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Section-A 
 
Q.1) Answer the following in about 150 words each: 
 
a) Write a short geographical note on Pingos. 
 

Approach: Introduce with defining pingos then write about the type of pingos. Then draw diagram 
showing open and closed type pingos. Write about their formation and conclude with following process. 
 
A pingo, also called a hydrolaccolith or a bulgunniakh, is a mound of earth-covered ice found in the 
Arctic and subarctic regions. It can reach up to 70 meters in height and up to 600 m in diameter. They 
are essentially formed by ground ice which develops during the winter months as temperatures falls. 
They are classified in two types on the basis of shape: (i) closed pingos, and (ii) open pingos.  
1. Closed pingos:  

a. Also known as hydrostatic pingos  
b. They form as a result of hydrostatic pressure on water from permafrost, and commonly 

form in drained lakes or river channels.  
c. Permafrost rises to the drained body's former floor. Pore water is expelled in front of the 

rising permafrost, and the resulting pressure causes the frozen ground to rise and an ice 
core to form. 

2.  Open pingos:  
a. Also known as hydraulic pingos result from groundwater flowing from an outside source, 

i.e., sub-permafrost or intra-permafrost aquifers.  
b. Hydrostatic pressure initializes the formation of the ice core as water is pushed up and 

subsequently freezes. 
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Pingos have an ice core formed by the freezing of water moving upwards under hydrostatic pressure 
in or under permafrost.   
According to ‘frost-heaving hypothesis’ pingos are formed in two ways –  
1) Due to rise of ground surface caused by lateral thrust in the materials of active layer  
2) The ice lenses formed in the active layer grow in size to form segregated ice due to ice 

segregation. This segregated ice exerts pressure upward and the ground surface rises to form 
dome -shaped pingos. 

J.R. Mackay has explained Pingo formation alternatively. There is a frozen lake which is surrounded by 
permafrost. There is unfrozen land beneath the frozen lake but slowly and slowly the whole water is 
frozen and thus unfrozen land is trapped between the lake ice and permafrost. Expanding permafrost 
exerts pressure on unfrozen land and hence unfrozen portion causes the ground surface to rise 
upward the water of the unfrozen land is converted into ice which collects and grows just below the 
bulge. This ice core causes further rise in the bulge. Thus, a pingo is formed. 
 
b) Explain the geomorphic importance and topographic expressions of weathering and mass 
wasting.  
 

Approach: Introduce with meaning of weathering and mass wasting.  Then show type of weathering 
and mass movement using schematic. Then, explain the geomorphic expression of weathering and mass 
wasting followed by Explanation the Topographic expression of weathering and mass wasting 

 
The process of disintegration and decomposition of rocks in situ is generally called weathering 
whereas Mass movement is the detachment and downslope transport of soil and rock material under 
the influence of gravity. 

 
Fig – schematic showing types of weathering 

 

 
Fig – table showing types of mass movement 
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GEOMORPHIC SIGNIFICANCE OF WEATHERING AND MASS MOVEMENT: 
1) Production of regolith and soil 

 Rocks are disintegrated and decomposed and ultimately are broken down into smaller pieces 
due to the operation of different weathering processes e.g., physical weathering, chemical 
weathering, biotic weathering and biochemical weathering. Thus, different weathering 
processes produce immense volume of rock wastes or weathered materials. 

 The weathered materials are very important economically because they help in the process of 
soil formation, they expose minerals etc. 

2) Weathering as an aid to mass wasting and erosional process 
 Weathering generates mass movement of rock-wastes down the hillslope and thus causes 

damage to human settlements in the foothill zones, causes obstructions in the river flow and 
thus forms lakes (by damming the rivers through debris fall). 

 Weathering loosens the rocks by disintegrating and decomposing them and thus paves the 
way for erosional processes to operate easily. 

 

 
 

3) General Lowering of surface by weathering and mass movement 
 Continuous removal and transfer of weathered materials through different processes of 

mass-translocation of rock wastes such as landslides, debris slides, rock fall, rockslides, talus 
creep etc. and by the agents of erosion causes gradual lowering of the height of the affected 
area. 

 For e.g. - In areas underlain by limestone, dolomite or gypsum, solution may produce 
lowering of mass of topographic surfaces. Even in areas of insoluble rocks, differential mass 
weathering may be significant, unless lithology is remarkably uniform 

4) Evolution of Landforms and Their Modifications 
 Differential weathering along with erosion helps in the evolution of different types of 

landforms.  
 Weathering is the dominant geomorphic process in karst region 
 Different types of mass wasting and mass movement create distinctive morphological 

features on hill slope and river valley sides and coastal lands.  
 
Topographic expressions of weathering and mass wasting 
1) Weathering plays an important role in the development of stone lattice (in hot deserts), tors, 

buttes, talus cones, talus fans, sandstone anvils etc. 
2) Weathering leads to development of Karst topography like solution holes and sink holes, caves, 

limestone pavements etc. 

Page 3 of 43

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: Topographic expressions due to weathering in Karst topography. 

 
3) Role of mass weatheringà the topographic features produced by mass movement say 

landslides include scars, ripple -marks, terraces, meander widening etc. 
Thus, rock weathering and mass movement as a geomorphic process is of great geological and 
ecological significance. 
 
c) Explain how Bosche and Haldenhang lead to the Theory of Slope Replacement.  
 

APPROACH: Introduce by defining theory of slope replacement. In the body explain how Bosche and 
haldenhang lead to slope development. In the conclusion try summarizing your body in a crisp manner. 
 
Penck presented his model of slope development where he used the process of slope replacement 
where steeper slopes were replaced by gentler slopes and the gentle slopes grew at the expense of 
steeper slope and the process operates from bottom towards top. 
He mentioned debris slope as Haldenhang and gravity slope as Boschungen (Bosch). 
 

          
                  Figure: slope replacement                             Figure: 4 elements of slope. 
 
How bosche and haldenhang lead to slope replacement:- 
In the first stage Penck explained the phenomena of back wasting due to which debris slope or 
Haldenhang develops. Its development is tied to the fact that collection of debris only occurs at 
lowest segment of the gravity slope because it is only here that slope is gentle enough to allow 
accumulation of debris. 
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Figure: development of haldenhang 

 
Each phase of back wasting of gravity slope (boschungen) leads to gravity slope replacement by the 
debris slope/haldenhang as it extends upward. 
Thus in simplest form Pencks model involves replacement of gravity slope by debris slope. 
In the second stage Penck applied the same formula of backwasting phenomena to the debris slope. 
Thus debris slope also backwasted similar to gravity slope and in the process a gentler debris slope is 
formed at the base. Thus with each phase of backwasting the upper steeper debris slope is replaced is 
replaced lower gentler debris slope. 
 

 
Figure: Backwasting of debris slope 

 
Thus, in Pencks slope development model the dominant phenomena is slope replacement which is 
taking place in all the elements of slope profile. The slope is divided into several smaller elements. 
Each of the elements are being replaced immediately by lower gentler slope element. Thus the slope 
profile becomes concave in nature.  
 
d) Discuss in brief the different stages of the hydrological cycle and the effect of climate change on 
it.  
 

Approach: Introduce with definition of hydrological cycle followed by diagrammatic representation. 
Then briefly explain different stages of hydrological cycle. Then Write about effect of climate change on 
different elements and processes in hydrological cycle. Finally conclude with other factors affecting 
it. 
 
Hydrological cycle is the cyclic movement of water containing basic continuous processes like 
evaporation, precipitation and runoff as Runoff – > Evaporation – > Precipitation – > Runoff. 
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Fig- Diagram showing hydrological cycle 

 
The mechanisms of global hydrological cycle are: 
1. Oceanic water is heated by insolation evaporating a fraction into water vapour. 
2. This moisture is horizontally transported over continents by winds. 
3. Air is cooled due to ascent leading to condensation followed by precipitation over oceans and 

continents. 
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4. Some portion of rainfall reaches the ground directly as through fall. Some portion of rainfall lost 
to the atmosphere through evaporation from the lakes, ponds, tanks and rivers and evapo-
transpiration by the vegetation. 

5. Rainfall reaching the ground surface becomes effective overland flow which reaches the streams 
as surface runoff. Some portion of rainwater received at the ground surface enters the soil zone 
through infiltration and thus forms soil moisture storage of which some portion is again lost to 
the atmosphere through evaporation and plant transpiration, some portion reappears as seepage 
and springs via through flow and interflow while some portion percolates further downward to 
form groundwater storage of which some portion reaches the channel through base flow, 

6. Some portion moves upward as capillary rise to reach ‘soil moisture storage’ and some portion is 
routed further downward through deep transfer and enters the underlying bedrocks.  

7. The channel storage receives water from surface storage through surface run-off, from soil 
moisture storage through interflow and through flow and from groundwater storage through 
base flow. Thus, the initial input of precipitation finds exit through two paths of output -à  to the 
atmosphere through evaporation from rivers, lakes, ponds, soil, evapotranspiration from 
vegetation and evaporation of falling rains, and (ii) to the oceans through channel run off or 
stream flow  

 
Effects of climate change on the water cycle 
Climate is directly responsible for driving hydrological processes such as surface run off and over land 
flow, surface retention of rainwater, infiltration of rainwater, soil water, through flow base flow, 
channel storage and channel flow etc. and hydrological cycles through a set of climatic parameters 
such as temperature, evaporation, transpiration, condensation and precipitation.  
 Impact on evaporation and precipitation - Climate change intensifies the cycle because as air 

temperatures increase, more water evaporates into the air.  Higher evaporation and precipitation 
rates are not evenly distributed around the world. Some areas may experience heavier than 
normal precipitation, and other areas may become prone to droughts, as the traditional locations 
of rain belts and deserts shift in response to a changing climate.  

o Some climate models predict that coastal regions will become wetter and the middle of 
continents will become drier. Also, some models forecast more evaporation and rainfall 
over oceans, but not necessarily over land.  

o Warmer temperatures associated with climate change and increased carbon dioxide 
levels may speed plant growth in regions with ample moisture and nutrients. This could 
lead to increased transpiration, the release of water vapor into the air by plants as a result 
of photosynthesis. 

 Clouds- The increasing summer heat is driving off clouds which allows more sunlight to strike 
the ground, raising temperatures further, exacerbating drying and the risk of wildfires. 

 Snowpackà Ordinarily, as winter snowpack melts in the springtime, it slowly adds fresh water 
to rivers and streams and helps to replenish drinking water supplies.  

o However, as the air warms, many areas are receiving more of their precipitation as 
rain rather than snow. This means less water is being stored for later as snowpack. In 
addition, the rain actually accelerates the melting of snow that’s already on the ground. 

o The lack of snowpack can lead to drier conditions later in the year, which can be bad 
news for regions that rely on snowmelt to refill their drinking water supplies 

 Impact on Surface Runoff and Stream Flow-Heavier rainstorms will also increase surface 
runoff — the water that flows over the ground after a storm. This moving water may strip 
nutrients from the soil and pick up pollutants, dirt, and other undesirables, flushing them into 
nearby bodies of water. Those contaminants may muck up our water supplies and make it more 
expensive to clean the water to drinking standards. 

o A decrease in snowfall is expected, which leads to less runoff in the spring when snow 
thaws and enters the watershed, resulting in lower-flowing fresh water rivers. This 
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decrease in snowfall also leads to increased runoff during winter months, as rainfall 
cannot permeate the frozen ground usually covered by water-absorbing snow 

 Groundwater storage and flow-: Increased evaporation from the soil surface, transpiration by 
plants, as well as surface runoff will all reduce the amount of water that remains available for 
infiltration into the ground. 

 Oceans-higher Ocean surface temperatures could make rainfall more variable, and thus less 
predictable, from year to year. 

o Melting of ice sheets and mountaintop glaciers is resulting in sea level that can alter 
coastal properties around the world. 

The hydrological processes and cycles are also affected and modified by other human activities e.g., 
urbanization and industrialization, land use changes mainly deforestation, building activities etc. by 
making changes in the different components of hydrological processes and cycles. 
 
e) Discuss the distribution of salinity patterns in the Indian Ocean? 
 

Approach: Introduce with definition or source of salinity. Then Explain horizontal distribution of 
seawater salinity in Indian Ocean with the help of diagram followed by vertical distribution of salinity 
in Indian Ocean. Finally conclude with significance of salinity. 
 
Salinity is calculated as the amount of salt (in Gms) dissolved in 1,000 Gms (1 kg) of seawater. It is 
usually expressed as parts per thousand. Salinity of 24.7 ‰ has been considered as the upper limit to 
demarcate ‘brackish water’. 
Ocean salinity is derived from the following three sources and processes: 
 Chemical weathering of continental rocks and their transport by the rivers to the oceans. 
 Degassing by the earth i.e., undersea volcanic eruption. 
  Atmosphere and biological interactions. 

 
Horizontal Distribution of Seawater Salinity in Indian Ocean 
 Latitudinal variation - On an average, salinity decreases from equator towards the poles. That the 

highest salinity is seldom recorded near the equator though this zone records high temperature 
and evaporation but high rainfall reduces the relative proportion of salt. Thus, the equator 
accounts for only 35 ‰ salinity.  

o The highest salinity is observed between 2 0-degree North’s because this zone is 
characterized by high temperature, high evaporation but significantly low rainfall.  

 Regional variation- An average salinity of 35 ‰ is found between 0 ° - 1 0 ° N but it gradually 
decreases northward in the Bay of Bengal because of influx of immense volume of freshwater 
brought by the Ganga River. 

o  On the other hand, the Arabian Sea records higher salinity. 
o  The western coast of Australia records higher salinity due to dry weather. 

 Semi- enclosed seas - The partially enclosed seas have higher salinity e.g., it is 37 ‰ at the head 
and 40 ‰ in the interior of the Persian Gulf. The Red Sea records the highest salinity (varying 
between 36 ‰ and 41 ‰ in its different parts) because of low precipitation and very high 
evaporation. 
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Figure – Diagram showing salinity distribution in Indian Ocean 

 
Vertical distribution of salinity 
 Salinity changes with depth, but the way it changes depends upon the location of the sea. 
 Salinity at the surface increases by the loss of water to evaporation or decreased by the input of 

freshwaters, such as from the rivers. 
 Salinity at depth is very much fixed because there is no way that water is ‘lost’, or the salt is 

‘added.’ There is a marked difference in the salinity between the surface zones and the deep 
zones of the oceans. 

 The lower salinity water rests above the higher salinity dense water. 
 

 
Figure- Diagram showing Vertical distribution of salinity 
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 At equator surface salinity is low but just below it, greater salinity is found which again decreases 
at the bottom due to presence of cold-water mass 

 In the middle latitude of northern and southern Indian Ocean salinity increases with the depth up 
to 200 fathoms and then it starts decreasing.  

 In high latitudes of southern Indian Ocean salinity increases with depth due to dense water found 
at the bottom. 

 Salinity, generally, increases with depth and there is a distinct zone called the halocline (compare 
this with thermocline), where salinity increases sharply. 

 Other factors being constant, increasing the salinity of seawater causes its density to increase. 
High salinity seawater, generally, sinks below the lower salinity water. This leads to stratification 
by salinity. 

Overall study of regional variations in salinity is significant as it controls the density of seawater and 
other physical properties of the ocean water, such as its osmotic pressure, viscosity, diffusion, 
electrical conductivity, compressibility, scattering and surface tension to a large extent and also 
exerts considerable influence on the distribution of marine biodiversity. 
 
 
Q.2) a) “Mitigation and Adaptation are important pillars to fight the menace of climate change”. In 
the light of the above statement, critically analyze the role of humans in responding to the evil of 
climate change. 
 

Approach: - Introduce your answer with defining climate change and draw a map to show menace of 
climate change. In the body critically analyse the role of humans by mentioning various initiatives. In 
the conclusion mention the solutions to tackle climate change. 
 
Climate Change refers to long term shifts in temperature and weather patterns. These shifts may be 
natural, such as through variations in solar cycle. However, since 1800s, human activities have been 
the main driver of climate change, primarily due to burning of fossil fuels like coal, oil and gas. 
Climate change in IPCC usage refers to a change in the state of the climate that can be identified (e.g. 
using statistical tests) by changes in the mean and/or the variability of its properties, and that 
persists for an extended period, typically decades or longer 
 

 
Figure: Menace of climate change. 
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Causes of climate change:- 
Natural causes:- 

 
 
Anthropogenic causes :-                               

                               
 
Climate change mitigation and adaptation:- 
Mitigation means making the impacts of climate change less severe by preventing or reducing the 
emission of greenhouse gases into the atmosphere. Mitigation is achieved either by reducing the 
sources of these gases or by enhancing the storage of these gases. 
While climate adaptation means altering our behaviour, systems, and in some cases ways of life to 
protect our families, our economies, and the environment in which we live from the impacts of 
climate change. 
Role of humans in responding to evil of climate change:- 
POSITIVE ROLE:- 
At the International level:- 
1) UN-REDD Programme i.e., United nations programme on Reducing emissions from deforestation 
and forest degradation, the overall development goal of the programme is to  
Reduce forest emissions and enhance carbon stocks in forests while contributing to national 
sustainable development. The programme has helped in reducing GHG emissions and fights the 
menace of climate change. 
2) Montreal protocol and Kigali amendment to Montreal protocol: - The Montreal protocol mainly 
targeted to reduce the effects of hydrochloroflorocarbons (HCFCs) for curbing the ozone depletion, 
while the Kigali amendment targeted to reduce GHGs like hydroflorocarbons (HFCs). 
3) The recent COP26 at Glasgow (UNFCCC) was a major breakthrough in by the international 
community to fight climate change under which the following important initiatives were undertaken. 
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INITIATIVE ADOPTED PURPOSE 
Breakthrough Agenda To augment clean technologies and sustainable 

solutions for the emitting sector 
Global Methane Pledge  To cut methane emissions by at least 30% by 

2030. 
Clydebank Declaration For creation of green shipping corridors 
Beyond oil and gas alliance (BOGA) To facilitate the phase out of oil & gas.  

   
4) The Green grids initiative by International solar alliance : - 
It is India’s initiative to build a global ecosystem of interconnected renewable energy resources that 
connects 140 countries through a common grid. It will help in climate mitigation through greater 
production of solar energy. 
At the national level :- 
 

 
 

1) India has taken steps like International solar alliance (ISA), Coalition of disaster resilient 
infrastructure (CDRI), and has committed climate commitments in cop26 such climate neutrality 
by 2070, 50% of energy production through renewable sources, etc. 

2) USA has re-joined UNFCCC and created a dedicated national climate task force. 
3) European union has started the Green Deal for attaining net zero emissions by 2050. 
4) China is issuing Forest Carbon Credit stamps to reduce carbon emissions through deforestation. 
5) New Zealand Zero carbon law where it has legally committed itself for climate neutrality by 2050. 
NEGATIVE ROLE OF HUMANS IN CLIMATE CHANGE:-  
 

 
 

1) Despite various initiatives undertaken by UNFCCC it suffers from three fatal flaws such as a static 
annex system, interlinked decision making and no formal rules of procedure. 
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2) The failure of the developed nations to vacate carbon space for developing countries and 
hesitancy in transferring climate smart technologies and funding ($100 billion under UNFCCC) to 
developing and Least developed countries.  

3) Activities like deforestation, logging have led to issues like forest fires leading to clearing of 
forests and reducing carbon sequestration potential. 

4) Example:- Amazon forest fire, Forest fires in Uttarakhand.  
5) The recent Russia Ukraine war had a devastating impact on climate change, the invasion resulted 

in forest fires, air pollution, soil contamination, water pollution, inundation and damage to nature 
reserves. 

Example:- Fires caused by fighting in the black sea biosphere reserve were large enough to be seen 
from space. 
 
Conclusion:-  
Thus to overcome the above climate menace the international community requires strong measures 
such as  
1)  Transition towards renewable energy with emphasis on resources like solar, wind, biomass, etc. 
2) Decarbonisation of transport industry. 
3) Accentuating carbon capture and utilisation. 
4) Protecting the forests, oceans and promoting circular economy. 
 
b) Explain the concept of Grade and Steady State. Also, highlight the factors through which rivers 
reach a state of self-regulation and maintain stable channel characteristics. 
 

Approach: Introduce by explaining the concept of Grade and Steady State. Thereafter, draw a diagram 
showing the condition of grade. In the body, Start with origin of the concept, Graded profile of the river, 
stage where river attains grade and criticisms related to it. Then, highlight the factors. Conclude by 
mentioning how grade and steady state depends on environmental controls.  
 
As per WM Davis, grade is a condition of balance between erosion and deposition. In other words, the 
work to be done by the river equals to work done by the river. The condition of grade is brought 
about by the ability of the river to adjust its capacity to the amount of work being done. The capacity 
to transport all its load as it has the necessary energy available. 
 

 
Figure: Diagram showing condition of grade as river cycle progresses. 

 
The river tends to be in equilibrium. However, the equilibrium is not short term as the erosion and 
deposition are taking place almost continuously. Thus, the river is in dynamic equilibrium, but using 
the nomenclature of an open system, such a river is in a steady state. 
Origin of the concept of Grade 
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The term was first introduced by GK Gilbert, an American geologist. But WM Davis enlarged the 
concept in his theory of cyclic development. WM Davis linked the concept of grade with the 
attainment of a smooth concave upward profile. 
Graded Profile of the river 
The graded profile indicates that at every stage, the condition of grade has been achieved. As a result 
a smooth concave upward profile is achieved by the river.  
 

 
Figure: Diagram showing graded profile drawn along the thalweg. 

 

Stage where river attains the condition of Grade and Steady State 
 As per Davis, a river obtains graded condition in the mature stage of its development and continue to 
do so for the rest of the cycle as it progresses. The condition of grade is first achieved at the mouth of 
the river and slowly and gradually, it progresses upwards.  
The condition of grade depends upon the space and time as the condition of grade is not fixed. For 
example – If there was an increase in the volume of water supplied to a river which was already in a 
steady state, then this would result in a change in channel characteristics. The river would adjust to 
new volume by changing its depth, width and channel roughness. 
In mature stage, the erosion of water divides occur at a fast pace and thus river in order to maintain 
grade, must have the capacity to carry large amounts of load. Thus, rivers have to maintain steep 
channel gradients. However, in old age, the amount of load available to carry is low, thus rivers 
maintain gentle channel gradients.  
Criticism of the concept of Grade 
Most geomorphologists find it difficult to recognize a graded stream as WM Davis defined it. It is 
because even streams having irregular profiles can be shown to have a balance between erosion and 
deposition. Therefore, grade should not be regarded as a two-dimensional phenomenon, but as one in 
three dimension.  
So, in present times, grade is regarded as Gilbert first defined it – grade as a condition of balance 
where the slope, width, depth and other channel characteristics are adjusted to the prevailing volume 
of water and the load it is carrying. 
Thus, the concept of grade is an ideal concept as the variables determining the long profile of the 
river are highly changeable. As a result, no smooth long profiles are found in practical reality. 
Factors through which rivers reach a state of self-regulation and maintain stable channel 
characteristics: 
1. Adjusting their long profiles 

a. Long profile of the thalweg shows many irregularities in the form of knick points.  
b. Knick points may occur due to variation in the load characteristics of the stream or as a 

result of sea level changes, steepening the thalweg in the lower part of the stream. 
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Figure: Diagrammatic representation of Knick Points due to changes in sea level 

 
2. Maintaining cross-sectional shape and channel pattern 

a. The river undergoes braided channel patterns in the areas where the stream has not the 
capacity to transport its load in a single channel. 

3. Channel Roughness 
a. As the amount of sediments increases, the river adjusts its roughness in order to carry 

the desired amount so as to remain in equilibrium. 
b. In the old stage, the channel roughness decreases as the amount of sediments to be 

carried decreases. 
River is all part of the steady state adjustment of a stream to environmental controls. The condition of 
grade and steady state is determined by the response of the river to the discharge and the load 
provided to it. 
 
c) Bring out the classification of ocean deposits and analyze in brief the distribution of ocean 
deposits in the Atlantic Ocean? 
 

Approach: Introduce with definition of ocean deposit. Explain different types of classification of 
deposit Write about distribution of oceanic deposit in Atlantic Ocean along with the reason for the 
same. 
 
The unconsolidated sediments, derived from various sources, deposited at the sea floors are included 
in ocean deposits. These sediments are derived from weathering and erosion of continental rocks 
transported to the oceans by rivers, winds etc.; volcanic eruptions and the decay and decomposition 
of marine organisms (both plants and animals). 
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Ocean deposits are classified on different bases as follows: 
1. On the basis of location 
2. On the basis of depth of ocean water 
3. On the basis of origin of sediments 
 
On the Basis of Location-. Generally based on typical locations of particular marine sediment, ocean 
deposits are classified into the following two categories: 

o Shelf deposits include the deposition of marine sediments of variable origin on the floors of 
continental shelves 

o Pelagic deposits consist of sedimentation of fine particles on the floors of deep-sea plains. 
 
Classification of Murray: Sir John Murray has classified the ocean deposits into two broads’ 
categories viz. (a) terrigenous deposits, and (b) pelagic deposits.  

o Terrigenous deposits are found mainly on the continental shelves and slopes. Terrigenous 
deposits are composed of coarser materials and are derived from the continents through 
weathering and erosional processes and are transported to the oceans by various agencies. 
Their colour may be blue, yellow, grey or red. 

o  Pelagic deposits predominate on the deep sea floor. Pelagic deposits consist of the materials 
formed of skeletons and shells of marine organisms and a few inorganic substances. They are 
generally blue, grey or red in colour. 

 
Classification of Jenkins: Jenkins has divided marine deposits into three group’s viz (a) deep sea 
deposits, (b) shallow water deposits, and (c) littoral deposits. The following is the detailed 
classification of Jenkins: 

a) Pelagic depositsà (1) red clay; (2) radiolarian ooze; (3) diatom ooze; (4) globigerina ooze (5) 
pteropod ooze 

b) Terrigenous deposits à(1) blue mud ; (2) red mud ; (3) green mud ; (4) coral mud ;(5) volcanic 
mud ; (6) gravel ;(7) sand 

On the Basis of Depth oceanic deposits can be classified as: 
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o Deep sea deposits (below 100 fathoms)à 

 Pelagic deposits consist of  
 red clay 
 radiolarian ooze 
 diatom ooze 
 globigerina ooze 
 pteropod ooze 

 Terrigenous deposits 
 blue mud 
 red mud 
 green mud 
 coral mud 
 volcanic mud 

o Shallow sea deposits (between low tide water add 100 fathoms) 
 gravels 
 sands 
 mud 

o Littoral deposits (between high and low tide water) 
 gravels 
 sands 
 mud 

 
Classification on the Basis of Origin of Sediments 
o Littoral deposits (derived from land) 

 shore deposits 
 shelf deposits 

o Hemipelagic deposits(partly from land and partly from marine origin) 
 green mud 
 volcanic mud 
 coral mud 

o Eupelagic deposits (of marine and cosmic origin) 
 red clay 
 radiolarian ooze 
 globigerina ooze 
 pteropod ooze 
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General Classification 
o Terrigenous deposits 

 littoral deposits 
 shallow water deposits 
 terrigenous mud 

o Neritic deposits 
 shallow water neritic deposits 
 deep seawater neritic deposits 
 Pelagic deposits. 

 
 

 
 
Distribution of ocean deposits in the Atlantic Ocean 
Distribution of Terrigenous Deposits 
o Terrigenous sediments are those where the ultimate source is weathering and erosion of rocks on 

land that are introduced to the ocean by water, wind or ice.  
o Terrigenous sediments are more abundant close to the continents, specifically near river mouths 

and in the very deep areas of the oceans.  
 

Page 18 of 43

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 

Distribution of Pelagic Deposits 
o Pelagic deposits consisting of remains of marine plants and animals in the form of different types 

of oozes cover about 75.5 percent of the ocean areas.  
 
 
Q.3) a) “An appreciation of world climates is necessary to a proper understanding of the varying 
importance of the different geomorphic processes” Elaborate.  
 

Approach: Introduce with meaning of Thornbury’s statement. Then substantiate your answer with 
climatic control of geomorphic processes, diagnostic landforms and morphogenetic regions. Conclude 
with complexity of landform development. 
 
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).  
The concept envisages that geomorphic processes, which shape the landscapes, are determined and 
controlled by climate, which, thus produces distinctive landscapes through processes. 
Climate and landform development 
 Climatic parameters control landscape development directly and indirectly. Certain climatic 

parameters such as temperature and humidity directly control weathering and erosional 
processes while indirect influence of climate on landforms is through vegetation and soils. 

 Temperature’s control on morphogenetic processes-  
o If temperature is below freezing point, then there is frequent and widespread frosting. If 

there is fluctuation in daily temperature then there occurs diurnal freeze and thaw cycle 
which leads to alternate processes of contraction (due to freezing during night) and 
expansion (due to thaw during day time).  

o The repetition of this mechanism causes frost weathering in periglacial climate 
(congelifraction).  

o Jointed rocks are shattered under the impact of frost weathering forming tors. 
o  High diurnal range of temperature leading to repetition of expansion and contraction for 

longer duration causes flaking in the rocks wherein thin sheets of rocks are peeled off 
layer after layer, the process is called exfoliation or onion weathering in hot desert areas 
and in monsoon climates. 

 Indirect Climatic Controls (Climate -» Vegetation —» Morphogenetic Processes) 
o the areas devoid of vegetation experience splash erosion wherein loose particles are 

resettled on the ground surface and form a strong cuirass which discourages infiltration 
of rainwater and favours increased surface runoff.  

o On the other hand, densely vegetated areas are characterized by least splash erosion 
because of maxim m interception of rainwater which reaches the ground in the form of 
‘aerial streamlets’ that encourage maximum infiltration of rainwater 

Climate and geomorphic process 
 Different combinations of temperature and precipitation generate different types of weathering 

mechanisms, weathering regions and effectiveness of mass-movement, wind action and pluvial 
erosion in different climatic regions. 

 For e.g. -High mean annual temperature and rainfall favour deep chemical weathering in humid 
tropics, but the presence of gullies on steep slopes and canyons in the same humid tropics 
presents a geomorphic riddle 
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Diagnostic landforms 
The advocates of climatic geomorphology have highlighted the importance of diagnostic landforms 
such as duricrusts (such as laterites, silcrete, calcrete etc.), inselbergs, pediments, tors etc. 
 For E.g.  Lateritic crusts are supposed to have been formed in hot and humid climate of tropical 

and subtropical areas and therefore these are indicative of hot and humid climates. Lateritic 
crusts are predominantly found in Chotanagpur highlands (Patlands of Ranchi and Palamau 
plateaus) of Bihar (India) and over many areas of Deccan plateau (e.g., Mahabaleshwar and 
Panchgani plateaus of Maharashtra). 

 However there have been contradictions like Inselbergs 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 

Morphogenetic regions 
 The climatic geomorphologists (Budel, Peltier, Tricart and Cailleux) have divided the world into 

definite morphogenetic regions on the basis of dominant weathering and erosional processes 
generated by a particular suite of climatic parameters.  
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 Morphogenetic regions may be defined as large areal units within which distinctive associations 
of geomorphic processes are assumed to operate, tending towards a state of morph climatic 
equilibrium wherein regional landforms reflect regional climates.  

 For e.g. – glacial regions experience Maximum frost weathering, moderate mechanical weathering 
and minimum chemical weathering. It is characterized by Alpine topography, abrasion surfaces, 
Kames, till, fluvio-glacial features. 

There are however many other complex factors such as nature of bed rock, biotic interactions with 
the landforms, anthropogenic influences to the rate of process operating, local micro-climates etc. 
that the climate-process influence on landform can only be conceded as one among the several 
components of the geomorphic studies. 
 
b) Discuss various factors that have resulted in unprecedented Heat waves in the South Asian 
continent and also highlight the cascading effects of heat waves. 
 

APPROACH: Introduce the answer with technical definition of heat waves. In the body discuss the 
mechanism and causes of heat waves. In the conclusion end the answer by suggesting measures to curb 
the menace of climate change. 
 
Qualitatively, heat wave is a condition of air temperature which becomes fatal to human body when 
exposed. Quantitatively, it is defined based on the temperature thresholds over a region in terms of 
actual temperature or its departure from normal.  
Criteria for declaring Heat Waves: 
Heat wave is considered if maximum temperature of a station reaches at least 400C or more for 
Plains and at least 300C or more for Hilly regions.  
Based on Departure from Normal Heat Wave:  

 Departure from normal is 4.50C to 6.40C  
 Severe Heat Wave: Departure from normal is >6.40C  

Based on Actual Maximum Temperature Heat Wave:  
 When actual maximum temperature ≥ 450C Severe Heat Wave:  
 When actual maximum temperature ≥470C  

If above criteria is met at least in 2 stations in a Meteorological sub-division for at least two 
consecutive days, then it is declared on the second day. 
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1) India: As per IMD India witnessed one of the most severe heat waves in 2022. India witnessed 
around 46 heat waves in April 2022, incidentally the highest after 2010. 

2) Pakistan: The march 2022 was the hottest in Pakistan since records began 122 years ago, at the 
same time the month was extremely dry, with 62% less than normal rainfall reported over 
Pakistan. 

3) The same severe conditions of heat wave were also witnessed in Sri Lanka and Bangladesh. 
 
Mechanism of heat waves:-   

 
Figure: Mechanism of heat waves 

 
Various factors causing heat waves:-   
Natural Factors: 
1) The main reason for the scorching heat in South Asia has been lack of rainfall. Usually periods of 

high temperature are punctuated by periodic episodes of rain but this was largely absent during 
March and April of this year. 

2) Weaker western disturbances due to weaker temperature gradients further accentuated weaker 
rains. 

3) Also weaker western disturbances of this year lead to absence of cloud cover due to which 
temperature soared with the solar radiation. 

4) The South Asian region did not see any significant pre monsoon activity which compounded the 
severity of successive heat wave spells. 

 
Anthropogenic Factors: 
1) Anthropogenic and manmade factors like climate change and global warming further accentuated 

the intensity of heat waves. 
 
 
 
 
Cascading effects of heat waves:- 

CASE STUDY: - Climate change responsible for heat waves. 

According to a new rapid attribution study by climate scientist, extreme heat which gripped large 

parts of India and Pakistan was made 30 times more likely because of climate change. 
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Effect on human health:-  
1) Heat exhaustion leading to symptoms such as dizziness, headache and fainting. 
2) Issues related to dehydration and heat stroke. 
3) Spikes in air pollution. 
4) Increased dust and ozone levels leading to health issues. 
 
 
 
 
 
 
 
 

Effect on Agriculture:-  
1) It leads to reduction in agriculture production and crop yields. 
2) Soaring food prices. 
3) Increased food insecurity in vulnerable countries such as India and Pakistan. 
 
 
 
 
 
 

Effect on Economy:-  
1) Power outages leading to coal shortages. 
2) Adverse impact on industrial production due to factors like fall in workers’ productivity. 
 
 
 
 
 
 
 
 
 

Case study: - India has reported a 10-35% decline in crop yields in some parts of 
the country. Notably, wheat yields dipped low enough to force the country to 
rescind its plans to boost its wheat exports to bolster supplies affected by the war 
in Ukraine.  

CASE STUDY:- As per a report by IMD the number of people killed due to heat waves has 

also increased from 5457 over 1981-1990 to 11555 over 2011-2020 (Accidental Deaths & 

Suicides in India). Since 1967, the report also confirms that 39,815 people have been 

killed due to heat waves in different states of India. Heat wave is the second most lethal 

disaster after the flood, which resulted in 41,333 deaths from 1967 to 2020 

CASE  STUDY:- According to the International Labour Organization (2019) report, India lost 

around 4.3% of working hours due to heat stress in 1995 and is expected to lose 5.8% of working 

hours in 2030. The report also shows that 9.04% of working hours are expected to be lost in each 

agriculture and construction sectors, respectively, due to heat stress in 2030. Workers in these 

sectors will be severely impacted in 2030 because India’s large population depends on these 

sectors for their livelihoods. In absolute terms, India has lost around 34 million full-time jobs in 

2030 due to heat stress. 
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Effect on environment:-  
1) Warming of water leading to adverse impacts on marine organism. Example: - decrease in fish 

yields. 
2) Rapidly melting glaciers 
3) Water stress and water scarcity. 
 
 
 
 
 
 
 
Thus the need of the hour is to take several adaptation and mitigation measures such as early warning 
systems, declaration of heat waves as a natural disaster, local level preparedness, a proper heat wave 
comprehensive action plan, etc. to minimize the adverse impacts of heat waves on society. 
 
c) With suitable examples, bring out the impact of local winds on the climate of an area. 
 

Approach: Introduce by comparing local winds with planetary winds. In the body divide your answer to 
periodic and non-periodic local wind and mention the impact of each local wind. In the conclusion 
mention about applied aspect and its implications on weather management. 
 
Unlike the Planetary winds which have a global extent local winds are limited in their areal extent, 
nevertheless they have huge impact on the area they flow. 
 

 
 
IMPACT OF PERIODIC WINDS:- 
1) Impact of Land and sea breezes:- 

 
                                                       Figure: Land and sea breeze        
 

CASE STUDY :- The capital New Delhi, where the water levels of the Yamuna River, recedes at the 

end of June or July every year, already dried up in the first week of May in 2022. According to 

Indian Metrological Department (IMD), the heat wave around the city of Delhi is breaking all its 

records, which is also leading to severe water crises in Delhi. 
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a) Moderation of temperature and climate in coastal areas. 
b) Land and sea breezes leads in elevated humidity levels. 
c) Helpful in pollution control 
d) Augment high level of precipitation 
e) Temperature moderation in coastal areas         
 
2) Impact of Mountain and valley breezes:- 
 

 
Figure: Valley and Mountain breeze. 

 
a) The anabatic winds of valley breeze during the daytime reach mountain peaks and yield      

precipitation through cumulus clouds. These are more regular and more intense. 
b) The mountain breeze causes inversion of temperature in valleys. 
c) In valley floor it leads to conditions of frost. 
d) Develops in high mountainous areas in all seasons.  
 
IMPACT OF NON PERIODIC WINDS:- 

 
                                                 Figure: Position of various local winds 
 
Impact of hot local winds:- 
a) Chinook: - Also called as snow eater. These are warm and dry winds blowing on the leeward side 

of mountains. These are more common during winter and early spring along eastern slope of 
Rockies from Colorado in south to British Columbia in south. 

 
Figure: Chinook across Rockies. 
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b) Foehn: - These are warm dry winds which blow along northern slopes of the Alps Mountains, 
more common during spring and autumn in Switzerland. Due to the effect of these winds, valley 
of Switzerland is called climatic oasis during winter. 

c) Santa Ana winds: -These are down slope compressional but channelled warm and dry winds, 
through east west stretching Santa valley. These winds are a climatic hazard as they lead to 
desiccation of moisture in soil and vegetation. These winds also become dust devil when dusty 
and gusty and are injurious to farming (orchards). 

d) Harmattan:- Also called a doctor winds, it blows in Africa across guinea coast, they become 
extremely dry due to their journey over Sahara, and they reduce visibility while they travel as they 
are dusty and stormy. 

 
 
 
 
 
 
 
Impact of local cold winds :- 
a) Mistral: - These blow in Spain and France from NW to SE direction and are more common and 

effective during winter season because high pressure over Europe and low pressure over 
Mediterranean. These winds become extremely cold and descend into Rhone valley. These 
adversely affect air flights. 

b) Bora: - extremely cold and dry north easterly wind, blow along the shore of Adriatic Sea, these are 
more effective in North Italy 

c) Blizzard:-These are violent, stormy, cold and powdery polar wind laden with dry snow, prevalent 
in North and South Polar Region, Siberia, USA, Canada. These winds also lead to low visibility due 
to snow and ice crystal.    

Conclusion:- 
Thus as seen from above local winds have both positive and negative effects on the socio economic 
conditions of the region. With help of technology available, we can reduce the negative part by taking 
up preventive and mitigative measures 
 

Section-B 
 
Q.4) Answer the following in about 150 words each:  
 
a) “Modern Physical geography tries to interpret the natural environment as a dynamic entity”. 
Elaborate the statement through systems approach to landform analysis. 
 

Approach: Introduce how physical geography has expanded its scope to connections and relationships 
with an example. Then, explain how landforms study have changes from cyclical concept to 
process/form approach. Thereafter, explain how systems approach forms the basis for study of 
process/form approach with various examples. Conclude, by emphasizing the importance of systems 
approach in physical geography. 

 
Earlier, physical geography was considered as description of mappable subjects. However, with time 
physical geography has expanded its scope. In present times, the value of physical geography is not 
only that is studies the important components of the natural environment, but that it concentrates on 
the connections and relationships between them as well. 

Case study: - ‘Loo’ a local hot wind of India. 

Due to absence of pre monsoon conditions and increased wind speed and heat waves over parts 

of north India local, loo conditions were seen in the summers of year 2022. Temperatures are 

expected to be seen on the rise and winds are expected to become gusty around Delhi and the 

NCR region due to the loo effect. 
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Figure: An example of negative feedback system in stream channel system. 

 
The study of landforms has undergone a significant change. WM Davis suggested classification of 
landforms based on their stages of development in the cycle of erosion. However, this approach failed 
to accommodate effectively the dynamics of present-day processes. Thus, Davisian ideas was 
replaced by Process/form approach.  
Thus, to study the landform analysis through process form approach, systems approach forms the 
basis. As, it is concerned with an examination of the relationship between landforms and 
contemporary processes.  
In systems approach, the natural environment appears to operate as an entity, in which each 
component has connections with all the other components. It focusses attention on the whole system 
and the interrelationships between them, rather than on the individual parts. 
 

 
Figure: Two types of system: (a) Closed; (b) Open 

Examples:  
1. Drainage system – It receives energy and mass from precipitation, sunlight and the elevation of 

the land. These inputs pass through the system, doing work on the way to emerge as outputs of 
heat, water and sediment in the sea and atmosphere. 

2. Hill slope system – A harmonious relationship will develop over time between the gradient, the 
infiltration capacity and the size of the sediment particles on the slope. 

3. Positive feedback system in the Glacier system – An increase in velocity leads to an increase in 
erosion and over-deepening. The over-deepening only serves to accelerate the velocity further.  

Thus, it is a strong requirement today that geographer's studies interactions between the various 
components of the environment, rather than concentrating on a single specialism. Systems can be 
applied at a variety of scales and complexity and thus, it provides useful framework for process 
studies.   
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b) Discuss the formation of caves or caverns through various theories.  
 

APPROACH: Introduce by defining caves and caverns and the processes involved in them with 
examples. In the body discuss the formation of caves through various theories. In the conclusion, 
mention as to how there is a diversity of opinions with respect to their formation.   
 
Caves or caverns are Karstic landforms, and are voids of large dimensions below the ground surface. 
They are underground tunnels which are inter-branching in nature.   
They represent the erosional landforms of groundwater produced in limestone lithology. The 
erosional processes include – Corrosion or solution or abrasion.  
Examples: 
1. Carlsbad Cave – New Mexico State (USA) 
2. Krem Liat Prah – Jaintia Hills, Meghalaya. 
3. Guptadham Cave – Rohtas Plateau, Bihar– Galleried cave - formed due to dissolution of Rohtas 

Stage limestones of Vindhyan formations lying below 90 m thick capping of quartzitic sandstones. 
 

 
Figure: caves and caverns 

 
To account for the origin and development of limestone caves, various geomorphologists have 
propounded various contrasting theories as their formation is most debatable of all the Karstic 
landforms.  
1) CORRASION THEORY- 

 Propounded by Lapparent, Martonne and Martel. 
 According to this theory caves are formed due to corrasion of limestone by groundwater in 

the vadose zone above the groundwater table. 
 

2) TWO CYCLE THEORY- 
 Propounded by WM Davis 
 Davis contradicted the corrosion theory in 1930 and postulated his ‘two cycle theory’. 
 According to him caves are formed by ‘phreatic water’ i.e., water under hydrostatic pressure 

below water table. 
 

 
Figure: Two stages involved in Davis Two-cycle Theory 
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3) WATER TABLE THEORY:- 
 Propounded by AC Swinnerton 
 It states that caves are not formed by phreatic water under hydrostatic pressure but are 

formed by lateral flow of water in the vadose zone. 
4) STATIC WATER ZONE THEORY: - 

 Propounded by JH Gardner 
 According to him, caves are formed due to solution of limestone above the water table 
 He stated two stages in the development of caves. 

o First stage- Groundwater remains static because of less deep river valleys. 
o Second stage-River valleys are deepened and hence static water zone of the 1st stage 

is lost to the river. 
 Vadose and meteoric water dissolves limestones along rock joints and forms caves in stages. 

5) INVASION THEORY:- 
o Propounded by CA Malott 
o As per him, caverns and caves in the limestone regions have been formed by the subterranean 

streams.  

 
Figure: Diagrammatic representation of Invasion Theory. 

 
Thus, it may be pointed out that the difference of opinions about the formation of caverns and 
galleries is related to solution process, water table of groundwater and corrasion process. 
 
c) Discuss as to how frontogenesis contributes to weather instability.  
 

APPROACH: Introduce the answer with defining frontogenesis and its source regions. In the body 
mention the different types of fronts and weather instability associated with them. Draw a diagram for 
every front. In the Conclusion mention, how proper understanding of frontogenesis can aid in weather 
management. 
 
Frontogenesis is the genesis of fronts at near 60 degrees parallel and is formed due to the 
convergence of cold polar air mass and warm tropical air mass under the effect of polar winds and 
westerlies, having contrasting properties of air temperature, air pressure, density, humidity and wind 
direction. 
As the air masses converge, warm air start rising leading to conditional instability.  
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                                               Figure: Source regions of frontogenesis. 
 
Fronts can be classified into four principal types (1) warm front, (2) cold front, (3) stationary front 
and (4) occluded front, and every front has different set of conditions and weather associated with 
them causing conditions of weather instability. 
1) Stationary front and associated weather conditions: - 

 
                                                          Figure: stationary front                     
 
Stationary front is formed when two contrasting air masses are parallel to each other and there is no 
upward displacement of air. Such fronts are climatically insignificant because they are not conducive 
to cloud formation and precipitation. 
2) WARM front and associated weather instability:- 

     
      Figure: Warm front and instability                                               Figure: Warm front 
Along the warm front, the warm and light air becomes active and aggressive and rises slowly over cold 
and dense air. The gradually rising warm air along the gently sloping warm front is cooled 
adiabatically, gets saturated and after condensation precipitation occurs over a relatively large area 
for several hours in the form of moderate to gentle precipitation. The warm front precipitation is of 
long duration, moderate but widespread because of gentle slope of warm front. There are frequent 
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changes in cloud types. The sequence of clouds from above downward comprises cirrus, cirro-
stratus, alto-stratus and nimbo-stratus. 
3) COLD front and associated weather instability:-  

       
Figure: Cold front and instability                                           Figure: Cold front. 

 
Along the cold front, cold air becomes active and aggressive and invades the warm air territory and 
being denser it remains at the ground but forcibly uplifts the warm and light air. The cold front is 
much steeper then warm front. A cold front is associated with bad weather, characterised by thick 
clouds, heavy downpour with thunderstorms, lightening, etc. Sometimes cold frontal precipitation is 
associated with snowfall and hailstorm. 
4) OCCLUDED front and associated weather instability:- 

 
Figure: occluded front. 

 
Occlusion is a condition when there is complete overtaking of warm front by cold front, it leads to 
very complex and erratic weather conditions. Occlusion is of two types’ warm front and cold front. 
The lifting of conditionally unstable warm air produces convective thunderstorm and resultant heavy 
precipitation. The weather of warm front occlusion is more or less similar to warm frontal weather. 
Thus, a proper understanding of frontogenesis and associated weather instability can help in weather 
management in middle latitudes. 
 
d) Explain the significance of applied climatology to geographers with relevant examples?  
 

Approach: Introduce with meaning of applied climatology. Then write importance of applied 
climatology by geographers – bio geographical study of soil and vegetation and on economic activities. 
Finally conclude accordingly. 
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Applied climatology is the study of the effects of climate on natural and social systems. 
According to H. Landsberg and W.C. Jacobs (1951), applied climatology is the scientific analysis of 
climatic data in the light of useful applications for an operational purpose. 
As per K. Smith (1987), applied climatology may be defined as the use of achieved and real-time 
climatic information to solve a variety of social, economic and environmental problems for clients and 
managers in fields such as agriculture, industry and energy.  
Another definition was given by G.A. Marotz (1989), who defined applied climatology as the scientific 
use of climatic data and theoretical constructs for the solution of particular problems. 
 
Significance of applied climatology to geographers 
1. Climate and Soil – Climate controls soil formation by triggering different types of weathering for 

different combinations of temperature, humidity, atmospheric oxygen (oxidation), and carbon 
dioxide (carbonation), frost (congelifraction) etc. 

a) Climate affects the moisture content and temperature of the soils which helps in 
formation of soil horizon through process of illuviation, humification and mineralization 
of organic matter 

b)  In the humid tropics soil water increases leading to leaching of soluble elements leading 
to soil acidification. 

c) The rise in soil temperature accelerates the speed of chemical reaction and biological 
decomposition in warm regions. 

d) Climate determines soil types and their distributional patterns seen in Russian geologist, 
V. V. Dokuchaiev classification of world soils into 3 broad categories of (i) zonal soils, (ii) 
intrazonal soils, and (iii) azonal. 

2. CLIMATE AND VEGETATION- Climate and vegetation are interdependent as vegetation is a 
function of temperature and humidity and in turn it also affects microclimate. This can be seen in 
vegetation as the basis of Koppen’s classification and world biome classification. 

 
Fig – diagram showing climatic control of mountain vegetation with changing altitude 

 
3. Climate and Economic activities 
 Climate and Agriculture - Primary economic activities, such as farming and fishing, are 

particularly weather sensitive. 
o Profits and loss in agriculture are often closely associated with the frequency of various 

elements—rain, hail or the number of sunshine hours—depending on the particular crop 
grown.  
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o An optimum temperature is required at every stage of development of crops, otherwise 
the quality and yield of crops are affected. For example, in India, a sudden increase in 
temperature from the beginning of March speeds up the ripening of wheat which also 
reduces its yield. 

o Similarly, frosts and hailstorms are also very dangerous for crops. Frosts are responsible 
for damaging certain crops like potatoes, tomatoes, oil seeds, peas etc. In the same way, 
fruit orchards in the mountain valleys are also damaged due to frosts which results due to 
temperature inversion. 

o Hailstorms associated with western disturbances also pose a serious threat to the 
standing crops of wheat, vegetables, oilseeds and other rabi (winter) crops. 

o Soil moisture, atmospheric moisture and precipitation also affect agricultural 
productivity.  

o incoming solar radiant energy determines Productivity of any crop by controlling 
efficiency of plants to convert solar energy into chemical energy 

o Adverse weather conditions clearly have a monetary impact on fisheries in preventing 
catches being made; in addition, sea and air temperatures have an effect on the total fish 
population.  

 Climate and Transportation- In the tertiary sector of the economy, transportation costs are 
strongly influenced by weather variations. 

o  Air transportation makes tremendous use of weather conditions like temperature at 
varying altitudes, snowfall, winds and turbulence, overcast sky and low visibility, heavy 
rainfall, etc.  

o Temperature is an important climatic parameter which impacts road transport. Freezing 
temperatures cause frosting of road materials while increasing temperatures (greater 
than 35oC) causes the non-concrete roads to melt.  

o A dip in temperature below -20oC also brings about waxing of diesel which makes the 
vehicular movement impossible.  

o Cyclonic winds also block the roads by uprooting trees along the roadsides or bringing 
other debris and accumulating them on the roads.  

o Sandstorms and dust storms also play havoc to the road traffic as visibility becomes very 
low. Excessive rainfall also causes flooding of the roads which brings a lot of 
inconvenience to the roads traffic and sometimes even halts it completely. 

o Elements of weather like temperature, rainfall and conditions leading to fog, snow etc. 
also affect the rail transport. Freezing temperatures sometimes bring about fractures in 
the tracks, the condition being more prevalent in the states of Punjab, Haryana, Western 
Uttar Pradesh, Jammu and Kashmir, Rajasthan, etc. in India. Fog creates severe visibility 
problems and delays the trains. Heavy rainfall also causes flooding along the railway 
tracks and also damages them.  

o Weather induced oceanic phenomenon of tides, waves etc. affect the oceanic transport 
or shipping. Weather elements like air temperature, precipitation and atmospheric 
disturbances like cyclones, hurricanes, tornadoes etc. badly affect the water transport 
along oceans and seas. 

o Dense fogs also reduce visibility and creates hassles in the water transport. Temperatures 
below the freezing point leads to the formation of icebergs which creates obstacles in 
water navigation. 

Climate and Recreational Activities and Tourism 
o Some of the recreational activities like skiing directly depends on sub-freezing 

temperatures and snowfall. 
o Similarly, sports events especially outdoor ones also depend on good weather. So, 

activities like hill tracking, skiing, gliding, surfing etc. are weather dependent sports. On 
the other hand, sports like football, cricket, rugby, volley ball etc. are weather-
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interference sports as they are interfered or interrupted by weather activities like 
rainfall, thunderstorms, dust storms, fog etc. 
o Tourism can be grouped into two categories, viz, climate-dependent tourism and 

attractiveness-dependent tourism. 
 

 
 
Climate and Energy Requirement 

o Climate has a direct impact on the amount of energy consumed as extremes of 
temperatures lead to greater consumption of energy.  

Processes in the atmosphere inherently affect other spheres. Climate also has a lot of bearing on 
human health as the human body can survive well only in certain suites of climatic conditions 
 
e) “Tide phenomena are not due to progressive waves but are due to stationary waves which 
originate independently in each ocean”. Elaborate 
 

APPROACH: Introduce the answer by defining tides. In the body divide it into two parts, explain how 
tides are not a progressive wave phenomenon by writing limitations of progressive wave theory. In the 
second part with the use of Harris theory explain how tides are independently originated. In conclusion 
explain the limitations of both the theories as to how they completely lacks in explaining tides. 
 
The rhythmic rise and fall of seawater due to gravitational forces of the Sun and the Moon are called 
tides. As per PR Pinet, tides are waves with very long wavelengths, much longer than ordinary wind 
waves that causes sea level to rise and fall with extraordinary regularity. 
One of the most simplistic explanation of tides was given by Newton equilibrium theory. GB Airy 
considered it erroneous to explain the origin of tides on the basis of gravitational force. Thus, the 
limitations of the theory propelled William Whewell to propound the progressive wave theory in 
1883.  
Whewell explained tides as progressive waves formed as a consequence of configuration of ocean and 
continent and the coastline. According to progressive wave theory: 

 
Figure:   Generation of progressive waves in southern ocean 
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1) The tidal waves are generated in the Southern Ocean in the southern hemisphere under the 
influence of tide producing force of the moon. These waves are called primary waves which move 
from east to west in the form of forced waves. 

2) Secondary waves are generated when there is westward movement of primary waves which is 
obstructed by land masses. 

3) Thus these tidal waves after originating in the southern ocean progressively move northward with 
continuous lag of time and dissipation of wave energy. 

However the above theory was criticised by RA Harris on various accounts.  
1. As per Whewell, age of tides increases northward. However, evidences suggest that time of 

spring tides is almost the same from Cape Horn to Greenland in the Atlantic Ocean. 
2. The theory failed to take into account spatial variation in the irregularity of tides in different 

oceans. 
3. Tides are regional phenomena rather than a global phenomenon. 

Therefore Harris provided his stationary wave theory to overcome the above shortcomings whose 
basic findings are as follows:- 

 
Figure: (A) Uni nodal & (B) Bi nodal oscillation system 

 
1) The theory considers tides as stationary waves oscillating around amphidromic points formed 

independently in each ocean. The oceanic water oscillates around this central point because of 
the rotational force of the earth.  

2) This mechanism results in the formation of waves which move anti-clockwise direction around 
these amphidromic points. The stationary waves then, moves from amphidromic points towards 
coasts. 

3) The theory considers different oceans of the earth like giant water containing trays, where 
oscillations are introduced by gravitational pull of sun and moon, creating stationary waves as 
tides across multiple nodes called amphidromic points. 

4) The oscillation system and mechanism are affected by the depth, configuration and length of the 
ocean basins and the rotational speed of the earth. 

5) Thus, as per the theory tides are local phenomena impacted by local configuration of oceans 
unlike Newton and Whewell theories. 

 
CONCLUSION:- 
Although the stationary wave theory provided the most convincing explanation of tide formation but 
none of the above two theories can explains all incidences of tides. If variations and wave interactions 
are best explained by progressive wave theory, then tides as a local phenomenon influenced by ocean 
basin configuration is best explained by stationary wave theory.  
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Q.5) a) In explaining the concept of Pediplanation, King combined the ideas of Davis, Penck and 
Wood with his own”. Elaborate. 
 

Approach: Introduce by defining pediplanation while briefly mentioning about King’s cycle. In the body 
using different subheads show how king incorporated ideas of Davis, Penck, Wood, and of his own. In 
the conclusion mention some of the limitations of king pediplanation concept. 
 
In geomorphology a pediplain is an extensive plain formed by the coalescence of pediments. The 
process through which pediplains forms is known as pediplanation. The concepts of pediplain and 
pediplanation were first developed by LC king in his book South African Scenery in 1942. 
Concept of pediplanation:- 
 

 
 
He tried explaining the concept of pediplanation through his epigene cycle of erosion, which similar 
to Davis operates in three stages youth, mature and senile, through the twin processes of parallel 
retreat and pedimentation. 
 

YOUTH MATURE OLD 
There is rapid rate of active 
down cutting of valleys by 
rivers, consequent upon the 
uplifment leading to formation 
of gorges and canyons. At the 
end of this stage majority of 
landforms would represent 
Mesas and Butte which further 
undergo parallel retreat to 
form inselbergs and 
pediments  

In mature stage the twin 
processes of parallel retreat 
and pedimentation continue to 
operate, there is parallel retreat 
of scarp phase as well as debris 
slope. Parallel retreat 
phenomena continue and the 
size of pediment increases in 
the mature stage. End of the 
stage leads to formation of 
Bornhardts & castle kopies. 

Absolute relief declines and all 
inselbergs are converted to 
kastle copies of smaller size. 
Ultimately the inselbergs are 
fully consumed and the 
pediments coalesce or merge to 
from pedeplains.  

 
How King combined the above ideas of Davis, Penck and Wood:- 
From Davisian cycle of erosion he borrowed the following concepts:- 
1) The concept of Cycle that is there is uniform development of landform that is sequential and 
repetitive. 
2) The concept of stage based changes that is landform evolve through stages such as youth, mature 
and senile. 
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                              Figure:- Concept of stage as incorporated by Davis and King. 
3) The manner of upliftment - which is rapid upliftment in short duration. 
4) The idea of crustal stability that is the unchanging base level. 
 

From Penck model, he borrowed the following concepts:- 
From Penck model, King tried to incorporate the role of uplifment and the role of initial slopes, he 
tried modifying the slope replacement process acting under instantaneous and efficient basal sapping 
in the semi-arid savannah climatic condition.  
 

           
          Slope replacement (Penck)                                  Parallel retreat (King) 
 
From woods model he borrowed the following concept:- 
From A woods model he incorporated the role of deposition and the development of concave surfaces 
which are part of depositional bajada plains. 
 
Ideas incorporated by LC King of his own:- 
1) LC king suggested the process of parallel retreat which was slope evolving through stages while 

every slope maintains its initial slope angle and its initial slope link except for the lower most 
segment that becomes gentler and longer but not at the cost of steeper slopes. 

2) As per LC king the process operates only when the slope profile necessarily has initial vertical 
scarp phase, this assumption was mainly for instantaneous removal of sediments without which 
parallel retreat cannot happen. 

3) He involves twin processes of parallel retreat and pedimentation in the cycle of pediplanation. 
Although despite this, King model was criticized by many geomorphologist  like JC Pugh who 
criticized it for not incorporating many important processes like chemical weathering, etc., while 
Cotton considered pediments as a feature of arid cycle and not savannah, and MF Thomas refuted the 
concept of pediplain in favor of etch plain. 
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b) Analyze how marine resources can bridge the ongoing energy crisis that has crippled various 
sovereign nations across the globe?  
 

APPROACH: 
Introduction: Introduce by defining energy crisis and mention its causes in a brief manner 
BODY: It should consist of following parts:- 
1. Show as to how nations are suffering from energy crisis. 
2. Then give description about how marine resources can help in curbing the crisis with various 

examples and case studies. 
3. Discuss the limitations of marine resources. 
CONCLUSION: Conclude how their exploitation can be a panacea for 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. 
Causes of energy crisis:- 
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. 
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 
commercialised. 

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. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

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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Energy crisis:- (spatial representation of energy crisis) 

 
 
How energy crisis is crippling various sovereign nations:- 
1) The prices of natural gas, oil, coal and other energy sources have hit multi-year highs recently in 

both the developed and developing world. 
2) The price of natural gas in Europe, for instance, has risen by over 400% since the beginning of the 

year while the price of electricity has risen by over 250% 
 
 
 
 
 
 
 
3) China is facing its worst energy crisis in decades. Prices for industrial metals such 

as copper, zinc and aluminium have soared to record levels as energy shortages in China drive up 
costs for electricity and natural gas 

4) India experienced power outages in Uttar Pradesh, Rajasthan, Punjab, Jharkhand, Maharashtra, 
and Kerala as the country's coal stockpiles at power plants were dangerously low. 

5) A study by the Commission for the Regulation of Electricity and Gas shows a 30% increase in the 
price of electricity and 50% in the price of natural gas in Belgium. 

 
How marine resources can help in bridging in the ongoing energy crisis :- 
1) Polymetallic nodules :- also called as authigenic or hydrogenous deposits,  are a type of deposits 
and precipitates found in deep waters mainly beyond 1000m depth in deep abyssal plains, these are 
very significant because they are rich in lot of rare minerals like gold, nickel, cobalt, manganese, 
copper, etc. 
Estimates suggest that there is about the same amount of carbon in methane hydrates as there is in 
every other organic carbon store on the planet, In other words, there is more energy in methane 
hydrates than in all the world's oil, coal and gas put together. 
They have an enormous energy potential and can be a solution for the ongoing energy crisis.   

Case study: - Germany declares gas crisis as Russia cuts supplies to Europe. 

Germany is now officially running short of natural gas, it started when Russia’s state gas company 

Gazprom slashed flows through the Nord stream 1 pipeline to Germany by 60% making Germany 

declare a gas crisis  
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Figure: Spatial distribution of polymetallic nodules 

 
 
 
 
 
 
 
2) Methane gas hydrates :- Gas hydrates are crystallised form of methane that exist in shallow 
waters. They are found around continental shelves. Estimates suggest that there is about the same 
amount of carbon in methane hydrates as there is in every other organic carbon store on the planet, 
In other words, there is more energy in methane hydrates than in all the world's oil, coal and gas put 
together 
One cubic metre of the compound releases about 160 cubic metres of gas, making it a highly energy-
intensive fuel. This, together with abundant reserves and the relatively simple process of releasing the 
methane, means a number of governments are getting increasingly excited about this massive 
potential source of energy 
 

 
Figure: SPATIAL DISTRIBUTION OF METHANE GAS HYDRATES 

 
 
 
 
 
 
 
 

CASE STUDY :- It is estimated that Indian ocean has about 4.5mT of Ni, around 4.5mT  of 
copper and more than 90mT of manganese , If India can extract even 10% of resources it will 
benefit our energy requirements for next 100 years. In this step India has been granted 
75000sq km of central Indian Ocean basin to India by ISBA for exploring the PMN. 

CASE STUDY: - As per a study conducted by Agharkar Research Institute, India has found 

methane hydrate deposits located in Krishna Godavari basin and near the coast of Andaman and 

Mahanadi. The study has also predicted the rate of biogenic methane generation in KG basin 

hydrates to be 0.031 mill moles methane/gTOC/Day, resulting in total deposits of methane 

around 0.56 to 7.68 Trillion cubic feet. 
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3) Other marine energy resources such as OTEC, Tidal, and Wave energy could be used as 
renewable marine energy resource  
3.1) Wave energy: - Electricity from ocean wave energy could provide more than 100% of the world’s 
current electric demand. Waves work 24/7, 365 days a year. Grid operators can predict, from 5-14 
days in advance, how much wave power they can add to their baseload, and plan accordingly. Waves 
don’t have to be huge to produce meaningful amounts of power, either. 
 

 
Figure:  SPATIAL DISTRIBUTION OF WAVE ENERGY 

3.2) OTEC: - Ocean thermal energy conversion (OTEC) is a process or technology for producing 
energy by harnessing the temperature differences (thermal gradients) between ocean surface waters 
and deep ocean waters.  Ocean Thermal Energy Conversion (OTEC) systems use a temperature 
difference (of at least 77° Fahrenheit) to power a turbine to produce electricity. Warm surface water is 
pumped through an evaporator containing a working fluid. The vaporized fluid drives a 
turbine/generator. Thus the coastal nations could be benefitted from OTEC power to serve their 
energy needs. 
 

 
 
 
 
 
3.3) Tidal energy :- Tidal energy is produced by the surge of ocean waters during the rise and fall 
of tides. Tidal energy production is still in its infancy and  the amount of power produced so far has 
been small. There are very few commercial-sized tidal power plants operating in the world. The first 
was located in La Rance, France, The largest facility is the Sihwa Lake Tidal Power Station in South 
Korea. The United States has no tidal plants and only a few sites where tidal energy could be 
produced at a reasonable price. China, France, England, Canada, and Russia have much 
more potential to use this type of energy. 
 
 
 
 
 
 
 
 

But despite above marine resources have own set of challenges :- 
Economic challenges Environmental challenges 

1) High cost of exploitation 
2) Still in the stage of infancy and research. 
3) Lack of technological development for 
commercialization. 

1) Disturb deep ocean ecology 
2) Disturbs water turbidity leading to increase in 
sediment plumes. 
3) Adverse impacts on marine organism due to 
issues like sound chemicals, release of toxic 
chemicals. 

Case study :- India has a potential of around 1,80,000MW of OTEC , India has come up with 

maiden  OTEC plant at Kavarrati in Lakshadweep  to fuel a desalination plant , it will generate 

power under 200Kw. 

CASE STUDY:-As per government data India has a potential of 8000MW of tidal energy, which 

includes 7000MW in the Gulf of Cambay, 1200MW in Gulf of Kutch and 100MW in the Gulf of 

Kutch.  To reap the benefits of it the Gujarat government is all set to develop India’s first tidal 

energy plant. It will be a 50MW plant at the Gulf of Kutch and its capacity will be increased to 

200MW. 
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CONCLUSION:- 
But with the coming times with further advancement of technology and their greater degree of 
commercialization and exploitation marine energy resources could be the panacea of ongoing energy 
crisis. 
 
c)  Discuss the concept and landforms associated with the second cycle of erosion. 
 

Approach: Introduce with reason behind 2nd cycle of erosion. Then explain landforms associated with 
2nd cycle of erosion. Finally conclude accordingly. 
 
Davisian cyclic concept envisages gradual sequential changes in uplifted landmass through the stages 
of youth, mature and old. The completion of such generalized and ideal form of cycle of erosion 
depends on prolonged tectonic stability, which is seldom possible in the nature. 
Any sort of obstacle in the normal functioning of cycle of erosion leads to interruption of cycle. 

 A positive movement in base level (due to subsidence of landmass or rise in sea level) shortens 
the cyclic time e.g., if the cycle is in youth stage, it may advance to mature stage.  

 Similarly negative change in base level of erosion (due to upliftment of landmass or fall in sea 
level) lengthens the cyclic time. 

 If the cycle experience sudden upliftment of landmass or fall in sea level, the cycle goes back 
to youth stage characterized by river valley incision known as rejuvenation. 
 

 
 
The typical landforms resulting from interruptions in the fluvial cycle of erosion and from 
rejuvenation resulting in the formation of a mosaic of poly or multi-cyclic landforms include 
topographic discordance, valley in valley or multi-storeyed valleys, uplifted peneplains, incised 
meanders, paired terraces, nick points etc. 
 Topographic discordance refers to the formation of older topographic forms above and younger 

forms below. So, when the topographic accordance or uniformity from the top of the river valley 
to its bottom is not maintained rather is disturbed due to interruption in fluvial cycle of erosion 
caused by rejuvenation 

o Here the upper part of the valley reveals the sign of senile or mature stage and the lowest 
part of the valley belongs to youth stage. 

o Like a deep and an arrow valley is formed within flat and broad valley. This new deep and 
narrow valley is flanked by terraces on its either side which represented the older alley 
such topography is called ‘valley in valley topography’ or ‘two storeyed valleys or ‘two-
cycle valley’. 
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o topographic forms, where there are more than on valley in a single river's cross profile, 
are called ‘multi-storeyed or multi-cyclic valleys 

 

 
 

o Examples: The Damodar valley at Rajrappa in Hazaribagh (Jharkhand) is a typical example 
of polycyclic valley or topographic discordance which is characterized by two-storeyed 
valley 

 Uplifted peneplains are formed due to interruption caused by rejuvenation consequent upon 
regional upliftment. The uplifted peneplains are represented by their remnants of accordant 
summit levels which rise above the general ground surface of the present-day planation surface. 
Uplifted peneplains are, in fact, the results of successive cycles of erosion wherein several fluvial 
cycles of erosion are completed in succession 

 Incised meanders are the representative features of rejuvenation and polycyclic reliefs and are 
developed through vertical erosion leading to valley incision consequent upon renewed erosive 
power due to rejuvenation. The narrow and deep meanders formed due to accelerated rate of 
valley incision caused by rejuvenation within simple broad meanders. 

 Knick point, represents breaks in slope in the longitudinal profile a river caused by rejuvenation. 
This is why nick point is also called as head of rejuvenation. These breaks in channel gradient or 
nick points denote sudden drops of elevation in the longitudinal profile of the rivers and allow 
water to fall down vertically giving birth waterfall. These are called as knick point falls. 

 
 Paired terraces are also significant features of poly-cyclic reliefs. Three pairs of terraces are 

found in the Himalayas indicating three phases of uplift and consequent rejuvenation. 
Thus, it is evident that rejuvenation is the most important factor of interruption in the fluvial cycle of 
erosion and genesis of polycyclic reliefs and thus demands detailed analysis. 
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