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Shaping of the Earth’s
Surface

Chapter 2: Theme II: Shaping of The Earth's Surface

The Earth is a dynamic planet, constantly shaped by forces both from within and on its surface.
Understanding the theory of plate tectonics provides a foundation for exploring how the Earth's lithosphere
is divided into large, moving plates whose interactions cause earthquakes, volcanic activity, and the
formation of mountains and ocean basins. Beneath the surface, the interior of the Earth-comprising the
crust, mantle, outer core, and inner core-plays a crucial role in driving these tectonic movements through
processes like mantle convection.

On the Earth's surface, external forces continuously reshape the landscape. Weathering breaks down rocks
into smaller particles, while erosion and agents of gradation such as rivers, waves, and ocean currents,
wind, glaciers, and underground water transport these materials, forming diverse landforms. Rivers carve
valleys, glaciers sculpt mountains, and wind shapes deserts, illustrating the intricate relationship between
these natural forces and the landforms they create.

Plate Tectonics :
Plate tectonics is one of the most important scientific theories in Earth science, explaining how the Earth's
surface is constantly changing over time. It describes the movement of large pieces of the Earth's outer

layer, known as tectonic plates, which moves horizontally over the asthenosphere. These moving plates
interact with one another, causing natural phenomena such as earthquakes, volcanic eruptions, mountain
formation, and the creation of ocean basins. The theory of plate tectonics combines earlier ideas like
continental drift and seafloor spreading to provide a clear understanding of how the Earth's crust has
evolved for millions of years. Through this theory, scientists can better understand the dynamic nature of
our planet and the forces that continue to shape it.

Theory of Plate Tectonics :
The theory of plate tectonics explains that the Earth's outer layer, called the lithosphere, is divided into large
and small plates that move over the semi-fluid layer beneath them, known as the asthenosphere. This theory

developed from earlier ideas and includes several related concepts. One of the earliest ideas is the
Continental Drift Theory, proposed by Alfred Wegener in 1912. He suggested that all continents were once
joined together in a single landmass called Pangaea and later drifted apart. Although he provided evidence
such as matching coastlines, fossils, and rock formations, he could not explain the mechanism behind the
movement.

Later, the Seafloor Spreading Theory, proposed by Harry Hess and Robert S. Dietz in the 1950s, provided
the missing mechanism. According to this theory, new oceanic crust is formed at mid-ocean ridges due to
volcanic activity. As magma rises and solidifies, it pushes the older crust away from the ridge, causing the
seafloor to spread. This explained how continents could move over time and was supported by evidence
such as magnetic striping on the ocean floor.

Another important concept is the theory of Convection Currents in the mantle. Scientists believe that heat
from the Earth's core creates convection currents in the mantle, which drive the movement of tectonic
plates. As hot material rises and cooler material sinks, it creates a circular motion that pushes and pulls the
plates above it.

Finally, the modern Plate Tectonic Theory combines all these ideas. It explains the movement of both
continental and oceanic plates and describes different types of plate boundaries; divergent (plates move
apart), convergent (plates collide), and transform (plates slide past each other). This comprehensive theory
helps explain earthquakes, volcanic activity, mountain formation, and ocean trench formation, making it
one of the most important theories in geology.
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Distribution of major tectonics plates
Interior of the earth :

Our earth has a layered structure comprising the Crust, Mantle and Core. The solid outer covering of the
earth which envelopes its interior portion is called the crust. Its average thickness varies from 5 to 40
kilometres. However, the thickness of this layer is not uniform everywhere. It is thicker under the
continents and thinner under the oceans. The crust is made up of a great variety of rocks. It is the most
important shell of the earth as it sustains life. It includes all the continents and islands, etc. It is also under
the seas. It is always undergoing changes. In between the crust and the mantle, there is the mantle or a
thicker layer of rocks whose average thickness is about 2,900km. Its density increases with the increase in
its depth. The crust is separated from the mantle by a boundary, known as Mohorovicio Discontinuity
(named after the geologist Andrija Mohorovicic who discovered it). The mantle is divided into two sections
: the upper mantle and the lower mantle. The innermost shell is called the inner core. The core is about
3,500km thick. It is the densest layer and is made up of metals, so it is sometimes known as the metallic
core. The core is divided into twoparts : the outer core and the inner core. The outer core is mainly
composed of iron and it is in a liquid state. The inner core is composed of nickel and iron. Scientists feel
that because of the presence of these metals the earth acts like a magnet.

As we move towards the centre of the earth, the density of the different layers or shells goes on increasing.
Likewise, if one were to move down the earth's surface, there will be a rise in temperature at the rate of 1°C

for every 32 metres. As a result of extreme temperature, all rocks and metals in the inner core would melt.
However, it behaves like a solid because of the extremely high pressure of the outer shell.
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Role of weathering and erosion; agents of gradation-river, waves and currents, wind, glaciers, and
underground water

Various processes go on changing the surface of the earth constantly. Some of these processes like volcanic
activity and earthquakes work beneath the earth's crust, while there are some other processes like
weathering. erosion and mass movements etc. which are responsible for bringing about changes on the
surface of the earth. Humans also play an important part in bringing about certain changes on the surface of
the earth. Here, we shall deal with the external processes only, which play a vital role in modifying the
surface of the earth and help in the formation of soil.
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External Processes :

Natural processes which take place gradually on the surface of the earth are called external processes.

Weathering, erosion and mass movements are some such external processes.

Weathering :
The process by which the rocks exposed on the surface get broken into smaller pieces in situ (in the same

place) is known as weathering.

Factors Influencing the Weathering Process

There are many factors which influence the breaking of rocks into pieces. The first is the change in temperature
and pressure. The continuous heating and cooling of rocks makes them break apart. The second is the action of
water. Water collects in cracks and pores of rocks. When the temperature falls, it freezes and expands. This
widens the cracks. This goes on for many years till the rocks disintegrate into pieces. The air loaded with sand

also works like sandpaper striking against the rock; especially when it takes the shape of a storm, it abrades rock
surfaces and as a consequence the rock gets broken into small pieces. Sometimes seeds get deposited in small
holes in rocks by, animals, wind or water. The roots of plants, when they go deep into the cracks of the rocks,
also break them into pieces. Lastly, animals and humans also break rocks into pieces by their mechanical actions.

An efiect of weathering and erosion

Major types of Weathering :

There are mainly three types of weathering-physical weathering, chemical weathering and biological

weathering.

1.

Physical Weathering : When disintegration of rocks takes place without any change in their chemical
composition, it is called physical weathering. It takes place in many ways. Sometimes it is the change in
temperature which leads to breaking up of rocks. The outer layers of the rocks expand when they are heated
by the sun during the day-time. At night the temperature falls quickly and the outer layers of the rocks
contract. As a result, the outer parts of rocks are loosened and they break away apart from the main rock.
This peeling of the outer layers of the rocks is called exfoliation which is quite common in granitic rocks.
Sometimes in cold lands, water in the cracks of rocks freezes and expands. Contraction takes place
when the ice melts. As described above, this alternative expansion and contraction leads to the
development of cracks in the rocks. If water enters these cracks, it may freeze into ice and exert great
force. As a result the cracks are widened and ultimately the rocks break into pieces. This is called frost-
action.

Chemical Weathering : Due to chemical reaction of water or air certain portions of rocks are dissolved
producing interesting features like cavities, sinkholes and cavems etc. It is called chemical weathering.
Some of the soluble minerals like rock-salt, limestone, sandstone are dissolved into water and they are
removed from their original place. The gaps that develop, make the rocks tumble and disintegrate
because of their own heavy weight.

Biological Weathering : Animals and plants also play an important role in the breaking up of rocks.
Because of pressure and heat they decay and loosen the rocks. Plants grow in rocks. Their roots cause
cracks in the rocks and break them. The roots of the plants also produce acidic juices which cut into the
rock-material and slowly break the rocks. Sometimes burrowing animals like rabbits and rats and even
human beings also contribute to this process.
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Erosion :
The act of carrying away the weathered particles from one place to the other is called erosion. Rivers,
rainwater, glaciers, waves and winds carry away the weathered particles from place to place. Like
weathering. erosion also takes place almost everywhere and all the times. Sometimes the process of erosion
is slow while at other times it is more prominent.

The rate and ratio of erosion depends upon many factors such as (i) Rainfall at a place; (ii) Temperature;
(iii) Slope of the land; (iv) Type of the soil; (v) Presence of vegetation cover and (vi) Change in the land use
pattern.

The processes of weathering and erosion have been continuing over millions and millions of years. They
have changed the shape of mountains, hills, plateaus and plains. It is said that where the Great Himalayas
now stand there was once a deep sea called "Tethys".

Mass Movements :
Mass movements also bring changes in the earth's surface. They are caused by gravity which pulls all

materials downwards. Such movements are quite common in mountainous regions such as Uttarakhand,
Himachal Pradesh and Jammu and Kashmir, where loose rock masses slide down the slope, causing
environmental hazards, loss to human lives and property alike.

Landslides, earth flows and mud flows are all linked with mass movements. Depending upon the size of the
rocks, the amount of water and the steepness of the slopes, the mass movements have been divided into
different types. Quite often, when dry soil and rock pieces move down a steep slope, it is known as
landslide.

When, on the other hand, rock materials like clay and silt, saturated with water, move down a gentle slope,
it is called an earth flow.

When water-saturated rock debris move down the channels on steep hill sides, it is called a mud-flow.

Agents of Denudation :

Now that we have learnt about the different processes which bring about changes on the surface of the
earth, let us now learn about the different agents of denudation which bring about changes on the face of the
land.

Denudation literally means making nude or bare. The different agents of denudation are the following :

1. Rivers 2. Rain water 3. Ice or Glaciers 4. Sea waves 5. Winds.

1. Rivers : On their normal course from mountains to the sea, the rivers transport huge quantities of
broken rocks to the lowlands. They also erode land into gorges and valleys, etc.

2. Rainwater : When rain falls, some of the water seeps underground through fissures or pores in the
rocks. Man has been using the underground water from time immemorial by digging wells. In the hilly
areas this underground water may reappear as springs. In regions having soluble rocks like limestone or
salt, the seepage of the underground water creates caves and other landscape features.

3. Ice or Glaciers : The moving mass of ice on the mountains is known as glaciers. When they melt away
along their edges they give birth to rivers. The movement of the glaciers erodes the V-shaped river
valley into the U-shaped valley.

4. Seawaves : The action of seawaves causes erosion of the coast. They also deposit material along the
shore when they recede. Therefore, the work of waves comprises crosion, transportation and deposition.
We shall read about the action of the waves in more detail in the next chapter

5. Winds : Wind-action is most significant in desert areas such as thar desert in Rajasthan and Sahara in
Africa where winds can remove dry particles of dust or sand from the surface very easily.

Role of Man in Changing the Land Surface :
Besides the above forces, man also plays a vital role in changing the land surfaces. He is responsible for the
degradation of land in a number of ways.

e By cutting the trees indiscriminately, he turns the land into wasteland. If there are no trees then there
are no rains and if there are no rains, the land is automatically degraded.

e Indiscriminate building activities not only swallow the land but they also render the surrounding land
degraded.
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The dirty and poisonous effluents from factories which go on collecting in the surrounding arcas
completely degrade lands and render them waste.
Not only this, the dumping of city waste on any land completely leads to its degradation.

Work of the River as an Agent of Erosion and Deposition

In view of the change in the water supply and slope of land along the path of the river, the river course is
usually divided into three stages which are known as :

(1) The Upper Course or the Mountain Stage.

(2) The Middle Course or the Plain Stage.

(3) The Lower Course or the Delta Stage.
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The Upper Course or the Mountain Stage : In this stage, as the slope of the land is generally very
steep, the water of the river rushes down with a great speed. Consequently the river not only erodes its
sides and bed but also carries stones and fragments of rocks with it. In this way the river is busy, in its
upper course, in erosion and transportation. By eroding its sides and bed it develops gorges, V-shaped
valleys, waterfalls and rapids, etc.

When the river flows through an area made up of hard rocks, it makes a narrow valley with steep walls.
Such a narrow valley with steep walls is called a gorge.

(1) Sometimes a river flows through an area of soft rocks and heavy rainfall. In such a case the sides of
the river are easily eroded, thereby making sufficiently widened valleys. Such valleys are called V-
shaped valleys.

(i) Sometimes the bed of a river is both sloping and rocky with many up and down curves. Here the
river jumps over and falls downwards continuously, thereby making many rapids. The current of
the river water cannot easily cut down the hard valley bottom, otherwise rapids would have been
converted into waterfalls.

(ii1) In a waterfall, the top is rocky but under-layers are soft which the river can easily cut. But in case
of rapids both the top and valley bottom are rocky, so the rapids cannot gain height or depth. There
is no one deep fall as in the case of a waterfall. The water in a rapid jumps over and falls
downwards continuously. A series of rapids, big or small, are called cascades. Naturally, in this
stage the river is not at all useful for navigational purposes. The main work of the river during the
upper stage is nothing but erosion and transportation.

The Middle Course or the Plain Stage : In this stage the slope is not so steep. It becomes quite
gradual, so the river slows down and becomes fit both for navigation and irrigation. The river, when it
overflows its bank, deposits the alluvial sediments, which it brings from the mountains, on both the
sides. Thus are formed the flood plains which are often level and very fertile. When the course of a
river lies in the flat plain, irregularities of the ground force the river to swing from side to side, thereby
making big loops. Such loops formed by the river in the flat plain are called meanders. As the river
assumes a useful posture during this stage, many towns grow up near its banks.

A

@
E':mﬂ-
Watarali

. Meander

Detta

Tribiitany Oubow Lake

looa Plan
Ried doarih

The Course of a River from its Source in the Mountains to its Mouth at the Sea

The Lower Course or the Delta Stage : This is the last stage of the river before it merges into the sea.
Its speed now slows down and it becomes quite difficult for it to carry the sediments it had brought with
it. So the deposition process begins with a rapid speed. The level of its bed rises and the river gets
divided into many channels called distributaries before it falls into the sea. Thus are formed the deltas
of the river which contain deposits of alluvium (or soil) and hence they are very fertile.
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Comparison of Mountain Glaciers and Continental Glaciers :

Sometimes glaciers are divided into two kinds-Mountain Glaciers and Continental Glaciers.

Mountain Glaciers : They move down from the mountain tops along the valleys. They move slowly as
their movement is retarded by the valley floor. They melt away along their edges and thus give birth to
rivers. The rivers Ganga and Yamuna also rise as a result of such a melting of the mountain glaciers.
The movement of the mountain glaciers also erodes a V-shaped valley into a U-shaped valley.

Continental Glaciers : Glaciers which are comparatively bigger in size and slower in movement are called
continental glaciers. They occupy large areas exceeding thousands of square kilometres. They are thick
ice sheets covering the entire land surface. They generally occur in Polar Regions.

Landforms and disasters: earthquakes, landslides, avalanches, glacial lake outburst flood (glof) and
duststroms

Major Landforms of the Earth
The surface of the earth is neither even nor regular. It gives rise to several landforms such as mountains,

plateaus and plains, etc.

Mountains : A mountain is a high landmass with sharply sloping surfaces. It is considerably higher than

the surrounding areas. There is seldom a single mountain. They usually occur in chains or ranges
extending over hundreds of kilometres. The Pamir and the Himalayan ranges in Asia, the Alpine
mountain ranges in Europe, the Rockies in North America and the Andes in South America are some of
the important mountain ranges of the world.
Mountains differ in shapes and heights. Young mountains, like the Himalayas, are very high and have
pointed peaks. The Alps, the Andes and the Rockies are also young mountains. Old mountains, like the
Aravalli and the Appalachian, are low in height and have rounded tops. This is because of erosion by
wind and water for thousands of years.

There are three types of mountains : Fold Mountains, Block Mountains and Volcanic Mountains.

Fold Mountains are created due to the internal movements in the earth. As a result of the cooling and
contracting of the molten magma, the crust at several places becomes eroded and folds are made. The
elevated parts become mountains i.e., the fold mountains, and the intervening depressions become
valleys. The Himalayan Mountain in India, the Alps in Europe, the Appalachians in North America and
Ural Mountains in Russia are some examples of the fold mountains.

Block Mountains are created when large masses of land are broken and displaced vertically. The Rhine
valley and the Vosges mountain are example of such a system of the change of land- mass.

Volcanic Mountains are formed due to volcanic activity. Mt. Kilimanjaro in Africa and Mount
Fujiyama in Japan are some examples of volcanic mountains.

Life in the mountain regions, because of hard and rocky terrain, is very hard. It is difficult to construct
roads or lay railway lines in such areas. Moreover, climate in such areas is also very harsh. So, very few
people reside in mountain regions.

Plateaus : A plateau is a broad and more or less level stretch of upland that rises sharply above the
neighbouring lowland. It is also called a tableland. The surface of the plateau is not always smooth. It is
generally rugged and rocky. The Deccan Plateau in India extends over thousands of kilometres. The
Tibet Plateau is the highest in the world. It is, therefore, called 'the Roof of the World'. There are large
plateaus in Africa, Australia, Asia, North America and South America. The plateau land is generally
rich in mineral deposits. Like the mountain regions, life in the plateau regions is also very hard. Land is
not smooth, so it hinders the laying of roads, railways and canals. As such, these areas are also not
much populated.

Plains : A relatively flat and low-lying vast expanse of land is called a plain. While some plains are
extremely level, others may be rolling or undulating. Most of these plains are formed by major rivers
and their tributatries which have been bringing and depositing silt, stones and sand along their courses
for ages together. The Great Northern Plain of India is formed by the deposits brought by the river
Ganga and her tributaries. The Hwang-Ho Plain in China and the Nile Valley Plain in Egypt are also
formed by the rivers. Of all the landforms, plains are most suitable for human habitation. The plains
formed by river deposits are very fertile. That is why they are very thickly populated.
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Disaster :

Natural disasters are powerful events caused by natural processes of the Earth that can lead to
widespread destruction, loss of life, and damage to the environment and property. These disasters occur
due to various geological and climatic factors and often strike without warning. Events such as
earthquakes, landslides, avalanches, glacial lake outburst floods (GLOFs), and dust storms are
examples of natural hazards that significantly affect both human settlements and natural ecosystems.
They may be triggered by tectonic movements, heavy rainfall, rapid snowmelt, climate change, or
strong winds, depending on the type of disaster.

Earthquakes result from sudden movements of the Earth's tectonic plates, causing the ground to shake
violently. Landslides and avalanches involve the rapid movement of soil, rocks, or snow down slopes,
often triggered by rainfall, earthquakes, or temperature changes. Glacial lake outburst floods occur
when water accumulated in glacial lakes is suddenly released due to the breaking of natural dams made
of ice or moraines. Dust storms, on the other hand, are caused by strong winds lifting large amounts of
dust and sand into the atmosphere, reducing visibility and affecting health and transportation.
Understanding these disasters is important for disaster preparedness, risk reduction, and effective
management. By studying their causes, impacts, and preventive measures, communities can better
protect lives and property while building resilience against future natural hazards.

Earthquakes :
Both the earth's surface and interior, as already studied earlier, are unstable. A sudden shaking of earth
is a result of this instability and sudden release of energy. An earthquake causes the trembling and thus
anything that stands on ground-buildings, trees, poles, dams-also begin to shake and tremble, depending
on the intensity of the earthquake.

Onset Type and Warning :
The earthquakes in themselves represent the energetic condition of our planet. Man has, however, not
yet been able to invent any such instrument that can predict the sudden outburst of this energy. Thus the
earthquake is regarded as a 'sudden-onset hazard'. Over 1 million earthquakes occur at any time of the
year in any part of the world including oceans (underwater earthquakes generate tsunamis). Of these
atleast four dozens are of serious types that can be described as highly hazardous to life and property of
the people. In some western countries and USA loud sirens have begun to be played as warning systems
against onset of earthquakes but only few prove correct.

Travel Time in Minutes

p 1 2 3 4 5 6 7 B 9 10 11 12
Distance in Thousand Kilometres

Time distance graphs are used in locating earthquake
epicenters and issuing warnings.
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Vulnerability :

Earthquake prone zones are today well marked in maps all over the world. Settlements along these
geological fault-lines are most vulnerable to :

earthquakes-landslides-floods on account of breach of river banks or dams.

Vulnerability depends on density of human settlements, soil and rock types (disintegrated rocks,
sedimentary rock strata, alluvial and windblown soil are more vulnerable to risks). A U.S. Geological
Survey publication has in recent years shown that Earthquake waves could shake a section of the crest 2000
metres thick.

Some recent space probes like those of Saturn and Mars in 2004 are said to have provided new insights to
scientists who are said to be close to determining the source of location and time of earthquakes. Radio stations,
television centres and newspapers may soon begin to announce this information alongwith weather charts.
Loosely built structures normally having no strength to withstand the shocks, wooden fixtures, heavy
mantle and roots are vulnerable to risk.

Geology of the area directly affects the intensity of the shock. Steepness of the slope makes an earthquake
shock more vulnerable.

Typical Effects :

Panic : Vibratory waves accompanying the earthquake cause panic among animals and humans alike. More
damage is done by the panic.

Physical damage : This includes collapse of buildings, cracks in ground, roads, bridges, walls, water tanks,
bunds, rivers and dams.

Public health : Hazards of disease on account of pollution of water bodies, breakdown of sewage and
sanitary pipes, heart failures and other conditions leading to epidemics.

Civic services and conveyances : Civic services like water pipes, sewers, electric connections, roads, etc.,
are disrupted. Transmission towers and transformers also collapse.

Disruption of economic activities : On account of widespread damage and destruction economic activities
of the people like farming, business, trade and services are severely affected. It becomes one of the major
factors in civic unrest.

Fire : Collapse or breakdown of containers, small or big, containing inflammable substances like gas,
petrol, kerosene, chemicals pose the dangers of major fire. Several times in the past in Japan, USA and
India major fires were caused by earthquakes. Tremors, heat and suffocation then cause further damage.
Main Mitigation Strategies : Structural Mitigation

Engineered structures : Engineered structures should be designed and built to withstand ground shaking.
Architectural and engineering inputs need to be put together to improve building design and construction
practice. Soil type must be analysed before construction. Structures must not be built on soft soil. Buildings
erected on soft soils are more likely to get damaged even if the earthquake is not strong in magnitude.
Similar problem is seen in alluvial plains and on the river banks. Heavy damages are sustained when ground
is soft.

Non-Structural Mitigation Measures

Public awareness and education : Even though it is still difficult to predict the exact place of occurrence
of an earthquake but geophysicists and other scientists have immense information available in respect of
time of actual shock as well as its intensity. This information should be made public over radio and
television and published in newspapers well in advance. The public awareness and education should also
include the following :

Real cause of earthquake and how earthquake waves are observed and recorded.

Do's and Dont's during the earthquake and thereafter.

Awareness about risks and geology of the area.

Sensitization of personnel engaged in relief work as well as construction of buildings like engineers,
architects, masons, doctors and other health personnel, government functionaries, bankers and financiers.
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Landslides :
A landslide is a sudden movement of masses of rock, earth or debris with a force of their own weight down

mountain slopes or river banks.

People who live in hilly terrains or along river banks experience landslides often. Landslides are generally
associated with mountain terrains. These also take place in areas where activities like surface excavation for
highways, buildings, fly-overs and bridges, underground railways, open pit mines take place. Recently,
there was a newsreport of landslide in china's mining areas.

Landslides are a major natural disaster in the Himalayas, Western Ghats and in the North Eastern region of
the country covered by Pooravanchal Mountains. They cause damage to life, property, crops almost
perenially. They also damage transportation and communication network, even causing long traffic jams.
Landslides are witnessed in floodplains during floods. Villages located near river banks often experience
landslide during floods. They, often damage crops, cultivable land and houses.

Main Mitigation Strategies : Structural Mitigation

Drainage corrections : During heavy rains, water infiltration into soils, debris, etc., is the most important
reason for landslides. Therefore, the natural and easiest way is to reduce water infiltration by allowing
excess water to drain off. Therefore, the first and foremost mitigation measure is drainage correction to
prevent water logging. This involves maintenance of natural drainage channels in vulnerable slopes of hills
and mountains.

Engineered structures : Buildings and other structures should be built as per engineering inputs.
Engineered structures with strong foundations can withstand the ground movement forces. Underground
installations such as pipes, cables, etc., should be fitted flexibly to withstand forces caused by the
landslides.

Retaining walls : Retaining walls should be built along a slope to withstand forces and to stop land from
slipping or sliding. These walls are visible along the roads at hill stations like Shimla.

Mitigation strategies in respect of earthquake related hazards need also be put into place. Earthquake related
hazards include landslides, floods, fires, diseases, panic, breakdown of essential services like electricity,
water, sewer services and even milk supplies. Earthquakes on land near the sea coasts may also trigger
secondary earthquakes under ocean water, called tsunamis, which may give rise to cyclones and storms.
Vital lifelines like roads, hospitals, electricity, telephone and water supply which may have been affected
and temporarily suspended should be restored immediately.

Building bylaws and codes : The Bureau of Indian Standards and the Indian Meteorological Department
have prepared a map showing earthquake prone zones of different intensities. This map need to be widely
publicised for avoiding construction of buildings in specified areas. It has also prescribed codes and
building bylaws. The public should be asked to follow these guidelines strictly. The authorities should also
vigorously follow zoning rules.

Vegetation cover : The easiest, cheapest and most effective way of arresting landslides is to increase
vegetation cover. This can be done through afforestation and avoiding grazing along the mountain slopes.
Plants, trees and grass help to bind the top layers of the soil with layers below. Vegetation cover also
prevents infiltration of water, and soil erosion. It also allows excess water to run off naturally and easily.
Non-Structural Mitigation :

Land-Use Practices : Land-use practices such as preserving and protecting natural vegetation should be
adopted. This can be achieved by putting a check/ban on deforestation, i.e., cutting off branches of trees for
fuel, timber and other purposes. Grazing of sheep and goats along the mountain slopes should be banned.
Denuded upper slopes must be reforested with suitable trees. Blockage of natural drainage should be
avoided while constructing roads, canals, building, etc.

Hazard Mapping : Hazard mapping should be taken up by Government agencies, NGOs and others to
locate and illustrate regions prone to landslides. This will help in avoiding construction of roads, buildings
and bridges in areas prone to landslides.

Awareness generation : Public awareness about the causes, effects, and areas prone to landslides is very
essential. Imminent danger of landslides should be forecasted so that people may take safety measures.
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Avalanches :

An avalanche is a sudden and rapid flow of snow, ice, and sometimes rocks down a mountain slope. It is
one of the most dangerous natural hazards in mountainous regions, especially in areas with heavy snowfall.
Avalanches can occur naturally or be triggered by human activities such as skiing, snowmobiling, or
construction. They pose serious risks to people, infrastructure. transportation routes, and the environment.
Understanding avalanches, their causes, and ways to reduce their impact is essential for protecting lives and
property in snow-covered mountainous areas.

Causes of Avalanches :

Avalanches occur when the layer of snow on a slope becomes unstable and collapses. Several factors

contribute to this instability:

1. Heavy Snowfall: A large amount of fresh snowfall in a short period increases the weight on existing
snow layers, making them unstable.

2. Weak Snow Layers: Snow accumulates in layers over time. If a weak layer forms beneath a heavier
layer, it can collapse and trigger an avalanche.

3. Temperature Changes: Rapid warming can cause snow to melt and lose its bonding strength, while
sudden cooling can create fragile layers within the snowpack.

4. Steep Slopes: Avalanches are most common on slopes between 30 and 45 degrees, where gravity can
easily pull the snow downward.

5. Human Activities: Skiers, mountaineers, vehicles, or construction activities can disturb the snowpack
and trigger avalanches.

6. Earthquakes or Vibrations: Natural vibrations from earthquakes or loud sounds may also initiate
avalanches in unstable snow conditions.

Strategies for Mitigation :

Although avalanches cannot be completely prevented, several measures can reduce their risk and impact:

1. Monitoring and Early Warning Systems: Regular observation of snow conditions, weather
forecasting, and avalanche prediction systems help warn people in advance.

2. Controlled Avalanches: Authorities sometimes deliberately trigger small avalanches using explosives
to prevent the buildup of large, dangerous snow masses.

3. Protective Structures: Construction of snow fences, retaining walls, avalanche barriers, and diversion
dams can protect roads, railways, and settlements.

4. Land Use Planning: Avoiding construction in high-risk avalanche zones reduces exposure to danger.

5. Afforestation: Planting trees on mountain slopes helps stabilize snow and reduce the likelihood of
avalanches.

6. Public Awareness and Training: Educating people about avalanche risks, safety measures, and rescue
techniques (such as carrying avalanche beacons and probes) improves survival chances.

Glacial Lake Outburst Flood (GLOF) :
A Glacial Lake Outburst Flood (GLOF) is a sudden and massive release of water from a glacial lake. These

lakes are formed when melting glaciers accumulate water behind natural dams made of ice or loose rock
debris (moraines). GLOFs are among the most dangerous natural hazards in mountainous regions,
particularly in the Himalayas, Andes, and other glacierfed areas. When the natural dam holding the lake
water fails, enormous volumes of water rush downstream at high speed, causing severe flooding,
destruction of infrastructure, loss of life, and environmental damage. With rising global temperatures
accelerating glacier melt, the risk of GLOFs has increased in many parts of the world.

Causes of GLOFs :
GLOFs occur due to the sudden failure of natural dams that hold back glacial lakes. Several factors
contribute to this failure:
1. Melting of Glaciers: Climate change leads to rapid glacier melting, increasing the volume of water in
glacial lakes and raising pressure on the natural dam.
2. Weak Moraine Dams: Many glacial lakes are blocked by loose piles of rocks and debris (moraines),
which are unstable and prone to collapse.
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3. Ice Avalanches or Landslides: Falling ice, rocks, or landslides into the lake can create large waves
that overtop and breach the dam.

4. Earthquakes: Seismic activity can weaken or crack the natural dam, triggering sudden water release.

5. Heavy Rainfall or Rapid Snowmelt: Excess water from intense rainfall or sudden temperature rise
can increase water levels beyond the dam's capacity.

Strategies for Mitigation
Although GLOFs cannot always be prevented, their impact can be reduced through proper planning and
management:
1. Regular Monitoring and Risk Assessment: Satellite imagery, field surveys, and remote sensing
technologies help identify potentially dangerous glacial lakes and monitor water levels.
2. Early Warning Systems: Installing sensors and alarm systems downstream can alert communities in

case of sudden lake discharge.

3. Controlled Drainage: Engineering measures such as constructing drainage channels, tunnels, or siphon
systems can safely reduce water levels in high-risk lakes.

4. Strengthening Natural Dams: Reinforcing moraine dams with protective structures can reduce the
likelihood of sudden collapse.

5. Land Use Planning: Avoiding construction and settlement in flood-prone downstream areas minimizes
damage and loss.

6. Community Awareness and Preparedness: Educating local populations about evacuation routes and
emergency response plans improves safety and resilience.

Duststorms :

Duststorms are severe environmental disasters that occur when strong winds lift large amounts of dust and
sand from dry, bare soil into the atmosphere, reducing visibility and severely affecting human life,
agriculture, infrastructure, and the environment. They are most common in arid and semi-arid regions but
can also occur in areas experiencing drought or land degradation. Duststorms pose serious health risks,
including respiratory problems such as asthma, bronchitis, and eye infections, and they can disrupt
transportation by reducing visibility on roads and at airports. In addition, they damage crops, degrade soil
fertility, contaminate water sources, and contribute to air pollution and climate change by transporting fine
particles over long distances.

Causes of Duststorms :
The primary causes of duststorms are both natural and human-induced. Naturally, prolonged drought, high

temperatures, and strong winds create dry and loose soil conditions that make it easy for dust to be lifted
into the air. Sparse vegetation cover in desert regions also contributes to soil exposure. Human activities
such as deforestation, overgrazing, poor agricultural practices, urbanization, and excessive land clearing
further increase soil erosion and desertification, intensifying the frequency and severity of duststorms.
Climate change also plays a role by increasing temperatures and altering rainfall patterns, which can lead to
more frequent droughts and degraded land surfaces.

Mitigation Strategies :
To mitigate disasters associated with duststorms, a combination of environmental management and policy
measures is essential. Afforestation and reforestation programs should be promoted to stabilize soil and act

as windbreaks. Sustainable land management practices, including crop rotation, conservation tillage, and
controlled grazing, can help maintain soil structure and reduce erosion. Governments should implement
early warning systems and improve weather forecasting to alert communities in advance. Public awareness
campaigns can educate people about protective measures, such as staying indoors and using protective
masks during storms. Additionally, regional cooperation is important because duststorms often cross
national boundaries. By adopting sustainable environmental practices and strengthening disaster
preparedness strategies, the harmful impacts of duststorms can be significantly reduced.
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