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Unit 3: Atmosphere 

 

 

What is the atmosphere? 

Earth is a unique planet due to the presence of life. The air is one of the many necessary 

conditions for the existence of life on this planet. The air is a mixture of several gases and it 

encompasses the earth from all sides.  

The air surrounding the earth is called the atmosphere. It is a mixture of different gases. It 

contains life-giving gases like Oxygen for humans and animals and carbon dioxide for plants. 

It envelops the earth all around and is held in place by the gravity of the earth. The density of 

the atmosphere decreases outward, because the gravitational attraction of the planet, which 

pulls the gases and aerosols (microscopic suspended particles of dust, soot, smoke, or 

chemicals) inward, is greatest close to the surface.  

The atmosphere also helps in filtering the ultraviolet rays harmful to life and maintains the 

suitable temperature necessary for life. 

Generally, the atmosphere extends up to about 1600 km from the earth’s surface. However, 99 

% of the total mass of the atmosphere is confined to a height of 32 km from the earth’s surface. 

Composition of atmosphere 

The atmosphere is a mixture of different types of gases, water vapour and dust particles. The 

composition of the atmosphere is not static and it changes according to the time and place. 

Nitrogen and oxygen are the two main gases in the atmosphere and 99 per cent of the 

atmosphere is made up of these two gases. Other gases like argon, carbon dioxide, neon, 

helium, hydrogen, etc. form the remaining part of the atmosphere. The portion of the gases 

changes in the higher layers of the atmosphere in such a way that oxygen will be almost 

negligible quantity at the heights of 120 km. Similarly, carbon dioxide (and water vapour) is 

found only up to 90 km from the surface of the earth. 

 



Structure of the atmosphere 

The atmosphere can be divided into five layers according to the diversity of temperature and 

density. They are: 

 Troposphere: 0 to 12 km 

 Stratosphere: 12 to 50 km 

 Mesosphere: 50 to 80 km 

 Thermosphere (Ionosphere): 80 to 700 km 

 Exosphere: 700 to 10,000 km 

 

Troposphere 

 The troposphere is the closest to the Earth’s surface and contains water vapour (clouds), 

moisture, dust, etc. Most of the weather phenomena take place in Troposphere. 

 The height of this layer is about 18 km on the equator and 8 km on the poles. The 

thickness of the troposphere is greatest at the equator because the heat gets transported 

to great heights by strong convectional currents. 

 The air never remains static in this layer. Therefore this layer is called ‘changing sphere’ 

or troposphere. 

 The environmental temperature decreases with increasing height of the atmosphere. It 

decreases at the rate of 1 degree Celsius for every 165 m of height. This is called Normal 

Lapse Rate. 

 The tropopause is the transitional zone that separates Troposphere and Stratosphere. 

The air temperature at the tropopause is about – 80 degree Celsius over the equator and 

about – 45 degree Celsius over the poles. The temperature here is nearly constant, and 

hence, it is called the tropopause. 



Stratosphere 

 The stratosphere is the second-lowest layer of the Earth’s Atmosphere that goes up to 50 

km. 

 The temperature remains almost the same in the lower part of this layer up to the height 

of 20 km. After this, the temperature increases slowly with the increase in height.  

 The stratosphere contains Ozone (O3) Layer from approximately 20 to 30 km above the 

earth’s surface. It absorbs the ultraviolet rays (coming through the Sun rays) and protects 

life on the Earth. As the ultraviolet radiation absorbs in Stratosphere, therefore the 

temperature rises with increasing altitude. 

 Weather-related incidents do not take place in this layer. The air blows horizontally here. 

That is why this layer is considered ideal for flying off aircraft. 

 The Stratopause is the transitional zone that separates Stratosphere and Mesosphere. 

 

Mesosphere 

 It is the third layer of the atmosphere spreading over the stratosphere. 

 In this layer, the temperature starts decreasing with increasing altitude and reaches up 

to – 100 degree Celsius at the height of 80 km. 

 Meteors or falling stars occur in this layer. 

 The temperature in the Mesosphere decreases with increasing altitude. 

 Menopause is the transitional zone that separates Mesosphere and Thermosphere. 

Thermosphere 

 This layer is located between 80 and 400 km above the mesopause. 



 It contains electrically charged particles known as ions, and hence, it is known as 

the Ionosphere. 

 Radio waves transmitted from the earth are reflected the earth by this layer and due to 

this, radio broadcasting has become possible. 

 The temperature of the Thermosphere rises with increasing altitude. 

 Thermopause is the transitional zone that separates Thermosphere and Exosphere. 

Exosphere 

 The exosphere is the uppermost layer of the atmosphere. 

 Gases are very sparse in this sphere due to the lack of gravitational force. Therefore, the 

density of air is very less here.  

 Major constituents of the Exosphere are helium, hydrogen, nitrogen, oxygen, and 

carbon dioxide. 

 The phenomena of Aurora Borealis and Aurora Australis can be seen in the lower part 

of the Exosphere (merged with the upper part of the Thermosphere). 

 The Satellite (orbiting the Earth) is normally placed in the Exosphere 

 

Weather and Climate 

The main difference between these two terms is the duration, where the weather is the 

day-to-day or short term condition of the changes in the atmosphere, and climate is the 

averaged weather condition of a particular place over a long time, about 30 years. 

It is uncertain to say that whether the sudden change in the weather of any particular 

day was the effects of climate change, though the pattern changes can be predicted. 

Weather forecasting is observed by the Meteorological Department of any particular place, and 

the study is known as Meteorology and Climate is predicted by the Climate Prediction Centre 

and its study is known as Climatology. 

 

Definition of Weather: The weather is the set of conditions in the atmosphere in one 

location for a limited period. Although entire Earth’s is covered by only one atmosphere, the 

weather is not the same all around the place. The weather may variate over minutes, hours and 

days in different places of the world. 

The changes in the weather are mostly observed in the place that is closest to the ground known 

as Troposphere. The factors which are responsible for causing these changes temperature, 

humidity, direction, air pressure, etc. Nowadays, it’s very easy to predict the weather of a given 

time and location. 

People generally think of weather as a combination of temperature, humidity, precipitation, 

cloudiness, visibility, and wind. 



Definition of Climate: Climate conditions, describe larger areas- like countries, or any 

cities. It is the average of weather conditions over a long time and space. The record of the 

climate is also maintained by the respective centres of that particular place, like the hottest day, 

coldest day, or the amount rainfall, these records are used in predicting the climate of the 

upcoming time by comparing the records of the last few years. 

Different regions vary with the different climates and depend on the factors of weathers that 

have occurred over a long period at that particular place. Climate is observed on the averages 

of over 30 years. 

Climate predictions take a much longer-term view. E.g. Do these predictions try to answer 

questions like how much warmer will the Earth be 50 to 100 years from now? How much more 

precipitation will there be? How much will sea level rise?  

 

BASIS FOR 

COMPARISON 
WEATHER CLIMATE 

Meaning Weather is day-to-day 

information of the changes in the 

atmospheric condition in any 

area. 

Climate is statistical weather 

information that provides information 

about the average weather condition 

of a particular place over a long 

period. 

Duration 

 

The short term atmospheric 

condition of any place is the 

weather, which may vary by 

time-to-time. 

The long term average weather 

atmospheric condition of a place or 

country is the climate. 

Affected By 

 

Weather is affected by 

temperature, pressure, humidity, 

cloudiness, wind, precipitation, 

rain, flooding, ice storms, etc. 

The climate is the long term 

observations of the atmospheric 

conditions at any location like 

humidity, temperature, the sunshine, 

wind, etc. 

It affects the The weather may affect the day-

to-day occupation, and it may 

hamper transportation services, 

agriculture, etc. 

Climate significantly affects 

agriculture, industries, the livelihood 

of the peoples. 



BASIS FOR 

COMPARISON 
WEATHER CLIMATE 

Changes observed The changes in the weather 

condition can be observed very 

frequently. 

The changes in climate take a longer 

time to change. 

 

Elements of Climate 

Many elements makeup both the weather and the climate of a geographical location. The most 

significant of these elements are Solar radiation, temperature, atmospheric pressure, wind, 

humidity, precipitation, ocean currents and topography. The greatest influence of climatic 

change is associated with not only natural but also artificial factors, which can be measured in 

terms of both short-term and long-term climate change.  

1. Solar radiation: Solar radiation is the radiation or energy we get from the sun.  It is also 

known as short-wave radiation. Solar radiation is probably the most important element of 

climate. Solar radiation first and foremost heats the Earth's surface which in turn determines 

the temperature of the air above. The receipt of solar radiation drives evaporation, so long as 

there is water available.  

Heating of the air determines its stability, which affects cloud development and precipitation.  

Unequal heating of the Earth's surface creates pressure gradients that result in the wind. Every 

location on Earth receives sunlight at least part of the year. The amount of solar radiation that 

reaches any one spot on the Earth's surface varies according to Geographic location, Time of 

day, Season, Local landscape, Local weather.   

Solar radiation comes in many forms, such as visible light, radio waves, heat (infrared), x-rays, 

and ultraviolet rays. Measurements for solar radiation are higher on a clear, sunny day and 

usually low on cloudy days. When the sun is down, or heavy clouds are blocking the sun, solar 

radiation is measured at zero.  

2. Temperature: Temperature is a very important factor in determining the weather because it 

influences or controls other elements of the weather, such as precipitation, humidity, clouds 

and atmospheric pressure.  

 

3. Atmospheric pressure: Atmospheric pressure, also called barometric pressure, is the 

force per unit area exerted by the entire body of air above the specified area. In other words, it 

is a force in an area pushed against a surface by the weight of the atmosphere of Earth, a layer 

of air. The air is not distributed evenly around the globe. It moves, and at different times, the 

layer of air is thicker in some places than in others. Where the layer of air is thicker, there is 

more air. Since there is more air, there is higher pressure in that spot. Where the layer of air is 

thinner, there is lower atmospheric pressure. 



 

4. Winds: The horizontal movement of the atmosphere is called wind. The wind is the result 

of the horizontal differences in the air pressure. It can be felt only when it is in motion. It is the 

movement of air from high pressure to low pressure. The speed of the wind is determined by 

the difference between the high and low pressure. The greater the difference the faster the wind 

speed. The wind brings with it the temperature of the area it is coming from, therefore a high 

pressure in a warm region will make the temperature in the low-pressure area higher. As the 

wind speed increases, air moves more quickly and therefore removes warm air, making it feel 

colder than the actual temperature.  

5. Humidity:  Atmospheric moisture is the most important element of the atmosphere, which 

modifies the air temperature. Humidity is the ‘measurable amount of moisture in the air’ of the 

lower atmosphere.  

There are three types of humidity:  

a) Absolute humidity:  The total amount of water vapour present in per volume of air at a 

definite temperature.   

b) Relative humidity: Is the ratio of the water vapours present in the air having a definite volume 

at a specific temperature compared to the maximum water vapours that the air can hold without 

condensing at that given temperature.   

c) Specific humidity: It is defined as the ‘mass of water vapour in grams contained in a kilogram 

of air’ and it ‘represents the actual quantity of moisture present in a definite air’.   

The humidity element of weather makes the day feel hotter and can be used to predict coming 

storms. The humidity of climate is the prolonged moisture level of an area that can affect entire 

ecosystems.    

6. Precipitation: Precipitation is the term given to moisture that falls from the air to the ground. 

It includes snow, hail, sleet, drizzle, fog, mist and rain. As an element of weather, precipitation 

determines whether outdoor activities are suitable or if the water levels of lakes and rivers will 

rise.   

As an element of climate, precipitation is a long-term, predictable factor of a region's character.  

For instance, a desert may experience a storm (weather) though it remains a typically dry area 

(climate).  

7. Ocean Currents:  Ocean currents greatly affect the temperature and precipitation of a 

climate. Those climates bordering cold currents tend to be drier as the cold ocean water helps 

stabilize the air and inhibit cloud formation and precipitation. Air travelling over cold ocean 

currents lose energy to the water and thus moderate the temperature of nearby coastal locations.   

Air masses travelling over warm ocean currents promote instability and precipitation. 

Additionally, the warm ocean water keeps air temperatures somewhat warmer than locations 

just inland from the coast during the winter.  

8. Topography:  Topography affects the climate in a variety of ways. The orientation of 

mountains to the prevailing wind affects precipitation. Windward slopes, those facing into the 



wind, experience more precipitation due to orographic uplift of the air.  The other sides of the 

mountains are in the rain shadow and thus receive less precipitation. Air temperatures are 

affected by slope and orientation as slopes facing into the Sun will be warmer than those facing 

away. Temperature also decreases as one move toward higher elevations.     

 

Insolation 

Insolation is ‘solar radiation in the form of short waves, received in the Earth's atmosphere or 

at its surface’. It is also called as solar irradiation, solar exposure, solar insolation. The amount 

of insolation received on the earth’s surface is far less than that is radiated from the sun because 

of the small size of the earth and its distance from the sun. The insolation is absorbed by water 

vapour, dust and clouds, or is reflected by the Earth's surface and scattered by particles in the 

air. This reflection is called albedo. The albedo of an object is the extent to which it diffusely 

reflects light from the Sun. 

Reflected heat, in the form of long-wave radiation, is trapped in our atmosphere and keeps our 

planet warm. This is known as the natural greenhouse effect. 

 

During the earth’s revolution around the sun, the earth is farthest from the sun on 4th July. 

This position of the earth is called aphelion. On 3rd January, the earth is nearest to the sun. 

This position is called the perihelion. Due to this variation in the distance between the earth 

and the sun, the insolation received by the earth on 3rd January is slightly more than the amount 

received on 4th July.  

Factors influencing Insolation 

The amount of insolation received on the earth’s surface is not uniform everywhere. It varies 

according to the place and time. When the tropical regions receive maximum annual insolation, 



it gradually decreases towards the poles. Insolation is more in summers and less in winters. The 

major factors which influence the amount of insolation received are: 

 

 Rotation of the earth on its axis 

 The angle of incidence of the sun’s rays 

 Duration of the day 

 Transparency of the atmosphere 

 

Heat budget 

The heat budget or heat balance of the earth is the ‘balance between incoming and outgoing 

solar radiation’. The balance can be maintained, only if the amount of heat received in the form 

of insolation equals the amount lost by the earth in the form of radiation. If the balance is 

disturbed, then the earth would get progressively warmer or cooler with each passing year. 

Incoming solar energy varies at different times of the year and for different locations across the 

globe. 

Air Mass 

Air masses are large volumes of air which travel from one area to another. They are mostly 

uniform in temperature and moisture. Air masses can extend thousands of kilometres in any 

direction and can reach from ground level to the stratosphere into the atmosphere. 

Air masses form over large surfaces with uniform temperatures and humidity, called source 

regions. Low wind speeds let air remain stationary long enough to take on the features of the 

source region, such as heat or cold. When winds move air masses, they carry 

their weather conditions (heat or cold, dry or moist) from the source region to a new region. 

When the air mass reaches a new region, it might clash with another air mass that has a different 

temperature and humidity. This can create a severe storm. 

There are four major categories of air masses: arctic, tropical, polar and equatorial.  

 Arctic air masses form in the Arctic region and are very cold. As they are extremely 

dry, they have few clouds. 

 Tropical air masses in low-latitude areas and are moderately warm.  

 Polar air masses take shape in high-latitude regions and are cold.  

 Equatorial air masses develop near within 25 degrees latitude of the Equator and are 

warm. 

 

Air masses are also identified based on whether they form over land or water.  

 Maritime air masses form over the water and are humid.  

 Continental air masses form over land and are dry. 

 

 

 

 



Cyclones & Anti-cyclone  

A cyclone is a storm or system of winds that rotates around a centre of low atmospheric 

pressure. An anticyclone is a system of winds that rotates around a centre of high atmospheric 

pressure. Distinctive weather patterns tend to be associated with both cyclones and 

anticyclones. Cyclones (commonly known as lows) generally are indicators of rain, clouds, and 

other forms of bad weather. Anticyclones (commonly known as highs) are predictors of fair 

weather. 

Winds in a cyclone blow counterclockwise in 

the Northern Hemisphere and clockwise in the 

Southern Hemisphere. Winds in an 

anticyclone blow just the opposite.  

Vertical air movements are associated with 

both cyclones and anticyclones. In cyclones, 

the air close to the ground is forced inward 

toward the centre of the cyclone, where 

pressure is lowest. It then begins to rise 

upward, expanding and cooling in the process. 

This cooling increases the humidity of the rising air, which results in cloudiness and high 

humidity in the cyclone. 

In anticyclones, the situation is reversed. Air 

at the centre of an anticyclone is forced 

away from the high pressure that occurs 

there. That air is replaced in the centre by a 

downward draft of air from higher altitudes. 

As this air moves downward, it is 

compressed and warmed. This warming 

reduces the humidity of the descending air, 

which results in a few clouds and low 

humidity in the anticyclone. 

Hurricanes and typhoons: Cyclones that form over warm tropical oceans are called tropical 

cyclones. A tropical cyclone that drastically increases in intensity is known as a hurricane when 

it occurs in the Atlantic Ocean or adjacent seas. To be classified as a hurricane, a tropical 

cyclone must produce winds over 119 kilometres per hour. Hurricanes usually generate off the 

coast of West Africa and move westward toward Central America and the eastern United States. 

In the western Pacific Ocean and adjacent seas, a hurricane is known as a typhoon. 
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OCEANS



• The oceans and their marginal seas
cover nearly 71% of Earth’s surface.

• Oceans contain 97.25% of the total
water available on this planate.

• Earth possesses one “world ocean.”
However, those conducting oceanic
research generally recognize the
existence of five major oceans:
the Pacific, Atlantic, Indian, Antarctic
and Arctic oceans.



Location of Oceans



Location of Oceans 



Some Statistics .. 

Area
(1,000,000 km²)

Volume
(1,000,000 km³)

Average Depth
(m)

Maximum Depth
(m)

Atlantic Ocean 82.4 323.6 3926 9200

Pacific Ocean 165.2 707.6 4282 11,022

Indian Ocean 73.4 291.0 3963 7460

Arctic Ocean 14.1 17.0 1205 4300



Pacific Ocean

• The Pacific Ocean is the largest of the oceans covering around
one third of the Earth's surface. With the expanse of about 63.8
million square miles (165.25 million square km), Pacific Ocean
has double the area and more than double the water volume of
the Atlantic Ocean. This area is also more than the whole land
surface of the globe. It separates Asia and Australia from North
and South America.

• The eastern boundary of the Pacific is associated with
the American cordilleran system, which stretches from Alaska in
the north to Tierra del Fuego in the south. The western, or
Asiatic, coastal boundary, has Asian continent at north and
Australia, New Zealand and other islands at south.

• In the Northern Hemisphere, the Pacific Ocean meets the Arctic
Ocean in the Bering Sea. In the Southern Hemisphere, the
Pacific and Atlantic mix in the relatively narrow Drake
Passage between Tierra del Fuego in South America and Graham
Land in Antarctica.

• The Mariana Trench lies within the Pacific Ocean, which is the
deepest place in the world at 35,797 feet under the ocean.



Atlantic Ocean

• The Atlantic Ocean is the world's second largest ocean. It
separates It covers approximately one-fifth
of Earth’s surface and separates Europe and Africa from
North and South America.

• The Atlantic is, generally speaking, S-shaped and narrow in
relation to its length. The area of the Atlantic without its
dependent seas is approximately 82,440,000 square km, and
with them its area is about 106,460,000 square km. It has an
average depth (with its seas) of 10,925 feet (3,300 metres)
and a maximum depth of 27,493 feet (8,380 metres) in
the Puerto Rico Trench, north of the island of Puerto Rico.

• Many years ago some people thought the Earth was flat and
that ships would just fall off the Earth somewhere out in the
Atlantic Ocean. Columbus proved them wrong by sailing
across the Atlantic and discovering the Americas.



Indian Ocean

• The Indian Ocean is the third largest ocean in the world,

covering approximately one-fifth of the total ocean area of the

world. It is the warmest ocean in the world.

• It lies south of Asia, and India, and separates East Africa from

Australia. It stretches for more than 6,200 miles (10,000 km)

between the southern tips of Africa and Australia.

• The Indian Ocean is bounded by Iran, Pakistan, India,

and Bangladesh to the north; the Malay Peninsula, the Sunda

Islands of Indonesia, and Australia to the east; Antarctica to

the south; and Africa and the Arabian Peninsula to the west. In

the south-west it joins the Atlantic Ocean south of the southern

tip of Africa, and to the east and southeast its waters mingle

with those of the Pacific Ocean.



Antarctic Ocean

• Antarctic Ocean, also called as Southern
Ocean is the fourth largest ocean. It is located
at the the southern part of the Earth
surrounding Antarctica.

• Unbroken by any other continental landmass,
the Southern Ocean’s narrowest constriction is
the Drake Passage, 600 miles (about 1,000 km)
wide, between South America and the tip of
the Antarctic Peninsula.



Arctic Ocean

• The Arctic Ocean is in the northern part of the Earth,
primarily around the North Pole. It is the smallest and
shallowest of the world's oceans. The Arctic Ocean and its
marginal seas -the Chukchi, East Siberian, Laptev, Kara,
Barents, White, Greenland, Beaufort, Bering and Norwegian
seas—are the least-known basins and bodies of water in the
world ocean as a result of their remoteness, hostile weather,
and perennial or seasonal ice cover.

• A lot of fresh water enters the Arctic from melting ice. For a
good part of the year much of the Arctic is covered in ice

• Although the Arctic Ocean is by far the smallest of
the Earth’s oceans, it is five times larger than that of the
largest sea, the Mediterranean. The deepest sounding obtained
in Arctic waters is 18,050 feet (5,502 metres), but the average
depth is only 3,240 feet (987 metres).


































