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Approach – Answer: General Studies Mains Mock Test 1232 (2019) 

1. Give an account of the direct and indirect sources which help in deciphering information about earth's

interior.

Approach: 

 Briefly analyze the present sources of Information about the Earth’s interior.

 Explain the direct and indirect sources of information about earth's interior.

 Highlight the limitations of each source and mention about further research that is in progress.

Answer: 

Our knowledge of earth's internal characteristics is largely based on estimates and inferences. The 

sources for information about the interior of the earth are divided into two categories: a) Direct Sources 

and b) Indirect Sources: 

Direct Sources:  

 During the process of mining and drilling, rocks and minerals are extracted which gives information

that there are layer system in the crust.

 Volcanic eruption suggests that there is a zone inside the earth which is very hot and in semi-liquid

condition. However, mining and drilling provide only limited knowledge  about the earth's

uppermost layers. Direct sources are not very reliable because they are directly applicable only up to

a certain depth from earth’s surface.

Indirect Sources: Seismic waves, gravitational field, magnetic field, falling meteors etc. are examples of 

indirect sources.  

 Temperature and pressure increase with increasing depth of the earth’s interior and that the density

of the material increases with depth.

 Gravity anomalies found at different places on the earth's surface provides information regarding

the unequal distribution of mass of material in the earth’s crust.

 Movement of seismic wave suggests:

 There are three layers in the earth and

 Each layer has different density which increases toward the center of the earth.

 Magnetic surveys give information about the distribution of magnetic materials in the earth's crust.

 Meteors even though not from the earth’s interior, may be considered as another source of

information.

Besides, the above mentioned sources, scientists are working on “Deep Ocean drilling Project” and 

“Integrated Ocean Drilling Project” to gather information about the interior of Earth through analysis of 

materials collected at different depths.  

2. With adequate examples, explain how ocean currents influence the formation of fishing grounds

across the world.

Approach: 

 Discuss the relevance of phytoplankton for aquatic life.

 Explain how mixing of ocean currents helps in their growth.

 On a world map, depict the major fishing grounds along with the ocean currents.
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Answer: 

The abundance of aquatic flora in any marine ecosystem is dependent on phytoplanktons. This is 

because they are the primary producers in marine ecosystem, and most of the biomass in oceans is 

derived from them.  

Phytoplanktons need both sunlight and nutrients to be able to photosynthesize. The tropical waters 

provide ample sunlight but the nutrients are quickly used up, making these areas unproductive. Hence, 

regular mixing, which brings nutrient rich deep water to the upper sunlight zone, is essential to support 

their growth. 

The zones of convergence of warm and cold ocean currents in the upper tropics facilitate this – the cold, 

denser water sinks (hence regular mixing) which replenish oxygen and nutrients and favor the growth 

of planktons, the primary food for fish population. This translates into these areas being very productive 

fishing grounds. 

The most productive fishing grounds in the world are found in higher latitudes, where the warm and cold 

currents meet. Some examples are: 

 Grand Banks and Georges Bank in North-Western Atlantic, where the fishing ground is formed when

Labrador (cold current) and Gulf Stream (warm) meet in the North Atlantic Ocean region (refer

figure).

 Coast of Japan in North –West Pacific, where Oyashio (cold) and Kuroshio (warm) meet in the upper

Pacific Ocean region.

3. Assess the feasibility of introducing two time zones in India in the wake of recent proposal made by

Council of Scientific and Industrial Research (CSIR).

Approach: 

 Briefly, write about the current status, and proposal made by  CSIR.

 Highlight the potential benefits and problems in the adoption of two time zones in India.

 Provide the way forward to gain advantages and satisfy the demand of the people of North-east.

Answer: 

India longitudinally extends from 68°7’E to 97°25’E (spread around 29° or around 2 hours) and presently 

observes 82°30′E as IST (UTC +5.30h). This has led to an argument that an early sunrise in the 

easternmost parts -  the Northeast, causes  loss of many daylight hours by the time offices or 

educational institutions open, and an  early sunset, for its part, leads to a higher consumption of 

electricity. 

Recently, CSIR in its report highlighted the need of two time zones. It proposed IST-II (UTC + 6.30 h) at 

89°52’E, which is a narrow border between Assam and West Bengal. It has the following advantages: 

 Synchronization of office hours, as well as biological activities with sunrise and sunset

 It will lead to effective use of daylight hours and reduction in electricity consumption
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 It will enhance the productivity of the people.

 More use of sunlight would also lead to more agricultural production. Hence, it has environmental

and ecological benefits too.

However, there are some problems, such as: 

 The two time zones would create chaos at the border as resetting of the clocks would be required

with each crossing, and non-following can lead to confusion that can be dangerous.

 The absence of automated management of railways timings may lead to accidents at the zone of the

crossing.

 People would have to adjust to multiple time zones & administrative integration would be difficult.

 Lack of time coordination with respect to essential services such as banking and reduced accessibility

between governments offices located in two zones by 25% on daily basis.

 It might lead to further political alienation amongst the people of the Northeast.

In this scenario, advancing IST by half an hour to UTC +6.00 can be a win-win situation for both sides. 

4. Giving examples, explain how land topography affects the regional and planetary wind systems. Also,

differentiate between the westerlies of the northern and southern hemisphere.

Approach: 

 Explain the consequences of topographic features over wind systems.

 Introduce westerlies as a part of the surface wind regime.

 List the key differences between westerlies in the Northern and southern Hemisphere.

Answer: 

The varying character of the Earth’s land topography has consequences on atmospheric phenomenon, 

particularly the wind systems. The basic underlying cause for the same is the difference in heat 

properties between land and sea.   

Effect of proportion of land area on winds 

The northern hemisphere has significantly greater land area than the southern hemisphere. This creates 

strong thermal effects on a regional scale and disrupts circulation especially near the surface. The wind 

system in the Southern hemisphere is demonstrably more uniform and rigorous. 

Effect of relief features 

Mountain barriers also create and funnel regional winds, an important element of climate. As wind 

descends the leeward slopes, the air compresses, becoming more dense and warm. Strong winds can 

result, such as the powerful and unseasonably warm Chinook winds that flow down the eastern side of 

the Rocky Mountains.  

Effects due to frictional force 

The irregularities of earth’s surface offers resistance to the wind motion in the form of friction which 

determines the angle at which air will flow across the isobars, as well as the speed at which it will move. 

Difference between Westerlies of the Northern & Southern Hemisphere: 

The westerlies are major surface winds that blow in mid-latitudes of each hemisphere. The westerlies of 

the Southern hemisphere are stronger and more persistent. In contrast, the northern westerlies are 

more variable in terms of force and direction. In the southern hemisphere, there is minimal interference 

to their flow by the land area. They blow with great strength throughout the year and are also called 

roaring forties,  furious fifties and shrieking sixties. However, in the north, the irregularities of surface 

relief and fluctuations of local pressure pattern over the land areas induce variability in movement.  
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5. Mention the conditions responsible for occurrence of Temperature Inversion in atmosphere.

Elaborating on its various types, highlight its effects on the biosphere.

Approach: 

 Explain the phenomenon of Temperature Inversion.

 List the conditions ideal for temperature inversion to happen.

 Discuss its types & effect over weather, vegetation and consequently, human settlements.

Answer: 

Temperature inversion refers to the reversal of normal trend of decrease of temperature with increasing 

heights, under special circumstances. 

Ideal Conditions for Temperature Inversion: 

 Long winter nights, so that the loss of heat by terrestrial radiation from the ground surface during

night is greater than the incoming radiation.

 Clear skies, which allow unobstructed escape of radiation.

 Calm and stable air, so that there is no vertical mixing at lower levels.

 Slow movement of air, so that there is no transfer and mixing of heat in the lower layers of the

atmosphere.

 Snow-covered ground surface, so that there is maximum reflection of incoming solar radiation.

Types of Temperature Inversion: 

 Ground Inversion (Surface Temperature Inversion): A ground inversion develops when air is cooled

by contact with a colder surface until it becomes cooler than the overlying atmosphere.

 Subsidence Inversion (Upper Surface Temperature Inversion): It develops when a widespread layer

of air descends, gets compressed and heated by the resulting increase in atmospheric pressure, and

as a result the lapse rate of temperature is reduced.

 Frontal Inversion (Advectional type of Temperature Inversion): Occurs when a cold air mass

undercuts a warm air mass and lifts it.

 Temperature Inversion in Intermontane Valley (Air Drainage Type of Inversion): Sometimes along a

sloping surface, the surface radiates heat back to space rapidly and cools down at a faster rate than

the upper layers. The lower cold layers get condensed and become heavy and the sloping surface

underneath makes them move towards the bottom while the upper layers are relatively warmer.
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Effects 

 It causes the formation of fog and consequently smog, which is poisonous and deadly health hazard

to human beings.

 It may reduce visibility due to the accumulation of dust and smoke particles. Because air near the

base of an inversion tends to be cool, fog is frequently present there.

 Inversion of temperature causes frost which is definitely economically unfavorable weather

phenomenon mainly for crops.

 Inversion of temperature causes atmospheric stability which stops upward (ascent) and downward

(descent) movements of air which further discourages rainfall and favours dry condition.

6. Explain how ISRO's Chandrayaan 1 mission has improved our scientific understanding of moon. How

will Chandrayaan 2 be different from its predecessor in terms of technology and objectives?

Approach: 

 Briefly list the objectives of Chandrayaan 1.

 Highlight how its findings improved our improving our understanding of the moon.

 Bring out the differences between Chandrayaan 2 and its predecessor.

Answer: 

In 2008, ISRO launched Chandrayaan-1 aboard PSLV C-11, India's first-ever planetary probe to the Moon 

that carried out a range of experiments in the lunar orbit. The probe focused on searching evidence of 

water, while understanding the origin of the moon from mineral, geological and chemical composition 

studies.  

Chandrayaan-1 involved international collaboration for various experiments. The major instruments 

included Terrain Mapping Camera, X-Ray and IR Spectrometers, Moon Mineralogy Mapper, Moon 

Impact Probe etc. Analysis of collected data improved our understanding of moon in the following 

manner: 

 Direct evidence of water-ice and hydroxyl ions – in the exosphere, surface and sub-surface of

moon, specifically frozen water deposits in the dark polar region. The primordial nature of this water

would help understand the origin of water in the solar system. This also means Moon can be a

refueling station for water and oxygen for future deep space missions.

 Tectonic Activity - The data collected from south polar region of the moon reveals that many

evidences have been found which establish that tectonic activity occur on the lunar surface, very

similar to that on Earth

 Confirmed Magma Ocean Hypothesis – i.e. moon was once in complete molten state.

 Discovery of new spinel-rich rock and X-ray signals indicating presence of magnesium, aluminium,

silicon and calcium on lunar surface.

 First unambiguous evidence of a high sodium abundance on the lunar surface. This suggests a

relatively cooler lunar surface evolution than expected.

Chandrayaan-2 is its follow up mission but is completely indigenous. This mission, unlike Chandrayaan-1 

which only orbited the Moon, involves a Lander and a Rover as well to study and take measurements 

from the Moon, while the orbiter will go around the Earth’s satellite. Differentiating from the previous 

mission which crash landed on the surface of the moon, ISRO plans for a controlled touchdown or soft 

land on the lunar surface. 

The lander (named Vikram) will do a soft landing and deploy a rover that will collect samples and 

observe the lunar surface directly – for moonquakes, thermal properties, and plasma density, hence 

furthering our understanding of evolution of other planets and asteroids.  
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The orbiter will do remote sensing with similar but advanced instruments. The lander is targeted to land 

near the South Pole, which would be the furthest from the equator anyone has aimed, and would also 

assist in future ISRO landings on Mars, or asteroids.   

7. Identify different factors that trigger Glacial Lake Outburst Floods. Also, suggest certain measures that

need to be taken to minimize their impact.

Approach: 

 Define Glacial Lake Outburst Floods.

 Enumerate its triggering factors.

 Mention measures that are required to minimize the impact of these floods.

Answer: 

Glacial Lake Outburst Floods(GLOFs) refer to release of melt water, moraines and the entire content of 

the ice-dam glacial lake due to dam failure. GLOFs often result in catastrophic flooding downstream, 

with major geomorphic and socio-economic impact.  

Causative Triggers for the Glacial Lake Outburst Floods 

 Glacial retreat due to Global Warming increases the number of glacial lakes and also expands the

size of existing ones. Rapid Slope Movement into the lake and melting of ice incorporated into the

dams are linked to glacial retreat. The exorbitant size and content becomes difficult to contain.

 Anthropogenic factors which greatly alter the radiative balance- For example in the Himalayan

region anthropogenic activities such as mass tourism; developmental interventions such as roads

and hydropower projects has resulted in faster glacial melting and resultant GLOFs.

 Other factors - Surface heating impact of the Black Carbon, Earthquakes, blocking of subsurface

outflow tunnels and long term dam degradation are other trigger points for the same.

Measures 

 Access to early warning system and timely information is the key to minimizing the  impact. In

addition, continuous monitoring may be done using remote sensing.

 Prevention or mitigation of the magnitude of the flood by dam remediation like artificial dams,

tunnels, open cuts, concrete outflows, flood protection walls.

 Other measures include GLOF hazard mapping, identification of GLOF safe evacuation sites,

identifying vulnerable communities, community preparedness including community based early

warning systems etc.

ISRO among other organizations are already engaged in monitoring of glacial lake and other water 

bodies in the Himalayan region of Indian River basins.  

8. What is paleomagnetism? Explain how it serves as a bridging evidence for Plate Tectonics Theory.

Approach: 

 Define paleomagnetism.

 Briefly discuss  Plate Tectonics Theory.

 Discuss how paleomagnetism serves as a bridging evidence for the Plate Tectonics Theory.

Answer: 

Paleomagnetism is the study of the record of the Earth’s magnetic field in rocks and sediments formed 

over a period of earth’s life. Some rocks contain minerals that respond to the magnetic field and when 

these rocks form, the minerals align with the magnetic field of the earth at the time of their formation, 
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preserving their positions. This allows the paleomagnetists to date the rocks and map the position of the 

field at the time of their formation. 

The Plate Tectonics Theory states that the Earth’s lithosphere is divided into seven major and some 

minor lithospheric plates which move horizontally over the asthenosphere as rigid units due to 

convection currents in the magma.   

Paleomagnetic evidence to support Plate Tectonics Theory: 

 Polar wandering - Magnetic minerals on one continent do not point to the same pole position as do

those from the same time period on another continent. So, there were either multiple north poles

during the same time period or that the continents moved in relation to a single north pole.

Geophysicists concluded that the magnetic poles remained stationary, and the continents, after

splitting apart, diverged along different paths.

 Paleomagnetism is also used to match once joined landmasses that are now separated. For example,

the orientation of magnetic minerals along the eastern coast of South America very closely matches

that of similar minerals on the western coast of Africa.

Figure: Ocean Floor Magnetization 

 Polar reversal: Rocks closer to the mid-oceanic ridges are youngest, have normal polarity. As the

"plates" on each side of the Ocean ridge are pulled away, lava emerges from the middle, solidifies

and "records” the prevailing magnetic field. Every half million years, on the average, the Earth's

magnetic polarity reverses and therefore each strip of basaltic rocks on the ocean floor represents

an epoch of one or the other magnetic polarity. This observation was consistent with both sea-floor

spreading and Plate-tectonics.

Paleomagnetic evidence, both reversals and polar wandering data, was instrumental in verifying the 

theory of plate tectonics. 

9. Discuss the significance of phytoplankton in marine ecosystem. Also, explain the causes and

consequences of the phytoplankton blooms.

Approach: 

 Briefly describe phytoplanktons.

 Discuss the significance of phytoplankton in marine ecosystem.

 Bring about the causes of the phytoplankton bloom.

 Mention the consequences of the phytoplankton bloom
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Answer: 

Phytoplanktons are photosynthetic organisms that live suspended beneath the water’s surface. For e.g. 

Microalgae and blue-green bacteria. The oceanic phytoplankton plays an important role in the 

biogeochemical cycle and modulating climate change. For e.g.,  

 Marine Food web: Phytoplankton is the base of the oceanic food web, supplying organic matter for

all other organisms in the marine environment.

 Biological pump and fossil fuel: They absorb and transform inorganic carbon into their cells, which

upon death and decay, sink down to be de-posited as seafloor sediments becoming a source of fossil

fuel. The process is known as the ‘Biological pump’.

 Global warming: If the upper ocean biological pump stops pumping carbon down to the ocean

interior, atmospheric levels of CO2 would in time rise thereby accelerating global warming

A bloom takes place due to eutrophication, where phytoplankton reproduces at a rapid rate. It is caused 

by the addition of nutrients such as nitrates, iron and phosphates naturally or artificially, fertilizing the 

marine ecosystem. For e.g. bloom in the Atlantic sea is ascribed to the availability of iron-rich dust from 

Patagonia desert. It increases with the availability of conducive environment such as optimum light 

condition, pH, salinity etc. The wind also controls the phytoplankton blooms by mixing the water column 

and inducing upwelling. 

Blooms can impact the ecosystem in several ways such as it can cause: 

 The death of submerged aquatic organisms due to reduction in the sunlight penetrating the sea.

 Loss of coral reefs due to increased turbidity

 Contamination of marine food resources due to its exposure to toxins released by the bloom.

Consequent closure of fishery industry and reduction in seafood sales.

 Change in species composition due to species invasion by alien species.

 Reduction in tourism and related businesses and increased cost of conducting monitoring programs.

Thus, there is a clear need to understand phytoplankton boom phenomenon and to develop scientific 

sound management and mitigation technique. 

10. Discuss India's vulnerability to chemical disasters. In this context, mention safety initiatives taken to

address chemical risk in India.

Approach: 

 Discuss India’s vulnerability to chemical disasters.

 Discuss safety initiatives taken by India for addressing chemical related disaster risk.

Answer: 

Chemical, being at the core of modern industrial systems, has attained a very serious concern for 

disaster management within government, private sector and community at large. Chemical disasters like 

the Bhopal gas tragedy pose high risk for industrial employees, the residents of nearby settlements, 

adjacent buildings and surrounding community at large. 

India’s vulnerability to chemical disasters : 

 Poor Socio-economic conditions, unplanned urbanization and development within high risk zones

coupled with high population density.

 Non-replacement of old industries, illegal storage of Hazchem (hazardous chemicals).

 Large  unorganized and unregulated sectors

 Large no of MSMEs dealing in hazardous chemicals such as chlorine, LPG etc.

 Inadequate laws to prevent the malpractices in handling the hazardous chemicals.

https://telegram.me/UPSCMaterials
https://telegram.me/UPSCMaterials


9  www.visionias.in  ©Vision IAS 

 Insufficient compensation- even the proposed Civil Liability for Nuclear Damage Act puts a cap on

the liability of operators.

Safety initiatives taken in India to address chemical risk 

 The comprehensive legal/ institutional framework and regulations covering the safety in

transportation, liability, insurance and compensations have been enacted in India. For e.g. Explosives

Act 1884, Public Liability Insurance Act 1991, Disaster Management Act 2005 etc.

 This legal framework is further reinforced by enacting new rules such as Manufacture, storage and

import of hazardous chemical rules (MSIHC) Rules; Emergency planning, preparedness and response

for chemical accidents (EPPR) Rules, Gas Cylinder Rules, Hazardous Waste Rules, Dock Workers Rules

etc. and by way of amendments to them.

 The National Disaster Management Authority (NDMA) of India has come out with very specific

guidelines on Chemical Disaster Management which call for a proactive, participatory, multi-

disciplinary and multi-sectoral approach at various levels for chemical disaster preparedness and

response.

 Further, CIFs (Chief Inspectorate of Factories) are also being revamped in order to strengthen the

chemical safety in India.

11. Comment on the variability of ocean bottom topography. Also, give an account of formation of the

mid-oceanic ridge system.

Approach: 

 Introduce the answer with variability of the ocean bottom topography.

 Delineate major physiographic features associated with ocean bottom topography.

 Discuss the formation of mid-oceanic ridges.

Answer: 

Ocean bottoms reveal many complex and varied features which rival the relief features available on 

land. 

Major physiographic divisions 

 The continental shelf: This is a gentle seaward sloping surface extending from the coasts towards

the open sea. In all, about 7.5% of the total area of the oceans is covered by the continental

shelves. The continental shelves are mostly covered by sediments of terrestrial origin.

 The continental slope: As the continental shelf nears its seaward edge, the gradient becomes

steeper—two to five degrees. This is the site of the continental slope which descends to a depth of

3,500 meters and joins the shelf to the deep ocean floor.

 The continental rise: The continental slope gradually loses its steepness with depth. When the slope

reaches a level of between 0.5° and 1°, it is referred to as the continental rise. With increasing depth

the rise becomes virtually flat and merges with the abyssal plain.

 The abyssal plain: Beyond the continental rise, at depths from 3,000 m to 6,000 m, lie the deep sea

plains, called abyssal plains or abyssal floors. Covering nearly 40% of the ocean floor.
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Besides these, there are many associated submerged features like—mid-oceanic ridges, hills, seamounts, 

guyots, trenches, canyons, submerged volcanoes and sea-scarps etc. 

This great variety of relief is largely a result of the interaction of tectonic, volcanic, erosional and 

depositional processes.  

Mid-oceanic ridges 

Submarine ridges are mountain ranges, a few hundred kilometres wide and hundreds and often 

thousands of kilometres in length on the floors of oceans. Running for a total length of 75,000 km, these 

ridges form the largest mountain systems on earth. They are of tectonic origin and provide evidence in 

support of Plate Tectonics Theory. 

Formation of mid-oceanic ridges (MORs) 

 Seafloor spreading is the mechanism for the formation of MORs. It is a geologic process in

which tectonic plates—large slabs of Earth's lithosphere—split apart from each other.

 Seafloor spreading and other tectonic activity processes are the result of mantle convection and

occurs at divergent plate boundaries. As tectonic plates slowly move away from each other, heat

from the mantle’s convection currents makes the crust more plastic and less dense. The less-dense

material rises to form MORs.

 The Mid-Atlantic Ridge, for instance, separates the North American plate from the Eurasian plate,

and the South American plate from the African plate.

12. What is the impact of rising ocean temperature on biosphere? Provide an account of the measures

that can be taken to address its causes as well as effects.

Approach: 

 Introduce by substantiating with contemporary findings related to ocean warming.

 Discuss its impact on biosphere.

 Suggest some measures to address both its causes and effects.

Answer: 

The Fifth Assessment Report published by the Intergovernmental Panel on Climate Change (IPCC) in 

2013 revealed that the ocean had absorbed more than 93% of the excess heat from greenhouse gas 

emissions since the 1970s. This is causing ocean temperatures to rise.  

Impact of ocean warming on various components of Biosphere 

 Marine: Ocean warming leads to de-oxygenation – a reduction in the amount of oxygen dissolved in

the ocean and acidification- decrease in pH of the ocean due to its uptake of CO2. This causes coral

bleaching, loss of breeding grounds for marine organisms , transmission of diseases in marine

species and high levels of mortalities.

 Land: It puts pressure on the life on land threatening food security, increases the prevalence of

diseases; destruction of fish species affects livelihoods of coastal communities and causes economic

losses to the GDP. Rising sea levels resulting from the thermal expansion of sea water and

continental ice melting also affect habitations in low-lying island countries. Damage to coastal

vegetation such as mangroves and coral reefs (which protect coastlines from erosion and sea-level

rise) renders coastal communities and wildlife vulnerable.

 Atmosphere- Without oceanic buffer, global temperatures would have risen much more than they

have done to date; rising oceanic temperatures will increase severity of hurricanes; intensification of

El Niño events will further intensify droughts and floods.
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Measures to address causes of ocean warming:  

 Stringent environmental regulations, EIAs, and sustainable urban development along coastlines and 
shorelines 

 Usage of clean energy and 
limiting greenhouse gas 
emissions 

 Regulating human activities 
in coastal habitats and 
preventing environmental 
degradation. 

Measures to address the effects 
of ocean warming: 

 Building artificial structures 
such as rock pools that act 
as surrogate habitats for 
organisms, or boosting the resilience of species to warmer temperatures through assisted breeding 
techniques. 

 Establishing marine protected areas and putting in place adaptive measures, such as precautionary 
catch limits to prevent overfishing. 

 Increase in scientific research to measure and monitor ocean warming and its effects.  
 Effective disaster prediction and management systems to mitigate the effects of disasters caused by 

ocean warming. 
 Rehabilitation and capacity building of coastal communities affected by the effects of ocean 

warming. 
 Employing geo-engineering in order to rejuvenate the lost balance in the bio-sphere due to effects of 

ocean warming. 
Hence, there is an urgent need to achieve the mitigation targets set by the Paris Agreement on climate 
change to achieve SDG 14 (sustainable management of marine and coastal ecosystems) and a booming 
biosphere. 

13. Explain the reasons behind earthquakes in Himalayas being more intense and frequent than the ones
occurring in Alps region. Why are scientists predicting a largescale earthquake in northern India? Also,
elaborate upon some prominent earthquake forecasting techniques.

Approach: 
 Explain the reasons behind earthquakes in Himalayas being more intense and frequent than the 

ones occurring in Alps region.  
 State the reasons for scientists predicting a large-scale earthquake in northern India. 
 Elaborate upon some prominent earthquake forecasting techniques  

Answer:  
Earthquakes are on-ground manifestation of energy released during shattering and movement of crustal 
plates. The amount of energy released depends up on the depth of earthquake and the intensity of 
collision of plates. In regions of ongoing and faster movement of plates, earthquakes are more frequent. 
Himalayas are relatively younger fold mountains than Alps. Also, the Indian plate’s movement toward 
the eurasian plate is occuring at a relatively faster pace. Since the rocks in this region have not 
stabalised, they are brittle and shatter frequently. This is the reason why there are more intense and 
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frequent earthquakes in Himalayas than the Alps, where the plates converge slowly, and hence, there is 

less seismic activity.  

Reason behind prediction of a largescale earthquake in northern India 

The frontal thrust in the central Himalayas (covering parts of India and eastern Nepal) has remained 

seismically quiet for 600 to 700 years. This implies an enormous build-up of strain in the region. This 

stacking up of strain in the region may cause at least one earthquake of magnitude 8.5 or more in one of 

the overlapping segments of the central Himalayas anytime in the future.  

Forecasting can play an important role in earthquake disaster mitigation. Some of them are as under: 

 Observation based: Unusual animal behavior such as restlessness and movement have been

observed. However, their correlation with earthquakes is not yet established.

 Hydrochemical precursors: Dissolved concentration of minerals has been observed to change during

days preceding earthquake. Release of radon gas is also observed.

 Seismic gap: Scientists predict earthquake based on expected build-up of strain in regions where

earthquakes are expected but have not happened in sometime.

 Statistical models: A combination of classical earthquake statistics and numerical models such as

seismo-thermo-mechanical (STM) modelling that simulates the way the tectonic plates move and

collide.

 Physics based models: Recently a research, conducted by Columbia University, simulated nearly

500,000 years of California earthquakes on a supercomputer, which was able to match hazard

estimates based on statistical models.

 Uniform California Earthquake Rupture Forecast (UCERF3): It provides authoritative estimates of

the likelihood and severity of potentially damaging earthquake ruptures in the long- and near-term.

 Technological interventions: Local geology and structural maps published by GSI, Google Earth

imagery from ISROs, Carto-sat 1 contributes to research and development

 Palaeoseismology: Geological Investigations of active faults.

 Other methods of traditional prediction include unusual animal behaviour, change in underground

water, Radon gas levels in soils etc.

14. Highlighting India's vulnerability to droughts, discuss the major guidelines of National Disaster

Management Authority (NDMA) for management of droughts.

Approach: 

 Briefly discuss the key facts regarding India's vulnerability to droughts.

 Discuss the impacts of drought on Indian economy.

 Discuss the NDMA guidelines and challenges attached to the management of drought.

 Discuss government initiative and innovative measures to overcome the challenges posed by

Drought.

Answer: 

Rainfall data over the past century indicates that there has been a severe drought every eight to nine 

years. The government’s drought mitigation programmes cover 225 drought-prone districts. Most of 

India’s poor inhabit the drought-prone areas.  

The inability of ecosystems to tolerate water-limited conditions poses a serious challenge in terms of 

crop production, food security and carbon sequestration. The traditional approach to drought as a 

phenomenon of arid and semi-arid areas is changing in India as even regions with high rainfall often face 

severe water scarcities.  

Indian economy’s vulnerability to drought stems from a combination of factors like a relatively high 

share of agriculture in overall employment and weak rural infrastructure. Inefficient food distribution 
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and high food subsidy costs in the government’s fiscal deficit makes India more vulnerable to drought. 

Further, the drought-prone districts have lower human development indices as compared to the rest of 

the state.  

Drought in rainfed areas hits small and marginal farmers hard, threatening their food and livelihood 

security. Around 78 per cent of the farmers who committed suicide in the last one decade were small 

farmers and 76 per cent of them were dependent on rain-fed agriculture. 

NDMA Guidelines: 

The Guidelines on management of drought describe in brief the phenomenon of drought and make 

several important and far-reaching recommendations on the measures to be taken by the Central and 

the State Governments and other selected agencies. Based on the guidelines, the State/UT governments 

will prepare their drought management plans, implementation of which is expected to minimize drought 

hazards. Some of the important recommendations are: 

 Regular meetings of the Crisis Management Group (CMG) to discuss / review preparedness for

Drought Management.

 Operationalisation of a Control Room for Drought Management.

 Connectivity with all participating Institutions for sharing data and expertise.

 Effective implementation of Drought Management Plans.

 Ensuring regular / continuous monitoring of the implementations of the plans.

 Continuous modernisation of Drought Assessment, Drought Forecast, Early Warning Systems and

decision support systems.

 Improving the levels of awareness and preparedness of all stakeholders.

 Enhanced capacity building for effective Drought Management.

 Improving the compliance regimes through appropriate mechanisms.

NDMA in its guidelines has also identified many current challenges in drought management such as: 

 Criteria followed for drought declaration and the time when the drought is declared differs across

the states.

 Indicators used and the methodology followed for drought intensity assessment and drought

monitoring differ largely from state to state.

 Data sharing for drought assessment and drought declaration.

 Insufficient use of Information and Communication Technology (ICT) tools by various agencies in

management of drought.

 Lack of check dams in the rainfed areas results in inadequate storage-water in times of need or

drought.

 Lack of community participation in drought management activities at the village/tehsil level.

 The low levels of involvement of Self-Help Groups, NGOs and the corporate sector.

15. Describe the mechanism of formation, movement and dissipation of tropical cyclones. In this context,

explain why the recent 'Titli' cyclone was termed as 'rarest of rare' by IMD.

Approach: 

 Start with very briefly mentioning the nature of tropical cyclones.

 Describe the mechanism of its formation and movement.

 Explain the factors that cause it to dissipate.

 Discuss the rare feature of Titli cyclone.
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Answer: 

A tropical cyclone is a rotational low pressure system in tropics when the central pressure falls by 5 to 6 

hPa from the surrounding and maximum sustained wind speed reaches 34 knots (about 62 kmph). They 

bring about large-scale destruction caused by violent winds, very heavy rainfall and storm surges, 

thereby making them most devastating natural calamities. 

Formation and movement of Tropical Cyclones 

Tropical cyclones originate and intensify over warm tropical oceans. The conditions favourable for the 

formation and intensification of tropical storms are: 

 Large sea surface with temperature higher

than 27° C;

 Presence of the Coriolis force;

 Small variations in the vertical wind speed;

 A pre-existing weak low-pressure area or

low-level-cyclonic circulation;

 Upper divergence above the sea level

system.

Since, tropical cyclones are part of the trade-winds they move along with the circulation in trade-winds, 

generally hitting the east coast in the northern hemisphere and the west coast in the southern 

hemisphere. 

Dissipation of tropical cyclones 

The energy that intensifies the storm, comes from the condensation process in the towering 

cumulonimbus clouds, surrounding the centre of the storm. With continuous supply of moisture from 

the sea, the storm is further strengthened. On reaching the land the moisture supply is cut off and the 

storm dissipates. The place where a tropical cyclone crosses the coast is called the landfall of the 

cyclone. 

Reasons for Titli Cyclone being termed as ‘rarest of rare’ by IMD 

The recent Titli cyclone which hit Odisha is regarded as the rarest of rare because of its recurvature after 

landfall. Titli cyclone changed its path after landfall, retained its destructive potential and made a 

recurvature away from the coastal areas for more than two days. The reason may lie in the point of 

landfall which was about 20 degree north of the equator. 

16. What are the forces that drive the movement of lithospheric plates? In this context, identify the

different types of plate boundaries based on their nature of interaction with suitable examples of the

characteristic features formed along them.

Approach:

 Giving a brief concept about plate tectonics and its movement, explain the forces that are driving them.

 Classify different types of plate boundaries based on their nature of interaction, give examples of

varying features found at these boundaries.

Answer: 

A tectonic plate is a massive, irregularly shaped slab of solid rock, generally composed of both 

continental and oceanic crust. According to the most accepted Plate Tectonic Theory, these plates have 
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been moving and interacting with each other in the past and will continue to do so in future, leading to 

formation of new land and oceanic features.  

Reason for the Tectonic Plate Movement 

The molten magma rises from depth and spreads laterally below the crust. While spreading, it moves the 

overlying plate along with it. The molten magma then sinks back, completing a cyclical motion. The 

molten magma beneath the lithospheric plates is kept molten from the heat released from the 

radioactive decay in this region and from the residual heat coming from higher depths.  

The two basic processes that operate in movement of the plates are: 

 Ridge push

 Slab pull

The ridge push is the pushing movement along the mid-oceanic ridge where the magma is able to 

penetrate the lithosphere and hence, pushes the fractured plate laterally. 

Slab pull occurs along the trenches or subduction zones where the underlying plate moves down due to 

gravity and progressively pulls down the plate. 

Earlier, the tidal forces of the Sun and the Moon were also thought to be the driving force. However, 

their effects have not yet been clearly established.  

Different types of plate boundaries based on their nature of interaction are: 

Plate boundaries are designated based on the margins of interaction, such as ocean ocean, ocean-

continent and continent-continent. At these margins, the plates may collide, diverge or slide past each 

other. This gives rise to various types of plate boundaries: 

 Divergent boundaries- At these boundaries, plates pull away from each other and new crust is

generated at these places. For example, divergent boundaries in the Mid- Atlantic Ridge, where the

American plate is separated from Eurasian and African plates.

 Convergent Boundaries- At these boundaries, crust is destroyed as one plate dives under another at

the subduction zone. When two oceanic plates or a oceanic and continental plate converge, the

heavier oceanic plate is subducted and a trench is formed. In case of continent-continent collision,

fold mountains and plateaus are formed. This type of margin is characterised by intense folding and

faulting and frequent earthquakes.

 Transform boundaries- Where the crust is neither produced nor destroyed as the plates slides

horizontally past each other. Transform faults are the planes of separation generally perpendicular

to the mid oceanic ridges.
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17. Explain the role of river as a geomorphic agent with suitable examples of landforms formed during its

course of flow.

Approach: 

 Explain the role of running water as an agent of gradation.

 Discuss the role of river as a geomorphic agent in its different stages (youth, mature and old) with

suitable examples of various landforms formed by it.

Answer: 

Running water is the main agent of gradation and forms both erosional and depositional features. Most 

of the erosional landforms are associated with youthful stage of the rivers flowing over steep gradients. 

With time, stream channels over steep gradients turn gentler due to continued erosion, and as a 

consequence, lose their velocity, facilitating active deposition. A river can be divided into three courses– 

upper course, middle course and lower course. 

Erosional Landforms (Upper Course) 

 Valleys- Gorges, Canyon

o A gorge is a deep valley with very steep to straight sides. A gorge is almost equal in width at its

top as well as bottom and is formed in hard rocks.

o A canyon is characterized by steep step-like side

slopes and may be as deep as a gorge. Canyon is

wider at its top than at its bottom and is formed in

horizontal bedded sedimentary rocks.

 Potholes, Plunge pools

o Potholes are more or less circular depressions over

the rocky beds of hills streams formed due to

hydraulic and Erosional power of river stream.

o Plunge pools are nothing but large, deep potholes

commonly found at the foot of a waterfall.

 Incised or Entrenched Meanders

o They are very deep wide meanders (loop-like

channels) found cut in hard rocks.

 River Terraces

o They are surfaces marking old valley floor or flood

plains and are result of vertical erosion by the river

stream.

o When the terraces are of the same elevation on

either side of the river, they are called as paired

terraces.
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o When the terraces are seen only on one side with none on the other or one at quite a different

elevation on the other side, they are called as unpaired terraces. 

Depositional Landforms (Middle and Lower Course) 

 Alluvial Fans

o When the stream moves from the higher-level break into foot slope plain of low gradient, it

loses its energy needed to transport much of its load. Thus, they get dumped and spread as a

broad low to the high cone-shaped deposits called an alluvial fan. The deposits are not roughly

very well sorted.

 Deltas

o Deltas are like an alluvial fan but develop at a different location. They are found in the mouth of

the river, which is the final location of depositional activity of a river.

o Unlike alluvial fans, the deposits making up deltas are very well sorted with clear stratification.

 Flood Plains, Natural Levees

o A riverbed made of river deposits is the active flood plain and the flood plain above the bank of

the river is the inactive flood plain.

o Natural levees are found along the banks of large rivers. They are low, linear and parallel ridges

of coarse deposits along the banks of a river.

 Braided Channels

o When selective deposition of coarser materials causes the formation of a central bar, it diverts

the flow of river towards the banks, which increases lateral erosion. When more and more such

central bars are formed, braided channels are formed.

o Riverine Islands are the result of braided channels.

18. What is Community Based Disaster Management (CBDM)? Highlight its main principles, features and

significance for resilient disaster preparedness in India.

Approach: 

 Define community-based disaster management.

 Highlight its key features and significance for disaster preparedness.

 Give examples.

Answer: 

Community Based Disaster Management (CBDM) covers a broad range of interventions, activities, and 

programs to reduce disaster risks, which are primarily designed by people in at-risk localities and are 

based on their urgent needs and capacities. The Hyogo Declaration (2005) states the need to strengthen 

community level capacities to reduce disaster risk at the local level. 

Key principles 

 Multi stakeholders participation: The participation of other

stakeholders present in the area like NGOs/ CBOs/

community leaders, traders, line departments, elected

representatives, banks, etc. are also ensured.

 Participatory Approach with community as lead: Every

individual participates as per his or her perception about the

gaps and needs for resilience.

 Involvement of informed facilitators: An informed

facilitator brings all the stakeholders to a platform and helps

them to work in a coordinated manner to achieve the larger goal.

 Time and Resource budgeting: It is important that we follow a process and do it efficiently within a

given time frame and resources (human, physical and financial).

17 www.visionias.in ©Vision IAS 

https://telegram.me/UPSCMaterials
https://telegram.me/UPSCMaterials


 Forum for convergence: Convergence of government schemes and programs implemented by the

national and state governments is extremely crucial in the context of community disaster

management.

 Inclusive Approach: Women, children differently- abled and other disadvantaged groups of a

community have an important role to play in building resilience to disasters.

Features 

 Focus on local community: It recognizes the central role of the local community in disaster

management which also leads to inclusion of marginalized segments of the society in planning

stages.

 Decentralized, bottom-up and dynamic approach – The sharing of experiences, methodologies and

tools by communities and CBDM practitioners continues to enrich practice.

 Integrated approach: CBDM integrates

scientific and objective risk assessment

and planning with greater devolution of

decision making and implementation

processes to the community.

 Capacity development and Training: It

involves continuous capacity

development of various stakeholders for

strengthening CBDM processes.

Significance of CBDM for resilient disaster 

preparedness 

 Local solutions: CBDM promotes local solutions and leads to integration of traditional knowledge in

management strategy.

 Cost effective: Community members mobilize resources from within (mostly labor) and outside the

community makingcommunity disaster preparedness and mitigation cost effective

 First responder and Last stander: The community is the first line of responders as well as strives to

rebuild when all agencies leave.

 Strengthens social cohesion and cooperation: It builds confidence among individuals, households,

communities for any undertaking including disaster preparedness and mitigation.

 Improve resilience: Community based action plans and training improves community’s problem- 

solving skills which helps to achieve sustainability in CBDM

 Enhances accountability: The Disaster Risk Reduction Plan is in the hands of capable local people

who are able to follow it up with duty bearers and others.

Some successful examples of CBDM – Kathmandu Valley Earthquake Risk Management Project, 

Bangladesh Urban Disaster Mitigation Project. 

19. Differentiate between eustatic and isostatic type of sea-level changes. Also, discuss the resultant

landforms which are likely to be formed as a result of sea-level fluctuations.

Approach: 

 Start with defining the two given types of sea-level changes.

 Discuss the resultant landforms due to sea-level changes.

 Conclude.
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Answer: 

On a day to day basis, the sea level changes according to the tide but the sea level also changes 

throughout time for a variety of reasons. These reasons can be put into two categories, eustatic and 

isostatic change. 

 Eustatic Change

o Eustatic change is when the sea level changes due to an alteration in the volume of water in the

oceans or, alternatively, a change in the shape of an ocean basin and hence a change in the

amount of water the sea can hold. Eustatic change is always a global effect.

 Isostatic Change

o Isostatic sea level change is the result of movement of the land in relation to the sea in specific

areas and hence causes a local change in sea level. When the height of the land increases, the

sea level falls and when the height of the land decreases the sea level rises.

o For example- During ice age, isostatic change is caused by the build up of ice on the land. As

water is stored on the land in glaciers, the weight of the land increases and the land sinks

slightly, causing the sea level to rise slightly. When the ice melts at the end of an ice age, the

land begins to rise up again and the sea level falls.

Landforms formed due to sea-level changes 

Two types of coastal landforms are formed due to sea-level changes. These are: 

 Emergent Landforms

o They occur when isostatic rebound takes place faster than a eustatic rise in sea level. Put more

simply, the land’s height rises faster than the sea’s. They are marked by features of coastal

erosion and raised beaches.

 Submergent Landforms

o They form when the eustatic rise in sea level takes place faster than the isostatic rebound after

ice age. Basically, the water starts to flood the land and fills up landforms on the land. Some

landforms are:

 Ria: This is a river valley that’s been flooded by the eustatic rise in sea level.

 Fjord: These are steeper and deeper variants of raises that are relatively narrow for their size.

 Dalmatian coastline: When the valleys are flooded by the rise in sea level, the tops of the valleys

remain above the surface of the sea and appear to be a series of islands that run parallel to the

coastline.

20. Discuss the vulnerabilities of urban areas to disasters. What measures have been taken to minimise

the losses in such areas during disasters? What further improvements would you suggest to make

them more resilient?

Approach: 

● Introduce by highlighting the vulnerability of the urban areas to disasters.

● Bring out the measures taken to minimise the losses in such areas .

● Suggest other ways to improve the disaster resilience framework further.

Answer: 

There are two distinctly clear trends of a rapid urbanisation and an increasing frequency of disasters 

which have been observed in the 21st century. As number of people affected by disasters increase in the 

urban areas, it is clear that humanitarian responses will have to be increasingly mounted in complex 

urban environments. The socio-economic structural processes that accelerate rapid urbanization, 

population movement and population concentrations substantially increase disaster vulnerability of 

these areas.  
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World Bank estimates suggest that by 2050, urban population exposed to cyclones will increase from 

310 million to 680 million while exposure to major earthquake will increase from 370 million to 870 

million. World Economic Forum has also identified urban planning failures as a distinct risk factor. 

The following features highlight the vulnerability of urban areas to disasters: 

 High population density areas, especially those where new migrants reside, are characterised by

poor quality buildings. Collapse of these structures, naturally due to earthquake or otherwise, can

lead to substantial loss of life and property.

 Increasing concretisation prevents discharge of water to the ground, increasing the risks and

frequency of floods. Disappearance of water bodies also increases the vulnerability.

 Industrial and/or chemical disasters such as Bhopal gas leak of 1984 or bursting of gas pipes can also

cause irreparable damage to communities.

Various measures have been taken to minimize the losses in such areas through improved resilience: 

 Surveying and retrofitting of old buildings

 Adopting targets under SDGs and objectives of Sendai Framework: such as significantly reducing

the number of deaths and the number of people affected and substantially decrease the direct

economic losses caused by disasters by 2030, supporting least developed countries in building

sustainable and resilient buildings utilizing local materials etc.

 New Urban Agenda: to achieve a sustainable, equitable, safe, inclusive and resilient future for all

people in all cities

 Schemes such as Smart Cities, AMRUT, PM Awas Yojana could play a leading role in building

resilience in the identified cities.

 Adoption of building codes which incorporate resilience to hazards.

However, some more suggestions towards a more proactive approach includes: 

 Investment and public regulation, e.g. enforcing safety enhancing regulations including building

codes, zoning and land use planning rules.

 Arranging for alternate finance: e.g. through natural disaster bonds or urban/municipal bonds

which raise money specifically for this purpose.

 Resilient infrastructure development, e.g. earthquake resistant infrastructure development.

 Understand and Strengthen Societal Capacity for Resilience: Integrate disaster risk reduction and

resilience into formal education and other orientation programmes

 Risk transfer, e.g. a cross-subsidized insurance scheme which provides poor households with

catastrophe insurance cover.

 Effective risk governance, e.g. integrating disaster risk reduction into city regulations, making it an

integral part of local development.

 Preparing contingency plan: Contingency plans must also be in place in case of damage, disruption

or failure of infrastructure during a disaster.

These initiatives will also need to be integrated and linked to forecasting, prevention and mitigation of 

natural disasters. Resilient urban development goes hand in hand with poverty and inequality reduction, 

environmental management and climate change adaptation.  
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