marine resources with suitable examples. Conclude based on 
destruction of marine ecosystem due to indiscriminate exploitation. 
 
Oceans cover 70% of Earth's surface, host a vast variety of geological processes responsible for the 
formation and concentration of mineral resources, and are the ultimate repository of many materials 
eroded or dissolved from the land surface. Hence, oceans contain vast quantities of materials that 
presently serve as major resources for humans.  

o Ocean resources provide jobs, goods, and services for billions of people around the world 
and have immense economic importance. Their resources include food, fuel, renewable 
energy, minerals, sand and gravel, and tourism. 

o It is mined for minerals (salt, sand, gravel, and some manganese, copper, nickel, iron, and 
cobalt can be found in the deep sea) and drilled for crude oil. 

 

 

 
Marine resources: 
Biotic resources-Biotic resources of the seas include fishes, crustaceans, mollusks, corals, reptiles 
and mammals etc. On the basis of uses marine food resources are divided into two types e.g., (i) 
protein rich food resources for the use as food for human being (e.g., fishes), (ii) animal feed mainly 
for domesticated animals. 

 The contribution of fishes in the world annual income from marine resources of all categories 
stands second. 

 Marine farming, also known as mariculture or marine culture is a form of aquaculture, 
wherein certain young animals are kept captive in certain well marked localities of sea water 
for certain period of time when they are fattened on additional feed and are finally sold out in 
the market. 

 It may not be possible to meet the increased food demand in future exclusively from land 
resources and therefore it has become now necessary to focus attention toward marine food 
resources to increases the world supply of required amount of food to feed the teeming 
millions. 
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 It has now been realized that instead of over fishing there should be marine farming (rearing) 
of fishes for sustainable yield because over fishing may decrease the annual yield and supply 
of fishes. The oyster rearing is most prevalent form of mariculture. 

 Ocean ranching also called as ocean husbandry, refers to taming and training of sea mammals 
(like porpoise, dolphin, whale etc.) in marine environment. A host of scientists are busy in 
active researches for the development of scientific techniques to tame and train wild sea 
mammals to be used for different purposes.  

 

Mineral reserve  
 Salt: or sodium chloride, occurs in sea water at a concentration of about 3% and hence 

constitutes more than 80% of the dissolved chemical elements in sea water. 
 Potassium: Potassium salts occur in many thick evaporite sequences along with common salt 

and is mined from these beds at rates of tens of millions of metric tons per year.  
 Magnesium: Presently, approximately 60 percent of the magnesium metal and many of the 

magnesium salts produced in the United States are extracted from sea water electrolytically. 
The remaining portion of the magnesium metal and salts is extracted from ancient ocean 
deposits where the salts precipitated during evaporation or formed during digenesis.  

 Sand and Gravel: The ocean basins constitute the ultimate depositional site of sediments 
eroded from the land, and beaches represent the largest residual deposits of sand. They are 
extensively mined for construction materials, glass manufacture, and preparation of silicon 
metal 

 Manganese Nodules: The deep ocean floor contains extremely large quantities of nodules 
ranging from centimeters to decimeters in diameter and are constitute the largest known 
resource of manganese.  

 Other minerals: phosphate-rich crusts and granules in shallow marine environments; Rich 
deposits of zinc and copper, with associated lead, silver, and gold, are forming at the sites of 
hot hydrothermal emanations commonly called black smokers in oceanic rift zones.  

 

MARINE ENERGY RESOURCES – 
  Renewable: Marine and Hydrokinetic (MHK) or marine energy development in ocean 

waters includes projects using the following devices:  
o Wave power converters in open coastal areas with significant waves.  
o  Tidal turbines placed in coastal and estuarine areas.  
o  In-stream turbines in fast-moving rivers.  
o  Ocean current turbines in areas of strong marine currents.  
o  Ocean thermal energy converters in deep tropical waters.  

 Non-renewable: Petroleum and natural are more abundantly found in offshore continental 
shelf regions and are more economical to be exploited from the oceans. In recent times 
methane hydrate has emerged as next gen fuel. 

 

Marine resources present the last resource frontier for mankind. Careful management and planning 
of these resources will ensure a sustainable global development. While these resources are under 
serious threat from human activities including pollution, ocean acidification, and other ocean 
activities, it is essential to keep in mind the necessity of these resources and the conservation and 
efficient utilisation that it requires, if humanity hopes to depend on them in the future 
 
e)  Distinguish between the characteristics of Chernozem and Seirozem soils. 
 

Approach - Introduce a statement on Zonal Classification of soils. Then, differentiate between 
Chernozem and Seirozem through parameters like geographical occurrence, mode of formation, texture, 
etc. Thereafter, conclude accordingly.  
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Marbut’s divided the zonal soils into two main groups - Pedalfers and Pedocals. Pedalfers are soils 
that developed in humid regions under conditions of free drainage where calcium and others are 
leached out. Pedocal are soils where calcium carbonate and other bases accumulate at some depth in 
soil profile due to restricted drainage. 
Chernozem and Seirozem soil are further classification under Pedocal soil type in Marbut scheme of 
soil classification. 
Occurrence –  

 Chernozem soils form under grass cover of dry-wet climates of middle latitudes and 
subtropical areas and occur in the Prairies (US and Canada); Steppe (Europe) areas where 
about 20 to 25cm of rainfall is recorded annually.  

 While Seirozem are found in desertic and semi-desertic areas, where there is very scantly 
rainfall which cannot enter the soils. Most of the deserts of the world represent these soils 
which are used for nomadic grazing. 

 

Soil formation and structure -  
 Chernozem soil are found areas of light rainfall that leads to incomplete leaching and the 

formation of a calcium-rich horizon deep in the profile. Above this is a deep dark layer of soil 
which can be up to a metre thick. The humus content of this layer is not more than ten per 
cent, the dark colour being associated with the base-rich mineral matrix 

 Seirozem are extreme forms of chestnut soils in which lime and gypsum come even nearer to 
the surface because of upward capillary attraction in arid region. The organic matter in these 
soils is low due to predominance of xerophytic plants. 

 

Soil Horizon 

 
 

Soil texture  
 Chernozems have a well-developed crumb structure and have loose structure when dry. The 

ideal parent material for this soil is loess. On the other hand, Seirozem has friable and 
powdery texture. 

 

Soil property 
 Chernozems are soft soils with thick organic-rich surface layer while Seirozem are saline and 

alkaline soil of deserts. 
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 Chernozem are very dark to black surface with thick profile. There is dominance of crystalline 
clay minerals and pre-dominance of calcium in A & B horizons.  

o Whereas Seirozem lack darkened surface horizon and moisture content during most 
part of the year. They have low organic matter and large accumulation of carbonates 
at depth. 

 

Soil colour 
 Chernozem are nearly black mottled greyish colour whereas Seirozem are reddish-brown or   

grey in soil. 
 

Fertility  
 Chernozems are among some of the most important and productive agricultural soils in the 

world and are extensively used for this purpose. 
 Low moisture content act as limiting factor for Seirozem around world bit in the presence of 

irrigation they are suitable for cultivation due to high base content. 
 

Classification under USDA Soil Taxonomy 
 USDA Soil Taxonomy classifies Chernozems as Mollisols whereas Desert Seirozem is 

equivalent to Aridisols in soil order. 
In recent times desertification and soil degradation due to extensive use of fertilizer and over-grazing 
has become common problem in both the soils which requires urgent soil management interventions 
to ensure food security for the world. The recent Russian-Ukraine crisis has further aggravated the 
desertification issues in Steppe region of Eurasia.  
 
 
Q.2) a) The Knowledge of Slope analysis has limited field application in slope management”. Explain. 
 

APPROACH - Introduce by defining slope analysis and slope management in a tabular format with its 
central idea and limitation. In the body discuss how slope analysis has limited field application in slope 
management. In the conclusion end the answer with the applied aspect of slope management. 
 
The study of slope analysis have mainly focused upon the aspect of slope evolution which neglects the 
applied aspects such as slope management, which include slope failures. In recent times slope failures 
in form of landslides have become recurrent in the face of torrential rainfalls under climate change. 
 

SLOPE 
ANALYSIS 

DIAGRAM CENTRAL IDEA LIMITED FEILD 
APPLICATION 

Davis 

 

1) Time space 
substitution 
2) Slope evolution is 
time dependent 
3) Downwasting and 
slope decline 

A very simplistic 
slope evolution 
model which 
considers slope as a 
function of their age, 
it also excludes 
endogenetic 
processes important 
in slope 
management. 
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Penck 

 

It uses slope 
replacement as a 
process where gentler 
slopes grow at the 
expense of steeper 
slopes and the process 
operates from bottom 
towards top. 

The model also 
ignores several 
important processes 
such as bioturbation, 
leaching, etc. 
important in slope 
management. 

King 

 

It uses parallel retreat 
as the main process , 
here also slope evolves 
through stages, while 
every slope maintain 
initial slope angle and 
initial slope angle 
except the lower most 
segment 

He is also criticised 
for the same 
mistakes done by 
Davis and Penck as 
he incorporates 
ideas from both. 

 
The knowledge of slope analysis has limited field application such as:- 
 
 
 
In most of the theories including Davis, Penck and King, limited number of slope processes have taken 
into account. 
Eg: - None of the theory take into consideration the important phenomena’s like leaching and 
bioturbation. Thus the practical utility of these theories with respect to slope management is limited. 
 
  
 
Study of slope failure involves applied aspects like slope displacement, inclination, intensity of 
jointing, calculations regarding factor of safety, etc. while slope analysis mainly focuses upon slope 
evolution. 
 
 
 
Traditional slope analysis models like Penck and Davis did not account for structure and universally 
applied, study of rocky slopes to all other types. 
While in actuality slopes across world have much variability and thus application of slope analysis 
becomes limited. 
 
 

 

 
Figure: Four elements of slope. 

1) Slope analysis theories involve limited number of slope processes. 

2) Slope analysis does not involve all aspects important in slope management or slope failure 

3) Slope analysis ignore complexities and variability in structure of slope 

4) Slope analysis is more hypothetical:- 
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Slope analysis uses hypothetical slopes, which have all elements of slope as shown in figure. 
However in slope management all four elements are not present and slope is more guided with nature 
and size of sediments. 
Thus slope management involves multiple aspects like intensity of jointing, rock strength, climatic 
factors, etc. which are not considered in slope analysis, which makes it limited in field application. 
 
b) Warming of the surface ocean from human-induced climate change is likely fuelling more 
powerful tropical cyclones. Elucidate. 
 

APPROACH - Introduce the answer by giving a brief summary of the impact of climate change on 
tropical cyclones. In the body discuss how human induced climate change is aggravating the tropical 
cyclones. Conclude by suggesting mitigative measures to reduce their impact. 
 
Due to climate change and consequent global warming, tropical cyclones are likely to increase in 
intensity, leading to increased rainfall, and having larger storm surges, also tropical cyclones may also 
intensify more rapidly, and occur at higher latitudes.  
 
These changes are driven by rising sea temperatures and increased maximum water vapour content 
of the atmosphere as air heats up. As the 2018 US National Climate Change assessment reported that 
“increases in greenhouse gases and decrease in air pollution have contributed to increase in Atlantic 
hurricane activity since 1970. 
 

 
 
How human induced climate change has impacted tropical cyclone activities:- 

1) Climate and global warming has led to greater sea surface temperatures leading to creation of 
greater low pressure areas across the oceans. Example: In the last 45 years, sea surface 
temperature (SST) of Bay of Bengal has risen by 0.2 to 0.3°C and is projected to rise further by 
2.0 to 3.5°C by the end of this century. As a result, the sea level is expected to also rise 37 cm 
by 2050. 
Eg: - Rising energy of cyclones in Atlantic Ocean as shown in figure. 
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2) Climate change has disrupted the Monsoon cycle which has led to delay in onset of winter 
monsoon seasons leading to longer storm seasons in tropical Indian oceans fuelling greater 
intensity of tropical cyclones. 

3) In the Arabian Sea there has been intense positive Indian Ocean dipole which is also 
increasing the low pressure areas in the ocean. 
Eg: - In 2019 Arabian Sea witnessed 5 cyclones Vayu, Hikka, Kyar, Pavan and Maha, this is 
because 2019 witnessed strongest ever positive Indian Ocean dipole. 
 

                               
                                                       Figure: Recent cyclones.    
                  

4) Increase in Anthropogenic aerosols due to increase in industrial emissions in the atmosphere 
has also resulted in more active storms in tropical oceans. 

 
 
 
 
  
  

CASE STUDY: - Rising frequency of tropical cyclones over Arabian Sea. 

The study, titled Changing status of tropical cyclones over the North Indian Ocean, said 
cyclones over the Arabian Sea have become extremely intense in recent decades. 

The research also noted that the duration for which a cyclonic storm lasts over the 
Arabian Sea is on a rise. The total time span of cyclonic storms over the Arabian Sea 
rose 80% between 2001 and 2019 when compared to the 1982 to 2002 period. Similarly, 
there was a three-fold increase in the duration of “very severe cyclonic storms” (which 
see wind speeds in the range of 118-166 kmph) for the same period. 
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How Climate change is making cyclones more powerful:- 
1) Rainfall: - A tropical cyclone's rainfall area (in contrast to rate) is primarily controlled by its 

environmental sea surface temperature (SST) – relative to the tropical mean SST, called the 
relative sea surface temperature. Rainfall will expand outwards as the relative SST increases, 
associated with an expansion of a storm wind field. The largest tropical cyclones are observed 
in the western North Pacific tropics, where the largest values of relative SST and mid-
tropospheric relative humidity are located. 

2) Intensity: - Tropical cyclones use warm, moist air as their fuel. As climate change is warming 
ocean temperatures, there is potentially more of this fuel available. A study published in 2012 
suggests that SSTs may be valuable as a proxy to measure potential intensity (PI) of tropical 
cyclones, as cyclones are sensitive to ocean basin temperatures 

3) Frequency: - There is no consensus on how climate change will affect the overall frequency 
of tropical cyclones. A majority of climate models show a decreased frequency in future 
projections. For instance, a 2020 paper comparing nine high-resolution climate models found 
robust decreases in frequency in the Southern Indian Ocean and the Southern Hemisphere 
more generally, while finding mixed signals for Northern Hemisphere tropical 
cyclones. Observations have shown little change in the overall frequency of tropical cyclones 
worldwide 

 

How climate change has impacted tropical cyclones in different basins:- 
1) Hurricanes: - A 2019 study found that increasing evaporation and the larger capability of the 

atmosphere to hold water vapour linked to climate change, has increased the amount of 
rainfall from hurricanes like Katrina, Irma and Maria by 4 to 9 percent. Future increases of up 
to 30% were projected 

2) Typhoons: - Research based on records from Japan and Hawaii indicate that typhoons in the 
north-west Pacific intensified by 12–15% on average since 1977. The observed strongest 
typhoons doubled, or tripled in some regions, where the intensity of particular land falling 
systems is most pronounced. This uptick in storm intensity affects coastal populations 
in China, Japan, Korea and the Philippines, and has been attributed to warming ocean waters. 

 
Thus to halt the rising of above frequency of tropical cyclones international collaborations under 
UNFCCC is required among various littoral nations to collaborate and for greater research and 
achieve the requisite INDC targets to limit the rising temperature limit to well below 2, preferably to 
1.5 degrees Celsius, compared to pre-industrial levels. 
 
c) Describe the configuration of Indian Ocean floor. 
 

Approach - Introduce the answer by describing the spatial location of Indian Ocean and giving its brief 
description. In the body describe the configuration of Indian Ocean floor. Conclude with the importance 
of ocean bottom topography. 
 
The Indian Ocean is smaller than the Pacific and Atlantic Ocean in areal extent and is bounded, on all 
of its sides, by Asia in the north, Africa in the west, Asia in the east, Australia in the south-east and 
Antarctica in the south. The average depth of the ocean is 4000m. Major parts of the coastal lands of 
the Indian Ocean are formed by the Block Mountains of Gondwanaland and are compact and solid. 
Johnson has divided the Indian Ocean in 3 zones on the basis of regional characteristics: 

1) The western Zone between African coast and the mid Indian oceanic ridge which has large 
number of islands and the average depth is 3650m. 

2) The eastern zone is deepest of all the zones with average depth of 5500m. The continental 
shelves are narrow but have steep slopes. 

3) The central zone represents the mid-oceanic ridge where many tiny islands are located. 
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Figure: Bottom topography of the Indian Ocean. 

 
Continental Shelf of Indian Ocean: 
There is a wide range of variation in the continental shelves of the Indian Ocean. Quite extensive 
shelves are found along the margins of Arabian Sea and Bay of Bengal. Similarly, extensive shelves are 
observed along the eastern coast of Africa and around Madagascar which is itself located on the 
continental shelves. On an average, the continental shelves are very wide (640km) in the west 
whereas these are narrow (160km) along the coast of Java and Sumatra. These become further narrow 
along the northern coast of Antarctica. 
 

Mid oceanic Ridge: 
The Mid Indian oceanic ridge extends from the southern tip of Indian peninsula in the north to 
Antarctica in the south almost in north-south direction and forms a continuous chain of highlands. 
Wherever the central ridge or its branches emerge above the sea level, islands are formed. The main 
central ridge start from the continental shelf of the southern tip of Indian peninsula with average 
width of 320 km. This part of the ridge is known as Laccadive-Chagos ridge. The ridge further extends 
southward and widens near equator. It is called Chagos-St Paul ridge between equator and 30 degree 
S latitude where the average width becomes 320km. The ridge further widens to 1600km between 
30degree S and 50degree S latitudes and is known as Amsterdam St Paul Plateau. The central ridge 
bifurcates to the south of 50degree S latitude. The western branch known as Kerguelen-Gaussberg 
ridge extends in NW-SE direction between 48degree S and 63degreeS and the eastern branch is 
known as Indian-Antarctic Ridge. 
 

Ocean basin: 
The mid-Indian Oceanic Ridge divides the Indian Ocean into two major basins the eastern and the 
western basins. These basins are further divided into two sub-basins by the branches of the central 
ridge  

a) Oman basin faces the Gulf of Oman and is spread over the extensive continental shelf with 
average depth of 3,658m. 

b) Arabian basin is located in almost circular shape between Laccadive-Chagos ridge and 
Socotra-Chagos Ridge with the depth of 3,600m-5,486m. 

c) Somali basin is bordered by Socotra- Chagos ridge in the north-west, Central Ridge in the 
east, Seychelles- Mauritius Ridge in the south-west and African coast in the west. The 
average depth is 3600m. 

Page 13 of 61

https://academy.forumias.com/
mailto:admissions@forumias.academy
mailto:helpdesk@forumias.academy


 
 

Forum Learning Centre: Delhi - 2nd Floor, IAPL House, 19 Pusa Road, Karol Bagh, New Delhi - 110005   | Patna - 2nd floor, AG Palace, E Boring Canal 

Road, Patna, Bihar 800001   | Hyderabad - 1st & 2nd Floor, SM Plaza, RTC X Rd, Indira Park Road, Jawahar Nagar, Hyderabad, Telangana 500020 
9821711605 | https://academy.forumias.com | admissions@forumias.academy | helpdesk@forumias.academy 

d) Mauritius basin is located between S.W. India Ridge and South Madagascar Ridge and 
extends from 20degree S to 40degree S latitude. The depth varies between 3,600m and 
5,486m. The deepest part measures 6,391m depth. 

e) Mascarene basin of oval shape extends between Madagascar and Seychelles- Mauritius ridge. 
f) Aghulas- Natal basin is an elongated basin which is bordered by Madagascar ridge in the 

north and north-east, Prince Edward Crozet Ridge in the east and the S.E. African coast in the 
west and north-west. Average depth is 3,600m. 

 

                                   
 

g) Atlantic-Indian-Antarctic basin is in fact the eastward continuation of Atlantic –Antarctic 
basin. It stretches up to 70degree E longitude and is bordered by Prince Edward Crozet Ridge 
in the north, Antarctica in the south and Kerguelen Gaussberg Ridge in the north-east. 
Average depth is 3,600m. 

h) Eastern Indian-Antarctic basin is located between Amsterdam – St. Paul plateau and Indian- 
Antarctic ridge in the north and north east and Antarctica in the south. The depth varies from 
3600m to 4800m. Kerguelen-Gaussberg ridge separates the basin from the Atlantic-Indian-
Antarctic Basin. 

i) West Australian basin is the most extensive basin and forms rectangular shape surrounded 
by S.E. Indian ridge in the south west, Ninety East ridge in the west, continental shelves of 
Java-Sumatra in the north-east and the continental shelf of west Australia. Average depth 
varies from 3600m to 6100m but the central part of basin is 6459m deep. 

j) Mid-Indian basin is bordered by the central ridge in the west and the south-west, by Ninety 
East ridge in the east and by the Bengal plateau in the north. The average depth of outer part 
ranges from 3600m to 6800m while the depth of the central part of the basin ranges between 
4800m and 6100m. 

Deeps and trenches:  There are very few deeps and trenches in the Indian Ocean. About 60% of the 
ocean consists of deep sea plains with depth ranging from 3600m to 5487m. Important deep sea 
plains are Somali Abyssal plain. Ceylone Abyssal plain, Indian Abyssal plain, etc. Significant trenches 
are Sunda trench, Ob trench, Mauritius Trench, Amirante trench, etc.      
Thus a detailed and proper study of ocean bottom topography can help in understanding the relief 
features in a more detailed way. 
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Q.3) a) Compare the Subsidence and Glacial control theories on the formation of coral reefs. 
 

Approach - Introduce with meaning of coral reef then show distribution of coral reef on world map. 
Contrast the meaning of subsidence and glacial control theories of coral formation. Conclude with 
currently accepted synthesis of two. 
 
Corals are marine invertebrates or animals which do not possess a spine. They are the largest living 
structures on the planet. Each coral is called a polyp and thousands of such polyps live together to 
form a colony, which grow when polyps multiply to make copies of themselves. 
The tubular skeletons grow upwards and outwards as a cemented calcareous rocky mass collectively 
called corals. The shallow rock created by these depositions is called a reef. These reefs, later on, 
evolve into islands. 
 

 
 
Distribution of coral reef 
Various theories have been put forth to explain the mode of origin of coral reefs, taking into account 
the fluctuation of the Pleistocene Sea level and the stability of the land concerned. The latter fact 
analyses three conditions—a subsiding island, a stationary island and an emerging land with reefs 
along them. 
 
The subsidence theory vs. glacial control theories on the formation of coral reefs. 

 Subsidence Theory- This theory was put 
forth by Charles Darwin in 1837 and modified 
in 1842, during his voyage on the Beagle when 
it became clear to him that coral polyp could 
grow only in shallow waters. He published 
the concept in The Structure and 
Distribution of Coral Reefs in 1842 

Glacial control Theory- Daly propounded his 
theory of coral formation in the year 1915 after 
he was convinced that coral reefs were formed 
after Pleistocene Ice Age. 
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 Darwin assumes that along a suitable 
platform, coral polyps flocked together and 
grew upward towards a low water level.  

 The resulting reef, in this stable condition, 
would be a fringing reef. But, at the same 
time, Darwin assumes, the seafloor and the 
projecting land in coral seas started 
submerging, and the living corals found 
themselves in deeper waters. Hence, an urge 
to grow upward and outward would be 
balanced by the subsidence of the land. 

 

 According to him sea-level fell by 33 to 38 
fathoms (198 feet to 228 feet) due to 
glaciation (confinement of sea water in the 
form of ice on the continents) during 
Pleistocene Ice Age. The existing corals 
died due to lowering of temperature of 
marine water. 

  Wave-cut platforms were formed along 
continental coasts and islands due to 
abrasion by a sea wave. After the end of ice 
age, the sea-level again rose by 33 to 38 
fathoms due to return of sea water which 
was imprisoned on the continents in the 
form of ice during the ice age. In other 
words, the ice melted due to rise of 
temperature and the melt- water after 
reaching the oceans raised their levels to 
previous stage. 

 Thus, the wave-cut platforms were 
submerged under sea water up to the 
depth of 33 to 38 fathoms. The corals 
which could survive during the glacial 
period and new coral polyps began to grow 
and establish their colonies on the seaward 
edges of submerged platforms. 

 Thus, he supports tectonic subsidence of 
landform unlike Murray’s stability-based 
standstill theory. 

 Thus, it is based on eustatic changes and 
relationship between temperature and 
coral polyps. 

 Darwin postulated that the fringing reef, 
barrier reefs, and atolls are only three stages 
in the evolutionary growth of a reef. 

 Fringe reef were formed during stable 
condition. 

  As the land subsides, the fringing reef would 
grow upwards and outwards, resulting in the 
formation of a barrier reef 

 Further subsidence would convert it into 
atoll with wide and comparatively deeper 
lagoon.  

 → Thus, fringing reefs were formed on 
narrow wave-cut platforms. 

 Barrier reefs were formed on broad wave-
eroded platforms. 

 → Atolls were formed around isolated 
wave eroded island peaks. 
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Evidence in Support of the Darwin’s Subsidence Theory: 

 There is much evidence of subsidence in coral areas. For example, submerged valleys in the 
east of Indonesia and the coastal areas of Queensland. Had there been no subsidence, the 
sediment produced by the erosion of coral reefs would have filled the lagoons and caused the 
death of corals. 

 The material produced by erosion gets continuously accumulated at the subsiding lagoon 
bottom. That is why the lagoons are shallow. During an experimental boring, done to a depth 
of 340 m in the island atoll of Funafuti, dead corals were discovered at these depths. 

 Only subsidence can explain the existence of corals at this depth because, generally, corals 
cannot grow below 100 meters. Also, these dead corals showed evidence of their having got 
‘dolomitised’ which is possible only in shallow waters. All this evidence goes to prove the 
subsidence theory. 

 

Evidence against the Subsidence Theory: 
 Many scientists, like Agassiz and Semper, have argued that the corals have developed in 

places where there is no evidence of subsidence. Timor is one such area. Similarly, lagoons, 
with depths of 40m to 45m and many kilometers wide, cannot be explained on the basis of 
subsidence. 

 Also, the question arises as to why there is uniform subsidence in the tropical and sub-
tropical areas and not so in other areas. Kuenen has described some areas where the fringing 
and barrier reefs are found close to each other. 

 This is not possible if the subsidence has been a continuous process. Finally, if it is supposed 
that the coral islands are a product of subsidence, we will have to assume the existence of a 
vast area in the Pacific Ocean which has submerged, leaving behind corals as islands. There is 
no evidence of the existence of such a vast land area in the Pacific Ocean that existed in 
ancient times. 

   

 the depth of lagoon does not increase in spite 
of gradual subsidence of land because there 
is continuous sedimentation in the lagoon. 

 → Lagoons of uniform depth were formed 
between the reefs and the land because of 
uniform lowering of sea-level due to 
glaciation during Pleistocene Ice Age. 
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 rapid outward growth of the reef and the deposition of coral debris along it. The last stage of 
submergence (comparable to thousands of feet) results in partial or complete disappearance 
of the land and the existence of a coral ring enclosing a lagoon. 

 In spite of continued subsidence, Darwin maintains that the shallowness of the lagoon would 
be due to the deposition of the sediment from the nearby subsiding land. Hence, the lagoon 
always remains flat and shallow. 

 The theory, though simple in its presentation, implies that the barrier reef and atoll can occur 
only in the areas of submergence, and the great amount of vertical thickness of coral material 
is primarily due to the subsidence of land and consequent upward growth of coral polyps. 

 

Evidence in Support of Daly’s Glacial Control Theory: 
 The experimental borings done on the Funafuti atoll provide evidence in support of Daly’s 

hypothesis. Also, in the ice age, all the platforms were cut down to the sea level by marine 
erosion. Hence, the depth of these platforms and that of lagoons with barrier reefs and coral 
atolls were almost equal. 

 Study shows that the depths of the platforms and of lagoons are equal at all places. The 
greatest merit of this hypothesis is that it needs no subsidence of the crust, as is the case 
with Darwin’s hypothesis. Finally, the sea waves and currents could have easily cut down the 
islands and converted them into low platforms. 

 

 
 
Evidence against Daly’s Hypothesis: 

 There are some platforms which are so long and broad that their formation cannot be 
considered as the work of marine erosion alone. One such platform is the Nazareth Platform—
350 km long and 100 km wide. It is about 600 m high everywhere. 

 Also, Daly could not explain the existence s of coral colonies at depths of 100 meters. He had 
to admit local subsidence to be able to explain coral colonies in some deeper areas. Daly had 
also calculated that the fall of sea level during the ice age was around 80 meters. 

 It appears that this calculation is not correct. In fact, the fall of sea level can be correctly 
measured by the angle of walls of submerged V-shaped valleys. If calculation is done on this 
basis, the sea level should have fallen by more than 80m. Finally, Daly had stated that the 
temperature was lowered during the ice age. It must have caused the death of corals, but 
there is no evidence of this phenomenon. 
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 From the above discussion, it appears that the hypotheses of Darwin and Daly are not 
contradictory but complementary. Both together throw a lot of light on the phenomenon. 

 These theories are in reality complimentary and not contradictory. Hence the 3D theory 
(Darwin-Davis-Daly) of the reef formation is the most accepted synthesis. 

 
b) Denudation Chronology remains highly subjective despite its evolution in recent times”. Discuss. 
 

APPROACH – Introduce by explaining the concept of denudation chronology, thereafter with the 
example of a case study explain denudation chronology of a landform. In the body discussthe 
limitations of both classical and modern denudation chronology. In the conclusion, mention how the 
technique of denudation chronology slowly becoming obsolete. 
 
The concept of Denudation chronology is central to historical geography and is inspired by the 
concept of Hutton’s Uniformitarianism i.e. present is the key to the past. 
In simple words denudation chronology may be defined as the method of identifying, dating, 
analysing and sequentially arranging landforms in accordance to their age. This is also referred to as 
classical denudation chronology. 
 

 
Figure:   DENUDATION CHRONOLOGY OF APPALACHIANS AND PENINSULAR PLATEAU 

 

However the classical approach suffers from following shortcomings:-  
1) The approach is highly deductive because unknown events and their responses are described 

on the basis of very limited known information and evidences. 
2) It is mainly used to identify erosion surfaces, but in actuality most of the erosional surfaces 

have been modified, displaced and overlaid by sediments and thus they are no longer 
accessible and their identification in the field is difficult. 

3) The method of denudation chronology is very subjective and there is lot of generalisation and 
speculation on dating, through the above technique as valid geological evidences are not 
available. 
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Case Study: Denudation chronology of Peninsular Plateau 
4) As per RJ small the approach succeeds in explaining directly only very small parts of the 

existing landscape. 
As a result of aforementioned shortcomings from the 1950s denudation chronology studies became 
more quantitative and focused on reconstruction of recent events from tertiary and quaternary times. 
It was characterised by more scienticism, more advance dating techniques such as isotopic methods, 
carbon dating, potassium-argon dating and was  Strictly deductive based on available evidences such 
as topographic evidences, drainage characteristics and depositional histories. 
 

Classical DC Modern DC 
Descriptive Quantitative and Theoretical 
Deductive in nature but elements of inductive 
reasoning too was present 

It is strictly deductive 

Based on traditional dating methods – 
stratigraphy and biostratigraphy 

Based on advanced dating methods – 
dendrochronology, isotopic methods, and carbon 
dating. 

Involved reconstruction of DC over long 
geological periods 

Strictly based upon available evidences. 

Element of extrapolation involved. Totally scientific. 

 
Despite it, the modern denudation chronology remains highly subjective because:- 

1) It isolates the structural and lithological controls from that of base level controls in formation 
of erosion surfaces. 

2) The previously subdued landform may get exhumed by subsequent erosions and significantly 
influence later course of landscape evolution. 

3) Moreover, degree of precision of landform analysis depends upon deductive power of 
researchers and this induces objectivity. 

 
Thus today geomorphology has entered into its process paradigm, which is more about the applied 
aspects of geomorphology, and in the contemporary paradigm, the techniques of historical approach 
such a denudation chronology are slowly becoming obsolete. 
 

Additional Information: 
Denudation chronology means reconstruction of denudational history of a given region. The Earth‘s 
surface has a history that leaves traces in present-day landscapes and sediments. These traces make 
possible the partial reconstruction of long-term landscape change. This is primarily based on 
historical or chronological approach of landform study which involves the basic concepts such as: 

 ‘There is sequential change in landforms through time’, 
 ‘Principles of uniformitarianism‘ 
 ‘Cyclic nature of earth’s history ’ 
 ‘Palimpsest topography ‘and 
 Davisian model of ‘cyclic evolution of landforms’. 

 

The primary goal of this approach is to reconstruct the chronological history of denudation of a given 
region known as denudation chronology and according to R J Small the goal of this approach is to 
identify, date and interpret planation surfaces developed in past cycles and sub cycles of erosion on 
the basis of evidences of drainage development, river capture, relic surfaces and past tectonic events. 
An attempt is made to reconstruct the geomorphic history of the region concerned on the basis of 
present and remnant (relict) land forms following the dictum of ‘present is key to the past’. 
In fact, denudation chronology is based on the concept of ‘palimpsest topography’ which means such 
a surface which bears the imprints of geomorphological processes during past geological periods 
after partially erased initial imprints (features) in the beginning. 
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Palimpsest refers to that manuscript which has been written, erased, and rewritten several times. 
Similarly, palimpsest topography represents complex topographic features of a region which have 
been written (characterized by topographic features) by geomorphological processes, erased 
(previous geomorphological features partially destroyed by succeeding processes) and rewritten 
(production of new reliefs on older surfaces) several times. 
 
c) “The web of life is seamless and the consequences of disruption to one part of the ecosystem 
ripple throughout the whole”. Elaborate.  
 

Approach - Introduce by defining ecosystem and its feature as interconnected system. Then explain the 
impact of disruptions and conclude accordingly.  
 
According to A. N. Strahler and A.H. Strahler, “ecosystem is the total assemblage of components 
interacting with group of organisms. Ecosystems have inputs of matter and energy, used to build 
biological structure (the biomass), to produce and to maintain necessary internal energy levels” 
According to Tansley the ecosystem is comprised of two major parts viz. biome and habitat in a 
mature ecosystem, they are in approximate equilibrium through their interactions. 
M.J. Holtiman has highlighted the holistic nature of natural ecosystem which largely affects the 
biological communities in a biosphere ecosystem. He says that: 

 ’Nothing actually disappears when we throw it away’ because all the materials are rearranged 
and cycled and recycled through a series of cyclic pathways in the natural environment. 

 ‘All systems and problems are ultimately if not intimately inter-related 
 We live on a planet earth whose resources are finite’. 
 ‘Nature has spent millions of years refining a stable ecosystem 

 

IMPACT OF DISRUPTIONS TO ECOSYSTEMS 
Sudden disruptions can be devastating for an individual species and may even cause an entire species 
to permanently disappear in a process called extinction. As species become extinct biodiversity 
decreases. The food chain is affected and can disrupt an entire ecosystem. 
Natural disruptions 

 Wildfires- wildfires can both help and harm an ecosystem. For example, in savanna 
ecosystem wildfires kills many small animals and displace others that flee to safety.  

o However, it   helps the ecosystem by clearing out much of the dead and dying 
vegetation allowing surviving plants to benefit from increased light.  

o Ash and charcoal left from burnt vegetation can help add nutrients to depleted soils. 
o Occasional light fires produce a mosaic of recently burned and unburned areas. 

These patches favour different kinds of species and increase overall diversity 
 Flooding- Flooding can result in saturated soils and can kill plants by drowning the plant 

roots. Flooding may also cause water and nutrients to run off across land surfaces. Burrows, 
dens, and nests can be destroyed, forcing surviving animals to relocate. On the other hand, 
the flooding deposits nutrient rich sediment along stream banks 

 

Human Effects on Ecosystems 
 Habitat Destruction and fragmentation -In a 2012 report by the Geological Society of 

America, Roger Hooke and Jose Martin Duque estimated that humans have modified more 
than 50% of the Earth’s land surface. This has led to conversion of natural into the artificial 
habitats, simplification of natural ecosystem, fragmentation of habitats and so on. 

o  Fragmentation results in insufficient area for populations to maintain themselves and 
population bottlenecks that leads to inbreeding and loss of genetic diversity through 
genetic drift 
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Figure: showing impact of disturbance 

 
 Overharvest/Hunting to Extinction- Human activities have accelerated the rate of 

extinction to somewhere between 100 and 1000 times its background rate. This increased 
rate of extinction qualifies as sixth mass extinction event 

o Case study- A North American bird called the passenger pigeon was once thought to 
be the most abundant bird in the world. However, overhunting led this species to 
become extinct in 1914. 

 Invasive Species – the invasive species are directly or indirectly introduced species with 
Rapid growth and reproduction ability, High dispersal ability, phenotypic plasticity i.e.  able to 
alter their form to suit current conditions and Tolerance of a wide range of environmental 
conditions. For animals, it also includes an ability to live off of a wide range of food type’s i.e.  
being a generalist, rather than specialist 

 

 
 

 Pollution and Global Climate Change- Carbon dioxide, which acts as a heat-trapping 
greenhouse gas, has increased from about 280 ppm (parts per million) before the Industrial 
Revolution to over 400 ppm today.  

o This 30% increase has caused an increase in average global temperatures of about 1° 
C.  This has already led to significant melting of polar and glacial ice and melting of 
permafrost, both of which could accelerate warming trends. It’s also causing sea 
levels to rise, changing rainfall patterns, and altering wildlife habitats. 
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o Absorption of carbon dioxide by the oceans has led to ocean acidification, which has 
affected marine life such as coral (which can’t form their exoskeletons if the pH is too 
low). As a result, coral reefs are in decline around the world. 

Disturbances and stressors often interact with one another resulting in profound ecosystem impacts.  
This is a common dynamic in forested ecosystems. For example, between 2012 and 2016 California 
experienced a significant drought and the long duration of low soil moisture placed water stress on 
trees, causing them to become more susceptible to bark beetles and pathogens. This synergistic 
interaction among water stress, bark beetle and pathogens in context of long-standing fire 
suppression collectively contributed to the death of over 100 million trees in the state.  
 
 
Q.4) a) “Climate change is a reality”. Explain with suitable examples.  
 

Approach- Introduce by defining climate change and show it as natural phenomenon. Then write 
current anthropogenic climate change and its visible impacts. Conclude accordingly. 
 
Climate change refers to long-term shifts in temperatures and weather patterns. These shifts may be 
natural, such as through variations in the solar cycle. But since the 1800s, human activities have been 
the main driver of climate change, primarily due to burning fossil fuels like coal, oil and gas. 
Factors affecting Climate Change 
Natural Factors 

 Continental drift had an impact on the climate because it changes the physical features of 
the landmass, their position and the position of water bodies like changed the flow of ocean 
currents and winds, which affected the climate. 

 Variation in the earth’s orbit- There are three types of orbital variations namely variations in 
Earth’s eccentricity, changes in the tilt angle of Earth’s axis of rotation and precession of 
Earth’s axis. Combined together, these produce Milankovitch cycles which have large impact 
on climate and are notable for their correlation to glacial and interglacial periods. The IPCC 
finding shows that Milankovitch cycles drove the ice age cycles. 

 Plate tectonics- Due to temperature variation in the core of the Earth, the mantle plumes and 
convection currents force the Plates of the Earth to adjust which can affect both global and 
local patterns of climate and atmosphere. 

 Volcanic activity - When the Volcano erupts, the outburst of gases and dust particles 
partially block the incoming rays of the Sun which lead to the cooling of the weather. 

 

Anthropogenic Factors 
Anthropogenic factors involve the changes in the energy balance of the Earth - atmosphere system 
leading to changes in weather and climate.  

 IPCC First Assessment Report (1990) has observed that  
o Emissions resulting from human activities are substantially increasing the 

atmospheric concentrations of the greenhouse gases. 
o Global temperatures have risen by 0.3 to 0.6 degree Celsius in last 100 years.  

 IPCC Second Assessment Report (1995) claimed that Global rise in temperature by 0.3 to 0.6 
degree Celsius since late 19th century is “unlikely to be entirely natural in origin”. 

 As per IPCC Sixth Assessment Report (2021), the combined contribution to global warming by 
natural factors, such as the sun and volcanoes, is now estimated to be close to zero 
(negligible). 1.07℃ out of the 1.09℃ warming is due to GHG associated with human activities. 
Thus, almost 100% of global warming has been caused by humans. 

 

Cause of anthropogenic climate change 
 Greenhouse gases – The natural greenhouse effect maintains the Earth’s average surface 

temperature around -19°C.  However, the human activity has increased its concentration 
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since the onset of industrial revolution leading to more absorption of heat being retained in 
the atmosphere and thus an increase in global Temperature. 

o As per IPCC Fourth Assessment Report (2007), Greenhouse gas emissions has 
increased by 70 per cent between 1970 and 2004.  

 Atmospheric Aerosols - The scattering of solar radiation by aerosols cools the planet, while 
absorption of solar radiation by aerosols act to warm the air directly instead of allowing 
sunlight to be absorbed by the surface of the Earth. They can modify cloud formation or cloud 
properties. 

o The concentrations of aerosols are about three times higher in the Northern 
Hemisphere than in the Southern Hemisphere. This higher concentration is 
estimated to result in radiation forcing that is about 50 per cent higher for the 
Northern Hemisphere. 

 Land use change- this has affected the surface albedo. High Latitudes region is largely 
affected due to deforestation as the albedo of snow-covered land, previously forested, has 
increased.  

o Other factors include Tropical deforestation which changes evapotranspiration, 
desertification, which increases surface albedo, and the general effects of agriculture 
on soil moisture characteristics. 

 

Impacts of Climate Change-  
 Higher Temperatures – As per WMO, 2011-20 was hotter than any period of time in the past 

1.25 lakh years. Global surface temperature was 1.09°C higher in 2011-20 than between 1850-
1900. 

o  Increased sea temperatures have led to ice caps are melting, and sea levels rising., 
increased storm intensity, resulting in more floods, droughts, or intense rain 

o As per IPCC Fifth Assessment Report (2014), More than half the temperature rise 
since 1950 attributable to human activities.it concluded that Atmospheric 
concentrations of carbon dioxide, methane and nitrous oxide “unprecedented” in the 
last 800,000 years. 

o It predicted rise in global temperatures by 2100 could be as high as 4.8 degree Celsius 
from pre-industrial times 

 Changing Landscapes- Increasing temperatures and changing patterns of rain and snow have 
resulted in moving of trees and plants around the world toward Polar Regions and up 
mountain slopes 

 Wildlife/Ecosystem at Risk- Increased temperatures are changing weather and vegetation 
patterns across the globe, forcing animal species to migrate to new, IPCCC predicted that 
one-fourth of Earth’s species will be headed for extinction by 2050 if the warming trend 
continues at its current rate. 

o In the tropics, rising the sea temperatures are causing more coral reefs to “bleach,” as 
the heat kills colourful algae that are necessary to coral health and survival. 

 Ocean Acidification /Rising Seas level- As the Earth heats up, sea levels rise up because 
warmer water takes up more area than colder water, a process known as thermal expansion. 
Melting glaciers compound the problem by dumping even more fresh water into the oceans. 

o Sea-level rise has tripled compared with 1901-1971 in the last decade. Global oceans 
have risen about 20 cm since 1900. 

o  The increased concentration of carbon dioxide (CO2) in the atmosphere has 
increased the absorption of CO2 in the ocean, which reduces the pH and makes the 
oceans more acidic. 

 Increased Risk of Drought, Fire and Floods- Higher temperatures increase the amount of 
moisture that evaporates from land and water, leading to drought in many areas. Lands 
affected by drought are more vulnerable to flooding once rain falls. 
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o For e.g. -. Erratic precipitation events like the Hailstorm of Mexico in the 2019 
summer which left the city snow covered. 

o Hot temperatures and dry conditions also increase the likelihood of forest fires. 
o IPCC sixth report has warned of multiple climate change-induced disasters in the 

next two decades even if strong action is taken to reduce the emissions of 
greenhouse gas emissions. 

 Intensified Storms and Increased Storm Damages - climate change effects like ocean 
warming have caused hurricanes and tropical storms to become more intense — lasting 
longer, unleashing stronger winds, and causing more damage to coastal ecosystems and 
communities. 

 Health impact - the sixth IPCC report has looked at the health impacts of climate change. It 
has found that climate change is increasing vector-borne and water-borne diseases. Deaths 
related to circulatory, respiratory, diabetic and infectious diseases are likely to increase with 
a rise in temperature. 

In light of above finding, IPCC has recommended that countries should strive to achieve net zero 
emissions i.e., no additional greenhouse gases were emitted by 2050. It has called for drastic cuts in 
GHG emissions in this very decade (2021-2030) 
 
b) Examine the characteristics and distribution of Pedocals with a special mention of tropical 
Chernozems and their self ploughing ability. 
 

Approach - Introduce the answer by defining pedocals. In the body discuss their characteristics, and 
explain the tropical chernozems soils. In conclusion discuss how soil taxonomy is better than the zonal 
classification as pedocals and chernozems. 
 
Pedocals is a subdivision of the zonal soil order. It is a class of soil which forms 
in semiarid and arid regions. It is rich in calcium carbonate and has low soil organic matter. These 
soils are formed in regions where evapotranspiration exceeds precipitation.  

Parameters Pedocals 
Climate Associated with arid and semi-arid climates. 

Net Movement Net movement of materials is in upward direction. 

Process Salinization and Alkalisation, where capillary action is dominant. 

Dominance of Minerals Dominance of calcium in B Horizon 

Forest and vegetation Associated with temperate grasslands like Steppes and Deserts. 

Acidity and Alkalinity These are alkaline in nature due to presence of bases. 
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                                Soil profile 

 
Fertility Depends on the location –Chernozems (high organic matter) are 

fertile whereas Seirozems (low organic matter) are not fertile 

                                        Figure: General characteristics of pedocals 
 
Detailed Characteristics of Pedocals: 
1) Chernozems: 
These are associated with semi-arid temperate grasslands, i.e. Steppes climate. They are formed by 
Salinization and alkalization process. The soil is enriched in all major nutrients including bases and 
organic matter, in fact high concentration of organic matter gives dark colour to the soil. They are 
also called as Black earth’s soil and have a slightly alkaline ph. In these soils higher organic matter acts 
as a binding agent which along with presence of perennial grasses protects soil from excessive 
erosion. 
These soils are very fertile in nature and are also known as Wheat baskets of the world. 
 

 
Figure: Distribution of chernozems. 

 
2) Prairie soils: 
These are better quality of chernozems found in climates where precipitation becomes almost equal 
to potential evapotranspiration. These are not found in whole prairies but only in some scattered 
parts. 
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Figure: Prairie soil. 

3) Chestnut soils:  
These represent the degraded versions of Chernozems, and are found at the boundaries of deserts. 
These represent transition soils from semi-arid to arid. Compared to chernozems capillary action is 
stronger leading to greater concentration of salts and hence greater ph. 
The soils are well furnished in nutrients but agriculture is not important due to less availability of 
water. Commercial grazing and ranching are the primary activities of these soils. 
4) Desert soils/Seirozems: 
These soils occurs in tropical, sub-tropical and temperate desert. These soils are consequence of 
strong salinization and alkalisation. They have a very high pH level ranging between 9 and 10 due to 
excessive concentration of salts. Despite this these soils are not toxic and have a good iron and silica 
content. 
 

 
Figure: Distribution of Desert soils. 

Tropical chernozems:  
Black soil is internationally known as Tropical Chernozems. The black colour of this soil is due to the 
presence of titaniferous magnetite, soluble humus and bitumen’s. 
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Figure: Distribution of tropical chernozem. 

 
Characteristics of tropical chernozems: 

 A typical black soil is highly argillaceous [consisting of or containing clay] with a large clay 
factor, 62 per cent or more. 

 In general, black soils of uplands are of low fertility while those in the valleys are very fertile. 
 The black soil is highly retentive of moisture. It swells greatly on accumulating moisture. 

Strenuous effort is required to work on such soil in rainy season as it gets very sticky. 
 In summer, the moisture evaporates, the soil shrinks and is seamed with broad and deep 

cracks. The lower layers can still retain moisture. The cracks permits oxygenation of the soil 
to sufficient depths and thus ensuring extraordinary fertility 

 

Colour of tropical Chernozems 
 The black colour is due to the presence of a small proportion of titaniferous magnetite or 

iron and black constituents of the parent rock. 
 In Tamil Nadu and parts of Andhra Pradesh, the black colour is derived from crystalline schist 

and basic gneisses. 
 Various tints of the black colour such as deep black, medium black, shallow black , a mixture 

of red and black may be found in this group of soils. 
 

Chemical Composition of tropical chernozems. 
 10 per cent of alumina, 
 9-10 per cent of iron oxide, 
 6-8 per cent of lime and magnesium carbonates, 
 Potash is variable (less than 0.5 per cent) and 
 Phosphates, nitrogen and humus are low. 

 

Distribution of Tropical chernozems 
 Spread over 46 lakh sq. km (16.6 per cent of the total area) across Maharashtra, Madhya 

Pradesh, parts of Karnataka, Telangana, Andhra Pradesh, Gujarat and Tamil Nadu. 
 

Crops in Tropical chernozems 
 These soils are best suited for cotton crop. Hence these soils are called as regur and black 

cotton soils. 
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 Other major crops grown on the black soils include wheat, jowar, linseed, virginia tobacco, 
castor, sunflower and millets. 

 Rice and sugarcane are equally important where irrigation facilities are available. 
 Large varieties of vegetables and fruits are also successfully grown on the black soils. 
 This soil has been used for growing a variety of crops for centuries without adding fertilizers 

and manures, with little or no evidence of exhaustion. 
However the above nomenclature of pedocals and tropical chernozems comes under the zonal 
classification of soils, but better classification of soil was provided by USDA soil taxonomy which was 
a more comprehensive and holistic and is more used in applications then the zonal one. 
 
c) What do you understand by diagnostic landforms? How do Tors as a landform contest the 
concept of diagnostic landforms? 
 

Approach - Introduce the answer by explaining the concept of diagnostic landforms. In the body give 
some examples of diagnostic landforms and then analyse how tors as a landform contest the concept of 
diagnostic landforms. Conclude the answer by mentioning the complexity of geomorphic landforms. 
 
The concept of diagnostic landform is central to the domain of climatic geomorphology. Diagnostic 
landforms are climatically controlled landforms or landforms which are distinctive to particular type 
of climate. They are best evidences to understand climate-landform relationship.  
This concept is based on the basic tenet of climatic geomorphology based on the work of Von 
Richthofen (in China), Passarge, Jenson, Walther, and Thorbecke (in Africa) and Sapper (in Central 
America and Melanesia).  
Climatogenetic and climate controlled landforms formed in distinctive morphogenetic regions are 
identified and differentiated in two ways: 

1) General observation of whole landscape of each climatic region. 
2) Identification of typical or distinctive landforms which represent the control of a particular 

climate. Such distinctive landforms are designated as ‘diagnostic landforms’. 
 

Following are some of the examples of diagnostic landforms: 
1) Isenberg’s: 
Isenberg’s are steep sided residual hills which are the end product of arid cycle of erosion. These are 
considered representative of hot, arid and semi arid climates. 
 

                                       
                                                             Figure: Isenberg’s. 
 
2) Duricrust: 
Duricrust are induced hardened surfaces of different kinds such as laterites, silcretes, etc. They are 
considered representative of hot and humid climates. 
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Figure: Duricrust. 

3) Pediments: 
Similar to inselbergs pediments are also Aeolian depositional landforms and are considered as 
representative of arid and semi-arid conditions. 
 

                                               
Figure: Pediment. 

 
However there have been contradictions like Inselberg’s considered to be the representative 
landforms of hot and arid and semi-arid climates but they have been found in different parts of the 
world having different ‘climatic conditions, from humid subtropical in Georgia, North America to 
humid tropical in the Guinea coastlands, south India, Brazil, and to desert areas in western North 
America, Mauretania, and south-west Africa’ 
Similarly, Pediments considered to be the representative landforms of arid (desert) and semi-arid 
climates, are also found in a variety of climatic conditions e.g., tropical wet and dry climate, 
subtropical and temperate climate 
 

Tors as contested to diagnostic landforms: 
Tors are one of the most controversial landforms which are piles of broken and exposed masses of 
hard rocks having a crown of rock blocks of different sizes on the top and clitters on the side. 
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Figure: Diagrammatic representation of Tors. 
 
As per J Palmer and RA Neilson they have been considered typically of peri-glacial origin, however 
such a viewpoint has been contested by many geomorphologist such as:- 

1) As per DL. Linton Tors are of fluvial origin representing the humid climate. 
2) While as per LC. King tors are result of universal process of pediplanation in different climatic 

conditions. 
Apart from above, the presence of tors have been found right from Dartmoor of England through 
Nicargua to India and tors have also been associated with different climate ranging from tropical to 
periglacial. 
Thus in actuality the concept of diagnostic landform may be a misnomer, as complexity of 
geomorphic landforms is more common than simplicity.  
 

Section-B 
 
Q.5) Answer the following in about 150 words each. 
 
a) “Humanistic geography emphasizes on understanding the people’s relationship with places and 
geographical environments”. Discuss. 
 

Approach - Introduce the answer with a brief description of humanistic geography. In the body explain 
how humanistic geography emphasizes on understanding the people’s relationship with places and 
geographical environments with the contributions of several geographers. Conclude the answer by 
discussing the transition of geography from place to placelesness. 
 
Humanistic approach was a result of critical revolution in geography and was a total rejection of 
positivism and quantification because it asserted that it is impossible to study objectively human 
perception and decisions based upon it. 
As per Yi Fu Tuan, Place and its relationship with people and geographical environments was an 
important component of Humanistic geography. Most of the human geographers like Relph, Buttimer, 
Seamon, etc. have also emphasized upon human geography being an understanding between people’s 
relationships and it’s surrounding, which can be seen as follows: 

1) Yi Fu Tuan: In his book Topophilia, Tuan arrives at a different conclusion, about the concern 
of environment and place. He explores the effective bond between people and place with 
emphasis on ways of perceiving environment. According to him, Topophilia is a meaning of 
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human love of place or more broadly human being’s affective ties with the material 
environment. 

2) Edward Relph: In his book ‘Place and Placelessness’, he argued that practical knowing of 
places is essential to human existence and declared that place, places man in such a way that 
it reveals the external bonds of his existence and at the same time, the depths of his freedom 
and reality. He also developed the concept of Authentic and Inauthentic attitude towards 
places, where in the former the man has an emotional bond with its surrounding while in the 
latter the same is missing. 

3) Anne Buttimer: She gave the concept of Lebenswelt, which can be defined as the all-
encompassing horizon of individual and collective life. She argues that this concept of real 
world has been recognized in geography since earlier times. Thus according to her central 
concern of geography should be study of places. 

4) David Seamon: He was a student of Buttimer and wrote a book, “Geography of the Life world” 
which focuses on people’s day to day experiences and behaviours, associated with the places 
in which they live. 

5) David Ley: He has mainly contributed in the development of urban social geography. 
According to him places may have multiple realities, whose meanings change with different 
intentions of their subject. The meaning of a place systematically attracts groups with similar 
interest and values. 

Thus from the above discussion and contributions of various geographers we can say that how 
humanistic geography mainly focused upon the bond that man develops with his surrounding, 
however today as we are living in post-industrial metropolis, where the social settings have been 
dehumanized which have led to separation of subject from the object, leading to development of an 
inauthentic attitude or placeless geography. 
 
b) “Whittlesey’s agricultural regions are relevant even today”. Discuss. 
 

Approach - Introduce briefly writing about Whittlesey classification and then write its relevance 
today. Finally conclude accordingly. 
 
An agricultural region is an area with similar functional attributes. Whittlesey gave the first scientific 
attempt for the demarcation of agricultural region. His classification is widely accepted and is based 
on the following factors:  

1) Crop and livestock association 2. Labour and capital intensity 3. Productivity 4. Consumption 
pattern of production 5. Methods and techniques used  
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Whittlesey’s scheme outlines the following 10 types of agricultural practices: 
 Nomadic Herding: Nomadic herding is practiced in the drylands of Sahara, western and 

Central Asia, South-West Africa, and along the southern boundary of the Tundra region in 
Eurasia. This type of economic activity is characterized by a frequent change of habitation in 
search of animal fodder, fruits, nuts, edible roots, trading opportunities, etc.  

 Livestock Ranching: Livestock ranching is undertaken in the prairies of North America, the 
belt from Venezuela to Argentina, the veld region of South Africa and temperate grasslands of 
Australia. Here cattle rearing is done in relatively rainy parts, sheep are reared in less rainy 
parts and goats and camels are reared in low rainfall and warmer regions.  

 Commercial Dairy Farming: Commercial dairy farming type is practiced on the western 
shores of France, the UK and Ireland, the Great Lakes region and the north-west in the USA, 
south-eastern Australia and in New Zealand. These areas receive rainfall throughout the year 
and produce good quality, nourishing grass. Mainly cattle and poultry are reared.  

 Commercial Crop and Livestock Farming: This type of agriculture is practiced in temperate 
and dry continental climates of central European plains and to the east of the Urals up to 
Lake Baikal. Major crops grown are oats, barley, rye, flax, potatoes etc. Vineyards are also 
important. 

 Commercial Grain Farming: This type of agricultural operations is undertaken in the Great 
Plains of North America, Uruguay, Argentina and the Eurasian Middle- East.  

 Commercial Plantation: This type of agricultural activity occurs in south-east Asia 
(Indonesia, Malaysia, and Philippines), Sri Lanka, West Africa, south and central USA, and 
Central America. This is a distinctly tropical cultivation of tea, coffee, rubber, cocoa, coconut 
and sugarcane with high labour intensity. 

 Commercial Gardening: This type of agriculture takes place in the southern states of the USA 
and in the European countries bordering the Mediterranean Sea. The products include 
specialized types of agricultural crops.  

 Mediterranean Agriculture: This takes place in the European countries bordering the 
Mediterranean Sea (Spain, France, Italy and former republics of the Yugoslav Federation), 
along western edges of continents (central California, central Chile), temperate regions 
between 30° and 40° in both the hemispheres (southern tip of South Africa and south-
western and southern Australia). These regions are reputed for good quality citrus fruits—
grapes, olives, oranges, lemons, pineapples etc.  

 Shifting Cultivation: This is a subsistence type of agriculture practised in forested highlands 
of South America, Africa, India (North-East, Orissa, Bihar, Andhra Pradesh, and Madhya 
Pradesh) and in the belt from Myanmar to south China. This is an inefficient agricultural 
practice with low productivity in which primitive techniques and rudimentary implements are 
used.  

 Intensive Subsistence Cultivation: This type is practiced in south and south-east Asia, mainly 
in the monsoon region with red and alluvial soil. This type of agriculture is practiced in all 
types of landforms. In higher rainfall regions, rice is an important crop.  

The relevance of Whittlesey’s classification of agricultural regions: 
 Whittlesey is widely recognized as his regional pattern in the classification of agriculture is 

determined by the interaction between two sets of universal variables, i.e., the physical and 
nonphysical like conditions of natural environment and combinations of human 
circumstances that exploit natural environmental. 

o  These five basic functioning forms are subjected to statistical determination.  
 A comparative study of the agricultural regions is possible by plotting the system of the first 

degree of magnitude on a single map. The study focuses on the observable items in the 
agricultural landscape.  
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 The classification serves as a framework in which further refinements can be suggested the 
various bases of classification, viz., institutional, cultural and political factors are not static 
but are continually changing because of changes in the local, national and global situations.  

 His basic classification still provides the foundation for many current atlas maps and most 
textbook descriptions of world agriculture 

 However even though a particular type of production dominates in each one, it is possible to 
carry on other types of farming at higher cost by using larger inputs of capital and labour and 
accepting a smaller profit margin. Thus, in each of Whittlesey's regions various other forms of 
agriculture are also found.  

So, Whittlesey’s scheme has recently been modified by Thoman Fryer. Whittlesey has not taken into 
consideration some relevant indicators like land tenancy, land ownership, size of holdings, 
fragmentation of holdings, government policies, etc. The demarcation of agricultural region is 
seriously constrained by the non-availability of reliable data on the various aspects of agricultural 
patterns. 
 
c) Analyze the problems that are plaguing the world economy. 
 

Approach - Introduce the answer by writing the impact of recent Covid pandemic on economy. In the 
body draw a world map showing global economic problems, and then analyze the problems plaguing the 
world economy. Conclude by suggesting some measures to bring the economy back in track. 
 
Over the last two years, the pandemic has played a major role in shaping the global economy. Many 
sectors have found themselves in difficulty and are still struggling, and the countries dependent on 
those sectors are now quietly trying to get back up again. Despite the strong economic recovery in 
2021, the financial difficulties are not over and may still cause economic slowdown. In addition, many 
countries are faced with an increasing debt burden, high inflation and, burning issue of the moment, 
geopolitical tensions, which all play a major role. 
 

 
Figure: Spatial picture of global economic problems. 

 
The following are the problems that are plaguing the world economy: 

1) Economic slowdown: The economic slowdown was mainly the consequence of covid 
pandemic, due to which the entire world went into lockdown. It impacted almost every aspect 
of economy including major industries like iron and steel and automobile.  
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Figure: Coronavirus recession. 

 
2) Increasing debt burden: This was also the consequence of Covid pandemic only, where 

nations had to borrow huge amount of money for recovery plans. It was not only the 
governments that were impacted by huge debts but also the companies in the private sector 
were in similar situation. 

3) Backlash to globalisation: Also in the post Covid era the countries became more protectionist 
which was seen in the trends of rising trade nationalism and massive expatriation of migrants. 
This may have adverse ramification to the global trade. 

4) E.g. USA’s America first policy and India’s Atmanirbhar Bharat ideology. 
5) Inflation: Inflation is yet another significant challenge to global economy.  In response to 

inflationary pressure, the American Federal Reserve intends to tighten its monetary policy. It 
previously announced it would likely raise interest rates in March, which would be the first 
time since December 2018. As a result, vulnerable countries are at risk of finding it more 
difficult to access the capital market. It is not excluded that the European Central Bank would 
also hike up interest rates. On top of that, many businesses are finding it difficult to increase 
their prices, meaning that their profit margins are decreasing significantly. Higher living costs 
are also leading to social unrest. 

6) Geopolitical conflicts: The last and probably biggest risk is caused by geopolitical tensions. 
The first thing that comes to mind is the Russia-Ukraine war, where the fighting but also the 
sanctions imposed are greatly affecting the region as well as Europe and the global economy. 
Further afield, in Asia, next to the military tensions around Taiwan, there are the 
ongoing trade tensions between China and the USA over semiconductors. To short-circuit 
Chinese technological development, the USA has imposed sanctions on the sector, in some 
cases at the expense of its own industry. 

To conclude—this is no time for retreat, for half-measures, or for muddling through, and at the 
international level we require strong global collaboration while at the national level Policymakers 
must also act together. They must reclaim the spirit of 2008, or the spirit of 1944. The Wilsonian 
spirit—the belief that the whole is greater than the sum of its parts. If we seize the moment, we can 
navigate our way out of this crisis and restore strong, sustainable, and balanced, global growth. 
 
d) Discuss the impact of Covid-19 Pandemic on the dependency ratio in the countries witnessing 
ageing population? 
 

Approach – Introduce briefly writing about Covid 19 pandemic then briefly explain high dependency 
ratio in some countries. After that write impact of Covid crisis on it and conclude accordingly. 
 
COVID-19 is a protracted social and economic crisis, sparked by a health crisis. It affected the 
advanced countries in the Western Hemisphere disproportionately more than developing countries 
High-income countries are not used to experiencing health crises, having their health and human 
services put under immense strain, seeing spikes in mortality rates, restricting the travel of their 
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populations, or keeping adults and children at home from work and school. These unique conditions 
create new and serious challenges for the economies and societies of all high-income countries.  
 

 
 

The dependency ratio of a society influences the proportion of the national income going into saving, 
investment, pensions, welfare and education. In reverse, it reflects the percentage of the population 
that is active in creating the wealth. The young and old groups, although both composed mainly of 
dependents, require expenditures for somewhat different purposes. 
 

 
Figure: Showing Elderly dependency ratio of selected countries 

 

Impact of Covid-19 Pandemic: 
 Higher mortality -The incidence of Covid-19 and fatality rates across the globe were directly 

proportionate with the elderly dependency ratio. Covid-19 casualty is higher in those 
countries where we already have an ageing population, with older people more likely to 
require hospitalisation and subsequently die from infection. 

o The Old age dependency ratio in Korea and China is lower than any European 
country. The European Union area has an average old-age dependency ratio of 31.0% 
while Italy has the highest rate at 35.7%. Therefore, the frequency of the pandemic in 
Italy can be partially described by its relatively older population.  

o Age distributions can also partially explain why some countries such as Turkey and 
India have a low COVID-19 mortality rate despite the high number of cases. 

 Shortage of emergency service provider-The low birth-rate and high life expectancy have 
also inverted the standard population pyramid, forcing a narrowing base of young people to 
provide and care for a bulging older cohort. The demand for more caregivers and nursing 
homes is high, and many older couple living alone and isolated.  
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 Pressure on government spending-The increasing proportion of elderly people has a major 
impact on government spending and policies. It extolls the national income on account of 
government spending for prevention and control of chronic disease that increases with age 
and the health care and pension systems which are also expected to come under severe 
strain. 

 Vicious cycle of morbidity and mortality - A higher strain on the health system may lead to a 
lower proportion of asymptomatic people or people with mild to moderate symptoms being 
tested as well as a higher proportion of deaths on clinical cases due to lack of resources, 
affecting both the numerator and denominator. 

 Covid 19 as unique challenge - Pandemics tend to have higher occurrence (morbidity) in 
younger individuals but higher mortality for the elderly. However, this pandemic is a double-
edged sword as there is higher morbidity rates in elderly as well. This is shown by comparing 
the age distribution of cases in China and South Korea to the relative populations. 

The rapid decline in the birth-rates and increasing elderly population and the consequent 
ramifications of this demographic trend has forced the governments in these nations to intervene in 
form of pronatalist policies to encourage child bearing and increase birth-rates, conciliatory policies 
in paternal leaves, incremental bonuses on subsequent births, creating child friendly neighborhoods 
and selective immigration of skilled labour. 
 
e) Write a short note on the relevance of Demographic Transition Model in context of India? 
 

Approach – Introduce briefly writing about DTM. Then explain its application for India and finally 
conclude accordingly. 
 
Frank N. Notestein 1945, presented the theory of demographic transition to describe the change in 
population of a country changes over time. It gives changes in birth rates and death rates and shows 
that countries pass through five different stages of population change (Stage one – High fluctuation, 
Stage two – Early expanding, Stage three – Late expanding, Stage four – Low fluctuating and Stage 
five – Decline).  
 

 
 
With a population of 1.4 billion, India accounts for about 17.5 per cent of the world’s population, as per 
the 2022 edition of the United Nations’ World Population Prospects (WPP). 
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1) The Period of Stagnant Population (1901-1921) or High Stationary Stage of Demographic 

Transition - During most of the 19th century India witnessed sporadic, irregular and slow growth 
of population which drifted into twentieth century until 1921. Thus, the population growth during 
this period can be termed more or less stagnant. 

 The high birth rate was counterbalanced by high death rate. In fact, the census year 1921 
registered a negative growth rate of -0.31 per cent which happened only once throughout 
the demographic history of India. It is because of this decline it is called the year of Great 
Demographic Divide. 

 The northern zone suffered from plague and malaria and recorded a negative growth in 
its population during the decade. But the north-eastern zone registered a very high 
population growth rate mainly due to migration and lesser sufferings from famines and 
epidemics. The southern zone recorded normal population growth rates.  

2) The Period of Steady Growth (1921-1951)- After 1921, India entered into the early expanding stage 
of demographic transition with declining deaths and relatively higher births.  

 Over a period of thirty years population grew at moderately increasing rate. The northern 
zone witnessed exceptionally high growth rate. Strikingly, the central zone recorded a 
consistently lower growth rate than the nation’s average perhaps because of a 
persistently higher incidence of mortality and substantial out-migration towards the 
western India. 

 Decline in death rate was also achieved partly through the improvement in the 
distribution system as a result of improved transportation so that timely supplies of food 
could be made available to drought and famine-stricken areas. 

 Since crude death rate declined considerably and crude birth rate remained very high the 
population growth during this period is called mortality induced growth. 

3) The Period of Rapid High Growth (1951-1981) The year 1951 marks the beginning of a rapid growth 
in the population of the country as a result of a sharper decline in death rate but fertility 
remained stubbornly high. Therefore, this period is often referred to as the period of population 
explosion.  

 This unprecedented growth rate was due to the accelerated developmental activities and 
further improvement in health facilities. The living conditions of the people improved 
enormously. Death rates declined much faster than the birth rates. This situation resulted 
in high natural increase. Thus, it was fertility induced growth.  

 The average annual exponential growth increased from 1.21 per cent during 1921-1951 to 
2.13 per cent during 1951-1981. Though all the zones witnessed increase in pace of 
population growth, the northern zone recorded the largest acceleration. The next highest 
growth rate was recorded in the western zone.  
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4) The Period of High Growth with Definite Signs of Slowing Down (1981-2011)- The year 1981can 
be called yet another year of great divide in the demographic history of the country. With this 
India entered into the late expanding stage of demographic transition.  

 The spatial pattern in the growth of population in the country during the 1990s, reveals a 
marked ‘north-south’ divide. On an average, the northern parts of the country are found 
to have recorded faster growth in population during the decade as compared to their 
counterparts in the south. 

 With substantial decline in the birth rates during the post-independence period, non-
EAG states and UTs have already reached replacement level (RR) fertility in the country. 

The EAG states and Assam collectively account for the highest rates of fertility, infant mortality, child 
mortality and maternal mortality rates in India. Therefore, for the transition of India into a low 
stationary stage to achieve the long-term goal of stable population focus on reproductive, maternal, 
new born, child and adolescent health, female literacy and women empowerment is required 
especially in EAG states. 
 
 
Q.6) a) Critically examine the changing perspectives on the concept of areal differentiation? 
 

Approach - Introduce the answer by defining Areal differentiation. In the body discuss the evolution of 
areal differentiation and how has its perspective undergone change. Conclude the answer by the recent 
trend and impact of cultural turn in geography. 
 
Areal differentiation is an idea that geography is to be studied as a descriptive regional science, it 
asserts that geography is an “accurate, rational description of the variable character of earth’s 
surface”. Richard Hartshone in his book “Nature of Geography” gave the concept of Areal 
differentiation. 
 
If we look from a very narrow perspective Areal differentiation may be referred to the approach of 
regionalisation used by Hartshone, however from a broader viewpoint it refers to the regional 
approach used in geography. 
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Figure: Changing perspective of areal differentiation. 

 
Changing perspectives of Areal Differentiation: 
1) Areal Differentiation as chorography:  
From the times of classical antiquity till the pre modern times Areal differentiation was essentially 
chorography i.e. simple description of regions, which could be seen as below from the contribution of 
following geographers: 

 In the Greeko-Roman times Strabo, studied culture of various regions 
 In the classical times, Kant’s exceptionalism saw geography mainly as Chorography. 
 Even during the pre-modern times Carl Ritter writings had a chorographic undertone, where 

he in his book ‘Erdkunde’ gave the description of various continents and subcontinents. 
However geography as chorography became an encyclopaedic discipline, which was merely the 
description of phenomenon and thus was not in tandem with the popular culture of scienticism and 
rationalism. Thus such an approach became a hindrance in development of geography as a scientific 
discipline and had limited utility and therefore regional geography tried to transition itself from 
chorography to chorology. 
2) Areal Differentiation as chorology:  
The foundations of chorology were first laid in Germany by Carl Ritter in pre-modern times. Although 
he did not explicitly mentioned the term chorology, but geography as chorology can be seen from the 
works of following geographers: 

1) Richthofen:  Where he identified two steps in regional geography i.e. Chorography and 
Chorology and said that geography should transition from chorography to chorology. 

2) Vidal: Through his concept of “pays” established that how culture has interlinked with 
physical features to produce unique genre-de-vie of each pays 

3) Hettner: Finally it was Hettner who developed geography as chorology, where regional 
studies should be based upon explanation of regional phenomenon. Thus for him geography 
was both regional and systematic and there was no dichotomy for it.   

However areal differentiation as chorology was criticised for being too rigid as in chorology all the 
elements of geography were to be studied sequentially and interrelated to each other. But by the 
coming of late 1940s and 1950s areal differentiation as an approach came under severe criticism by 
Schafer when he came up with his paper “Exceptionalism in geography” after which Quantitative 
revolution emerged as the major paradigm. Even despite this backlash the regional approach 
continued to remain as an undercurrent in geography. For e.g. In 1953 Whittlesey came up with the 
concept of compage which was seen as an attempt by many to save chorology. 
3) Areal differentiation as New Regional Geography: 
With areal differentiation as New Regional Geography it has become more or less applied, scientific as 
well as humanistic simultaneously.   

Page 40 of 61

https://academy.forumias.com/
mailto:admissions@forumias.academy
mailto:helpdesk@forumias.academy


 
 

Forum Learning Centre: Delhi - 2nd Floor, IAPL House, 19 Pusa Road, Karol Bagh, New Delhi - 110005   | Patna - 2nd floor, AG Palace, E Boring Canal 

Road, Patna, Bihar 800001   | Hyderabad - 1st & 2nd Floor, SM Plaza, RTC X Rd, Indira Park Road, Jawahar Nagar, Hyderabad, Telangana 500020 
9821711605 | https://academy.forumias.com | admissions@forumias.academy | helpdesk@forumias.academy 

 
Figure: Areal differentiation as New Regional Geography. 
However in the contemporary times with the cultural turn in geography and the impact of post 
modernism geography has essentially became polyphonic amalgamating various approaches 
simultaneously including the regional approach.  
 
b) “Man induced famines are becoming more common than nature induced one.” Comment. 
 

Approach - Introduce the answer by defining famine. In the body discuss famine as an anthropogenic 
phenomenon. Conclude the answer by discussing ways to prevent the occurrence of famine.  
 
Famine is severe and prolonged hunger in a substantial proportion of the population of a region or 
country, resulting in widespread and acute malnutrition and death by starvation and disease.  
Due to massive population growth and its concomitant resource scarcity famine have become an 
anthropogenic phenomenon. This year, 584,000 people will likely face famine-like conditions 
in Ethiopia, Madagascar, SouthSudan and Yemen. Nigeria and Burkina Faso are also of high concern.  
And the threat of starvation continues to grow in Afghanistan, the Central African Republic, the 
Democratic Republic of the Congo, Haiti, Honduras, Nigeria, Sudan, Uganda, Venezuela and 
Zimbabwe. All in all, more than 41 million people in 43 countries are currently on the very edge of 
famine and risk starvation. That’s up from 27 million people in 2019. 
 
In geography, famines can be explained through various theoretical viewpoints: 
1) As per the Malthusian and neo Malthusian perspective famines are mainly a positive check which 

have been caused due to rise in population growth. Example: Food insecurity issues in over-
populated regions of India such as Bihar. 

 

                                                         
                                                       Figure: Malthusian explanation to famine 
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2) While the Marxist geographers consider famine as a problem of accessibility which have occurred 
due to inequitable distribution of resources. This can be seen in the case of India where there is 
inefficient public distribution system due to which food grains are not able to reach the poor. 

3) As per the technocentric and cornucopian geographers, famines are a consequence of poor 
development of technology, where the population fails to exploit even the given resources due to 
technological constraints. Example: Sahel region of Africa 

 

 
                                                               Figure: Global hunger map, 2020. 
 
However apart from the above theoretical perspective following are the anthropogenic causes that 
have led to famines: 
1) Conflicts and wars. 
There’s one violent, overwhelming cause of famine right now: conflict. War is what currently drives 
most people in our world into hunger. Violent conflict pushes entire communities of people from 
their homes, their land and their jobs. This creates millions of refugees who then do not have access 
to the resources that usually keep them fed, healthy and stable. Finding food in unfamiliar, isolated 
and often bleak terrain becomes nearly impossible. Violence also sends larger shock waves across the 
region: destroying infrastructure and roads, killing jobs, halting imports, and sending food prices 
skyrocketing. 
2) Climate change. 
The next major cause of famine is Climate change. Our warming climate is starving vulnerable 
communities around the world by bringing increasingly devastating weather that destroys land, 
homes, livestock, and crops. 
3) Inequality: 
Inequality is another crucial factor. As the cost of living rises, urban households are unable to afford 
food to put on the table for their families. And for the millions suffering from chronic poverty, even 
staple foods are beyond reach. Gender inequality means women are more likely than men to suffer 
from hunger and malnourishment. In many cases, women eat last and least 
4) Pandemics like coronavirus:  
Finally, COVID-19 is devastating already fragile economies worldwide, pushing millions more into 
unemployment and poverty, and leaving governments and donors with fewer resources to address 
hunger. 
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                                                          Figure: Other causes of famine. 
 
Thus in order to prevent famines the need of the hour is to take interventions like providing clean 
water, encouraging water sanitation, distributing food, planting crops and holding government 
accountable whenever they fail in food security promises. All this will require international 
collaboration where the supranational organisations like world bank, UNO will have to lead frm the 
front. 
 
c) Discuss various factors that give rise to regional imbalances and suggest the strategies for 
correcting them. 
 

Approach: Introduce your answer by giving a brief description of regional imbalances. In the body 
discuss the various factors leading to regional imbalances and then suggest the strategies for 
correcting the same. In conclusion mention the need for international collaboration to curb the 
imbalances.  
 
One of the fundamental objectives of geography has been Areal differentiation, where it tries to 
differentiate between regions for their effective studies. Thus during this comparisons comes the 
regional imbalances which can be defined as a state of disequilibrium in terms of natural, economic 
and social criteria existing between two regions over the landscape. It’s a condition in which an 
economy fails to extend benefits equally to all regions in the country or class in society. 
The causes of regional imbalances can be divided into mainly natural and man–made causes. 
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Figure: Natural causes of regional imbalances 
 

 
Figure: Man-made causes of Regional imbalances. 

 

 
Figure: Showing regional imbalances at global and national level. 

 
Strategies for correcting regional imbalances: 
1) Growth pole model:  Given by Perroux and Boudeville. Under this model they emphasized on the 

growth of some propulsive firms in the beginning which then later acts as growth engines from 
where the growth emanates for the entire region. 
This strategy was also followed by India in 2nd FYP under the Nehru Mahalanobis model where 
some centres like Rourkela, Bhilai, etc. were deliberately chosen as growth poles. However this 
model to be fruitful requires development of proper functional linkages from where growth could 
flow leading to a trickledown effect. In case of India due to absence of such functional linkages 
the model did not yielded much result. 

2) Core Periphery model of John Freidman: Given by John Freidman. As per the model it is first the 
core that exploits the periphery to gain resources, labour, investment, etc. for its own industrial 
development, later the dispersal of growth begins towards the periphery from the core leading to 
development of entire region.   
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However the core-periphery relationship is the negative side of the Malaysian model of economic 
development, where the core, i.e. the Western coastal Malaysia is one of the developed regions of 
the world. On the other hand, the periphery, including Sarawak and Sabah provinces, is 
underdeveloped infinite of the presence of ample natural resources. 
 

 
Figure: Core periphery model 

 
3) Integrated development concept of Harvey Leibenstein: As per this concept, there is a need of 

special stimulus in lagged behind regions. In India several program likes Hill area development 
plan, drought area development, can be seen as an application of the concept. 

4) Export led development: This is based on the concept of port led development under which the 
idea is to expand the exports of a country to increase the demand of products. This will boost 
manufacturing and usher industrialisation leading to a virtuous cycle of growth. 

 

 
Figure: Virtuous cycle of growth. 

 
5) Incentive oriented programs: This is mainly a strategy which involves government intervention. 

Under this government provides special incentives in the forms of tax benefits, subsidies, 
transport assistance to certain places which further could usher industrialisation and boost 
economic growth. In India this can be seen in the case of Uttarakhand government which 
provided special tax incentives to boost industrialisation in India. 
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                                                                Case study: Shift of IT industries. 
6) Specific area based approach: As some regions requires specific strategies due to unique set of 

problems for their backwardness. 
 

 
                                                       Figure: Specific area based approach. 
 
Therefore in order to curb the regional imbalances there is need for an international collaboration, 
where international organizations like United Nations and World Bank should play an important role.  
 
 
Q.7) a) Discuss the concept of urban resilience in the context of planning for sustainable 
development with reference to towns and cities of India? 
 

Approach - Introduce the answer by describing the current scenario of urbanisation in India. In the 
body discuss the concept of urban resilience and its need for planning of cities and towns of India. 
Conclude by mentioning other models of urban development. 
 
As per World bank in 2017 around 34% of India’s population was living in urban areas, which is now 
projected to increase to 675 million by 2035, thus, such a massive urbanisation has caused various 
urban issues in the towns and cities of India. 
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Figure: Urban problems, India. 

 
Thus in order to overcome the above issues India needs sustainable urbanisation which could be done 
by following the concept of urban resilience. 
The concept of urban resilience recently became a buzzword and came into limelight when the major 
metropolitan cities of India became the hotspots of covid pandemic, where they came almost to a 
verge of collapse. 
 

Urban resilience has conventionally been defined as the "measurable ability of any urban system, with 
its inhabitants, to maintain continuity through all shocks and stresses, while positively adapting and 
transforming towards sustainability". Therefore, a resilient city is one that assesses, plans and acts to 
prepare for and respond to hazards - natural and human-made, sudden and slow-onset, expected and 
unexpected. Resilient Cities are better positioned to protect and enhance people's lives, secure 
development gains, foster an investible environment, and drive positive change. 
 

 
Figure: Framework of Urban resilience. 
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Thus from the above figure it can be seen that urban resilience is a holistic concept that includes 
ecological, infrastructural, economical, individual and social dimensions and therefore all of these 
dimensions can be used to attain sustainable development in towns and cities of India. 
1) Use of Ecological resilience: Currently, Indian cities suffers from many ecological issues like 

improper drainage, urban cloud burst, reclamation of wetlands, etc leading to issues like floods 
and clogging of drainage bringing cities and towns to standstill, Thus in order to overcome such 
challenges Indian cities require ecological resilience which can be attained through interventions 
like proper drainage planning, preservation of wetlands or adopting international best practices 
like developing a sponge city. All this will help in making cities ecologically resilient. 

 
 
 
 
 
 
 
 
 
2) Use of social resilience: During the covid pandemic when the nation went into lockdown, most of 

the vulnerabilities of Indian cities came into forefront where almost the entire health 
infrastructure collapsed and children suffered due to closure of schools, specifically in tier 5 and 
tier 6 cities. Thus social resilience as a sub-dimension to urban resilience becomes important 
here as it includes provisions like resilient health infrastructure, proper year round education 
facilities, and effective service delivery. The above all dimensions could be achieved by 
augmenting digitalisation so that facilities like tele education and tele medicine can be 
appropriately undertaken. Also the Mohalla clinic model of the Delhi government can be 
replicated in smaller towns for adequate health facilities.  

 
 
 
 
 
 
 
 
3) Use of Infrastructure resilience:  Academic discussion of urban resilience has focused primarily 

on three distinct threats – climate change, disaster management and Resilience to these threats 
has been discussed in the context of non-physical, as well as, physical aspects of urban planning 
and design, under which the most important aspect includes changes in infrastructure which can 
be brought under three components. 

a) Changes in urban morphology. 
b) Changes in construction techniques and materials. 
c) Changes in disaster responsiveness. 

 Case Study: Sponge city concept. 

The term “sponge cities” is used to describe urban areas with abundant natural areas such as 

trees, lakes and parks or other good design intended to absorb rain and prevent flooding. The 

concept was first started by China, under this nature based solutions are used to tackle climate 

shock. The concept has become one of the successful initiative under land use pattern 

intervention. 

CASE STUDY: Mohalla clinics, Delhi. 

Under the Mohalla clinic model of Delhi there is a government clinic within 1 km which can do 

100+ tests and have 200+ medicines to give as per prescription for free. It has revolutionized 

primary health care in Delhi saving 500-2000/month for an average household and 

simultaneously boosting economy. 
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Figure: Infrastructure resilience. 

 
4) Use of Individual resilience: This dimension involves mainly the inhabitants of city, it talks about 

inclusive settlements, green spaces for recreation, gender security and proper care for migrants 
so that they aren’t discriminated and do not feel isolated. 

5) Use of market resilience: To prevent for market and economic failures. It includes economic 
aspects to a city resilience such as proper employment opportunities, women workforce 
participation, etc for a resilient economic city.  

 

 
Figure: Market resilience. 

 
Thus the need of the hour is to follow such sustainable models like urban resilience where the policy 
planners of India should try to integrate its principles in urban planning. Along with the urban 
resilience India should also follow other models of urban development like New Urbanism, Transient 
Orient Development (TOD), in order to move towards a path of sustainable urban development. 
 
b) Examine the causes and consequences of forced migration of population in the present context. 
 

Approach – Introduce through data on migration or definition of migration. Then give reasons for 
forced migration and its consequences. Conclude accordingly. 
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Growth in the number of international migrants has been robust over the last two decades, reaching 
281 million people living outside their country of origin in 2020, up from 173 million in 2000 and 221 
million in 2010.  Currently, international migrants represent about 3.6 per cent of the world’s 
population as per the UN migration report. 
REASONS FOR Forced MIGRATION  

 Economic Condition: The low base or utilization rate of natural resources acts as push factor 
distressed migration. For E.g. – low agricultural land yield; when industries do not get 
sufficient raw materials or when the demand for labour decreases due to the mechanisation 
process, labour migrates from one country to another to improve its economic condition.  

o For e.g., migration from Mexico & Central America to USA due to the huge wealth 
gap between the two nations for casual employment in farming in the southwest.  

 Climatic Conditions: On a global scale, climatic condition like increased droughts, 
desertification, sea level rise, disruption of seasonal weather patterns and high pollution can 
force people to migrate to a place with better climatic condition.  

o The International Organisation for Migration proposes three types of 
environmental migrants: Environmental emergency migrants who flee temporarily 
due to an environmental disaster or sudden environmental event; Environmental 
forced migrants who have to leave due to slow deteriorating environmental 
conditions and Environmental motivated migrants also known as environmentally 
induced economic migrants who choose to leave to avoid possible future problems.  

o Case Study: The small island nation of Kiribati is slowly disappearing into the Pacific. 
So dire is the situation in Kiribati that plans for mass migration of the entire 
population have been floated, with the country’s leaders seeing this as an inevitability 
if the people are to survive.  

 Social and Cultural Factors: In traditional societies, social and cultural factors are responsible 
for international migration. People migrate to those places where they find favourable social 
conditions and stable values, which provide security to life and reduce conflicts. People do 
not like to live in those places where social conflicts exist which lead to loss of jobs, strikes, 
agitations, riots, etc.  

o Case Study: Tamil Migrants from Sri Lanka -The first wave of migration of the Sri 
Lankan Tamils was to Malaysia, Singapore and the then Madras Presidency. The 
cultural persecution and the later civil war that ensued under LTTE resulted in the 
largest outmigration from the country.  

 Religious Factors: Religious values are important for migration. When there is domination of 
majoritarian religious sentiments and the persecution of minority religious communities 
happen, people migrate to that place where they find their own religion.  

 
o Case Study:  Rohingya migration: in 2016-17 mass migration of people from 

Myanmar’s minority Muslim community occupying areas of Rakhine province fled to 
Southeast Asian countries including Bangladesh, Malaysia, Indonesia and Thailand in 
response to communal and targeted attack by the Myanmar armed forces  

 Industrialisation: also affects the life of a citizen. Due to industrialisation, we find many 
industrial complexes which give rise to housing as well as shopping complexes, big markets 
and big business centres. These attract professionals, skilled, semi-skilled or unskilled 
workers who are in need of attractive jobs.  

o Case Study: nearly 1.3 million people of Indian origin have migrated to USA in post IT 
boom in Silicon Valley.  

 Political Factors: In a country where people do not find politically peaceful atmosphere, they 
leave that country. After the Gulf War and the ensuing UN sanctions, the Indian community in 
Iraq was reduced from seventy thousand in 1970 to only eighty in 1996. Similarly, in a country 
where its government fails to maintain law and order, people migrate from that place and 
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settle in those countries where they find politically stable environment like south American 
Migration post Venezuela crisis 

o In 2020, refugees accounted for 12 per cent of all international migrants, up from 
9.5 per cent in 2000, as forced displacements across national borders continued to 
rise faster than voluntary migration 

 

CONSEQUENCES OF MIGRATION IN DESTINATION REGION  
Demographic consequences: Migration changes age and sex composition of population with rate of 
growth of population.  

 The proportion of old, children and females increase due to out- migration in source region. 
The high sex ratio is found in the source areas because mostly the youthful male population is 
involved in migration.  

 Consequently, these areas are depleted of the youth population and results in lowered rates 
of births and lower population growth rates. 

Economic Impacts - If the people are moving from an over populated area to an area of under 
population the result is in the balancing of the resource- population ratio. If the migration is from an 
area of under population to over population or optimal populated, the results are harmful to both the 
areas. 

 The population of receiving areas becomes more productive causing dependency ratio in the 
source areas. Brain drain is another consequence of migration. Skilled people migrate from 
poorer countries to developed countries in search of better economic opportunities. 

 Migrants take up less desirable, menial jobs which natives would not take but need filling. The 
“skill gap” in many host countries can be filled by migrants. The host country can gain skilled 
labour for cheap. There is a labour surplus; those with skills and education fuel the economy.  
Costs of retirement can be transferred to the country of origin.  

 Much of the money earned by the migrants isn’t spent in the host country and is instead sent 
back to the country of origin. This increases the pressure on resources and services such as 
health care systems and creates remittance dependence economy in source region like in 
Kerala. 

Environmental consequences: large scale movement of people from rural to urban areas causes 
overcrowding in cities and puts heavy pressure on resources.  

 It causes haphazard growth of cities, urban sprawl and causes slums lacking basic 
infrastructural facilities such as pucca houses, safe drinking water, electricity, sewage etc.  

 Overcrowding is also responsible for many environmental problems of air, water, land and 
noise pollution, disposable and management of solid wastes 

Social Impacts - Migration results in intermixing of diverse cultures and leads to the evolution of 
composite culture. It has positive contribution such as evolution of composite culture and breaking 
through the narrow considerations and widens up the mental horizon of the people at large.  

 But it also has serious negative consequences such as anonymity, which creates social 
vacuum and sense of dejection among individuals. Continued feeling of dejection may 
motivate people to fall in the trap of anti-social activities like crime and drug abuse 

o The dominance of males is reinforced (due to the large number of male migrants), 
especially in cultures where women already have a low status.  

o Aspects of cultural identity are lost, especially in second generation children.  
o Segregated ethnic areas are created e.g., China Town. Schools become dominated by 

migrant children.  
 
The New York Declaration for Refugees and calls for the development of two global compacts to plan 
ahead for the expected immigrants. The need of the hour is to provide for broad base consultation 
with the stakeholders and make comprehensive policy on forced migration.  
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c) Identify the causes and effects of the energy crisis, and suggest suitable measures to solve the 
problem? 
 

Approach - Introduce the answer by defining energy crisis and give a spatial picture of it. In the body 
identify its causes and effects and then discuss the remedial measures. Conclude the answer by 
mentioning need of international collaboration for curbing energy crisis 
 
An energy crisis or energy shortage is any significant bottleneck in the supply of energy resources to 
an economy. It leads to a situation when the demand of energy overcomes the supply of energy. 
 

 
Figure: Spatial representation of energy crisis. 

 
Causes of energy crisis: 
 

 
Figure: Causes for energy crisis in brief. 

 
1) Overconsumption: - The energy crisis is a result of many different strains on our natural 

resources such as oil, gas, and coal due to overconsumption. 
2) Overpopulation: - Another cause of the crisis has been a steady increase in the world’s 

population and its demands for fuel and products. 
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3) Poor infrastructure:- Aging infrastructure of power generating equipment is yet another reason 
for energy shortage. Most of the energy-producing firms keep on using outdated equipment that 
restricts the production of energy. 

4) Unexplored renewable energy options: - Renewable energy still remains unused in most of the 
countries. Most of the energy comes from non-renewable sources like coal. It, therefore, remains 
the top choice to produce energy. Many unconventional resources like methane gas hydrates, 
coal bed methane, geothermal energy, etc. still remain in the stage of infancy and are not properly 
commercialized. 

5) Geopolitical conflicts (Wars and attacks):- Wars between countries can also hamper the supply 
of energy, especially if it happens in Middle East countries like Saudi Arabia, Iraq, Iran, Kuwait, 
UAE, or Qatar. That’s what happened during the 1990 Gulf war when the price of oil reached its 
peak causing global shortages and created major problems for energy consumers. 

6) Major accidents and natural calamities:- Major accidents like pipeline burst and natural 
calamities like the eruption of volcanoes, floods, earthquakes can also cause interruptions to 
energy supplies. The huge gap between supply and demand for energy can raise the price of 
essential items, which can give rise to inflation. 

 
 
 
 
 
 
 
 
 
 
 
 
Effects of energy crisis: 
1) Environmental effects: 
Energy is produced by the burning of non-renewable fossil fuels. This does not only affect the global 
resources of fossil fuels, but it also affects the environment. The burning of fossil fuels releases 
greenhouse gases like carbon dioxide and others. 
These gases create a blanket on the earth’s surface, which prevents the release of the short rays of 
the sun by night. Thus, the energy crisis facilitates making the earth a warmer place by promoting 
global warming. 
2) Increasing Prices of the Fuel Resources 
As the use of fossil fuels increases, the cost of these resources increases too. We must remember that 
the quantity in which these fossil fuels are available is limited. As we keep on using these resources, 
the amount of these fossil fuels further decreases. 
With every passing day, the demand for these fuels increases daily while their available quantity 
decreases every day. This leads to an immense increase in the price of fossil fuels, causing the price to 
increase day in and day out. This creates a huge economic disturbance across the globe 
3) Political Disturbances 
The fact that the energy crisis creates some socio-economic disturbances, also tells us that this global 
energy crisis also creates a lot of political disturbances across the globe. The quest for fossil fuels is 
one of the major causes of the same. 
Besides, with the failure of the energy markets, we see a crash in not only the global economy but also 
a crash of the energy available. All these are enough to give rise to the various socio-political 
disturbances. 
 

Case study: - Russia-Ukraine conflict impact on energy crisis:- 

Amid the ongoing Russia-Ukraine war, European nations are facing an energy crisis as the oil and 

gas supply has been dwindling in the continent due to various factors. Russia supply about 40% 

of the natural gas to the European union overall but many individual countries such as Estonia 

and Finland receive a much higher proportion , thus due to disruptions in above Europe is 

undergoing a severe energy crisis. The war has also worsened the situation for India in terms of 

power generation, it has led to disruptions in international coal supply, making the coal import 

much more expensive and affecting India’s coal import. 
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4) The Effect on the Tourism Industry 
The tourism industry is largely dependent on the rise and fall of fuel prices. The tremendous rise of 
the fuel prices that comes as a result of the energy crisis affects the tourism industry pretty adversely. 
With the increase in fuel prices, there is an increase in the costs of tourism as well. As a result of this, 
there are many who cannot afford the same. And as a result of all this, it is the tourism industry that 
suffers. 
 

Suitable measures to overcome energy crisis: 
1) Move towards Renewable Resources 
The best possible solution is to reduce the world’s dependence on non-renewable resources and to 
improve overall conservation efforts. Much of the industrial age was created using fossil fuels, but 
there is also known technology that uses other types of renewable energies – such as steam, solar, 
and wind. The major concern isn’t so much that we will run out of gas or oil, but that the use of coal is 
going to continue to pollute the atmosphere and destroy other natural resources in the process of 
mining the coal that it has to be replaced as an energy source. This isn’t easy as many of the leading 
industries use coal, not gas or oil, as their primary source of power for manufacturing. 
 

2) Buy Energy-Efficient Products 
Replace traditional bulbs with CFLs and LEDs. They use fewer watts of electricity and last longer. If 
millions of people across the globe use LEDs and CFLs for residential and commercial purposes, the 
demand for energy can go down, and an energy crisis can be averted. 
 

3) Lighting Controls 
There are a number of new technologies out there that make lighting controls that much more 
interesting, and they help to save a lot of energy and cash in the long run. 
Pre-set lighting controls, slide lighting, touch dimmers, integrated lighting controls are few of the 
lighting controls that can help to conserve energy and reduce overall lighting costs. 
 

4) Easier Grid Access 
People who use different options to generate power must be given permission to plug into the grid 
and getting credit for the power you feed into it. The hassles of getting credit for supplying surplus 
power back into the grid should be removed. Apart from that, subsidy on solar panels should be given 
to encourage more people to explore renewable options. 
 

5) Energy Simulation 
Energy simulation software can be used by big corporates and corporations to redesign the building 
unit and reduce running business energy costs. Engineers, architects, and designers could use this 
design to come with most energy-efficient buildings and reduce carbon footprint. 
 

6) Perform Energy Audit 
The energy audit is a process that helps you to identify the areas where your home or office is losing 
energy and what steps you can take to improve energy efficiency. 
Energy audit, when done by a professional, can help you to reduce your carbon footprint, save energy 
and money, and avoid energy crisis. 
 

7) Common Stand on Climate Change 
Both developed and developing countries should adopt a common stand on climate change. They 
should focus on reducing greenhouse gas emissions through an effective cross border mechanism. 
Thus for successful implementation of above measures also demand international collaboration, 
where the global community should come forward considering energy crisis as a significant challenge 
making common strategies for the same. 
With current population growth and overconsumption of resources, the consequences of global 
warming and climate change cannot be ruled out. Both developed and developing countries must 
focus on emissions cuts to halve their emissions from current levels by 2050. 
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Q.8) a) “Heartland appeared to Spykman to be less important in comparison to ‘Rimland’. Critically 
analyze the statement in context of recent changing dynamics of geopolitics.  
 

Approach – Introduce by explaining Heartland theory of Mackinder and trace its relevance. Then give 
Rimland concept of Spykman and its application. Conclude with present importance of both the 
theories. 
 
In 1919, Mackinder published a book entitled, 'The Democratic Ideals and Reality' in which he 
proposed extensions into his 'pivot area' of 1904 and renamed it as 'Heartland'. According to him 
“whoever controls the heartland, controls the world island. Whoever controls the World Island, 
will soon rule the world”. The heartland has primarily been Central Asia, the high seas, and Eurasia.  
Rise and decline in Relevance of Mackinder’s heartland theory 

 Mackinder’s heartland theory highlighted the probability of Imperial Russian occupying vast 
and pivotal position in Eurasia, and which enjoys direct territorial access to all the other 
regions of the Eurasian landmass, expanding its territorial extent along these axes and 
thereby seeking dominance over the whole world. These theories received additional 
purchase during the cold war when the Soviet Union was seen as aspiring to establish a 
universal communist empire. 

 Given, however, the collapse of the Soviet Union as well as Russia’s current economic 
difficulties and limited power projection capabilities, Mackinder’s heartland theory is not 
relevant as an organizing principle for any country’s foreign policy formulation. 

 Mackinder observed that his concept of the geographical pivot of history would continue to 
be relevant even if Russia were to be subordinated by some other power, say, China, because 
control over Russian territories would enable such a power to attempt a grasp at world 
domination. 

 However, the likelihood of such an occurrence is highly unlikely under current circumstances 
because Russia not only continues to wield significant conventional military capabilities as 
well as the world’s second largest nuclear arsenal but has also demonstrated since 2008, first 
in Georgia and subsequently in Crimea and Ukraine, it will and intent to employ military 
power in defence of its national interests, including preservation of a glacis around its 
borders. 

In 1942, Nichols Spykman countered Mackinder’s Heartland theory. Spykman stated that Eurasia’s 
Rimland, the coastal areas, is the key to controlling the World Island. The Rimland contains the 
Heartland. As per him “Whoever would control the Rimland, would eventually control the World 
Island. Whoever would control the World Island would soon control the world. 
 
His theory was influential mainly during the Cold War. The Soviet Union desired to control the 
Rimland around them. If accomplished, the Soviet Union would control the heartland, Rimland, and 
the World Island. 
Relevance of Spykman’s Rimland model: 

 Spykman’s geopolitical model considers the Sea Power as supreme and Land Power being 
inferior due to inaccessibility. 

 He showed that Sea Powers have more than 2/3rd population of the world and thus full of 
human & technological resources.  

 According to Spykman, it is the sea power that governs the relationships between Old and 
New Worlds 

 To Spykman, the Heartland appeared “less important than the Rimland” as Heartland could 
not support a large population due to extremes of climate in Central Siberia 

 He was convinced that it is a combination of land and sea powers controlling the Rimland that 
would in all probability control the “essential power relations of the world”. 
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 During the cold war period – Eastern Europe was the zone of contention between the 
superpowers like the Cuban Missile Crisis. Also, during this time all major wars were fought in 
Rimland like North-South Korea war, Sino-India war, Arab Israel Armando Pak war, Gulf crisis 
and Afghanistan, Iran, Iraq conflicts. 

 With the defeat of Germany in the 2nd World War and the emergence of the USSR as the sole 
master of Heartland, Spykman’s prescription became the basis of American policies of 
Containment of Communism 

 Spykman also realized the strategic significance of China’s geography and its geopolitical 
significance. 

o He predicted that a modern and militarized China is going to be a threat not only to 
Japan but also to the position of the Western Powers in the Asiatic Mediterranean 
leading to political overtones in the region.  

o The South China Sea for China is the “girdle of the marginal seas.” Control of the 
margin sea will not only act as a protective buffer against any belligerent sea power, 
but also allow China to project its sea power further in the Pacific and Indian ocean 
region. 

o The importance of the South China Sea is the potential it contains for wealth as well 
as the strategic advantage it will bequest upon whoever controls it. 

 Indian Ocean as Heartland- Indian Ocean is largely becoming the key waters for the major 
world powers to compete for greater influence.  

o Indian Ocean as “Rimland” of Spykman occupies a strategic position on the world 
map. This led to believe that whosoever controls it, would have dominant position in 
the world politics. 

However, in the present times, Heartland theory has regained currency due to ongoing Russia-
Ukraine war which makes Mackinder’s prophecy “The one that governs Eastern Europe prevails over 
the Heartland. The one that governs the Heartland prevails over the Global Island. The one that 
governs the Global Island prevails upon the globe" as inevitable. 
 
Russia’s desire to irreversibly absorb Eastern Ukraine into its desired territory can be traced back to 
both the theories. Access to warm water ports is in alignment with Spykman’s ‘Rimland’, and the 
expansion and protection of Eastern land power, reflects Mackinder’s ‘Heartland’ concept. So, in real 
geostrategic politics the two theories are complementary to each other. 
 
b) Discuss critically the manner in which quantitative revolution provided the methodological 
foundation for models and modelling in geography? 
 

Approach – Introduce by defining quantitative revolution and the concept of model. Then write 
contribution of QR in model making followed by limitations. Finally conclude accordingly. 

 
The quantitative revolution (QR) was a paradigm shift that sought to develop a more rigorous and 
systematic methodology for the discipline of geography. It came as a response to the inadequacy of 
regional geography to explain general spatial dynamics. 
Quantitative Revolution calls for a change in methodology, thereby imparting a scientific character to 
discipline the methodology included Mathematical tools, Statistical Analysis, Laws of Physics, etc. 
which provided objectivity and scientific touch, as was desired by some Geographers. Quantitative 
Revolution provided Geography with a sound Philosophical and theoretical base. 
According to R. J. Chorley and P. Haggett, model is a simplified structuring of reality which presents 
supposedly significant features or relationships in a generalized form. They are built as selective, 
structured, simplified approximations of reality, thus enabling to isolate the essential properties and 
analyse the complex world. 
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Contribution of quantitative revolution for models and modelling in geography  
 Quantitative revolution directed geography towards explaining, scientifically proving and 

abstractly theorizing spatial economic phenomenon and relations 
  With Quantitative revolution, geometry provided network and graph theory as well as the 

mathematics of topological forms, and used to explain spatial patters such as transportation 
routes and trip patterns.  

 Also, Quantitative revolution integrated geography with different subject streams such as 
physics which offered gravity, potential and entropy models that in turn were used to explain 
geographies of spatial interaction. For Ex: the relation between the location of consumers and 
the location of retailers.  

 Now with Quantitative revolution economy could be shaped with a set of autonomous 
independent spatial forces that could be concerned, represented and explained in drawing 
upon formal theory. Theory made the economic geographical, world transparent and 
understandable.  

  Being Quantitative i.e., use of formal statistical techniques both to represent numerical data 
and to draw scientific interferences, made it easy for economists to predict the gains and 
losses about a particular economic activity.  

 Location theories as propounded under Quantitative revolution are known for their formal 
and abstract models leading to idealized patterns of space economy which if followed could 
reduce cost and lead to economic gains.  

 Quantitative aspects in locational theories help determine how business practices vary in 
relation to labour costs, capital costs and product prices.  

 Quantitative revolution helped understanding how efficiency can be determined only relative 
to the environment in which business operate and that best practice is geographically 
specific.  

 Quantification helps in Locational analysis as done by Peter Hagget. The technique helps us 
develop better association and more importantly help depict relationship using line, dots, and 
arrows on paper. Here, Nodes depict organizational center; Lines depict interconnections 
between centres in network; Arrows depict flows and movements; Network depict 
hierarchical structure and Surface carries all the above. This helps in better planning and 
execution and hence better productivity. 

  Systems approach, a part of Quantitative approach, helps depict relationships more 
objectively hence scientific operation could be more accurately understood leading to better 
productive values. 

 Quantitative revolution aims at making the geographical study more useful by making precise 
generalization identifying the ideal location for economic activities. It aims at explaining & 
interpreting spatial patterns of Geographical phenomenon in a rational and objective manner 
using physics laws, mathematical tools, statistical analysis, etc. 

 

But the application of statistical methods had several weaknesses and limitations such as:  
 The philosophy of ‘positivism’ reduced the subject to space geometry with man-environment 

relationship being reduced to mere mechanical models.  
 The models and theories developed on the basis of empirical data exclude the normative 

questions like beliefs, taboos, emotions, attitudes, desires, hopes, fears, likes and dislikes, 
prejudices and aesthetic values, all of which governs decision making and economic activities.  

 The assumption of man as a ‘rational person’ with ‘infinite knowledge’ who always try to 
optimise and maximise the profit has been criticised for being removed from real world 
situations.  

 Models developed with the help of quantitative techniques reduced people to passive agents.  
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These theories and methodology were criticised for presenting only a partial picture of the man-
environment relationship. As a reaction to this Behaviouralism and humanistic approaches were 
introduced in human geography.  
Thus, the overenthusiasm of the preachers of quantitative revolution gave way for the present phase 
where mathematical and statistical methods are just one of the many tools for approaching 
geographical problems. But the continuity of theory building vocabulary can be seen in examples such 
as:  

 Mental Maps by Behavioural geography.  
 Weber’s Industrial location.  
 Christaller’s Central Place theory.  
 Von Thunen’s Agricultural model.  
 Gravity models in geography etc.  

Thus, even though the Behavioural, Humanistic and later Welfare geography emerged as a reaction to 
the theory building and positivist tendencies of Quantitative revolution, the subsequent development 
and the current perspective in geography did not completely reject theory building and 
quantification. In some cases, a purely quantitative approach is necessary and in others, it requires a 
purely qualitative approach, and often a combination of the two is more satisfactory for making 
estimations and predictions in geography. 
 
c) Enumerate the different models of the internal structure of cities. Choose one of them and 
discuss its application to a particular city. 
 

Approach – Introduce by origin of models of the internal structure of cities and then very briefly write 
all the three models. Then explain the application of any model on a city and conclude accordingly. 
 
The study of internal structure of the city which defines the morphological patterns is primarily based 
upon land use theory which was proposed first by J.H. von Thunen in 1826. 
 
The term “land rent” which is equivalent to the classical economics concept of economic rent of von 
Thunen to identify values of different categories of land used by the farmer. The three classic 
descriptive models of urban morphology developed by the ecological school are given below. 
A. The Concentric Zone Theory 
The model proposed by E.W. Burgess, (the ecological view) called the Concentric Zone Theory was 
based upon Robert Park’s essay on human ecology where analogies were drawn between nature and 
the urban space. A distinctive spatial pattern of activity zones could be identified in Chicago based 
upon principal land use zones which Burgess defined as follows  
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Figure: Showing the Concentric Zone Model 

 
The model has its deficiencies. As Berry and Horton (1970) state that the model is crude and 
unrefined, it does seem to be too simplistic, considering that such clearly defined concentric circles 
are far from the real ground situation. 
Burgess himself identified several pockets within his defined zones, which were identified as e.g., 
Black Belt (on the basis of race), Little Sicily (on the basis of ethnicity) or Roomers Underworld, 
Second Immigrant Settlements etc. However, according to Hartshorne (1980), the model’s “elegance 
and simplicity have stood the test of time”. 
B. The Sector Model 
This model was developed by Homer Hoyt. Hoyt was a land economist and his paper entitled “The 
Structure and Growth of Residential Neighbourhoods in American Cities” published in 1939, was a 
study of 142 cities for which eight variables were mapped by blocks.  
He concluded that once an activity evolved in a particular area, it extends along the same direction as 
the expansion of the city. This is easy to understand as in reality, too, functions tend to grow in 
alignment with railways, roadways etc. Choice of land along arterial features, high grounds away from 
flood-prone areas etc, results in a sectoral layout. 
 

 
Figure: The Sector Model 
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However, the model is critiqued by Berry and Horton (1970) as being a partial view of the city as Hoyt 
“is constrained by his narrow focus of interest on housing characteristics in general and rent in 
particular. He gave little consideration to the characteristics of the inhabitants who occupied the 
structures.” 
C. Multiple Nuclei Theory 

 
Fig. showing The Multiple Nuclei Model 

 
Chancy Harris and Edward Ullman (1945) proposed the multiple nuclei model in their paper “The 
Nature of Cities”. The model is an alternative which is closer to the ground reality in comparison with 
the concentric zone or sector models. It proposes that the urban form does not depend on a single 
core, but has multiple nodes or focal points. The CBD therefore is not necessarily always at the 
centre. The model recognises that accessibility is important and differs for different land uses. 
Commercial uses may develop around a cultural complex or an academic complex. It also helps 
identify with mixed land uses which are characteristic of most urban places of today. 
The Concentric Zone Theory  
Basis of theory - Burgess-study of Chicago led to his classical model of city structure and city growth. 
Postulates of theory –  

 the concentric zone model is an inductive model based on the empirical study of American 
cities especially Chicago which experienced rapid population growth from 1800 to 1950. 

 

 
Fig showing application of model on Chicago 
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 The concentric zone model suggests that as cities expand, the interaction of people and their 
economic social and political organizations create rings of urban growth. These expand 
outward from the city centre which is the main area of commercial activity or the Central 
Business District (CBD).  

 The CBD consists of the headquarters of banks, financial organizations and corporate bodies 
together with specialised retail outlets.  

 Around the CBD lies a transition zone as intermediate between commercial and residential 
areas, having wholesaling or light manufacturing activity. This area has also been described as 
a grey zone, twilight zone or urban blight owing to its association with factories, slums and 
poor ethnic enclaves.  

 The CBD extends its territory by converting the older zone houses of the transition zone for 
commercial purposes. 

 A third zone houses the lower-income, blue-collar working-class population, who live in 
apartment blocks. This is surrounded by a ring of middle- and upper-class housing.  

 The last of fifth zone, also called the commuter zone is characterised by single family 
dwellings and bungalows with gardens.  

 Very often the CBD draws from outside the urban limits. The ‘centrality’ of a city can be 
measured by the character of its CBD. The more important regional centres that service a 
large hinterland will have larger CBDs, where financial as well as material and service 
transactions draw people daily from other urban centres too. 

 Burgess’ model places industries within the central ring of the city. Light manufacturing 
occurred in the city centres of America at that time, although the idea of separate industrial 
districts in the metropolises and already taken shape by the turn of the century. 

 

Application of the model 
 Burgess's work helped generate the bid rent curve. This theory states that the concentric 

circles are based on the amount that people will pay for the land.  
 This value is based on the profits that are obtainable from maintaining a business on that 

land.  
 The centre of the town will have the highest number of customers so it is profitable for retail 

activities.  
 Manufacturing will pay slightly less for the land as they are only interested in the accessibility 

for workers, 'goods in' and 'goods out'. Residential land use will take the surrounding land. 
The universality of the model is however difficult to establish although it has been widely studied and 
discussed. There have been many criticisms levelled against it, which shows how wide has been its 
impact.  
None of the three classical models are universally applicable. Much later, social area analysis studies 
helped establish that each urban center in fact was a mix of all three models, instead of any one 
exclusively. 
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