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UNIT – 1 : COMPOSITION AND STRUCTURE OF ATMOSPHERE 

 

 

 

Objectives 
 

After completion of this unit, you should be able to: 

 Have basic understanding of atmosphere, properties and significance. 

 Understand the composition of atmosphere. 

 Have an in depth understanding of different characteristics of different 

layers of the atmosphere. 

 To have idea about importance of atmosphere and specifically green 

house effect..  

 

 

STRUCTURE 
 

1.0 Introduction 

1.1 Meaning of Atmosphere 

1.2 Atmospheric Composition 

1.3 Atmospheric Structure 

 1.3.1 Troposphere 

1.3.2 Stratosphere 

 1.3.3 Mesosphere 

 1.3.4 Thermosphere 

 1.3.5 Exosphere 

1.4 Layers of Atmosphere based on Composition of Constituents 

1.5 Importance of atmosphere 

 1.6 Let Us Sum Up 

1.7 Key Words 

1.8 References 
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1.0 INTRODUCTION 

 

The earth is only dynamic planet where life supporting exists. The mixtures of air 

with some impurities are known as atmosphere. It is encompassing the earth from all 

sides are constantly exchanging energy and matter with other component of earth like 

lithosphere, hydrosphere and biosphere making a suitable temperature necessary for 

life. This thin layer has its own influence on various natural processes making it to 

function harmoniously. The interaction between sun‘s energy, earth‘s motion and 

invisible atmosphere are producing infinite variety of weather, which are creation 

behind global climate. The weather phenomena are influencing our everyday life i.e. 

health, activities, comfort and development. Life supporting system on earth strongly 

depends upon abrupt changes in weather and on oscillation of climate. Thus, earth 

atmosphere is integral part of earth system protecting plant and animals from harmful 

ultra violet radiation and also maintain a suitable temperature for sustenance of living 

beings. Further, imagination of life without atmosphere is not possible. The objective 

of the unit is to understand the composition and structure of atmosphere and carbon 

cyclic process.    

1.1 MEANING OF ATMOSPHERE 

 

The word atmosphere is derived from Greek ἀτμός (atmos), meaning 'vapour', and 

συαῖρα (sphaira), meaning 'sphere. It is mixture of gas and impurities surrounding 

earth with help of gravitational force. It is pulled away from earth system because a 

vacuum exists in harsh condition of space shown in Fig. 1. 

 

The atmosphere is subset of air because it composed of solely of gas. The air contains 

not only gas but also aerosols – solid and liquid particles suspended above and too 

light to pull download for gravitation force. Further, the mass of atmosphere is light 

compared to solid earth and oceans.  

 

Components of Earth Total Mass 

Solid Earth 6 x 10
24

 kg 

Oceans 1.4 x 10
21

 kg 

Atmosphere 5 x 10
18

 kg 

Fig. 1.1  Atmosphere surrounding earth Systems  

 

 



Odisha State Open University, Sambalpur  Page 3 
 

 

 

Source: http://clccharter.org/gabe1/Weather/Layers/Layersofspace.html 

The atmosphere is an extremely complex entity and must view simultaneously on 

many levels both on three spatial dimensions and also temporarily. Further, there is a 

transfer on energy from areas of high concentration (Earth‘s lower atmosphere) to 

areas of lower concentration (outer space). Thus, atmosphere is place where a balance 

is achieved between downward directed gravitational force and upward directed force 

of buoyancy. This thin delicate zone plays important for life supporting system on 

earth.    

 

1.2 ATMOSPHERIC COMPOSITION 

 

The atmosphere is mixture of different gases and consists of nitrogen and oxygen as 

the primary constituents. Other secondary constituents are argon, carbon dioxide, 

hydrogen, neon, helium etc. The details of different gases are shown in table 1 below.  

Nitrogen 

Diatom nitrogen is about 78 % of the present volume of atmosphere and is in form of 

stable gas. The abundance of nitrogen has increased it‘s atmospheric volume because 

it is removed from atmosphere unlike other gases. The mean length of time a nitrogen 

molecule remains in atmosphere is believed to approximately 16.25 million years. It 

dilutes oxygen and prevents rapid burning at earth surface. Thus, nitrogen cannot be 

used directly from atmosphere. Further, nitrogen can be removed from the 

atmosphere and deposited at the Earth's surface mainly by specialized nitrogen fixing 

bacteria, and by way of lightning through precipitation. The added nitrogen to soils of 

earth surface are much needed nutrition for plant growth. Again, nitrogen returns to 

atmosphere through biomass combustion and denitrification. 
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Oxygen 

The next important and abundant gas in present day atmosphere is oxygen comprising 

approximately 21 % of atmospheric volume. It is the essential component of life 

supporting system on earth system. There is exchange of oxygen between atmosphere 

and life system through the process of photosynthesis and respiration.  

Table. 1.1   Amount of gases in the dry air of the atmosphere 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: Mackenzie, F.T. and J.A. Mackenzie (1995) Our changing planet. Prentice-

Hall, Upper Saddle River, NJ, p 288-307. (After Warneck, 1988; Anderson, 1989; 

Wayne, 1991.) 
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Photosynthesis produces oxygen when carbon dioxide and water are chemically 

converted into glucose with the help of sunlight. Respiration is  the opposite process 

of photosynthesis. In respiration, oxygen is combined with glucose to chemically 

release energy for metabolism. The products of this reaction are water and carbon 

dioxide.  

Argon 

The third most abundant gasses in earth‘s atmosphere is argon at .934% (9340 ppmv) 

of remaining 1 % of the atmosphere. It is more than twice as abundant as water vapor 

(which averages about 4000 ppmv, but varies greatly), 23 times as abundant as 

carbon dioxide (400 ppmv), and more than 500 times as abundant as neon (18 ppmv). 

Argon is the most abundant noble gas in Earth's crust, comprising 0.00015% of the 

crust. 

Carbon Dioxide 

The fourth most abundant gas in dry atmosphere is carbon dioxide representing 0.039 

% (390 ppmv). It plays a important role in maintaining the temperature of planet at a 

level of comfortable for life in its present form. The volume of carbon dioxide has 

increased over  35 %  in last three hundred years. This increase is primarily due to 

human induced burning from fossil fuels, deforestation, and other forms of land-use 

change. The human-caused increase in its concentration in the atmosphere has 

strengthened the greenhouse effect and has definitely contributed to global warming 

over the last 100 years. Earth early atmosphere contained far more carbon dioxide 

than present atmosphere. 

Water Vapor 

The most notable variable gas is water vapor which occupies as much 4 % of the 

lower atmosphere by volume. Water vapor present in the atmosphere has made life 

possible on the earth and the source of all kinds of precipitation. Further, higher 

percentages of water vapor are impossible in atmosphere because cloud formation 

and precipitation limits the amount present at any location. The highest 

concentrations of water vapor are found near the equator over the oceans and tropical 

rain forests. Cold polar areas and subtropical continental deserts are locations where 

the volume of water vapor can approach zero percent. Water vapour reaches in the 

atmosphere through evaporation and transpiration. Evaporation takes place in the 

oceans, seas, rivers, ponds and lakes while transpiration takes lace from the plants, 

trees and living beings. Thus, atmosphere is very efficient in ridding itself excessive 

water vapor. 
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Ozone Gas 

Ozone is very rare in our atmosphere, averaging about three molecules of ozone for 

every 10 million air molecules. In spite of this small amount, ozone plays a vital role 

in the atmosphere. It protects the living beings by absorbing the ultraviolet rays of the 

sun. If there was no ozone gas in the atmosphere, there would not have been existence 

of living beings and plants on the earth surface. 

Dust Particles 

Dust particles are generally found in the lower layers of the atmosphere. These 

particles are found in the form of sand, smoke and oceanic salt. Even though dust is a 

relatively small constituent of the atmosphere, it is very important to weather and 

climate:  Without dust particles, water vapor cannot condense or freeze to form fogs, 

clouds, and precipitation from clouds.  Water requires a surface on which to condense 

or freeze, which is what dust provides ―condensation nuclei." 
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GREEN HOUSE EFFECT 

While other planets in Earth's solar system are either scorching hot or bitterly cold, 

Earth's surface has relatively mild, stable temperatures. Earth enjoys these 

temperatures because of its atmosphere, which is the thin layer of gases that cloak and 

protect the planet. The greenhouse effect is a natural process that warms the Earth‘s 

surface. When the Sun‘s energy reaches the Earth‘s atmosphere, some of it is 

reflected back to space and the rest is absorbed and re-radiated by greenhouse gases. 

Greenhouse gases include water vapour, carbon dioxide, methane, nitrous oxide, 

ozone and some artificial chemicals such as chlorofluorocarbons (CFCs). The 

absorbed energy warms the atmosphere and the surface of the Earth. This process 

maintains the Earth‘s temperature at around 33 degrees Celsius warmer than it would 

otherwise be, allowing life on Earth to exist. Winter is a good opportunity to observe 

the greenhouse effect in action. It should be obvious that sunlight heats the earth: it 

gets hotter when the sun shines, and colder at night when it doesn't. On clear dry 

nights it can get very cold indeed, but if the sky is cloudy, or overcast, then it doesn't 

get so cold. This happens because clouds trap heat. The more clouds there are, the 

warmer it stays overnight. 

The problem we now face is that human activities – particularly burning fossil fuels 

(coal, oil and natural gas), agriculture and land clearing – are increasing the 

concentrations of greenhouse gases. This is the enhanced greenhouse effect, which is 

contributing to warming of the Earth. 
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1.3 ATMOSPHERIC STRUCTURE 

 

The atmosphere is integral part of earth system surrounded from all sides. Further it is 

divided into series layer based on thermal qualities (Fig) . Due to the force of gravity 

most of the earth's gases, in fact 99% can be found in the bottom 32km. The 

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

and density shown in Fig 1.2.   

a) Troposphere   d) Thermosphere/ Ionosphere 

b) Stratosphere   e) Exosphere 

c) Mesosphere  

Fig. 1.2 Vertical Structure of atmosphere 

 

1.3.1 TROPOSPHERE 

 

The term troposphere is derived from Greek word meaning ―to turn‖. This indicate 

that bottom most layer of atmosphere is a region in which mass is constantly 

overturning due thermo-dynamic (heat driven) processes. This layer also gets its 

name from the weather that is constantly changing and mixing up the gases in this 
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part of our atmosphere. The troposphere starts at Earth's surface and goes up to a 

height of 7 to 20 km (4 to 12 miles, or 23,000 to 65,000 feet) above sea level. 

However, its thickness varies with latitude: over the poles, only about 8 km; above 

the equator, it is about 16 km. Most of the mass (about 75-80%) of the atmosphere is 

in the troposphere. Almost all weather occurs within this layer. Most insolation passes 

through atmosphere before absorbed by earth surface. The heated earth surface then 

warm the air directly above through the process of conduction.  This gives lowest 

layer of atmosphere buoyancy and cause the air mass to rise in a process called as 

convection. Eventually the air cools and sinks. The uneven heating of the regions of 

the troposphere by the sun ( the sun warms the air at the equator more than the air at 

the poles) causes convection currents, large-scale patterns of winds that move heat 

and moisture around the globe. This vertical movement of air is integral to the 

development of the most weather related processes making troposphere as weather 

sphere.  Another very important characteristics of this layer is that temperature 

decreases with height in this layer. The rate of decrease of temperature with altitude is 

called, lapse rate. Average lapse rate in troposphere is -6.4 °C / km. The troposphere 

contains 99% of the water vapor in the atmosphere. Water vapor concentrations vary 

with latitudinal position (north to south). They are greatest above the tropics, where 

they might be as high as 3% and decrease toward the polar regions. Sometimes the 

temperature does not decrease with height in the troposphere, but increases. Such a 

situation is known as a temperature inversion. Temperature inversions limit or 

prevent the vertical mixing of air. Such atmospheric stability can lead to air pollution 

episodes with air pollutants emitted at ground level becoming trapped underneath the 

temperature inversion. The Tropopause is a thin band located at the top of the 

troposphere that separates the troposphere from the stratosphere. The temperature 

remains fairly constant here. It is within the tropopause that we find the jet stream. 

 

1.3.2 STRATOSPHERE 

 

The layer above troposphere is called as Stratosphere. The bottom of the stratosphere 

is around 10 km (6.2 miles or about 33,000 feet) above the ground at middle latitudes. 

The top of the stratosphere occurs at an altitude of 50 km (31 miles). The height of 

the bottom of the stratosphere varies with latitude and with the seasons. The lower 

boundary of the stratosphere can be as high as 20 km (12 miles or 65,000 feet) near 

the equator and as low as 7 km (4 miles or 23,000 feet) at the poles in winter. The 

lower boundary of the stratosphere is called the tropopause; the upper boundary is 

called the stratopause. 

Ozonosphere, a very important layer is found within this stratosphere. Ozone, an 

unusual type of oxygen molecule that is relatively abundant in the stratosphere, heats 

this layer as it absorbs energy from incoming ultraviolet radiation from the Sun. 
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Temperatures rise as one moves upward through the stratosphere. This is exactly the 

opposite of the behavior in the troposphere in which we live, where temperatures drop 

with increasing altitude. Because of this temperature stratification, there is little 

convection and mixing in the stratosphere, so the layers of air there are quite stable. 

The distribution and characteristics of ozone is shown in Fig. 1.3.  

Stratosphere is a calm layer consisting of relatively clean air. Water vapor in this 

layer is almost absent, and hence clouds will not form in this layer. In this layer, 

temperature increases with height; just opposite to that in troposphere. This 

temperature increase with height prevents the vertical winds. Only horizontal winds 

are seen. These horizontal winds flow almost always parallel to the earth‘s surface. 

Absence of vertical winds and the existence of horizontal winds parallel to earth‘s 

surface result in relatively calm atmosphere (absence of turbulence). This ensures 

smooth travel for fights. Absence of clouds also provide with good visibility for 

pilots. All the above features led to the operation of jet air planes in this layer. Due to 

the lack of vertical convection in the stratosphere, materials that get into the 

stratosphere can stay there for long times. Such is the case for the ozone-destroying 

chemicals called CFCs (chlorofluorocarbons). Large volcanic eruptions and major 

meteorite impacts can fling aerosol particles up into the stratosphere where they may 

linger for months or years, sometimes altering Earth's global climate. Rocket launches 

inject exhaust gases into the stratosphere, producing uncertain consequences. Above 

the stratosphere, temperature neither decreases nor increases with height up to some 

level. This small layer is called, stratopause. 

Fig. 1.3 Distribution and Chracterstics of Ozone in atmosphere 
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1.3.3 MESOSPHERE 

 

The mesosphere layer extends from the stratopause  ( at a height of 50 km above the 

sea level ) to the mesopause ( at a height of 85 km above the sea level ) . Temperature 

decreases with height throughout the mesosphere. The coldest temperatures in Earth's 

atmosphere, about -90° C (-130° F), are found near the top of this layer. The 

mesosphere layer protects the planet Earth from the celestial rocky masses that enters 

the atmospheric envelope of the Earth , where they burn as a result of their friction 

with the air molecules. Most meteors vaporize in the mesosphere. Some material from 

meteors lingers in the mesosphere, causing this layer to have a relatively high 

concentration of iron and other metal atoms. Sunlight passing through this layer, 

converts the individual molecules to individual charged ions i.e. ionization. Ionized 

particles are concentrated as a zone called the D-layer. This D-layer reflects radio 

What is Ozone layer depletion? 

 

Ozone layer depletion, is simply the wearing out (reduction) of the amount of ozone in 

the stratosphere.  Industries that manufacture things like insulating foams, solvents, 

soaps, cooling things like Air Conditioners, Refrigerators and ‗Take-Away‘ containers 

use something called chlorofluorocarbons (CFCs). These substances are heavier than 

air, but over time, (2-5years) they are carried high into the stratosphere by wind action. 

Depletion begins when CFC‘s get into the stratosphere. Ultra violet radiation from the 

sun breaks up these CFCs. The breaking up action releases Chlorine atoms. Chlorine 

atoms react with Ozone, starting a chemical cycle that destroys the good ozone in that 

area. One chlorine atom can break apart more than 100,000 ozone molecules. There are 

other Ozone Depleting Substances (ODS) such as methyl bromide used in pesticides, 

halons used in fire extinguishers, and methyl chloroform used in making industrial 

solvents. 
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waves sent from earth. Further, these charged particles from Sun that are captured by 

earth magnetic field in mesosphere can disrupt telecommunication between earth and 

astronauts during their release of energy. These processes have minimal effect on 

weather and climate. Very strange, high altitude clouds called "noctilucent clouds" or 

"polar mesospheric clouds" sometime form in the mesosphere near the poles. These 

peculiar clouds form much, much higher up than other types of clouds. Odd electrical 

discharges akin to lightning, called "sprites" and "ELVES", occasionally appear in 

the mesosphere dozens of kilometers (miles) above thunderclouds in the troposphere 

below. In the mesosphere and below, different kinds of gases are all mixed together in 

the air. Above the mesosphere, the air is so thin that atoms and molecules of gases 

hardly ever run into each other. Various types of waves and tides in the atmosphere 

influence the mesosphere. These waves and tides carry energy from the troposphere 

and the stratosphere upward into the mesosphere, driving most of its global 

circulation. Thus, a person traveling through the mesosphere would experience severe 

burns from ultraviolet light since the ozone layer, which provides UV protection, is in 

the stratosphere below. There would be almost no oxygen for breathing. And, of 

course, their blood would boil at normal body temperature because low pressure.  

1.3.4 THERMOSPHERE 

 

The thermosphere (literally "heat sphere") lies between the exosphere and the 

mesosphere. It extends from about 90 km (56 miles) to between 500 and 1,000 km 

(311 to 621 miles) above our planet. The temperature of the thermosphere layer 

increases with a high rate as we go up until it reaches 1200 degree Celsius. Solar 

activity strongly influences temperature in the thermosphere. The thermosphere is 

typically about 200° C (360° F) hotter in the daytime than at night, and roughly 500° 

C (900° F) hotter when the Sun is very active than at other times. In the thermosphere 

and above, gas particles collide so infrequently that the gases become somewhat 

separated based on the types of chemical elements they contain. Air temperature, 

however, is a measure of the kinetic energy of air molecules, not of the total energy 

stored by the air. Therefore, since the air is so thin within the thermosphere, such 

temperature values are not comparable to those of the troposphere or stratosphere. 

Although the measured temperature is very hot, the thermosphere would actually feel 

very cold to us because the total energy of only a few air molecules residing there 

would not be enough to transfer any appreciable heat to our skin. 

The upper part of the thermosphere layer contains charged ions and the pressure of 

these ions extends up to 700 km above the sea level, so this part is called ionosphere. 

The two ionized belts, viz., E- and F-layers plays important role in the wireless 

communications and broadcasting as it reflects the radio waves that transmitted by the 

radio stations and the communication centers. Further, concentration of ions in upper 

thermosphere produces by two magnetic belts which known as Van- Allen belts. 
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This layer is sometimes called, magnetosphere. It is thus called as earth‘s magnetic 

field has more influence over the movement of particles rather than earth‘s 

gravitational field. These belts play an important role in the scattering of the harmful 

charged cosmic radiations away from the Earth. This scattering causes the occurrence 

of Aurora phenomenon. The Aurora phenomenon appears as brightly coloured light 

curtains seen from the both poles ( northern lights -aurora borealis and southern 

lights - aurora australis)  of the Earth…  

1.3.5 EXOSPHERE 

 

 

The exosphere is the uppermost region of Earth's atmosphere as it gradually fades 

into the vacuum of space. “Exo” means outside and is the same prefix used to 

describe insects like grasshoppers that have a hard shell or ―exoskeleton‖ on the 

outside of their body. Not all scientists agree that the exosphere is really a part of the 

atmosphere. Some scientists consider the thermosphere the uppermost part of Earth's 

atmosphere, and think that the exosphere is really just part of space. However, other 

scientists do consider the exosphere part of our planet's atmosphere. One definition of 

the outermost limit of the exosphere places the uppermost edge of Earth's atmosphere 

around 190,000 km (120,000 miles), about halfway to the Moon. At this distance, 

radiation pressure from sunlight exerts more force on hydrogen atoms than does the 

pull of Earth's gravity. A faint glow of ultraviolet radiation scattered by hydrogen 

atoms in the uppermost atmosphere has been detected at heights of 100,000 km 

(62,000 miles) by satellites. This region of UV glow is called the geocorona. The 

altitude of the lower boundary of the exosphere varies. When the Sun is active around 

the peak of the sunspot cycle, X-rays and ultraviolet radiation from the Sun heat and 

"puff up" the thermosphere - raising the altitude of the thermopause to heights around 

1,000 km (620 miles) above Earth's surface. When the Sun is less active during the 

low point of the sunspot cycle, solar radiation is less intense and the thermopause 

recedes to within about 500 km (310 miles) of Earth's surface. 

Although the exosphere is technically part of Earth's atmosphere, in many ways it is 

part of outer space. Many satellites, including the International Space Station (ISS), 

orbit within the exosphere or below. For example, the average altitude of the ISS is 

about 330 km (205 miles), placing it in the thermosphere below the exosphere. 

Although the atmosphere is very, very thin in the thermosphere and exosphere, there 

is still enough air to cause a slight amount of drag force on satellites that orbit within 

these layers. This drag force gradually slows the spacecraft in their orbits, so that they 

eventually would fall out of orbit and burn up as they re-entered the atmosphere 

unless something is done to boost them back upwards. The ISS loses about 2 km (1.2 

miles) in altitude each month to such "orbital decay", and must periodically be given 

an upward boost by rocket engines to keep it in orbit. The characteristics different 

layers of atmosphere are shown in Fig 1.4.  
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Fig. 1.4 Characteristics of different layer of atmosphere  

 

 Source: http://www.theozonehole.com/atmosphere.htm 

 

1.4 LAYERS OF ATMOSPHERE BASED ON COMPOSITON OF 

CONSTITUENTS 
 

Based on chemical composition, the atmosphere is divided into 2 broad regions 

(shown in Fig. 1.5): 

 

a)  Homosphere: The lower layer, up to an altitude of about 80 km above sea level is 

the  homosphere, where due to the continuous turbulent mixing the composition of 

the atmosphere is relatively constant for chemical species which have long mean 

residence times. This region is closed by a thin transition layer, called turbopause. 

 

b) Hetrosphere: It is the outer region of the atmosphere. The hetero-sphere is 

characterized by variation in the composition and the mean molecular weight of 

constituent gases. This region starts at 50 to 60 miles (80–100 km) above the earth 

and, therefore, closely coincides with the ionosphere and the thermosphere. The lower 

heterosphere are dominated by nitrogen and oxygen molecules and the lighter gases 
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being concentrated in the higher layers. Up to 1,000 km the oxygen atoms and above 

this height the helium and hydrogen are the dominant species.  

 

 Fig. 1.5 Vertical structure of the atmosphere according to chemical composition 

 

 

 

 

 

 

 

 

 

 

Sources:http://elte.prompt.hu/sites/default/files/tananyagok/AtmosphericChemistry/c

h01s04.html 

 

1.5 IMPORTANCE OF ATMOSPHERE 

 

 Oxygen is very important for the living beings. 

1. Carbon dioxide is very useful for the plants. 

2. Dust particles present in the atmosphere create suitable conditions for 

the precipitation. 

3. The amount of water vapour in the atmosphere goes on changing and 

directly affects the plants and living beings. 

4.  Ozone protects all kinds of life on the earth from the harmful ultra 

violet rays of the sun. 
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CHECK YOUR PROGRESS 

 
Note: a) Use the space provided for your answers. 

     b) Check your answers with the possible answers provided at the end of this 

unit. 

1) What do you mean by atmosphere?  

 

 

 

 

 

2) What are the two major constituents of the atmosphere? Name them with their 

average proportions.. 

 

 

 

 

 

3)  What is the main function of ozone gas?. 

 

 

 

 

 

 

 

4) Differentiate between constant gasses and variable gases. 
 

 

 

 

 

 

 

 

5) Write down the significance of troposphere briefly. 

 

 

 



Odisha State Open University, Sambalpur  Page 17 
 

 

 

 

6) In which two spheres the temperature increases with the height? 
 

 

 

 

 

 

 

 

 

 

 

7) Why do aurora borealis and aurora australis occur in mesosphere but elsewhere 

in atmosphere? 

 

 

 

 

 

 
 

 

 

8) Compare and contrast hetrosphere and homosphere? 

 

 

 

 

 

 

 

 

 

 

9) Write down the steps of green house gases in atmosphere. 
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1.6. LET US SUM UP 

 
This unit tries to identify meaning, characteristics and significance of atmosphere in 

sustenance of life in earth system. The atmosphere is fragile complex collection of 

gases gravitationally attracted to earth. Two important gases nitrogen and oxygen 

together are found on the 99% part of the atmosphere. The atmosphere is composed 

of troposphere, stratosphere, mesosphere, ionosphere and exosphere. The troposphere 

is the lowest layer of atmosphere where all weather and climate related processes 

occur. The second layer of atmosphere from surface of earth absorbing the harmful 

ultraviolet radiation and characterized by characterized of increase in temperature by 

increasing height. The third layer from surface of earth is mesosphere protects the 

planet Earth from the celestial rocky masses that enters the atmospheric envelope of 

the Earth, where they burn as a result of their friction with the air molecules. The next 

layer is thermosphere plays important role in the wireless communications and 

broadcasting as it reflects the radio waves that transmitted by the radio stations and 

the communication centers. The final exosphere is the uppermost region of Earth's 

atmosphere as it gradually fades into the vacuum of space. Thus, the atmosphere is an 

extremely complex entity that must viewed simultaneously from spatially and 

temporarly.  

 

1.7. KEY WORDS 

Atmosphere: The envelope of mixture of gas and impurities surrounding earth with 

help of gravitational force. 

Condensation: It is the process by which water vapor in the air is changed into liquid 

water. 

Conduction: The process by which heat or electricity is directly transmitted through 

the material of a substance when there is a difference of temperature or of electrical 

potential between adjoining regions, without movement of the material. 

Convection: The movement caused within a fluid by the tendency of hotter and 

therefore less dense material to rise, and colder, denser material to sink under the 

influence of gravity, which consequently results in transfer of heat.. 

Constant Gas: Nitrogen, oxygen and argon are called the "constant gases" because 

their concentration has remained virtually the same for much of recent earth history. 

contribute to promoting a ‗culture of prevention.‘ (ISDR 2007). 
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Evaporation: It is the process of a substance in a liquid state changing to a gaseous 

state due to an increase in temperature and/or pressure.  

Green House Effect: The greenhouse effect is a natural process that warms the 

Earth‘s surface. When the Sun‘s energy reaches the Earth‘s atmosphere, some of it is 

reflected back to space and the rest is absorbed and re-radiated by greenhouse gases. 

Insolation: It is the solar radiation that reaches the earth's surface. It is measured by 

the amount of solar energy received per square centimetre per minute. 

Mesopshere: The mesosphere (/ˈmɛsoʊsfɪər/; from Greek mesos "middle" and 

sphaira "sphere") is the layer of the Earth's atmosphere that is directly above the 

stratosphere and directly below the mesopause.. 

Stratosphere: The stratosphere is the second major atmospheric layer above the 

troposphere, extending in altitude from about 8 to 30 miles high. 

Temperature Inversion: It is a deviation from the normal change of an atmospheric 

property with altitude. It almost always refers to a "temperature inversion", i.e. an 

increase in temperature with height, or to the layer ("inversion layer") within which 

such an increase occurs. 

Thermosphere: It lies between the exosphere and the mesosphere. ―Thermo‖ means 

heat, and the temperature in this layer can reach up to 4,500 degrees Fahrenheit. 

Troposphere: It is the lowest layer of Earth's atmosphere and site of all weather on 

Earth. 

Ultraviolet radiation:  Itis an electromagnetic radiation with a wavelength from 10 

nm to 400 nm, shorter than that of visible light but longer than X-rays. 

Variable Gas: The so called "variable gases" are those present in small and variable 

amounts. These include carbon dioxide, methane, ozone, water vapor, and 

particulates among others. Even though they represent a tiny portion of the 

atmosphere as a whole, they exert a great control over our environment. 
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UNIT – 2 : INSOLATION AND HEAT BUDGET OF THE EARTH 
 

 

Objectives 

 

After completion of this unit, you should be able to: 

 Have basic understanding on of insolation and factor affecting the 

distribution of insolation; 

 Have in depth understanding of different cooling and heating process 

of atmosphere (conduction, convection, radiation and advection); 

 Have knowledge in differentiating between solar radiation and 

terrestrial radiations; 

 To have idea about heat budget with help diagrams.  

 

 

STRUCTURE 
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 2.3.1 The angle of incidence or the inclination of the sun‘s rays 
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 2.3.3 Distance between Sun and Earth 
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 2.3.6 Aspects of slope 

 2.3.7 Ocean current 
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 2.3.9 Sunspots 

 2.3.10 Prevailing Winds 

2.4 Heating and cooling of atmosphere 

2.5 Earth‘s heat budget 

4.4 Let Us Sum Up 

4.5 Key Words 
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2.0 INTRODUCTION 

 
The atmosphere is made up of mixture of gases, water vapour and dust particles and support 

life supporting system on earth. For sustenance of life require optimum temperature to keep 

them warm and grow. Have anybody thought that what is source heat and energy? Why does 

earth‘s surface get warm during the day and cool down during the night? Why it is too cold in 

polar region and warm in tropical region. This unit will try to find answer to all these and 

other related questions. 

  

2.1 INSOLATION 

 

 
The earth receives heat energy from three basic sources i) solar radiation, ii) gravity and iii) 

endogentic forces coming within earth. But solar radiation is significant sources of energy 

that drives winds on earth surface, ocean currents, denudational processes and the cause of 

sustain ace of life on earth system. The sun is the primary source of energy on the earth. This 

energy is radiated in all directions into space through short waves. This is known as solar 

radiation. Only two billionths or (two units of energy out of 1,00,00,00,000 units of energy 

radiated by the sun) of the total solar radiation reaches the earth‘s surface. This energy 

received by surface of earth is known as incoming solar radiation which in short termed as 

insolation shown in Fig.1.2. Earth intercepts only one in two billion parts of solar radiation. 

This intercepted radiation is called Insolation. It is proportion of solar energy received or 

intercepted by earth. Basically that means how much sunlight is shining down on us. It is 

measured by the amount of solar energy received per square centimetre per minute. Although 

the entire amount of insolation reaching the earth has to pass through the atmosphere, very 

little of it is absorbed by the atmosphere before reaching the earth‘s surface. This is because 

solar radiation is in the form of short waves for which the atmosphere almost acts as a 

transparent medium. When the heated surface of the earth radiates this energy back it is in the 

form of long waves which is absorbed by the atmosphere. Again, water vapour, dust particles, 

ozone and other gases present in the atmosphere absorb a small amount of insolation.  

 

Fig. 2.1 Incoming and 

outgoing solar 

radiation 
 

Source:https://pt.slideshare.net/johalison/aula-radiao-ionizante 
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2.2 DISTRIBUTION OF INSOLATION 

 
  

Earth receives Sun‘s radiation (heat) in the form of short waves (visible light + 

wavelengths below visible light – most of it is ultraviolet radiation) which are of 

electromagnetic nature. The earth absorbs short wave radiation during daytime and 

reflects back the heat received into space as long-wave radiation (mostly infrared 

radiation) during night. On an average the amount of insolation received at earth‘s 

surface decreases from equator towards the poles but there is temperature variations 

of insolation received at different latitude at different time. Regions within the 

equator and 40° N and S latitudes receive abundant sunlight and hence more heat will 

be gained than lost. Hence they are energy surplus regions. Regions beyond 40° N 

and S latitudes lose more heat than that gained from sunlight. Hence they are energy 

deficit regions (This is because of slant sunlight and high albedo of polar regions). 

The Northern Hemisphere receives its maximum amount of Insolation between 

March and September, and for the Southern Hemisphere it is between September and 

March. There are times of the year when Polar Regions receive no insolation at all. 

The atmosphere (planetary winds) and the oceans (ocean currents) transfer excess 

heat from the tropics (energy surplus region) towards the poles (energy deficit 

regions) making up for heat loss at higher latitudes. Thus, the transfer of surplus 

energy from the lower latitudes to the deficit energy zone of the higher latitudes, 

maintains an overall balance over the earth‘s surface shown in Fig. 2.2. 

 

Fig. 2.2 – Distribution of Insolation on earth system 
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2.3 FACTOR AFFECTING THE DISTRIBUTION OF INSOLATION 

 

The amount of insolation received on earth‘s surface varies significantly (decreases) 

from equator towards the pole due to some astronomical and geographical factors. 

The factors influencing distribution of insolation are 1) The Angle of Incidence or 

the Inclination of the Sun’s Rays 2) Duration of Sunshine 3) Distance between 

Sun and Earth 4) Transparency of Atmosphere 5) Land Sea Differential 6) 

Aspects of slope 7) Ocean current 8) Altitude 9) Sunspots 10) Prevailing Winds. 

 

2.3.1 THE ANGLE OF INCIDENCE OR THE INCLINATION OF THE  

        SUN’S RAYS 
 

The angle of incoming solar radiation influences seasonal insolation of locations at 

different latitudes. When the sun‘s rays strike Earth‘s surface near the equator, the 

incoming solar radiation is more direct (nearly perpendicular or closer to a 90˚ angle). 

Therefore, the solar radiation is concentrated over a smaller surface area, causing 

warmer temperatures. At higher latitudes, the angle of solar radiation is smaller, 

causing energy to be spread over a larger area of the surface and cooler temperatures. 

Because the angle of radiation varies depending on the latitude, surface temperatures 

on average are warmer at lower latitudes and cooler at higher latitudes (even though 

higher latitudes have more hours of daylight during the summer months) shown in 

Fig. 2.3. 

 

Fig. 2.3 Effect of angle of Sun Rays on the distribution of insolation 

 

 

 

 

 
 
 

Source: https://en.wikibooks.org/wiki/HKDSE_Geography/M7/Factors_Affecting_Insolation 
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2.3.2 DURATION OF SUNSHINE 

 
 

The amount of solar radiation received on earth surface depends on the length of time 

that the sun shines over a particular place.  Undoubtedly, the longer period of 

sunshine ensures larger supply of radiation which a particular area of the earth will 

receive. The duration of sunshine varies at all places expect the equator due to 

inclination of earth‘s axis, its parallelism and earth‘s rotation and revolution.  On the 

autumnal and vernal equinoxes that occur on September 21 and March 21 

respectively, the mid-day sun is overhead at the equator. On these days all over the 

earth the days and nights are equal. On these two days, the maximum amount of 

insolation is received at the equator, and the amount goes on decreasing towards the 

poles. But from the winter solstice (December 22) onward the length of day increases 

in the northern hemisphere till the summer solstice (June 21). On the contrary, during 

this period the length of day in the southern hemisphere decreases and the nights are 

longer. From June 21 to December 22 the length of day in the northern hemisphere 

decreases, and in the southern hemisphere it increases. In other words, at the summer 

solstice the northern hemisphere has the longest day and the shortest night. Thus, the 

longer the period of sunshine and shorter the night, the greater the amount of solar 

radiation received, all other conditions being equal as shown in Fig. 2.4. 

 

Fig. 2.4 Length of Sunshine and distribution of insolation  

 

 
 

 

Source: http://www.oxfordlearnersdictionaries.com/definition/english/solstice 
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2.3.3 DISTANCE BETWEEN SUN AND EARTH 

 

 

The distance between the sun and the earth varies during the course of a year because 

earth revolves around the sun in an elliptical orbit. The average distance between the 

sun and the earth is about 149,000,000 kilometers or 93, 000,000 miles.  Over the 

course of a year, Earth moves sometimes closer to the sun and sometimes farther 

away from the sun. Earth's closest approach to the sun, called perihelion, comes in 

January 3 and is about 91.4 million miles (147.1 million km). The farthest from the 

sun Earth gets is called aphelion. It comes in early July 4 and is about 94.5 million 

miles (152.1 million km) as shown in Fig. 2.5. As per rule, the earth should have 

received maximum and minimum insolation at time of perihelion aphelion 

respectively. It may be interesting to note that the earth is relatively closer to the sun 

during the northern hemisphere winter. Although the amount of incoming solar 

radiation received at the outer boundary of the atmosphere is a little greater (7 

percent) in January than in July. But the factors like angle‘s of sun ray‘s and duration 

of sunshine play more dominant role than the factor of varying distance between the 

earth and sun. 

 

Fig. 2.5 Relative distance between the sun and the earth 

 

 

 

Source: https://www.timeanddate.com/astronomy/perihelion-aphelion-solstice.html 
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2.3.4 TRANSPARENCY OF ATMOSPHERE 

 

Transparency of the atmosphere is an important control on the amount of insolation 

which reaches the earth's surface. The amount of cloud cover and its thickness, dust 

and water vapour which determine the transparency of the atmosphere affect the 

reflection, absorption and transmission of solar radiation. If the wavelength (X) of the 

radiation is more than the radius of the obstructing particle (such as a gas), then 

scattering of radiation takes place. The process of scattering occurs when small 

particles and gas molecules diffuse part of the incoming solar radiation in random 

directions without any alteration to the wavelength of the electromagnetic energy. If 

the wavelength is less than the obstructing particle (such as a dust particle), then total 

reflection takes place. Reflection is a process where sunlight is redirect by 180° after 

it strikes an atmospheric particle. Absorption of solar radiation takes place if the 

obstructing particles happen to be water vapour, ozone molecules, carbon dioxide 

molecules or clouds. Absorption is defined as a process in which solar radiation is 

retained by a substance and converted into heat energy. Thick clouds hinder the 

insolation to reach the earth while clear sky helps it to reach the surface. Water 

vapour absorb insolation, resulting in less amount of insolation reaching the surface. 

Again, transparency of the atmosphere is closely related to the latitude. In the higher 

latitudes the sun's rays are more oblique, so that they have to pass through relatively 

thicker layers of the atmosphere than at lower latitudes. In winter when the altitude of 

the sun is relatively lower, there is greater loss of incoming solar radiation than in 

summer. The atmosphere effect on incoming solar radiation shown in Fig 2.6. 

 

Fig. 2.6 Atmospheric effect on incoming solar radaition 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: http://www.physicalgeography.net/fundamentals/7f.html 
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2.3.5 LAND SEA DIFFERENTIAL 

 

 

The continents heat up faster than the oceans, and they cool down faster too. Further, 

reflection is more by continent than by ocean. Especially snow covered areas reflect 

upto 70%-90% of insolation. Average penetration of insolation, and therefore heat, is 

more in water—upto 20 metres, than in land—where it is upto 1 metre only. The 

specific heat of water is 2.5 times higher than landmass, therefore water takes longer 

to get heated up and to cool down. The currents, tides and drifts exist only in oceans 

which carry the heat to lower layers. This delays the process of heating and cooling. 

 

2.3.6 ASPECTS OF SLOPE 

 

The direction of the slope and its angle control the amount of solar radiation received 

locally. Orientation or direction the slope is facing also affects the amount of 

insolation received. Slopes facing into the Sun receive more while those that face 

away receive less. Some surfaces can be shaded during a portion of the day by 

obstructions reducing the amount of insolation received by them. In many valleys, 

settlements and cultivation are, therefore, concentrated on southern slopes, whereas 

northern slopes remain forested. In our country, this phenomenon is well observed in 

the Himalayan region as shown in Fig. 2.7. 

 

Fig. 2.7 Effect of aspect on insolation 

 

 

 
 

Source: http://www.earthonlinemedia.com/ebooks/tpe_3e/energy/insolation_slope_day.html 
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2.3.7 OCEAN CURRENT 

 

 

The oceans play an important role in storing and redistributing heat absorbed from 

incoming solar radiation. Most of the solar radiation is aborbed near the equator, 

where the radiation is most intense as shown in Fig. 2.8. Currents then redistribute 

this heat throughout the oceans in what is known as known as the "Global Ocean 

Conveyor Belt". Thus, Ocean currents influence the temperature of adjacent land 

areas considerably. Warm currents raise the temperatures of the coastal areas, 

whereas cold currents lower them. For instance, in higher latitudes, the eastern coasts 

have much lower temperatures than the western coasts due to the influence of cold 

currents. Similarly, the North Atlantic Drift, an extension of the warm Gulf Stream, 

keeps winter temperatures in Great Britain and much of Western Europe warmer than 

one would expect for their latitudes.  

 

Fig. 2.8 Redistribution of insolation by ocean current 

 
 

Source: https://www.esr.org/outreach/climate_change/basics/basics2.html 

 

 

2.3.8 ALTITUDE 

 

Altitude has a direct effect on prevailing temperatures. This is because the lower 

layers of the atmosphere are compressed under atmospheric pressure and are closer to 

the earth‘s surface; it makes them warmer than the layers at higher levels. Thus, as we 

go higher, the temperature gradually decreases and the air becomes cooler. 
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2.3.9 SUNSPOTS 

 

 

Sunspots are created in the solar outer surface due to periodic disturbances and 

explosion. Large sunspots are as big as the Earth and contain magnetic fields that are 

thousands of times stronger than the Earth‘s magnetic field. Sunspots occasionally 

grow large enough to be seen with the naked eye through fog or haze, or sometimes at 

sunrise or sunset, when the sun‘s usual brightness is heavily dimmed. The increase 

and decrease in number of sunspots is completed in a cycle of 11years. The energy 

radiated from sun increases when the number of sunspots increases and the amount of 

insolation  received by earth surface decreases when the number of sunspots 

decreases as shown in Fig 2.9. When solar explosions are directed at the Earth, they 

can produce geomagnetic storms, high above our atmosphere, and alter the terrestrial 

ionosphere, affecting radio communications. 

 

Fig. 2.9 Effect Sunspot on insolation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: https://starchild.gsfc.nasa.gov/docs/StarChild/questions/question17.html 

 

 

2.3.10 PREVAILING WINDS 

 

The oceanic winds have the capacity to take the moderating influence of the sea to 

coastal areas—reflected in cool summers and mild winters. This effect is pronounced 

only on the windward side. The leeward side or the interiors do not get the 

moderating effect of the sea, and therefore experience extremes of temperature  
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2.4 HEATING AND COOLING OF ATMOSPHERE 

 

 

Sun is the primary source of energy to heat the atmosphere but it‘s impact is not 

direct. The temperature decreases with increasing height. This is because of heating 

of atmosphere from terrestrial long wave length radiation. The atmosphere are cooled 

and heated by different processes like 1) Partial absorption of solar radiation by 

the atmosphere 2) Conduction 3) Terrestrial radiation 4) Convection 5) 

Advection 6) Latent heat of condensation 7) Expansion and compression of the 

air. 

 

2.4.1 Partial Absorption Of Solar Radiation By The Atmosphere 

 

A small part of incoming solar radiation is absorbed by atmospheric gases. The 

amounts of partial absorption in atmosphere depend upon the wavelength and the gas 

type. Oxygen and ozone absorbs solar radiation in small wave lengths.  Water 

vapour, dust particles and carbon dioxide absorbs in long wave length radiations. 

Further, dust particles and water vapour present in the lower layers of the 

atmosphere directly absorb about 10 per cent of the incoming solar radiation. About 

50 per cent of this absorption occurs in the lower 2 km of air where most of the 

water vapour is found as shown in 2.10. However, the process of absorption is not 

very effective in raising the surface-air temperature. That is why even on a clear 

sunny day, the temperature near the surface remains low. In winter, people enjoy the 

warmth of sunshine by sitting close to the side of a wall of their houses exposed to 

the sun, because the short-wave incoming solar radiation is being converted into 

long-wave terrestrial energy.  

Fig. 2.10 Absorption of Solar raditions by atmosphere 
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2.4.2 Conduction 
 

Conduction is one of the ways that energy is transferred from the earth's atmosphere 

to the air. Conduction is the process by which heat energy is transmitted through 

collisions between neighboring molecules as shown in Fig. 2.11. Some solids, such as 

metals, are good heat conductors, while others, such as wood, are poor conductors. 

Air and water are relatively poor conductors and thus are called insulators. Not 

surprisingly, many pots and pans have insulated handles. The conduction in the 

atmosphere occurs at zone of contact between the atmosphere and the earth‘s surface. 

However, this is a minor method of heat transfer in terms of warming the atmosphere 

since it only affects the air close to the earth‘s surface. For example  a mountaineer is 

climbing Mt. Everest and a thick down jacket and pants to guard against the extreme 

cold.  It's not the down itself that keeps him warm. Rather, it's the enormous number 

of tiny air spaces trapped between the down filaments that retard the conduction of 

heat from his body out to the frigid environment. . If air were not such a good 

insulator, no amount of down would allow survival under such conditions. Some 

species of ants inhabit hot desert areas and forage during the heat of the day. The 

temperature at ground level would kill them after a short time of constant exposure. 

They continue to function, though, by frequently climbing a few centimeters up sticks 

or bits of vegetation to rest in the much cooler air above. 

 

Fig. 2.11 Heat transfer on Earth Atmosphere 

 

 

 

 
 

Source: http://lloydscientists.weebly.com/section-15-heat-transfer-in-earths-

atmosphere.html  
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2.4.3 Terrestrial Radiation 
 

Electromagnetic radiation emitted by the Earth‘s surface and atmosphere is called 

terrestrial or long wave radiation. Further, two thirds of the radiant solar energy 

reaches the earth's surface directly or indirectly in the form of short-wave electro-

magnetic waves, where it is converted into terrestrial heat by the surface. The earth 

radiates heat as a black body, while the radiation from the atmosphere is selective. 

Thus, most of the atmospheric gases, especially carbon dioxide and water vapour, that 

are almost transparent to the short-wave solar radiation and are able to absorb only 

about 19 percent of it, absorb about 85 per cent of the terrestrial long-wave or infrared 

radiation.  It is clear that the atmosphere receives a larger part of its energy supply 

from the earth and not directly from the sun. Since the atmosphere is almost 

transparent to most of the solar radiation and absorbs a large part of the terrestrial 

radiation, it acts to conserve the heat energy of the earth. This conservation is called 

the greenhouse effect. On the contrary, even in the long winter nights, when there is a 

thick cover of clouds, the temperatures remain relatively higher because of the 

absorption of long-wave terrestrial radiation by the clouds. The earth radiates energy 

to space constantly but only the daylight side of the earth receives incoming radiation. 

On the dark side of the earth there is a net loss of radiation occurring, whereas on the 

daytime side there is a net gain by the earth-atmosphere system. Overall, a heat 

balance is maintained as shown Fig. 2.12. 

 

Fig. 2.12 Balance between insolation and terrestrial radiation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: http://slideplayer.com/slide/3829184/  
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CONVECTION 
 

Convection is the heat transfer due to bulk movement of molecules within fluids such 

as gases and liquids, including molten rock (rheid). The water at the bottom of the pot 

heats up first. This causes it to expand. Since the warmed water has a lower density 

than the water around it, it rises up through the cooler, dense water. At the top of the 

pot, the water cools, increasing its density, which causes it to sink back down to the 

bottom. This up and down movement eventually heats all of the water. The continual 

cycling of the fluid is called a convection current. 

 

 

 

 

 

 

 

 

 

 

 

 

 

The air of the lower layers of the atmosphere get heated either by the earth‘s radiation 

or by conduction. The heating of the air leads to its expansion. Its density decreases 

and it moves upwards. Continuous ascent of heated air creates vacuum in the lower 

layers of the atmosphere. As a consequence, cooler air comes down to fill the 

vacuum, leading to convection. The cyclic movement associated with the 

convectional process in the atmosphere transfer heat from the lower layer to the upper 

layer and heats up the atmosphere as shown Fig. 2.13. 

 

Fig. 2.13 Mechanism of Convection in atmosphere 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Source: http://slideplayer.com/slide/7338005/ 
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2.4.5 Advection 
 

 

Advection is a lateral or horizontal transfer of mass, heat, or other property. The 

winds that blow across Earth's surface represent advectional movements of air. The 

temperature of a place will rise if it lies on the path of winds coming from warmer 

regions. The temperature will fall if the place lies on the path of the winds blowing 

from cold regions. This process of horizontal transport of heat by winds is known as 

advection. The advection processes are important heat equilibration mechanisms for 

both the atmosphere and the oceans, the speed and volume of mass transported 

differs greatly between the atmosphere and oceans. Advection is also responsible for 

the formation of advection fog . Advection fog usually occurs when the atmosphere 

is very stable so that moist (humid) air near the surface does not mix vertically with 

an overlying layer of drier air. The advection fog forms as warm and moist air moves 

horizontally along the cooler surface and the air near the surface is cooled to its dew 

point. Thus, advection is responsible for slow heat transfer from the equatorial to the 

Polar Regions as shown in Fig. 2.14. 

 

Fig. 2.14 Advection and Convection 

 

 

 

 

Source: https://www.aviationweather.ws/016_Convection.php 
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2.4.6 Latent Heat of Condensation 

 

The atmosphere receives a large percentage of its total heat energy from the long-

wave terrestrial radiation, conduction and convection but the latent heat of 

evaporation as well as the latent heat of condensation also plays a significant role. 

When a substance is changing state, as it does during condensation, removing heat 

doesn't result in a change of temperature. The heat released is "hidden," or latent. The 

latent heat of condensation is made available to different layers of the atmosphere by 

the process of evaporation taking place at the surfaces of oceans, humid ground, and 

natural vegetation as shown in Fig. 2.15. This transformed solar energy is thus 

contained in the air in potential form. When water vapour is condensed, the latent 

energy is again released into atmosphere and is used in heating it. The released 

energy is known as the latent heat of condensation. When we recall that about two-

thirds of the earth's surface is covered with water, the importance of the latent heat of 

evaporation as the principal source of atmospheric heat can easily be appreciated. 

 

Fig. 2.15 Latent heat of condensation or evaporation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: https://www.tes.com/lessons/sBjp0-IGmJguXg/specific-latent-heat 

 

2.4.6 Expansion and Compression of the Air 
 

Whenever parcel air moves upward it will adiabatically expand and cool.  In the 

same way, as the air descends, it comes under increasingly higher pressures so that it 

compresses and is heated. The change is temperature are due to change in of pressure 

alone that the rising or falling air is subjected to are called adiabatic temperature. 

The processes of adiabatic cooling it are common whenever the earth's surface is 

warmer than the air above. Thus, the temperature changes brought about in the air 

aloft simply due to changes in the air pressure are very important in the heating or 

cooling of the atmosphere. 

 

 

 

 



Odisha State Open University, Sambalpur  Page 37 
 

2.5 EARTH’S HEAT BUDGET 
 

The annual mean temperature on the surface of the earth is always constant. It has 

been possible because of the balance between insolation and terrestrial radiation. 

This balance is termed as a heat budget of the earth. In other words, the heat budget at 

the top of the atmosphere must balance. This state of balance is called radiative 

equilibrium.  

 

Let us suppose that the total heat (incoming solar radiation) received at the top of the 

atmosphere is 100 units. About 29 percent of the solar energy that arrives at the top of 

the atmosphere is reflected back to space by clouds, atmospheric particles, or bright 

ground surfaces like sea ice and snow. This energy plays no role in Earth‘s climate 

system. About 23 percent of incoming solar energy is absorbed in the atmosphere by 

water vapor, dust, and ozone, and 48 percent passes through the atmosphere and is 

absorbed by the surface. Thus, about 71 percent of the total incoming solar energy is 

absorbed by the Earth system as shown in Fig.2.16. 

 

Fig. 2.16 Absorption of incoming solar radiations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: https://earthobservatory.nasa.gov/Features/EnergyBalance/page4.php 

 

 

The atmosphere and the surface of the Earth together absorb 71 percent of incoming 

solar radiation, so together, they must radiate that much energy back to space for the 

planet‘s average temperature to remain stable. However, the relative contribution of 

the atmosphere and the surface to each process (absorbing sunlight versus radiating 

heat) is asymmetric. The atmosphere absorbs 23 percent of incoming sunlight while 

the surface absorbs 48. The atmosphere radiates heat equivalent to 59 percent of 

incoming sunlight; the surface radiates only 12 percent. In other words, most solar 

heating happens at the surface, while most radiative cooling happens in the 
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atmosphere. How does this reshuffling of energy between the surface and atmosphere 

happen? 

 

Three processes of scattering, reflection and absorption take place in the 

atmosphere and surface of Earth 

1. Scattering – It accounts for about 7% of insolation Short wavelengths 

(insolation is of a short wavelength) are most easily scattered by gas and dust 

molecules in the atmosphere. This process involves redirecting the insolation 

towards a different direction. 

2. Reflection – It accounts for about 27% of insolation, of which clouds 21% 

and ground 6%. Reflected insolation simply returns to space, wavelength 

unchanged. Clouds are especially effective in reflecting insolation. Reflection 

is dependent on albedo.  Albedo is the ratio of the light reflected by a body to 

the light received by it. Albedo values range from 0 (pitch black) to 1 (perfect 

reflector). 

3. Absorption – It accounts for about 19% of insolation. Gases, clouds, dust and 

haze all absorb certain wavelengths of insolation, which is transformed into 

molecular motion resulting in a rise in temperature.  

For the energy budget at Earth‘s surface to balance, processes on the ground must 

get rid of the 48 percent of incoming solar energy that the ocean and land surfaces 

absorb. Energy leaves the surface through three processes: evaporation, convection, 

and emission of thermal infrared energy as shown in Fig. 2.17. 

Fig. 2.17 Outgoing solar radiation 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: https://earthobservatory.nasa.gov/Features/EnergyBalance/page5.php 
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1. Evaporation: About 25 percent of incoming solar energy leaves the surface 

through evaporation. Liquid water molecules absorb incoming solar energy, and 

they change phase from liquid to gas. The heat energy that it took to evaporate the 

water is latent in the random motions of the water vapor molecules as they spread 

through the atmosphere. Evaporation from tropical oceans and the subsequent 

release of latent heat are the primary drivers of the atmospheric heat engine. 

2. Convection: An additional 5 percent of incoming solar energy leaves the surface 

through convection. In general, the atmosphere is warmer near the surface and 

colder at higher altitudes, and under these conditions, warm air rises, shuttling heat 

away from the surface. 

3. Net Thermal Radiations: Finally, a net of about 17 percent of incoming solar 

energy leaves the surface as thermal infrared energy (heat) radiated by atoms and 

molecules on the surface. This net upward flux is actually the result of two large but 

opposing fluxes: heat flowing upward from the surface to the atmosphere and heat 

flowing downward from the atmosphere to the ground. 

 

Satellite measurements indicate that the atmosphere radiates thermal infrared energy 

equivalent to 59 percent of the incoming solar energy. If the atmosphere is radiating this 

much, it must be absorbing that much. Where does that energy come from? Clouds, aerosols, 

water vapor, and ozone directly absorb 23 percent of incoming solar energy. Evaporation and 

convection transfer 25 and 5 percent of incoming solar energy from the surface to the 

atmosphere. These three processes transfer the equivalent of 53 percent of the incoming solar 

energy to the atmosphere. If total inflow of energy must match the outgoing thermal infrared 

observed at the top of the atmosphere, where does the remaining fraction (about 5-6 percent) 

come from? The remaining energy are due to green house gases. The water vapor, carbon 

dioxide, methane, and other trace gases are opaque to many wavelengths of thermal infrared 

energy. The surface radiates the net equivalent of 17 percent of incoming solar energy as 

thermal infrared. However, the amount that directly escapes to space is only about 12 percent 

of incoming solar energy. The remaining fraction—a net 5-6 percent of incoming solar 

energy—is transferred to the atmosphere when greenhouse gas molecules absorb thermal 

infrared energy radiated by the surface. The fluxes or flows of energy within the Earth‘s 

atmosphere determine the state of our climate as shown in Fig. 2.18. Factors which influence 

these on a global scale may be regarded as causes of global climate change. The 

atmosphere‘s greenhouse gases influence this energy balance by absorbing outgoing energy 

from the Earth, thereby increasing the global average surface temperature. This process is 

called the natural greenhouse effect. Through man-made emissions of greenhouse gases since 

1765, this natural phenomenon is being enhanced with possible consequences of global 

warming. The earth‘s heat budget is shown in Fig.2.19. 
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Fig. 2.18 Thermal radiations from atmosphere and earth surface 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Source: https://earthobservatory.nasa.gov/Features/EnergyBalance/page6.php 

 

 

Fig. 2.19 Earth’s Heat Budget 

 

 
 

Source: https://zolushka4earth.wordpress.com/2010/08/27/understanding-heat-

budget/ 

 

 

 

https://earthobservatory.nasa.gov/Features/EnergyBalance/page6.php
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https://zolushka4earth.wordpress.com/2010/08/27/understanding-heat-budget/
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CHECK YOUR PROGRESS 
 

Note: a) Use the space provided for your answers. 

    b) Check your answers with the possible answers provided at the end of 

this unit. 

1) What do you mean by insolation?  

Ans. 

 

 

 

 

 

2) What are factors responsible for distribution of insolation on earth?  

      Ans.  

 

 

 

 

 

3) Which region of earth is surplus and deficit of heat?. 

 

 

 

 

 

 

 

4) Differentiate between conduction and convection. 
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5) Name the process in which heat is transferred by winds. 

 

 

 

 

 

 

 

6) What are different process heating and cooling of atmosphere? 
 

 

 

 

 

 

 

 

 

 

 

7) Define earth‘s heat budget. 

 

 

 

 

 

 
 

8) Compare and contrast between solar radiation and terrestrial radiations? 

 

 

 

 

 

 

 

 

9) How does reshuffling of energy between the surface and atmosphere 

happen? 
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2.6. LET US SUM UP 
 

The primary source of energy of earth system is from Sun. The incoming short wave 

length radiation reaching the earth surface is called as insolation. The amount of 

insolation depends upon angle of incidence, duration of sunshine, distance between 

sun and earth, transparency of atmosphere, land sea differential, aspects of slope, 

ocean current, altitude, sunspots and prevailing winds. Further, the process involved 

in the heating and cooling of the atmosphere are radiation, conduction, convection 

and advection. Radiation process dominate over three mechanism. Terrestrial 

radiation is the amount heats radiated by earth surface are the causing behind livable 

temperature of earth system. Again, there is a balance between the receipt of 

insolation and the te rrestrial radiation on earth‘s surface. This is known as heat 

budget. There is increase in average atmospheric temperature of earth system known 

as global warming due to increase in green house gases. 

2.7. KEY WORDS 

Advection: Advection is a lateral or horizontal transfer of mass, heat, or other 

property. Accordingly, winds that blow across Earth's surface represent advectional 

movements of air. 

Conduction: The process by which heat or electricity is directly transmitted through 

the material of a substance when there is a difference of temperature or of electrical 

potential between adjoining regions, without movement of the material. 

Convection: The movement caused within a fluid by the tendency of hotter and 

therefore less dense material to rise, and colder, denser material to sink under the 

influence of gravity, which consequently results in transfer of heat.. 

Insolation: It is the solar radiation that reaches the earth's surface. It is measured by 

the amount of solar energy received per square centimeter per minute. 

Heat Budget: A heat budget is the perfect balance between incoming heat absorbed 

by earth and outgoing heat escaping it in the form of radiation 

Terrestrial Radiation: Long-wave electromagnetic radiation originating from Earth 

and its atmosphere. 
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Unit-3 Elements and Factors of Climate  
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            3.10.5  Polar  Easterlies 

3.11. HUMIDITY 
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3.11.2 Relative Humidity 
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3.13.1 Distance from the sea  or Continentality 

3.13.2 Direction of prevailing winds 

3.13.3 Topography and Relief 

3.13.4 Ocean Currents 

3.13.5 Human Influence  

 

3.1 Unit objectives  

 

The unit aims at; 

 Providing basic information about the elements which constitute the climate 

of a place. 

 Providing basic information about the factors which control the climate and 

more specifically the elements of climate  

 Introducing the concepts of insolation, heat budget of the Earth, heat zones, 

pressure belts, planetary and periodic winds, forms of condensation and 

types of precipitation  

 Introducing  the basic concept of lapse rate, inversion of temperature, 

adiabatic processes and its relation with climate  

 

3.2.  Learning Outcome  

 

After studying this unit, you should be able to understand; 

 What are the elements of climate  

 What are the factors which control the elements of climate  

 What is the difference between elements and factors of climate 

 Why we need to know about the elements and factors of climate  

3.3 Introduction 

 

Climate is defined as an area's long-term weather patterns. The simplest way to 

describe climate is to look at average temperature and precipitation over time. Other 

useful elements for describing climate include the type and the timing of 

precipitation, amount of sunshine, average wind speeds and directions, number of 

days above freezing, weather extremes, and local geography. There are several 

elements that make up the weather and climate of a place. Some of the important 

elements of weather and climate are the following: Insolation and temperature, 

pressure, wind, humidity and precipitation. While it's fairly easy to describe a 

location's climate by examining weather data, a greater challenge is figuring 

out why the climate of one place differs from that of another. To do so, you must 

consider all the factors that work together to determine climate. 
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3.4. The Energy Budget of the Earth  

 Earth's net radiation, sometimes called net flux, is the balance between 

incoming and outgoing energy at the top of the atmosphere. It is the total energy that 

is available to influence the climate. Energy comes in to the system when insolation 

penetrates the top of the atmosphere. Energy goes out in two ways: reflection by 

clouds, aerosols, or the Earth's surface; and thermal radiation--heat emitted by the 

surface and the atmosphere, including clouds. The global average net radiation must 

be close to zero over the span of a year or else the average temperature will rise or 

fall. In short, as insolation enters the atmosphere in the form of short wave ultraviolet 

light, it interacts with atmospheric elements. Roughly, 46 percent 

of insolation reaches the Earth's surface. The rest is either reflected and scattered back 

to space through its interaction with clouds, water vapour, dust and pollen, known 

collectively as aerosols or it is absorbed by clouds and gaseous elements and hence 

heats the atmosphere. Insolation reaching the surface of the Earth is used to warm it 

up. Earth's surface then heats up the overlying atmosphere through transfers 

of sensible heat, latent heat and release of long wave radiation. Conduction is 

when heat is conducted from the ground to the air that is in direct contact with the 

ground. The air, which is warmed by conduction, then rises by convection because it 

is less dense than the air around it. In this way heat is transferred into the upper parts 

of the atmosphere. Latent heat transfer - Energy is required to evaporate water into a 

vapour. Therefore, the energy that was required to evaporate the water is stored 

within the vapour as latent heat.  The vapour then rises into the atmosphere through 

convection, or through forced rise (along fronts or up mountains) or by turbulence. 

On condensation the latent heat is released into the atmosphere as sensible heat, 

which warms the atmosphere. Long-wave radiation is the energy radiating from the 

Earth as infrared radiation at low energy to Space. Once in the atmosphere, gases and 

liquids absorb the long-wave radiation. The diagram below illustrates the Earth's 

average heat budget. 
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3.5. Insolation and Temperature 

  

Insolation is the incoming solar radiation to the Earth‘s surface. 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 and ground below. The receipt of solar radiation drives evaporation, so long as 

there is water available. Heating of the air determines its stability, which leads to 

cloud formation and precipitation. Unequal heating of the Earth's surface creates 

pressure gradients that result in movement of wind. So you see, just about all the 

characteristics of climate can be traced back to the receipt of solar radiation and 

insolation on the Earth‘s surface. 

  

3.5.1 Difference between heat and temperature 

 

The interaction of incoming solar radiation (insolation) with the atmosphere 

and the earth‘s surface creates heat. This is measured in terms of temperature. While 

heat represents the molecular movement of particles comprising a substance, the 

temperature is the measurement in degrees of how hot (or cold) a thing (or a place) is. 

So, heat is the energy which makes things or objects hot, while temperature measures 

the intensity of heat (degree of hotness/coldness). Heat and temperature are closely 

related to each other because gain or loss of heat is necessary to raise or lower the 

temperature. The Celsius scale is the internationally accepted scale for reporting air 

temperature. Fahrenheit scale and Kelvin scales are other scales used to measure 

temperature. The Fahrenheit temperature scale is based on 32 °F for the freezing point 

of water and 212 °F for the boiling point of water, with the interval between the two 

being divided into 180 parts. On the Kelvin scale, 0 K represents absolute zero (-273 

°C), the temperature at which the molecules of a substance have their lowest possible 

energy. 

 Distribution of temperature varies both horizontally and vertically. Let us 

study it under (A) Horizontal Distribution of Temperature and B) Vertical 

Distribution of Temperature. 

 

3.6. Horizontal Distribution of Temperature 

 

Distribution of temperature across the latitudes over the surface of the earth is 

called its horizontal distribution. On maps, the horizontal distribution of temperature 

is commonly shown by isotherms. Isotherms are line connecting points that have an 

equal temperature. 
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Fig. 1:  Horizontal distribution of Temperature on the Earth. 

6.1 Horizontal Distribution of Temperature in January and July 
 

In January, the sun shines vertically overhead near the tropic of Capricorn. 

Hence, it is summer in southern hemisphere and winter in the northern hemisphere. 

The air is warmer over the oceans than over landmasses in the northern hemisphere, 

the isotherms bend towards the north (poles) when they cross the oceans and to the 

south (equator) over the continents. This can be clearly visible over the North Atlantic 

Oceans. The presence of warms ocean currents (Gulf Stream and North Atlantic 

Drift) make the Northern Atlantic Ocean warmer and the isotherms bend towards the 

poles. Over the land, the temperature decreases sharply and the isotherms bend 

towards the equator in Europe. In the southern hemisphere, the effect of the oceans is 

well pronounced (due to few landmasses). is more gradual than in the northern 

hemisphere. In July, the sun shines vertically overhead near the tropic of cancer. 

Hence, high temperature are found in the entire northern hemisphere. In July, the 

deviation of isotherms is not that much pronounced as in January. 

 

 

Fig. 2:  Horizontal distribution of Temperature on the Earth in July. 
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3. 7.  Vertical Distribution of Temperature 

  

We have already studied that the temperature in the troposphere decreases 

with an increase in the altitude. This vertical gradient of temperature decrease is 

commonly referred to as the Normal Lapse Rate. However, this normal lapse rate 

varies with height, season, latitude and other factors.. 

3.7.1 Inversion of Temperature.  

 Sometimes the actual lapse rate of temperature does not always show a 

decrease with altitude. The phenomenon in which temperature increases with 

increasing altitude temporarily and locally under certain conditions is known as 

inversion of temperature. Inversion is usually of short duration. Long winter night, 

clear sky, dry air and absence of winds leads to quick radiation of heat from the 

earth‘s surface, as well as from the lower layers of the atmosphere. This results in the 

cooling of the air near the earth‘s surface. The upper layers which lose their heat not 

so quickly are comparatively warm. Hence the normal condition, in which 

temperature decreases with increasing height, is reversed. The cooler air is nearer the 

earth and the warmer air is aloft. In other words, temperature increases with 

increasing height temporarily or locally. The phenomenon of inversion of temperature 

is mostly observed in inter-montane valleys due to air drainage. During winters the 

mountain slopes cool very rapidly due to the quick radiation of heat. The air resting 

above them also becomes cold and its density increases. Hence, it moves down the 

slopes and settles down in the valleys. This air pushes the comparatively warmer air 

of valleys upwards and leads to the phenomenon of inversion of temperature. 

Sometimes the temperature falls below freezing point in the valleys leading even to 

the occurrence of frost and in contrast, the higher slopes remain comparatively 

warmer.  

3.8. Factors Controlling Temperature Distribution 

The temperature of air at any place is influenced by (i) the latitude of the place; (ii) 

the altitude of the place; (iii) distance from the sea, the air- mass circulation; (iv) the 

presence of warm and cold ocean currents; (v) local aspects. 

The latitude : The temperature of a place depends on the insolation received. It has 

been explained earlier that the insolation varies according to the latitude hence the 

temperature also varies accordingly. 

The altitude : The atmosphere is indirectly heated by terrestrial radiation from below. 

Therefore, the places near the sea-level record higher temperature than the places 

situated at higher elevations. In other words, the temperature generally decreases 

with increasing height. The rate of decrease of temperature with height is termed as 

the normal lapse rate. It is 6.5°C per 1,000 m.  
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Distance from the sea : Another factor that influences the temperature is the location 

of a place with respect to the sea. Compared to land, the sea gets heated slowly and 

loses heat slowly. Land heats up and cools down quickly. Therefore, the variation in 

temperature over the sea is less compared to land. The places situated near the sea 

come under the moderating influence of the sea and land breezes which moderate the 

temperature.  

 

Air-mass and Ocean currents : Like the land and sea breezes, the passage of air 

masses also affects the temperature. The places, which come under the influence of 

warm air-masses experience higher temperature and the places that come under the 

influence of cold air- masses experience low temperature. Similarly the places located 

on the coast where the warm ocean currents flow record higher temperature than the 

places located on the coast where the cold currents flow. 

3.9. ATMOSPHERIC PRESSURE 

 Atmospheric Pressure systems have a direct impact on the weather and 

climate of a place. In general, places dominated by low pressure tend to be moist, 

while those dominated by high pressure are dry. The seasonality of precipitation is 

affected by the seasonal movement of global and regional pressure systems. Climates 

located at 10
o
 to 15

o
 of latitude experience a significant wet period when dominated 

by the Inter-tropical Convergence Zone and a dry period when the Subtropical High 

moves into this region. Likewise, the climate of Asia is impacted by the annual 

fluctuation of wind direction due to the monsoon. Pressure dominance also affects the 

receipt of solar radiation. Places dominated by high pressure tend to lack cloud cover 

and hence receive significant amounts of sun shine , especially in the low latitudes. 

Air expands when heated and gets compressed when cooled. This results in variations 

in the atmospheric pressure. The differences in atmospheric pressure cause the 

movement of air from high pressure to low pressure, setting the air in motion. 

Atmospheric pressure also determines when the air will rise or sink. 

3.9.1 Measurement of Air Pressure  

 Atmospheric pressure is the weight of the column of air at any given place and 

time. It is measured by means of an instrument called barometer. The units used by 

meteorologists for this purpose are called millibars (mb). One millibar is equal to the 

force of one gram on a square centimeter. A pressure of 1000 millibars is equal to the 

weight of 1.053 kilograms per square centimeter. In other words, it will be equal to 

the weight of a column of mercury 75 cm high. The normal pressure at sea level is 

taken to be about 76 centimeters (1013.25 millibars).  

Units of Pressure: 1.013 kg/cm2 = 1.013 bar = 1,013 mb = 760 mm of Hg = 76 cm of 

Hg = 29.92 in 
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3.9.2 Horizontal Distribution of Pressure 

 Horizontal distribution of pressure is shown by isobars which are lines joining 

places of equal pressure. Low pressure system is enclosed by one or more isobars 

with the lowest pressure in the centre. High-pressure system is also enclosed by one 

or more isobars with the highest pressure in the centre.. The diagram below depicts 

the patterns of isobar in a low and high pressure system.   

 

 

 

 

 

 

 

Figure  : Isobars, pressure and wind systems in Northern Hemisphere 

 

Small differences in pressure are highly significant in terms of the wind direction and 

velocity. Horizontal distribution of pressure is studied by drawing isobars at constant 

levels. Isobars are lines connecting places having equal pressure. In order to eliminate 

the effect of altitude on pressure, it is measured at any station after being reduced to 

sea level for purposes of comparison. The sea level pressure distribution is shown on 

weather maps. Figure 10.1 shows the patterns of isobars corresponding to pressure 

systems. Low- pressure system is enclosed by one or more isobars with the lowest 

pressure in the centre. High-pressure system is also enclosed by one or more isobars 

with the highest pressure in the centre. 

 

3.9.3 Relationship between temperature and Pressure  

 The higher the temperature of the air, the faster it rises and loses density, 

decreasing the barometric pressure. The cooler it is, the denser the air becomes. This 

causes the barometric pressure to rise. Hotter temperatures generally mean lower 

pressure. This direct relationship doesn‘t hold true for every instance of temperature 

vs. barometer. On a global scale, the sun heats up the tropics, which causes air to rise. 

This rising air is the reason for the prevalence of cumulus clouds and thunderstorms 

in the tropics. Air flows in to replace it, causing the trade winds, while the air that 

rises blows north and south and sinks at about 30 degrees north and south latitude, 

creating high pressure zones in those areas. From there, some of the air continues on 

to the poles. This is the basis for all global weather patterns. This process is further 
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complicated by upper air winds converging and diverging. Converging winds force 

air down, creating areas of high pressure at the surface. Conversely, when upper 

atmospheric winds spread out, air from the ground rises and creates low-pressure 

areas. On the smaller scale, an example of this relationship can be seen at the coast. 

Land is heated up faster than water by the sun, thereby lowering the pressure more 

over the land than at sea. This causes the cooler air, which tends to have higher 

pressure, to move in to replace the rising air over land. Sea breezes are the result of 

this process. But for any given location, the direct relationship between temperature 

and barometric pressure is more complicated than an inverse relationship.  

3.9.4 Vertical Variation of Pressure  

 In the lower atmosphere the pressure decreases rapidly with height. At the 

height of Mt. Everest, the air pressure is about two-thirds less than what it is at the sea 

level. The decrease in pressure with altitude, however, is not constant. Since the 

factors controlling air density – temperature, amount of water vapour and gravity are 

variable, there is no simple relationship between altitude and pressure. In general, the 

atmospheric pressure decreases on an average at the rate of about 34 millibars every 

300 metres of height. The vertical pressure gradient force is much larger than that of 

the horizontal pressure gradient. But, it is generally balanced by a nearly equal but 

opposite gravitational force. Hence, we do not experience strong upward winds. Due 

to gravity the air at the surface is denser and hence has higher pressure. Since air 

pressure is proportional to density as well as temperature, it follows that a change in 

either temperature or density will cause a corresponding change in the pressure. The 

pressure decreases with height. At any elevation it varies from place to place and its 

variation is the primary cause of air motion, i.e. wind which moves from high 

pressure areas to low pressure areas. A rising pressure indicates fine, settled weather, 

while a falling pressure indicates unstable and cloudy weather. 

3.9.5 Horizontal Distribution of Pressure & Pressure Belts of the Earth 

 Horizontal distribution of pressure is studied by drawing isobars at constant 

levels. Isobars are lines connecting places having equal pressure. In order to eliminate 

the effect of altitude on pressure, it is measured at any station after being reduced to 

sea level for purposes of comparison. The spacing of isobars expresses the rate and 

direction of pressure changes and is referred to as pressure gradient. Close spacing of 

isobars indicates a steep or strong pressure gradient, while wide spacing suggests 

weak gradient. The pressure gradient may thus be defined as the decrease in pressure 

per unit distance in the direction in which the pressure decreases most rapidly. 

Depending on the varied distribution of temperature across the globe the Earth has 

been divided in to a number of pressure belts. These pressure belts are not 

permanent in nature. They oscillate with the apparent movement of the sun. In the 

figure below the pressure belts of the Earth and their characteristics are given below 
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Fig.      Major Pressure Belts and Planetary Wind System of the World 

3.9.5.1 Equatorial Low Pressure Belt 

 This belt Lies between 10°N and 10°S latitudes. But the width may vary 

between 5°N and 5°S and 20°N and 20°S. This belt happens to be the zone of 

convergence of trade winds from two hemispheres from sub-tropical high pressure 

belts. This belt is also called the Doldrums, because of the extremely calm air 

movements. The position of the belt varies with the apparent movement of the Sun. 

This belt of pressure, somewhat lower than the normal pressure of 1013 mb ( between 

1011 mb and 1008 mb).. This is an area of high temperature and high humidity, 

commonly known as the doldrums, where the air near sea level is stagnant or 

sluggish. This belt is characterized by extremely low pressure with calm conditions. 

This is because of the absence of Surface winds since winds approaching this belt 

begin to rise near its margin. Thus, only vertical currents are found. As the larger part 

of the low pressure belt passes along the oceans, the winds obtain huge amount of 

moisture. Vertical winds (convection) carrying moisture form cumulonimbus 

clouds and lead to thunderstorms and convectional rainfall.  

 

 3.9.5.2 Sub-Tropical High Pressure Belt 

 The sub-tropical high pressure belt extend from near the tropics to about 35°N 

and S. It is often called as the ―Horse Latitudes‖, zones of calm and zone of 
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descending air currents. Average pressure exceeds 1026 mb in this belt. After 

complete loss of moisture at the ITCZ, the air moving away from equatorial low 

pressure belt in the upper troposphere becomes dry and cold. This dry and cold wind 

subsides at 30°N and  S. So the high pressure along this belt is due to subsidence of 

air coming from the equatorial region which descends after becoming heavy. 

The subsiding air is warm and dry, therefore, most of the deserts are present along 

this belt, in both hemispheres. A calm condition (anticyclonic) with feeble winds is 

created in this high pressure belt. The descending air currents feed the winds blowing 

towards adjoining low pressure belts. This belt is frequently invaded by tropical and 

extra-tropical disturbances. 

3.9.5.3 Temperate Low Pressure Belts  

 Pole-wards of the sub-tropical high pressure belts in the northern and southern 

hemisphere are the broad belts of low pressure, extending roughly from the middle 

latitude zone (35o to 55o north and south) to the Arctic and Antarctic zone (60o to 

75o north and south). In the southern hemisphere, over the continuous expense of 

southern ocean, the sub-Antarctic low pressure belt is specially defined with average 

pressure as low as 984 mb. It is one of the deepest and most persistent low pressure 

troughs in the world bordering the polar high pressure zones. Due to a great contrast 

between the temperatures of the winds from sub-tropical and polar source regions, 

extra tropical cyclonic storms or lows‘ (temperate cyclones or frontal cyclones) are 

produced in this region. 

3.9.5.4 Polar High Pressure Belt 

 The polar zones have permanent centers of high pressure known as polar 

highs. This high pressure zone is thermal in origin and is developed due to intense 

cold prevailing in the polar zone associated with extremely low insolation and heavy 

snow fall. The polar highs are small in area and extend around the poles. They lie 

around poles between 80 – 90° N and S latitudes. 

3.10. EARTH’S SURFACE WIND SYSTEM  

 

 

 

Fig. Pressure Belts and Planetary wind Systems of the globe 
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When the movement of the air in the atmosphere is in a horizontal direction over the 

surface of the Earth, it is known as the wind. Movement of the wind is directly 

controlled by the pressure gradients. The difference in pressure between any two 

points in the atmosphere is called the pressure gradient. Because air moves from high 

pressure to low pressure, pressure gradients create wind by inducing rapid air 

movement from high to low pressure. When air moves into a low-pressure area to 

correct the imbalance of a pressure gradient, people feel the moving air as wind. 

Greater pressure gradients produce stronger winds. Wind on Earth is also affected by 

the force of the Earth's rotation, known as the Coriolis force or Coriolis effect, which 

tends to deflect winds to the right in the Northern Hemisphere. The Coriolis force and 

pressure gradient can produce winds of various speeds and directions. Winds are 

named by the direction from which they blow. The globe is encircled by six major 

wind belts, three in each hemisphere. From pole to equator, they are the polar 

easterlies, the westerlies, and the trade winds. All six belts move north in the northern 

summer and south in the northern winter. Each belt occupies about 30 degrees of 

latitude, that is, one third of the way from the pole to the equator. 

3.10.1 Global wind patterns  

The Equatorial Belt of Variable Winds  

 Over the equatorial trough of low pressure, lying roughly between 5o S and 5o 

N latitude, is the equatorial belt of variable winds and calms or the Doldrums. There 

are no surface winds here, but a fair distribution of directions around the compass. 

Calms prevail as much as a third of the time. Centrally located on a belt of low 

pressure, this zone has no strong pressure gradients to induce a persistent flow of 

wind. 

3.10.2 Trade Wind Belt  

 North and south of the doldrums are the trade wind belts, covering the roughly 

the zones lying between 5o and 30o north and south. The tradewind is a result of a 

pressure gradient from sub-tropical belts of high pressure to the equatorial trough of 

low pressure. In the northern hemisphere, air moving equator-wards is deflected by 

the earth‘s rotation to turn westwards. Thus, the prevailing wind is from the north-

east and winds are termed as the north-east trades. In the Southern Hemisphere, 

deflection of the moving air to the left causes the south-east trades. Trade winds are 

noted for their steadiness and directional persistence.  Most winds come from one 

quarter of the equator. The trades are best developed over the pacific and Atlantic 

oceans, but are upset in the India Ocean region by the proximity of great Asiatic land 

mass. The trade wind belts are not altogether favorable for navigation or flying, 

because over certain oceanic portions, at certain seasons of the year, terrible tropical 

storms known as hurricanes or typhoons occur.  
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3.10.3 Tropical Belt of Variable Winds and Calms  

  latitudes 30o and 40o north and south are what has long been called the sub-

tropical belt of variable winds and calms or horse latitudes, coinciding with the sub-

tropical high pressure belt. Instead of being continuous even belts, the high pressure 

areas are concentrated into distinct anticyclones or cells, located over the oceans. The 

apparent outward spiralling movement of air is directed equator ward into easterly 

trade wind system; pole wards into the westerly wind system. Most of the world‘s 

great deserts lie is this zone and in the adjacent trade wind belt. 

3.10.4 Belt of Westerlies 

 Between latitudes 40o and 60o north and south, is the belt of westerly or 

prevailing westerly winds. Storm winds are common in this belt, as are frequent 

cloudy days with continued precipitation. In the northern hemisphere, land masses 

cause considerable disruption of the westerly wind belt, but in the southern 

hemisphere, between the latitude 40o and 60o south, there is an almost unbroken belt 

of ocean. Here the westerly gain great strength and persistence. The belt was 

extensively used for selling vessels travelling eastwards from the south Atlantic 

Ocean to Australia, Tasmania, New Zealand and the Southern Pacific Islands. 

 3.10.5 Polar Easterlies 

 A wind system termed polar easterlies has been described as the characteristic 

of the Arctic and the polar zones. This refers to the cold winds blowing from the polar 

high pressure belts to the temperate low pressure belts of the globe. This wind system 

carries strong and biting cold winds, which are often called blizzards bringing heavy 

snowfall in its path. 

 Besides these planetary winds local differences in air pressure also develops 

periodic winds like monsoon in India and local winds like Chinook in USA, Fohn in 

Alps, land and sea breeze along the coastal areas, mountain and valley breeze in the 

hilly terrain.  

3.11. HUMIDITY  

 

 Humidity is the amount of water vapor present in the air. Water vapor is the 

gaseous state of water and is invisible to the human eye.
[1]

Humidity indicates the 

likelihood of precipitation, dew, or fog. There are three main measurements of 

humidity i.e  absolute, relative and specific. A device used to measure humidity is 

called a psychrometer or hygrometer. Humidity is also measured on a global scale 

using remotely placed satellites. These satellites are able to detect 

the concentration of water in the troposphere at altitudes between 4 and 12 
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kilometers. Satellites that can measure water vapor have sensors that are sensitive 

to infrared radiation. Water vapor specifically absorbs and re-radiates radiation in this 

spectral band. Satellite water vapor imagery plays an important role in monitoring 

climate conditions (like the formation of thunderstorms) and in the development 

of weather forecasts.  

 While humidity itself is an element of climate,  it also interacts strongly with 

other climate variables. The humidity is affected by winds and by rainfall. At the 

same time, humidity affects the energy budget and thereby influences temperatures in 

two major ways. First, water vapor in the atmosphere contains "latent" energy. 

During transpiration or evaporation, this latent heat is removed from surface liquid, 

cooling the earth's surface. Second, water vapor is the most abundant of 

all greenhouse gases. Water vapor, like a green lens that allows green light to pass 

through it but absorbs red light, is a "selective absorber". Along with other 

greenhouse gases, water vapor is transparent to most solar energy, as you can literally 

see. But it absorbs the infrared energy emitted (radiated) upward by the earth's 

surface, which is the reason that humid areas experience very little nocturnal cooling 

but dry desert regions cool considerably at night. This selective absorption causes the 

greenhouse effect. It raises the surface temperature substantially above its theoretical 

radiative equilibrium temperature with the sun, and water vapor is the cause of more 

of this warming than any other greenhouse gas. 

 Humans are sensitive to humid air because the human body uses evaporative 

cooling as the primary mechanism to regulate temperature. Under humid conditions, 

the rate at which perspiration evaporates on the skin is lower than it would be under 

arid conditions. Because humans perceive the rate of heat transfer from the body 

rather than temperature itself, we feel warmer when the relative humidity is high than 

when it is low. 

 The most humid cities on earth are generally located closer to the equator and 

near coastal regions. Cities in South and Southeast Asia are among the most 

humid. Kolkata, Mumbai, Chennai have very  high humidity all year round because 

of their proximity to water bodies. 

 

 

 

     

      

 

 

A hygrometer 
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3.11.1 Absolute humidity  

 

 Absolute humidity is the water content of air expressed in gram per cubic 

meter. Absolute humidity is the total mass of water vapor present in a given volume 

of air. It does not take temperature into consideration. Absolute humidity in the 

atmosphere ranges from near zero to roughly 30 grams per cubic meter when the air 

is saturated at 30 °C (86 °F). The absolute humidity changes as the 

air  temperature or pressure changes. 

 

3.11.2 Relative humidity 

 It is expressed as a percent, measures the current absolute humidity relative to 

the maximum (highest point) for that temperature. Relative humidity of the 

atmosphere is normally expressed as a percentage; a higher percentage means that the 

air-water mixture is more humid. Relative humidity is an important metric used 

in weather forecasts and reports, as it is an indicator of the likelihood of precipitation. 

In hot summer weather, a rise in relative humidity increases the apparent 

temperature to humans (and other animals) by hindering 

the evaporation of perspiration from the skin. 

 

11.3 Specific humidity 

  

It  is the ratio of the mass of water vapor to the total mass of the moist air 

parcel. Specific humidity is approximately equal to the "mixing ratio", which is 

defined as the ratio of the mass of water vapor in an air parcel to the mass of dry air 

for the same parcel. As temperature decreases, the amount of water vapor needed to 

reach saturation also decreases. As the temperature of a parcel of air becomes lower it 

will eventually reach the point of saturation without adding or losing water mass. 

 

3. 12. PRECIPITATION  

 

 It can be defined as earthward falling of water drops or ice particles that have 

formed by rapid condensation in the atmosphere. A heavy downpour in the tropics, a 

blizzard in the northeast, and a daylong drizzle in Shimla are all related to each other. 

This is because they are different types of precipitation, which is water that falls back 

to the ground after condensing in the atmosphere. That means that any type of falling 

water, be it liquid or frozen, is falling as precipitation. Heavy or light rain, sleet, 

snow, drizzle, and hail are all types of precipitation. However, fog and dew are not 

considered precipitation because fog is just a ground-level cloud. It's created by water 

condensing around dust particles low to the ground instead of high in the air. Dew is 

also condensation, but on objects on the ground like leaves, cars and windows instead 

of dust particles in the air. 
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There are three distinct ways that precipitation can 

occur. convective precipitation is generally more intense, and of shorter duration, 

orographic precipitation occurs when moist air is forced upwards over rising terrain, 

such as a mountain and cyclonic precipitation. Precipitation can also fall in either 

liquid or solid phases or transition between them. Liquid forms of precipitation 

include rain and drizzle. Rain or drizzle which freezes on contact within a sub-

freezing air mass forming drizzle. Frozen forms of precipitation include snow, ice 

needles, sleet, hail, and graupel. Intensity of precipitation is classified either by rate of 

fall, or by visibility restriction. 

Mechanism of Precipitation 

Precipitation occurs when the air becomes saturated with water vapor, and can 

no longer hold all of it in vapor form. This occurs when moist air cools, usually when 

an airmass rises through the atmosphere. However, an air mass can also cool (e.g. 

through radiative cooling, or ground contact with cold terrain) without a change in 

altitude. There are two methods by which rain drop is formed. 

(a) Bergeron mechanism 

 The cloud having cold  at high altitudes carry  ice particles formed due 

to very low temperature (-150C to -250C). These ice particles grow rapidly by 

deposition of water vapors (sublimation) developing in to hexagonal shaped ice 

crystals. These  ice crystals on collision form snow pellets and melt into water 

droplets when falling on ground through warm atmosphere. This mechanism is 

suggested by Swedish Meteorologist Bergeron in 1933. Artificial rain making is 

based on these mechanisms. 

(b) Collision and Coalescence Mechanism 

The cloud having slightly higher temperature carries fine water droplets 

instead of ice particles. These fine water droplets collide and coalesce (combine) and 

grow into the larger size and fall on earth as rain drop 

3.12.1 Forms of Precipitation 

.Table : Different Forms of Precipitation 

A. Liquid form B. Solid form C. Mixed form 

1. Rain 1. Snow 1. Sleet 

2. Drizzle 2. Hail 2  Hail 

3.Shower     
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3.12.2 Types of Rain 

 

(a) Convectional Rain 

 

 

 

 

 

                     A Violent  thunder storm results from convective cumulus clouds. 

Convective precipitation occurs when air rises vertically through the self-

sustaining mechanism of convection. Convection occurs when the Earth's surface, 

within a conditionally unstable or moist  atmosphere, becomes heated more than its 

surroundings, leading to significant evaporation. Convective rain, or showery 

precipitation, occurs from convective clouds i.e., cumulonimbus or cumulus clouds. It 

falls as showers with rapidly changing intensity. Convective precipitation falls over a 

certain area for a relatively short time, as convective clouds have limited horizontal 

extent. Most precipitation in the equatorial zone appears to be convective. 

  

(b) Cyclonic Rain 

Cyclonic precipitation, also known as frontal precipitation, occurs when very 

warm air (usually tropical) makes contact with cool air. Nimbostratus clouds form 

from this contact and result in precipitation. This mechanism can occur as either a 

warm front, when warm air rises over cool air and creates light rain, or a cold front, 

when cool air moves a warm air mass and creates intense rain. When masses of air 

with different density (moisture & temperature characteristics) meet,  

 
A weather front is the boundary of two airmasses 

less dense warmer air overrides colder air. The warmer air is forced to rise and if 

conditions are right becomes saturated, causing precipitation. Warm fronts occur 

where the warm air pushes out a previously lodged cold air mass. The warm air 
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overrides the cooler air and moves upward. Warm fronts are followed by extended 

periods of light rain and drizzle, because, after the warm air rises above the cooler air 

(which remains on the ground), it gradually cools due to the air's expansion while 

being lifted, which forms clouds and leads to precipitation. A wide variety of weather 

can be found along t he cold and occluded front, with thunderstorms possible, but 

usually their passage is associated with a drying of the air mass. 

( c ) Orographic Rain 

 

 

 

 

 

Orographic precipitation occurs when moist air is forced upwards by terrain. 

Orographic or relief rainfall is caused when masses of air pushed by wind are forced 

up the side of elevated land formations, such as large mountains. The lift of the air up 

the side of the mountain results in adiabatic cooling, and ultimately condensation and 

precipitation. In mountainous parts of the world subjected to relatively consistent 

winds (for example, the trade winds), a more moist climate usually prevails on the 

windward side of a mountain than on the leeward (downwind) side. 

 

3. 12.3 Other Forms of Precipitation 

(a)  Snow 

 Snow is defined as precipitation of water in the solid form of small Or large 

ice crystals. It occurs only when the condensing medium has a temperature below 

freezing temperature, snow is generally in the form of individual crystals or in flakes 

that are aggregates of many crystals.  Snow flakes are formed in high clouds. Snow is 

measured with snow gauge. Snow is normally seen together with high, thin and weak 

cirrus clouds. Snow can at times fall when the atmospheric temperatures are above 

freezing, but it mostly occur in sub-freezing air. When the temperatures are above 

freezing, the snowflakes can partially melt but because of relatively warm 

temperatures, the evaporation of the particles occurs almost immediately.Snow has 

fluffy, white and soft structure and its formation is in different shapes and ways, 

namely flat plates and thin needles. Each type of snow forms under specific 

combinations of atmospheric humidity and temperatures. The process of snow 

precipitation is called snowfall. 
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(b) Hail 

 Hail is a precipitation of solid ice. On a warm sunny day, a strong Connective 

column may cause the formation of pellets having spherical Shape and concentric 

layers of ice. Such a formation is known as hail. Hailstones are large chunks of ice 

that fall from large thunderstorms.  They are highly damaging to crops, easily earning 

the nickname ―the white plague‖.  Violent thunderstorms have very strong updrafts 

that are strong enough to hold ice aloft against the pull of gravity.  One can see that a 

hailstone has layers like an onion.  The opaque layers are created when the hail is in 

the colder section of the cloud, or gets caught in the downdrafts, and the super cooled 

droplets freeze onto the hail so quickly tiny air bubbles get trapped, causing the ice to 

look milky.  When the hail falls into the warmer portion of the cloud, or into the 

warm updrafts, the super cooled droplets freeze slowly enough that the tiny air 

bubbles have time to escape before the water freezes, resulting in a sheet of clear 

ice.   Hail can range in size from the diameter of a pea to larger than a 

grapefruit.  Hail the size of grapefruits have been known to cause extensive property 

damage and even fatalities.  But even small hail can cause damage to crops and bruise 

or mark them, reducing their value. Hail can cause a lot of damage to trees by 

stripping leaves and by putting bruises or marks onto fruit, reducing its saleability as 

table fruit and making it suitable only for juice.  It can also crush young plants when 

it falls.  Large hail stones can also cause damage to animals caught out away from 

shelter, and have caused fatalities of animals and even humans caught in the open in 

extremely heavy hail. 

(c) Drizzle 

 It is more or less uniform precipitation of very small and numerous raindrops 

which are carried away even by light wind.  The drizzle drop is less than 0.5 mm in 

size, and precipitate at the rate usually less than 1 mm per hour. Drizzle is very light 

rain. It is stronger than mist but less than a shower. Mist is a thin fog with 

condensation near the ground. Fog is made up of ice crystals or cloud water droplets 

suspended in the air near or at the earth‘s surface. Drizzle droplets are smaller than 

0.5 millimeters (0.02 inches) in diameter. They arise from low stratocumulus clouds. 

They sometimes evaporate even before reaching the ground due to their minute size. 

Drizzle can be persistent is cold atmospheric temperatures. 

(d) Sleet 

 Simultaneous precipitation of the mixture of rain and snow is called as sleet. 

Sleet takes place in freezing atmospheric conditions. Sleet, also known as ice pellets, 

form when snow falls into a warm layer then melts into rain and then the rain droplets 

falls into a freezing layer of air that is cold enough to refreeze the raindrops into ice 

pellets. Hence, sleet is defined as a form of precipitation composed of small and 
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semitransparent balls of ice. They should not be confused with hailstones as they are 

smaller in size. Sleet is often experienced during thunderstorms and is normally 

accompanied with frosty ice crystals that form white deposits and a mixture of 

semisolid rain and slushy snow. Ice pellets (sleet) bounce when they hit the ground or 

any other solid objects and falls with a hard striking sound. Sleet don not freeze into a 

solid mass except when it combines with freezing rain. 

 

3.13. FACTORS AFFECTING CLMATE 

 There are many different factors that affect climate around the world. It is the 

varying influence of these factors that lead to different parts of the Earth experiencing 

differing climates. The most important  factors are: 

 Distance from the sea 

 Ocean currents 

 Direction of prevailing winds 

 Shape of the land (known as 'relief' or 'topography') 

 Distance from the equator 

 Human Activities. 

 It is now widely accepted that human activity is also affecting climate, and 

that the impact is not the same everywhere. For example, changes appear to be 

happening faster near the poles than in many other places. In this tutorial we will look 

at some of these factors in more detail. There are several factors which actually 

control the climate of a place. Some of the Important factors are latitude, altitude, 

distance to the ocean and/ or sea, orientation of mountain ranges toward prevailing 

winds and ocean currents. 

3.13.1 Distance from the sea or Continentality 

 

 The sea affects the climate of a place. Coastal areas are cooler and wetter than 

inland areas. Clouds form when warm air from inland areas meets cool air from the 

sea.  The centre of continents are subject to a large range of temperatures.  In the 

summer, temperatures can be very hot and dry as moisture from the sea evaporates 

before it reaches the centre of the land mass. 

3.13.2 Direction of prevailing winds 

 

 Wind that blow from the sea often bring rain to the coast and dry weather to 

inland areas.  Winds that blow to Britain from warm inland areas such as Africa will 

be warm and dry.  Winds that blow to Britain from inland areas such as central 

Europe will be cold and dry in winter. Britain's prevailing (i.e. most frequently 
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experienced) winds come from a south westerly direction over the Atlantic.  These 

winds are cool in the summer, mild in the winter and tend to bring wet weather 

 

 

 

 

 

3.13.3  Topography and Relief                                        

  

Climate can be affected by mountains. Mountains receive more rainfall than 

low lying areas because as air is forced over the higher ground it cools faster, causing 

moist air to condense and fall out as rainfall. The higher the place is above sea level 

the colder it will be.  This happens because as altitude increases, air becomes thinner 

and is less able to absorb and retain heat. That is why you may see snow on the top of 

mountains all year round.  Normally, climatic conditions become colder as altitude 

increases. ―life zones‖ on a high mountain reflect the changes, plants at the base are 

the same as those in surrounding countryside, but no trees at all can grow above the 

timberline. Snow crowns the highest elevations. 

 Topography affects 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. Leeward sides 

of 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 moves toward 

higher elevations. Mountains have nearly the same affect as latitude does on climate. 

On tall mountains azonation of climate occurs as you move towards higher elevation. 

3.13.4  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 traveling over cold 

ocean currents lose energy to the water and thus moderate the temperature of nearby 

coastal locations. Air masses traveling 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.Ocean 

currents can increase or reduce temperatures. The diagram below shows the ocean 
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currents of the world (view The main ocean current that affects the UK is the Gulf 

stream.  

 

 

 

 

 

 

The Gulf Stream is a warm ocean current in the North Atlantic flowing from the Gulf 

of Mexico, northeast along the U.S coast, and from there to the British Isles. The Gulf 

of Mexico has higher air temperatures than Britain as it is closer to the equator.  This 

means that the air coming from the Gulf of Mexico to Britain is also warm.  However, 

the air is also quite moist as it travels over the Atlantic ocean.  This is one reason why 

Britain often receives wet weather. The Gulf Stream keeps the west coast of Europe 

free from ice in the winter and, in the summer, warmer than other places of a similar 

latitude 

3.13.5 Human Influence 

 

 

 

 

 

The factors above affect the climate naturally.  However, we cannot forget the 

influence of humans on our climate.  Early on in human history our effect on the 

climate would have been quite small.  However, as populations increased and trees 

were cut down in large numbers, so our influence on the climate increased.  Trees 

take in carbon dioxide and produce oxygen.  A reduction in trees will therefore have 

increased the amount of carbon dioxide in the atmosphere. The Industrial Revolution, 

starting at the end of the 19th Century, has had a huge effect on climate.  The 

invention of the motor engine and the increased burning of fossil fuels have increased 

the amount of carbon dioxide (a greenhouse gas - more on that later) in the 

atmosphere.  The number of trees being cut down has also increased, reducing the 

amount of carbon dioxide that is taken up by forests. 
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CHECK YOUR PROGRESS 

 

Note: a) Use the space provided for your answers. 

          b) Check your answers with the possible answers provided at the end of this 

unit. 

 

Write the difference between climate and weather?  

Ans. 

 

 

 

 

 

4) Describe the factors that influence the horizontal distribution of temperature?  

      Ans.  

 

 

 

 

5) What do you mean by inversion of temperature?. 

 

 

 

 

   4) Differentiate between heat and temperature. 

 

 

 

 

 

 

 

 

 

 5) Describe the major pressure belt of earth system. 
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6) Discuss about the planetary wind system of earth? 

 

 

 

 

 

 

 

 

 

 

 

 

 

7) What are types of rainfall. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8) Compare and contrast between relative humidity and absolute humidity? 

 

 

 

 

 

 

 

 

 

 

9) Discuss about factors affecting climate? 
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3.14. LET US SUM UP 

 
The primary source of energy of earth system is from Sun. The incoming short wave 

length radiation reaching the earth surface is called as insolation. The amount of 

insolation depends upon angle of incidence, duration of sunshine, distance between 

sun and earth, transparency of atmosphere, land sea differential, aspects of slope, 

ocean current, altitude, sunspots and prevailing winds. Further, the process involved 

in the heating and cooling of the atmosphere are radiation, conduction, convection 

and advection. Radiation process dominate over three mechanism. Terrestrial 

radiation is the amount heats radiated by earth surface are the causing behind livable 

temperature of earth system. Again, there is a balance between the receipt of 

insolation and the te rrestrial radiation on earth‘s surface. This is known as heat 

budget. There is increase in average atmospheric temperature of earth system known 

as global warming due to increase in green house gases. 

 

3.15. KEY WORDS 

Advection: Advection is a lateral or horizontal transfer of mass, heat, or other 

property. Accordingly, winds that blow across Earth's surface represent advectional 

movements of air. 

Conduction: The process by which heat or electricity is directly transmitted through 

the material of a substance when there is a difference of temperature or of electrical 

potential between adjoining regions, without movement of the material. 

Convection: The movement caused within a fluid by the tendency of hotter and 

therefore less dense material to rise, and colder, denser material to sink under the 

influence of gravity, which consequently results in transfer of heat.. 

Insolation: It is the solar radiation that reaches the earth's surface. It is measured by 

the amount of solar energy received per square centimeter per minute. 
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Heat Budget: A heat budget is the perfect balance between incoming heat absorbed 

by earth and outgoing heat escaping it in the form of radiation 

Terrestrial Radiation: Long-wave electromagnetic radiation originating from Earth 

and its atmosphere. 
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UNIT-4: GLOBAL CLIMATE PATTERN AND WEATHER   

          DISTURBANCES 

 

Objectives 

After completion of this unit, you should be able to: 

 

 Have a basic understanding of the climatic pattern of the Earth. 

 Understand the variation of the climate across the globe. 

 Have an in depth understanding of different characteristics of different 

climates of the Earth. 

  Have an understanding of the nature of weather disturbances and their 

characteristics 
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warming 
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4.0 INTRODUCTION 

 

The long-term distribution of heat and precipitation on Earth's surface is 

called global climate. Heat from the sun keeps the Earth's average temperature at 

about 60°F(16°C), within a range that allows for biological life and maintains the 

planet's life-sustaining reservoirs of liquid water. Astronomical variations and 

atmospheric shielding cause incoming solar radiation to fall unevenly on the Earth's 

surface. Ocean currents and winds further redistribute heat and moisture around the 

globe, creating climate zones.  

 

Climate zones have characteristic annual precipitation, temperature, wind, and 

ocean current patterns that together determine local, short-term weather, and affect 

development of ecologically adapted suites of plants and animals. Changes in the 

astronomical, oceanographic, atmospheric, and geological factors that determine 

global climate can lead to global climate change over time. The term climate is 

reserved for regional patterns of temperature and precipitation that persist for decades 

and centuries. Local atmospheric, oceanic, and temperature phenomena like storms 

and droughts that occur over hours, days or seasons, is generally referred to as 

weather. 

 

 

4.1 Weather vs. Climate; Natural Variability vs. Climate Change 

  

Weather describes current atmospheric conditions, such as rainfall, 

temperature, and wind speed, at a particular place and time. It changes from day to 

day. Climate is the average (or ‗normal‘) pattern of weather for a particular place over 

several decades. One way to understand the difference between weather, climate 

variability and climate change is to think about how they operate on different time 

scales. The big arrow in Figure 1 refers to different periods of time – days, months, 

years, decades and centuries. We can see here that weather refers to hours, days and 

maybe months; climate refers to months, years and decades, and climate change 

refers to decades and centuries. Examples of weather are rain storms that might last 

one or two hours and tropical cyclones that may last days. Climate variability can be 

defined by climate patterns such as the El-Niño Southern Oscillation and climate 

change refers to things which happen over centuries, like global warming. 
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Figure 1: A guide to the timescales applicable to weather, climate variability and climate 

change 

 

4.2 History of Global Climate Pattern 

 For the past 150 years, humans have been performing an unprecedented 

experiment on Earth's climate. Human activities, mainly fossil fuel combustion, are 

increasing concentrations of greenhouse gases (GHGs) in the atmosphere. These 

gases are trapping infrared radiation emitted from the planet's surface and warming 

the Earth. Global average surface temperatures have risen about 0.7°C (1.4°F) since 

the early 20th century. 

 Earth's climate is a complex system that is constantly changing, but the planet 

is warmer today than it has been for thousands of years, and current atmospheric 

carbon dioxide (CO2) levels have not been equaled for millions of years. As we will 

see below, ancient climate records offer some clues about how a warming world may 

behave. They show that climate shifts may not be slow and steady; rather, 

temperatures may change by many degrees within a few decades, with drastic impacts 

on plant and animal life and natural systems. And if CO2 levels continue to rise at 

projected rates, history suggests that the world will become drastically hotter than it is 

today, possibly hot enough to melt much of Earth's existing ice cover. 

 Earth‘s climate has undergone many changes over the course of geologic 

history, but the past one million years or so have been among the most dynamic. 

During that time, the planet has experienced repeated cycles of glacial (cold) and 

interglacial (warm) periods lasting about 80,000 years on average. These were most 

likely driven by regular changes in Earth‘s orbit and rotation known as the 

Milankovich Cycles that govern the seasonal timing and intensity of solar energy 
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entering the atmosphere. Other factors that may have contributed to the formation and 

cessation of ice ages are the amount of greenhouse gases (mainly carbon dioxide, 

methane, and water vapor) in Earth‘s atmosphere, the extent of sea and land-based ice 

across the northern hemisphere, and shifts in patterns of wind and ocean currents. 

 During ice ages, the most characteristic change to the planet has been the 

formation and spread of large ice sheets and glaciers across much the Northern 

Hemisphere. The sheer weight of the ice at the height of the last ice age depressed 

Earth‘s crust to such an extent that many areas are still slowly but noticeably 

rebounding to this day, 18,000 years after the retreat of the glaciers. 

 
Figure:2-  Ice sheet advance during the most recent ice age (Courtesy: National 

Oceanic and  Atmospheric Administration Paleoclimatology Program) 

 Throughout much of its 4.5 billion year history, Earth's climate has alternated 

between periods of warmth and relative cold, each lasting for tens to hundreds of 

millions of years. During the warmest periods, the polar regions of the world were 

completely free of ice. Earth also has experienced repeated ice ages—periods lasting 

for millions of years, during which ice sheets advanced and retreated many times over 

portions of the globe. During the most extreme cold phases, snow and ice covered the 

entire globe. 

 From the perspective of geological time our planet is currently passing 

through a relatively cold phase in its history and has been cooling for the past 35 

million years, a trend that is only one of many swings between hot and cold states 

over the last 500 million years. During cold phases glaciers and snow cover have 

covered much of the mid-latitudes; in warm phases, forests extended all the way to 

the poles. Scientists have analyzed paleo-climate records from many regions of the 

world to document Earth's climate history. Important sources of information about 

past climate shifts include: 
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 Mineral deposits in deep sea beds. Over time, dissolved shells of 

microscopic marine organisms create layers of chalk and limestone on sea 

beds. Analyzing the ratio of oxygen-18 (a rare isotope) to oxygen-16 (the 

common form) indicates whether the shells were formed during glacial 

periods, when more of the light isotope evaporated and rained down, or during 

warm periods. 

 Pollen grains trapped in terrestrial soils. Scientists use radiocarbon 

dating to determine what types of plants lived in the sampled region at the 

time each layer was formed. Changes in vegetation reflect surface temperature 

changes. 

 Chemical variations in coral reefs. Coral reefs grow very slowly over 

hundreds or thousands of years. Analyzing their chemical composition and 

determining the time at which variations in corals' makeup occurred allows 

scientists to create records of past ocean temperatures and climate cycles. 

 Core samples from polar ice fields and high-altitude glaciers. The layers 

created in ice cores by individual years of snowfall, which alternate with dry-

season deposits of pollen and dust, provide physical timelines of glacial 

cycles. Air bubbles in the ice can be analyzed to measure atmospheric 

CO2 levels at the time the ice was laid down. 

 Understanding the geological past is key to today's climate change research 

for several reasons. Earth's climate history illustrates how changing GHG levels and 

temperatures in the past shaped climate systems and affected conditions for life. 

Second, researchers use past records to tune climate models and see whether they are 

accurately estimating dynamics like temperature increase and climate feedbacks. The 

more closely a model can replicate past climate conditions, the more accurate its 

future predictions are likely to be. 

Scientists have looked far back in time to find a period when atmospheric GHG 

concentrations were as high as they could rise in coming decades if current emission 

trends continue. The Eocene epoch, which lasted from 55 million to 38 million years 

ago, was the most recent time when scientists think that CO2 was higher than 500 

parts per million. Fossil evidence shows that Earth was far warmer during the Eocene 

than it is now. Tropical trees grew over much larger ranges to the north and south 

than they occupy today. Palm trees grew as far north as Wyoming and crocodiles 

swam in warm ocean water off Greenland. Early forms of modern mammals 

appeared, including small creatures such as cat-sized horses whose size made them 

well adapted to a warm climate. Without ice cover at the poles, sea levels were nearly 

100 meters higher than today. The deep ocean, which today is near freezing, warmed 

to over 12°C. 

 During the Pleistocene epoch, which began about 2 million years ago, Earth's 

average temperature has always been cold enough to maintain ice at high latitudes. 
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But Pleistocene climate has not been constant: ice coverage has fluctuated 

dramatically, with continental ice sheets advancing and retreating over large parts of 

North America and Europe. These peak glacial periods are often referred to as "Ice 

Ages" or "Glacial Maxima." During the Pleistocene, Earth has experienced more than 

30 swings between prolonged glacial periods and brief warmer interglacial phases 

like the one we live in today. Glacial advances and retreats shaped Earth's 

topography, soils, flora, and fauna. During glaciations, huge volumes of water were 

trapped in continental ice sheets, lowering sea levels as much as 130 meters and 

exposing land between islands and across continents. These swings often changed 

ocean circulation patterns. During the most extreme cold phases, ice covered up to 30 

percent of the Earth's surface. 

4.3 Factors Affecting Global Climate Pattern 

 The Earth‘s climate has changed over the centuries and millennia due to a number of 

different factors which include: 

 Natural changes in the Earth‘s orbit which may occur over time scales of 

thousands of years 

 Natural changes in the sun which affect the amount of incoming solar 

radiation 

 Natural, large-scale volcanic eruptions which eject large amounts of ash into 

the atmosphere. The ash may remain in the atmosphere for several months or 

years reflecting sunlight back into space and resulting in a drop of mean 

global surface temperature 

 Changes in atmospheric chemistry (such as the quantity of greenhouse gases) 

– both natural and caused by human activities. It is almost certain that most of 

the changes seen in the past century have been caused by human activities 

such as burning fossil fuels. We will now concentrate on these changes. 

 

Figure 2: Factors that lead to changes in the Earth’s climate. 
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4.3.1 Astronomical factors affecting global climate change 

 Energy from the sun drives the Earth's climate. Changes that affect the amount 

of solar radiation reaching the planet, called insolation, and that alter the distribution 

of sunlight on its surface, can cause global climate change. Each minute, the Earth's 

outer atmosphere receives about two calories of energy per square centimeter of area, 

a value known as the solar constant. In spite of its name, the solar constant varies over 

time. Astronomers have, for example, observed a correlation between the solar 

constant and changes in the pattern of sunspots, or solar storms, on the Sun's surface. 

 

 The Earth's position with respect to the Sun over time affects its climate. 

During its annual circuit around the sun, the Earth's present elliptical orbit brings it 

closest to the sun in January (perihelion), and carries it farthest away in July 

(aphelion). The planet receives about 6% more solar energy in January than in July. 

The Earth's axis, a line through the poles, is tilted 23.4° with respect to the sun. 

Consequently, the Sun's rays strike the northern hemisphere most directly on June 

21st, the summer solstice, and the southern hemisphere most directly in December 

21st, the winter solstice. The equinoxes, on April 21st and September 21st, mark the 

dates when the Sun shines directly on the equator, and day and night are the same 

length around the globe. Orbital geometry and axial tilt together determine the Earth's 

pattern of seasons. Variations in this astronomical geometry would cause climatic 

variations. 

 

 In the 1920's, the Serbian astronomer, Milutin Milankovitch, proposed an 

astronomical explanation for long-term, cyclical global climate changes that caused 

the Pleistocene "ice ages". By observing variations in the Earth's orbital geometry and 

axial tilt, and calculating the time for a complete cycle of change to occur, 

Milankovitch predicted a pattern of varying insolation and global climate change. 

According to his theory, three so-called Milankovitch cycles—precession, obliquity, 

and eccentricity—repeat approximately every 21, 41, and 100 thousand years, 

respectively. The 21,000-year precession cycle occurs because the direction of the 

Earth's spin axis changes over time, much in the way a spinning top wobbles. This 

phenomenon, called the precession of the equinoxes, causes a particular season, 

northern hemisphere summer for example, to occur at different places along the 

Earth's orbital path, and hence, at a different time of year. During the 41,000-year 

obliquity cycle, the tilt angle of the Earth's axis changes, altering the intensity of the 

seasons. Changes in the shape, or eccentricity, of the Earth's orbit cause the 100,000-

year Milankovitch cycle. The Earth's present orbit is almost circular, so the difference 

in insolation between aphelion and perihelion is fairly minor. When the orbit becomes 

more elliptical, the Earth receives more radiation at the perihelion, and less at the 

aphelion. The eccentricity cycle also modulates the precession and obliquity cycles; 

the most intense northern hemisphere summer, for example, would occur when the 



Odisha State Open University, Sambalpur  Page 78 
 

June solstice coincided with the perihelion of an eccentric elliptical orbit, and the 

axial tilt was at its highest. 

 

 Geological data from the most recent portion of the Earth's history seem to 

support Milankovitch theory. The pattern of  insolation variations that Milankovitch 

predicted generally matches the pattern of polar ice sheet advance and retreat since 

about two million years ago. Observations of northern hemisphere glacial features, 

deep sea cores that record the amount of water stored in glacial ice, and sea-level 

records all corroborate the timing of global cooling and warming predicted by 

Milankovitch theory. The correlations are more difficult to prove farther back in 

geologic history. 

 

4.3.2 Geological factors affecting global climate 

 

 Geological changes on the Earth's surface can also affect global climate. The 

distribution of continental landmasses and ocean basins affects the pattern of global 

atmospheric and oceanographic circulation, and the shape, or topography, of the 

Earth's surface directs winds and ocean currents. According to the widely accepted 

and well-supported theory of plate tectonics, the continents move, ocean basins open 

and close, and mountain ranges form over time. The continents have assumed new 

configurations on the Earth's surface throughout geologic history, and geologists 

know, from examination of fossil environments and organisms, that the movement of 

landmasses had significant climatic effects. For example, during the Cretaceous 

Period, about 100 million years ago, continents covered the poles, and a warm ocean 

called Teethes circled the equator. An intense period of volcanic activity added 

insulating gasses to the atmosphere. The Cretaceous was the warmest and wettest 

period in Earth history. There is no evidence of Cretaceous polar ice caps, shallow 

seas covered many continental interiors, and tropical plants and animals lived on all 

the continents. The collision of the Indian subcontinent with Asia, and formation of 

the Himalayan mountain range about 40 million years ago is another example of a 

plate tectonic event that caused significant climate change. The Himalayas obstruct 

equatorial winds and ocean currents, and contribute to major climatic phenomena, 

namely the monsoon seasons of southern Asia and the Indian Ocean, and the El Niño 

Southern Oscillation in the Pacific Ocean. 

 

4.3.3 Changes in atmospheric composition and anthropogenic global warming 

 

 The Earth's climate is strongly affected by the way solar radiation is reflected, 

absorbed, and transmitted by the atmosphere. Presently, about 30% of the incoming 

solar energy reflects back into space, the atmosphere absorbs about 20%, and the 

remaining 50% reaches the Earth's surface. The major gaseous components of Earth's 

atmosphere are nitrogen, oxygen, argon, and carbon dioxide. Other components 
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include relatively small amounts of neon, helium, methane, krypton, hydrogen, xenon 

and ozone gases, water vapor, and particulate matter. Except for relatively uncommon 

natural events, such as volcanic eruptions, the composition of the atmosphere stays 

constant over long periods of time. 

 

 The structure and composition of the atmosphere function to maintain the 

Earth's surface temperature within the phase boundaries of liquid water, and to protect 

organisms from damaging ultraviolet radiation. Gases, like ozone, in the outer 

atmosphere reflect or absorb much of the incoming short-wavelength solar radiation. 

Much of the sunlight that reaches the Earth's surface is re-radiated into the 

atmosphere as longer-wave-length infrared energy, or heat. Gases in the middle and 

lower atmosphere, namely carbon dioxide and water vapor, absorb this infrared 

radiation, and the temperature of the atmosphere increases, a phenomenon known as 

the greenhouse effect. This heat, trapped in the atmosphere, drives atmospheric and 

oceanographic circulation, keeps the oceans liquid, and maintains global climate 

zones. The greenhouse effect makes the Earth livable for biological organisms, 

including humans.  

 

 In the last century, humans have burned large quantities of fossil fuels like 

coal, oil, and natural gas to operate factories, generate electricity, and 

run automobile engines. Because carbon dioxide is always produced during the 

combustion of a carbon-based fuel, these activities have significantly increased 

the concentration of that greenhouse gas in the atmosphere. Many scientists now 

believe that higher concentrations of carbon dioxide will enhance the greenhouse 

effect, and lead to global warming. If global warming should occur, a number of 

terrestrial changes could follow. Some simulations predict melting of the polar ice 

caps, increasing volume of water in the oceans, and inundation of coastal cities. 

Models also show changes in ocean currents and wind patterns and redistribution of 

the Earth's major climate zones. Such events would have severe consequences for 

human agriculture, fishing, and civil planning, as well as for the natural environment. 

Now the issue of anthropogenic global climate change remains a subject of heated 

debate among scientists and policy makers. 

 

A weather disturbance is a general term that describes any pulse of energy moving 

through the atmosphere. These are important in that they can act as focusing 

mechanisms for storm formation, or even to intensify low pressure systems. These are 

typically mid or upper atmospheric troughs of low pressure that are embedded in the 

general wind flow of the atmosphere. Hurricanes, cyclones, thunderstorms and 

tornadoes fall under the different types of weather disturbances. These are some of 

the most frequently occurring weather disturbances throughout the world. They are 

also referred to as natural disasters, as they are capable of wreaking havoc on roads, 

power lines and buildings. In some cases, weather disturbances may cause severe 
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weather conditions. Tropical cyclones tend to produce strong winds and heavy 

rainfall that may lead to flash flooding. Thunderstorms, which kill more people than 

hurricanes and tornadoes, produce thunder, lightning and sometimes hail. Violent 

storms such as tornadoes and hurricanes are equally destructive. 

 

 The reports of the Intergovernmental Panel on Climate Change (IPCC) has 

collected good evidences to warn that climate change induced by global warming is 

going to increase the extreme weather events and weather disturbances across the 

globe. Climate change will alter patterns of weather disturbances and climatic hazards 

It is likely to increase the frequency and intensity, reduce the predictability and 

change the spatial distribution of extreme weather events, such as temperature 

extremes, storms, floods and droughts, heat waves and cold waves. As the water cycle 

becomes more intense, many climate-related disturbances will become more severe, 

including floods, droughts, heat waves, wild land fires and storms with a range of 

effects in different regions. Some impacts will occur in regions with no history of a 

given hazard. Erratic rainfall behaviours characterized by lesser number of rainy days 

but heavy precipitation events would become more frequent.  

 

 The 2005 floods in Mumbai demonstrated how a single day heavy rain could 

exceed the collective rainfall of the season and offset every projection. In 2007, 

Nepal, India, and Bangladesh were hit by the worst flooding in living memory, 

affecting more than 50 million people. Incidence of floods in the newer areas like 

arid-region of western India and drought in flood-prone basins of eastern India reflect 

the changing face of the weather disturbances expanding its areas of influences in 

those regions that were not vulnerable ever before. The IPCC report highlights that 

the average temperature would continue increasing thus resulting in over drier 

conditions in certain region. In arid, dry semi-arid and moist semi-arid regions, 

delayed and reduced precipitation owing to El Nino and South Oscillations (ENSO), 

climate change and other local conditions are expected to exacerbate  weather 

disturbances. Higher sea temperatures may alter cyclone tracks, exposing new areas 

and population to risks and creating newer hotspots of tropical storms and weather 

disturbance. 

 

4.3.3.1  Thunderstorms 

 

(a) What is a thunderstorm?  

The dramatic appearance of dark clouds with lightning and thunder in the 

afternoon or evening of pre-monsoon months over Odisha, West Bengal, Bihar, 

Assam and adjoining areas of eastern India has been a matter of great interest not 

only to the meteorologists but to all sections of people. It not only gives relief after 

mid-day heat but pours well bringing respite from the scorching heat of the hot 

summer days. The phenomenon is normally known as a thunderstorm in Odisha, 
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Bihar, Jharkhand and Norwester or Kal-Baisakhi‘ in West Bengal and Assam. It is a 

storm associated with cumulonimbus clouds, gusty winds, torrential rain, thunder, 

lightning, flash floods and sometimes with hails and occasional tornados. 

 

 It is an extreme form of climatic hazard of the tropical and sub-tropical 

regions of the world. Sometimes thunderstorms also turn out to be disastrous causing 

loss of life and property. All thunderstorms are dangerous. Every thunderstorm 

produces lightning and it continues to be one of the top three storm-related killers in 

India. Although most lightning victims survive, people struck by lightning often 

report a variety of long-term, debilitating symptoms. The destructive effects of the 

thunderstorms are like sudden rise in wind speed, lightning, thunder and hail. Other 

associated dangers of thunderstorms include tornadoes, strong gusty winds and flash 

flooding. Hail is created when small water droplets are caught in the updraft of a 

thunderstorm. These water droplets are lifted higher and higher into the sky until they 

freeze into ice. Once they become heavy, they will start to fall. If the smaller 

hailstones get caught in the updraft again, they will get more water on them and get 

lifted higher in the sky and get bigger. Once they get lifted again, they freeze and fall. 

This happens over and over again until the hailstone is too heavy and then falls to the 

ground. A typical thunderstorm is nearly 25 km in diameter and lasts for an average 

of 30 minutes and every thunderstorm has lightning. 

 

The thunderstorms may occur singly, in clusters or in lines. Some of the most 

severe thunderstorms occur when a single thunderstorm affects one location for an 

extended time. Thunderstorms typically produce heavy rain for a brief period, 

anywhere from 30 minutes to an hour. Warm, humid conditions are highly favorable 

for thunderstorm development. About 10 percent of thunderstorms are classified as 

severe – one that produces hail at least 2 cm of diameter, has winds of 100 km per 

hour or higher or produces a tornado. 

 

 
Fig.-1: Envil Shaped Rising Cumulonimbus Clouds before a Thunderstorm 
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Normally a thunderstorm is considered severe if winds reach over 93 km per hour,  

hail is 2.5cm in diameter or larger, or if funnel clouds and/or tornadoes are reported. 

A rainfall rate greater than 5cm in one hour or 7.5 cm in three hours is also used to 

indicate severe thunderstorms. Severe thunderstorms can occur from any type of 

storm cell. However, multi-cell, super-cell, and squall lines represent the most 

common forms of thunderstorms that produce severe weather 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 – Cloud to Ground Lightning in a Thunderstorm 

 

(b) The conditions which causes a thunderstorm 

 

The basic ingredients which make a thunderstorm are moisture, unstable air 

and its vertical lifting. Moisture forms clouds, rain and often hail; unstable air which 

is relatively warm rises rapidly with lifting. Thunderstorms are usually accompanied 

by strong winds, heavy rain and sometimes snow, sleet, hail, or no precipitation at all. 

Those that cause hail to fall are called hailstorms. Thunderstorms may line up in a 

series of rain-band, known as a squall line. Strong or severe thunderstorms may rotate 

and is known as super cells. While most thunderstorms move with the mean wind 

flow through the layer of the troposphere that they occupy, vertical wind shear causes 

a deviation in their course at a right angle to the wind shear direction. Thunderstorms 

result from the rapid upward movement of warm, moist air. They can occur inside 

warm, moist air masses and at fronts also. The development of thunderstorms 

depends on the instability and relative wind conditions at different layers of the 

atmosphere ("wind shear"). 

 

As the sun warms the Earth's surface, the atmosphere warms too. Some parts 

of the Earth receive direct rays from the sun all year and are always warm. Other 

places receive indirect rays, so the climate is colder. Warm air, which weighs less 

than cold air, rises. Then cool air moves in and replaces the rising. As the warm, 

moist air moves upward, it cools, condenses, and forms cumulonimbus clouds that 



Odisha State Open University, Sambalpur  Page 83 
 

can reach heights of over 20 km. As the rising air reaches its dew point, water 

droplets and ice formation takes place and starts falling the long distance through the 

clouds towards the Earth's surface. As the droplets fall, they collide with other 

droplets and become larger. The falling droplets create a downdraft of air that spreads 

out at the Earth's surface and causes strong winds in a thunderstorm. A gust front is 

the leading edge of the downdraft of air from a thunderstorm. It is usually marked by 

gusty cool winds, and sometimes blowing dust. You will feel the wind from the gust 

front before it starts to rain. 

 

Fig.-3: Three different stages in the formation and dissipation of a thunderstorm 

 

(c) Types of thunderstorms 

The development of different types of thunderstorms depend on the instability and 

relative wind conditions at different layers of the atmosphere ("wind shear"). There 

are five types of thunderstorms. They are; single-cell, multi-cell cluster, multi-cell 

lines, super-cells and meso-scale systems.  

 

(a ) Single-cell and Multi-cell Thunderstorms 

 

Single-cell thunderstorms form in environments of low vertical wind shear and last 

only 20–30 minutes. Such storms are rarely severe and are a result of local 

atmospheric instability; hence these are also called as "air mass thunderstorms‖. The 

multi-cell thunderstorms are the most common type of storms. Multi-cell storms form 

as clusters of storms but may then evolve into one or more squall lines. While each 

cell of the cluster may only last 20 minutes, the cluster itself may persist for hours at a 

time. Mature thunderstorms are found near the center of the cluster, while dissipating 

thunderstorms exist on their downwind side. They often arise from convective 
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updrafts. These types of storms are stronger than the single-cell storms, yet much 

weaker than the super-cell storms. Hazards with the multi-cell cluster include 

moderate-sized hail, flash flooding, and weak tornadoes.  

 

(b) Super-cell Thunderstorms 

Super-cell storms are large, severe quasi-steady-state storms with wind speed and 

direction that vary with height ("wind shear"), separate downdrafts and updrafts (i.e., 

precipitation is not falling through the updraft) and a strong, rotating updraft (a meso-

cyclone). These storms normally have such powerful updrafts that the top of the cloud 

(or anvil) can break through the troposphere and reach into the lower levels of the 

stratosphere and can reach near to 25 km width. At least 90 percent of this type of 

thunderstorm brings severe weather. These storms can produce destructive tornadoes, 

sometimes extremely large hailstones (10 cm diameter), straight-line winds in excess 

of 130 km/hr, and flash floods. In fact, most tornadoes occur from this type of 

thunderstorm. Super-cells are the most powerful type of thunderstorms. Dry 

thunderstorms, with no precipitation, can cause the outbreak of wildfires with the heat 

generated from the cloud-to-ground lightning that accompanies them. Several 

methods are used to study thunderstorms, such as weather radar, weather stations, and 

video photography. Past civilizations held various myths concerning thunderstorms 

and their development as late as the 18th century. Other than within the Earth's 

atmosphere, thunderstorms have also been observed on Jupiter and Venus.  

 

(c) Meso-scale Convective System (MCS) 

A meso-scale convective system (MCS) is a complex thunderstorm that becomes 

organized on a scale larger than the individual thunderstorms but smaller than extra-

tropical cyclones, and normally persists for several hours or more. A meso-scale 

convective system's overall cloud and precipitation pattern may be round or linear in 

shape, and include weather systems such as tropical cyclones, squall lines, and Meso-

scale Convective Complexes (MCCs), and generally form near weather fronts. Most 

meso-scale convective systems develop overnight and continue their lifespan through 

the next day. The type that forms during the warm season over land has been noted 

across North America, Europe, and Asia, with a maximum occurrence during the late 

afternoon and evening hours. These systems develop within the tropics use either the 

Inter-tropical Convergence Zone or monsoon troughs as a focus for their 

development, generally within the warm season between spring and summer. More 

intense systems form over land than over water.  

 

(d) Formation of Thunderstorms 

Development of thunderstorms, regardless of type, goes through three stages i.e. the 

developing stage, the mature stage, and the dissipation stage. The average 

thunderstorm has nearly 25 km in diameter. Generally, thunderstorms require 

presence of three conditions to form i.e. moisture, an unstable air mass and a lifting 
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force (heat). Depending on the conditions present in the atmosphere, these stages take 

an average of 30 minutes to one hour to go through all the three stages. 

 

(i) Cumulus Stage 

The first stage of development of a thunderstorm is the cumulus stage, or developing 

stage. In this stage, masses of moisture are lifted upwards into the atmosphere due to 

intense and rapid heating of the ground surface. The trigger for this lift can be 

insolation heating the ground producing thermals, areas where two winds converge 

forcing air upwards, or where winds blow over terrain of increasing elevation. Warm 

air has a lower density than cool air, so warm air rises within cooler air like hot air 

balloons rising in the atmosphere. The moisture rapidly cools into liquid drops of 

water due to the cooler temperatures at high altitude, which forms cumulus clouds. 

When the moisture condenses, it releases energy known as latent heat of fusion, 

which allows the rising packet of air to cool less than the surrounding air, continuing 

the cloud's ascension. The air tends to rise in an updraft through the process of 

convection. If enough instability is present in the atmosphere, this process will 

continue long enough for cumulonimbus clouds to form, which develops lightning 

and thunder. This creates a low-pressure zone beneath the forming thunderstorms 

(Fig. - 2).  

 

(ii) Mature stage  

In the mature stage of a thunderstorm, the warmed air continues to rise until it reaches 

even warmer air and can rise no further. Often this 'cap' is the tropopause. The air is 

instead forced to spread out, giving the storm a characteristic anvil shape. The 

resulting cloud is called cumulonimbus clouds. The water droplets coalesce into 

larger and heavier droplets and freeze to become ice particles. As these fall they melt 

to become rain. If the updraft is strong enough, the droplets are held aloft long 

enough to become so large they do not melt completely, and fall as hail. While 

updrafts are still present, the falling rain creates downdrafts as well. The simultaneous 

presence of both an updraft and downdrafts marks the mature stage of the storm, and 

produces cumulonimbus clouds. During this stage, considerable internal turbulence 

can occur in the storm system, which sometimes manifests as strong winds, severe 

lightning, and even tornadoes. Typically, if there is little wind shear, the storm will 

rapidly enter the dissipating stage and 'rain itself out', but if there is sufficient change 

in wind speed and/or direction, the downdraft will be separated from the updraft, and 

the thunderstorm may become a super-cell, and the mature stage can sustain itself for 

several hours. 

 

(iii) Dissipating stage 

In the dissipation stage, the thunderstorm is dominated by the downdraft. If 

atmospheric conditions do not support super cellular development, this stage occurs 

rather quickly within 20–30 minutes of its formation. The downdraft will push down 
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the cold air out of the thunderstorm, hit the ground and spread out. This phenomenon 

is known as a downburst. The cool air carried to the ground by the downdraft cuts off 

the inflow of the thunderstorm, the updraft disappears and the thunderstorm will 

dissipate. Thunderstorms in an atmosphere with virtually no vertical wind shear 

weaken as soon as they send out an outflow boundary in all directions, which then 

quickly cuts off its inflow of relatively warm, moist air and kills the thunderstorm.  

 

(e) When are thunderstorms most likely to occur? 

Thunderstorms can occur year-round and at all hours. But they are most likely to 

form in the afternoon and evening hours of the spring and summer months. During 

the hot weather period i.e. from March to May, the eastern and north-eastern states of 

the subcontinent like West Bengal, Bihar, Assam, Odisha experience these 

phenomena. Thunderstorms can generally form and develop in any geographic 

location, perhaps most frequently within areas located at mid-latitude when warm 

moist air collides with cooler air. Thunderstorms are responsible for the development 

and formation of many severe weather phenomena and pose a great threat to people 

and landscapes. Damage that results from thunderstorms is mainly inflicted by 

downburst winds, large hailstones, and flash flooding caused by heavy precipitation. 

Stronger thunderstorm cells are capable of producing tornadoes and waterspouts. A 

1953 study found that the average thunderstorm over several hours expends enough 

energy to equal 50 Atomic bombs of the type that was dropped on Hiroshima, Japan 

during World War Two. It is estimated that there are around 1,800 thunderstorms that 

occur across our planet every day. 

 

4.3.3.2 Tornado 

 

(a) What is a tornado? 

 A tornado is a narrow, violently rotating column of air that extends from the 

base of a thunderstorm to the ground. Because wind is invisible, it is hard to see a 

tornado unless it forms a condensation funnel made up of water droplets, dust and 

debris. Tornadoes are the most violent of all atmospheric storms. No other weather 

phenomenon can match the fury and destructive power of tornadoes. They can 

destroy large buildings, lift 20-ton railroad cars from their tracks, and drive straw and 

blades of grass into trees and telephone poles.  

 

 They can be categorized as "weak", "strong", and "violent"; with weak 

tornadoes often having a thin, rope-like appearance with rotating wind speeds no 

greater than about 175 KMPH. The typical strong tornado often has what is popularly 

considered a more "classic" funnel-shaped cloud associated with the whirling updraft 

and a rotating wind speed varying from 175 to 320 KMPH. An important safety 

consideration is that weak and strong tornadoes by definition do not level well-built 

homes. Thus, a secure home will offer shelter from almost 100 percent of all direct 
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tornado strikes. Only violent tornadoes are capable of leveling a well-anchored, 

solidly constructed home. Fortunately, less than 2 percent of all tornadoes reach the 

320+ KMPH violent categories. Strong and violent tornadoes usually form in 

association with  meso-cyclones, which tend to occur with the most intense events in 

the thunderstorm spectrum. 

 

 
Fig. - On Monday A broad tornado capable of leaving "catastrophic" damage in its 

wake churned across the Oklahoma landscape, prompting forecasters to declare a 

tornado emergency for two communities Directly in its path.( Hayden Mahan/AP). 

 

(b) Where and when do tornadoes occur? 

 Tornadoes occur in many parts of the world, including Australia, Europe, 

Africa, Asia, and South America. Even New Zealand reports about 20 tornadoes each 

year. Two of the highest concentrations of tornadoes outside the U.S. are Argentina 

and Bangladesh. About 1,200 tornadoes hit the U.S. yearly. In India tornados have 

been reported from West Bengal, Odisha and Assam Valley. 

 

Tornado season usually refers to the time of the spring season ranging from April to 

July for different places of the Earth. But, remember, tornadoes can happen at any 

time of a year. Tornadoes can also happen at any time of day or night, but most 

tornadoes occur between 4–9 p.m. 

 

(c ) How is tornado strength rated? 

 The most common and practical way to determine the strength of a tornado is 

to look at the damage it caused. From the damage, we can estimate the wind speeds. 

An ―Enhanced Fujita Scale‖ was implemented by the National Weather Service in 

2007 to rate tornadoes in a more consistent and accurate manner. The EF-Scale takes 

into account more variables than the original Fujita Scale (F-Scale) when assigning a 
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wind speed rating to a tornado, incorporating 28 damage indicators such as building 

type, structures and trees. For each damage indicator, there are 8 degrees of damage 

ranging from the beginning of visible damage to complete destruction of the damage 

indicator. 

 

(d) Formation of a Tornado 

 In order to form a tornado, you need three very different types of air to come 

together in a particular way: 

1. Near the ground, there's a layer of warm, humid air and strong south winds. In 

the upper atmosphere, you'll find colder air and strong west or southwest 

winds. The air near the surface is much less dense than the cold, dry air aloft. 

This condition is called instability. It means that if the warm, moist air can be 

given an initial push to move upwards, the air will keep on rising, sending 

moisture and energy to form a tornado's parent thunderstorm. 

2. The second ingredient is a change in wind speed and direction with height, 

called wind shear. This is linked to the eventual development of rotation from 

which a tornado may form. 

3. The last thing you need is a layer of hot, dry air between the upper and lower 

layers. This middle layer acts as a cap and allows the warm air underneath to 

get even warmer and make the atmosphere even less stable. 

 

When a storm system high in the atmosphere moves east and begins to lift the layers, 

it begins to build severe thunderstorms that spawn tornadoes. As it lifts it removes the 

cap, setting the stage for explosive thunderstorms to develop as strong updrafts form. 

If the rising air encounters wind shear, it may cause the updraft to begin rotating, and  

a tornado is born. 

 

4.3.3.3 Tropical Cyclone 

 

(a) What is a Tropical Cyclone? 

 
Fig.  : Satellite picture of a Tropical Cyclone showing its  anti-clock wise spiralling cloud 

bands in the Gulf of Mexico 



Odisha State Open University, Sambalpur  Page 89 
 

A tropical cyclone is intensely developed low pressure cells that usually occur over 

warm oceans. A tropical cyclone is a warm-core, low pressure system without any 

"front" attached, that develops over the tropical or subtropical waters, and has an 

organized circulation. Its diameter can range between 200 and 2 000 km. It is 

characterized by an eye and warm centre, very steep pressure gradients and strong 

cyclonic (anticlockwise air motion in the northern hemisphere and clockwise 

movement in the southern hemisphere) winds near the Earth's surface. In the North 

Atlantic and eastern North Pacific regions it is called hurricanes. The name hurricane 

evolved from West Indian usage for violent storms in the Caribbean Sea and 

surrounding islands. In the western North Pacific around Philippines, South China 

Sea it is called as typhoons. Along the coast of South East Australia and Tasmania it 

is known as Willy Willis. In the Indian sub-continent region these are known as 

cyclones. In India the cyclones are classified in to different names based on the 

different wind speeds as given below 

 

Table – 1 : Classification  of cyclones used  in  India 

Disturbances  Maximum Wind 

Speed in Kmph  

Pressure Drop  

( in mb) = Pn – Po 

Low pressure area   < 32   < 1.43  

Depression  32-50 1.43 – 3.61  

Deep Depression  51-61  3.91 – 5.40  

Cyclonic Storm  62-88  5.73 – 10.95  

Severe Cyclonic Storm  89 – 117 11.43 – 19.68  

Severe Cyclonic Storm with 

core of hurricane winds  

118-220  20 – 49  

Super Cyclone   ≥ 221 ≥ 50  

 
 

Fig. : Areas of Tropical Cyclone Formation and their Average Number 
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(b) Formation 

 The process by which a disturbance in the pressure pattern forms and subsequently 

strengthens into a tropical cyclone depends on at least three important conditions, i.e. 

1. Developing tropical cyclones gather a lot of heat and energy through contact with 

warm ocean waters through evaporation, condensation in the upper atmosphere. This 

usually happens between 5 and 20 North and South of the equator. 

2. The addition of moisture by evaporation of sea water from the sea surface, 

condensing water vapour to form clouds and release of latent heat which further 

evaporates moisture from the upper atmosphere powers them like giant heat engines, 

i.e. it draws its energy from the evaporation of sea water under the storm. 

3. A wind pattern near the ocean surface that spirals air inward, is also necessary. 

The net result of these processes is a towering column of spiralling air with an intense low 

pressure in its centre called eye of the cyclone. Bands of thunderstorms form, allowing the air 

to warm further and rise higher into the atmosphere. The favourable conditions for the 

development of a tropical cyclone depend on the following conditions i.e. 

 

 
 

Fig.-   : Five Stages of Development of a Tropical Cyclone 

 

 Warm ocean waters (at least 80°F / 27°C) throughout a depth of about 150 ft. 

(46 m). 

 An atmosphere which cools fast enough with height such that it is potentially 

unstable to moist convection. 

 Relatively moist air near the mid-level of the troposphere (16,000 ft. / 4,900 

m). 

 Generally a minimum distance of at least 300 miles (480 km) from the 

equator. 

 A pre-existing near-surface disturbance. 

 Low values (less than about 23 mph / 37 kph) of vertical wind shear between 

the surface and the upper troposphere. Vertical wind shear is the change in 

wind speed with height. 
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 Given that sea surface temperatures need to be at least 80°F (27°C) for 

tropical cyclones form, it is natural that they form near the equator.  

 However, with only the rarest of occasions, these storms do not form within 

5° latitude of the equator. This is due to the lack of sufficient Coriolis Force, 

the force that causes the cyclone to spin.  

 Once a disturbance forms and sustained convection develops, it can become 

more organized under certain conditions.  

 If the disturbance moves or stays over warm water (at least 80°F), and upper 

level winds remain weak, the disturbance can become more organized, 

forming a depression. 

 The warm water is one of the most important keys as it is water that powers 

the tropical cyclone.  

 As water vapor (water in the gaseous state) rises, it cools. This cooling causes 

the water vapor to condense into a liquid we see as clouds. In the process of 

condensation, heat is released. This heat warms the atmosphere making the air 

lighter still which then continues to rise into the atmosphere. As it does, more 

air moves in near the surface to take its place which is the strong wind we feel 

from these storms. 

 Therefore, once the eye of the storm moves over land it will begin to weaken 

rapidly, not because of friction, but because the storm lacks the moisture and 

heat sources that the ocean provided.  

 This depletion of moisture and heat hurts the tropical cyclone's ability to 

produce thunderstorms near the storm center. Without this convection, the 

storm rapidly diminishes. 

 

(c) Structure 

 

Fig. -   : Structure of a tropical cyclone. Latent Heat Release (LHR) by condensation 

of warm-moist surface air drives the heat engine that is the tropical cyclone.  
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Fig.    : A schematic diagram of wind structure in tropical cyclone 

 

The centre, or eye, of a tropical cyclone is relatively calm and warm. The eye itself is 

clear, mainly because of gently subsiding air within it. The eye is extremely warm 

near the top of the storm circulation, reaching temperatures as much as 10°C greater 

than that of the undisturbed environment at the same altitude. Near the sea surface the 

air has virtually the same temperature through the storm. A spectacular wall of cloud 

(mainly cumulonimbus) rings the edge of the eye from sea level to heights of over 15 

km. This ring of cloud, called the eye-wall, maybe tens of kilometres thick, while a 

dense cirrus and altostratus overcast may extend outward several hundred kilometres 

from the eye-wall. The most violent activity takes place in the eye-wall. At the top of 

the eye-wall, most of the air is propelled outward, increasing the air's upward motion. 

 

(d) Lifetime and Tracks 

 

 Once a mature tropical cyclone forms, it can last while the atmospheric and 

oceanic conditions remain favourable – a duration of 1 week is typical. Tropical 

cyclones decay when they move over land (called landfall) or cold ocean water - 

more rapidly over land, particularly if the terrain is rough. Tropical cyclones move 

forward at different speeds. On an average a cyclone may travel 200 km in a day. 

Although tropical cyclone occur in definite regions of the world and generally moves 

in a westerly direction, their precise tracks are erratic and very difficult to predict. 
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(e)The weather and damage associated with tropical cyclones 

 

 Tropical cyclones are always accompanied by torrential rain. A single storm 

may yield up to 3,000 mm of rain. Heavy rains sometimes occur many days after 

landfall and are also very destructive. It may give rise to floods. Because of the steep 

pressure gradient, strong winds occur. The wind speed rises rapidly from nearly zero 

in the eye to its maximum value at a radius between 10 and 100 km from the centre. 

The strongest winds occur near the leading edge (in front) of the storm. The 

destruction associated with tropical cyclones result not only from the force of the 

wind, but also from the storm surge and the waves it generates. The storm surge is 

experienced as a rapid rise of sea level near that portion of the eye wall associated 

with onshore winds, sometimes reaching a height of more than 6 metres and 

accompanied by very large wind-driven waves. Much of the death toll in tropical 

cyclones is due to the storm surge. The net result of the raised sea level, strong winds 

and torrential rains is to inflict severe damage on coastlines affected by the storm, 

especially those which are low-lying. 

 

(f) How are Tropical Cyclones monitored by IMD?  

 IMD has a well-established and time-tested organization for monitoring and 

forecasting tropical cyclones. A good network of meteorological observatories (both 

surface and upper air) is operated by IMD, covering the entire coastline and islands. 

The conventional observations are supplemented by observational data from 

automatic weather stations (AWS), radar and satellite systems. INSAT imagery 

obtained at hourly intervals during cyclone situations has proved to be immensely 

useful in monitoring the development and movement of cyclones. A network of 

conventional Cyclone Detection Radars (CDRs) has been established at Kolkata, 

Paradip, Visakhapatnam, Machilipatnam, Chennai and Karaikal along the east coast 

and Goa, Cochin, Mumbai and Bhuj along the west coast. These conventional radars 

are being phased out and replaced by Doppler Weather Radars (DWRs). DWR have 
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already been installed and made operational at Chennai, Kolkata, Visakhapatnam and 

Machlipatnam. An indigenously developed DWR Radar by Indian Space Research 

Organisation (ISRO) has been installed at Sriharikota. A Doppler Radar network has 

been  installed at Paradip, Odisha for its monitoring .  

 

(1) What is 4-stage warning system for Tropical Cyclones?  

 Expectations of Disaster Managers are longer lead time and improved 

accuracy of landfall forecast. But the present state of art has limitations to make the 

above requirements go hand in hand. Lead time depends on the formation and 

duration of cyclone itself which may vary considerably from one cyclone to another. 

However, since pre-monsoon cyclone season of 1999, IMD introduced a 4-Stage 

warning system to issue cyclone warnings to the disaster managers. They are as 

follows: 

 

(2) Pre-Cyclone Watch  

 Issued when a depression forms over the Bay of Bengal irrespective of its 

distance from the coast and is likely to affect Indian coast in future. The pre-cyclone 

watch is issued by the name of Director General of Meteorology and is issued at least 

72 hours in advance of the commencement of adverse weather. It is issued at least 

once a day. 

 

(3) Cyclone Alert  

Issued atleast 48 hours before the commencement of the bad weather when the 

cyclone is located beyond 500 Km from the coast. It is issued every three hours. 

 

(4) Cyclone Warning  

 Issued at least 24 hours before the commencement of the bad weather when 

the cyclone is located within 500 Km from the coast. Information about time /place of 

landfall are indicated in the bulletin. Confidence in estimation increases as the 

cyclone comes closer to the coast 

 

(5) Post landfall outlook  

 It is issued 12 hours before the cyclone landfall, when the cyclone is located 

within 200 Km from the coast. More accurate & specific information about time 

/place of landfall and associated bad weather indicated in the bulletin. In addition, the 

interior distraction is likely to be affected due to the cyclone are warned in this 

bulletin. 

 

(g)  Why Cyclones are Dangerous? 

 The tropical cyclones are dangerous because of the devastations caused by 

their high-speed winds; heavy rains, flying debris, unstable sea conditions and storm 

surges. 
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(a) High Speed Wind: The high speed wind associated with the cyclones cause 

major damage to all  types of structures i.e., homes, schools, public buildings, power 

and communication lines and towers, standing crops and vegetation. The strong 

winds that blow counter clockwise move spiraling inlands progressively increasing in 

velocity towards the eye of the cyclone. As the eye arrives, winds come to a calm but 

rise again as quickly as the eye passes and attain hurricane force from a direction 

nearly the reverse of the previous depending upon the pressure gradient. It is one of 

the most destructive agents in a cyclone. 

 

(b) Storm Surge: Another major danger in a cyclone is its ability to produce a ‗storm 

surge‘ – a surge of water that can flood and inundate coastal settlements and river 

mouth areas with great speed and power. It is the rise in the sea level above the 

normally predicted astronomical tides. It is a key factor in causing devastations in a 

cyclone. The magnitude of the storm surge depends upon the factors like a fall in the 

atmospheric pressure over the sea surface and the resulting wind speed, the funneling 

effect for in-rush of the tidal water, the direction and speed at which the cyclone 

approaches the coast, the shallowness of the shore zone, presence of tidal inlets, river 

mouths and creeks. 

  

A storm surge is often two to five meters higher than the normal ocean level and 

when it coincides with high tides, it becomes still higher. During the supper cyclone 

of October‘1999 in Orissa, the storm surge was 6 to 7 meter high which washed the 

coastal areas 30 kms inland in the Jagatsinghpur district sweeping a large number of 

coastal settlements of Ersama block. The storm surge besides damaging the houses 

cause saline inundation, contaminates ground and surface water besides rendering the 

crop fields unsuitable for cultivation through salinization for at least two to three 

years. 

 

(c)  Heavy and Torrential Rainfall: The tropical cyclones very often bring heavy 

and torrential down pour which cause extensive damage to buildings, crops and death 

from storm surges and flooding. When the cyclone makes a landfall along the coast, 

the rain saturates the landfall area and then proceeds towards the interior catchments. 

(d)  Violent Ocean Conditions: The unstable and violent situation, which develop 

along the shore and in the seas are dangerous both for vessels at sea and those, moved 

in the harbors. Serious erosion of the coastal line and the foreshores also occur due to 

the high cyclonic waves besides sand casting and salinisation. The past towns and 

cities and the fishing harbors become the victims to it. 

 

4.3.3.4 Extra-Tropical Cyclones 

 

 The low pressure  system developing in the mid and high latitude (35° latitude 

and 65° latitude in both hemispheres), beyond the tropics are called the Temperate 
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Cyclones or Extra Tropical Cyclones or Mid-Latitude Cyclones or Frontal Cyclones 

or Wave Cyclones. Mid-latitude or frontal cyclones are large traveling atmospheric 

cyclonic storms up to 2000 kilometers in diameter with centers of low atmospheric 

pressure. An intense mid-latitude cyclone may have a surface pressure as low as 970 

millibars, compared to an average sea-level pressure of 1013 millibars. Normally, 

individual frontal cyclones exist for about 3 to 10 days moving in a generally west to 

east direction. Frontal cyclones are the dominant weather event of the Earth's mid-

latitudes forming along the polar front.  

 

(a) Origin and Development of Temperate Cyclones 

 

 
 

Polar Front Theory of Origin of Temperate Cyclones 

 

 Mid-latitude cyclones are the result of the dynamic interaction of warm 

tropical and cold polar air masses at the polar front. This interaction causes the warm 

air to be cyclonically lifted vertically into the atmosphere where it combines with 

colder upper atmospheric air. This process also helps to transport excess energy from 

the lower latitudes to the higher latitudes. According to the Polar Front Theory of 

Norweign scientist Jerkeneys, the warm-humid air masses from the tropics meet the 

dry-cold air masses from the poles and thus a polar front is formed as a surface of 

discontinuity. Such conditions occur over sub-tropical high, sub-polar low pressure 

belts and along the Tropopause. The cold air pushes the warm air upwards from 

underneath. Thus a void is created because of lessening of pressure. The surrounding 

air rushed in to occupy this void and coupled with the earth‘s rotation, a cyclone is 

formed which advances with the westerlies (Jet Streams). In the northern hemisphere, 

warm air blows from the south and cold air from the north of the front. When the 

pressure drops along the front, the warm air moves northwards and the cold air move 

towards south setting in motion an anticlockwise cyclonic circulation (northern 

hemisphere). This is due to Coriolis Force. The cyclonic circulation leads to a well-

developed extra tropical cyclone, with a warm front and a cold front. There are 

pockets of warm air or warm sector wedged between the forward and the rear cold air 

or cold sector. The warm air glides over the cold air and a sequence of clouds appear 

over the sky ahead of the warm front and cause precipitation. The cold front 

approaches the warm air from behind and pushes the warm air up. As a result, 
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cumulus clouds develop along the cold front. The cold front moves faster than the 

warm front ultimately overtaking the warm front. The warm air is completely lifted 

up and the front is occluded (occluded front) and the cyclone dissipates. The 

processes of wind circulation both at the surface and aloft are closely interlinked. So 

the temperate cyclone is an intense frontogenesis involving mainly occlusion type 

front. Normally, individual frontal cyclones exist for about 3 to 10 days moving in a 

generally west to east direction. Precise movement of this weather system is 

controlled by the orientation of the polar jet stream in the upper troposphere. 

 

 Mid-latitude cyclones can produce a wide variety of precipitation types. 

Precipitation types include: rain, freezing rain, hail, sleet, snow pellets, and snow. 

Frozen forms of precipitation (except hail) are common with storms that occur in the 

winter months. Hail is associated with severe thunderstorms that form along or in 

front of cold fronts during spring and summer 

 

months.  

 

Figure : Fronts, winds patterns, pressure patterns, and precipitation distribution found 

in an idealized mature mid-latitude cyclone. 

 

(b) Cyclogenesis 

 The cyclone begins as a weak disturbance somewhere along the frontal zone 

(stationary front) where cold air from polar regions meets warm air from the south 

(Stage 1). The collision of these two air masses results in the uplift of the warm air 

into the upper atmosphere creating a cyclonic spin around a low pressure center 

(Stages 2 and 3). Associated with this center are the cold and warm fronts. During the 

middle stages of cyclogenesis, the storm intensifies and the pressure at the storm's 

center drops (Stages 4 and 5). The warm air south of the low's center and between the 

two fronts is known as the warm sector. Cold fronts usually move along the Earth's 

surface at velocities greater than the warm front. As a result, the late stages of 

cyclogenesis occur when the cold front overtakes the warm front causing the air in the 
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warm sector to be lifted into the upper atmosphere (Stages 6 and 7). The resulting 

boundary between the cold and cool air masses is called an occluded front. A day or 

two after occlusion the occluded front dissipates, winds subside, and a stationary front 

forms on the surface of the Earth again (Stages 8 to 10). 

Figure : Vertical cross-section through a mature mid-latitude cyclone. 

 

In this cross-section, we can see how air temperature changes as we move 

from behind the cold front to a position ahead of the warm front. Behind the surface 

position of the cold front, forward moving cold dense air causes the uplift of the 

warm lighter air in advance of the front. Because this uplift is relatively rapid along a 

steep frontal gradient, the condensed water vapor quickly organizes itself into 

cumulus and then cumulonimbus clouds. Cumulonimbus clouds produce heavy 

precipitation and can develop into severe thunderstorms if conditions are right. Along 

the gently sloping warm front, the lifting of moist air produces first nimbostratus 

clouds followed by altostratus and cirrostratus. Precipitation is less intense along this 

front, varying from moderate to light showers some distance ahead of the surface 

location of the warm front. 

 

(c) Seasonal Occurrence of Temperate Cyclones 

 

 The temperate cyclones occur mostly in winter, late autumn and spring. They 

are generally associated with rainstorms and cloudy weather. During summer, all the 

paths of temperate cyclones shift northwards and there are only few temperate 

cyclone over sub-tropics and the warm temperate zone, although a high concentration 

of storms occurs over Bering Strait, USA and Russian Arctic and sub-Arctic zone. 

 

(d) Distribution of Temperate Cyclones 
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 These cyclones are mostly found in the temperate zone , In USA and Canada 

these cyclones extend over Sierra Nevada, Colorado, Eastern Canadian Rockies and 

the Great Lakes region, the belt extending from Iceland to Barents Sea, In Europe and 

Asia these are found over Russia and Siberia, winter storms over Baltic Sea, 

Mediterranean basin extending up to Russia and even up to India in winters (called 

western disturbances) and the Antarctic frontal zone. 

 

 
Fig. – Distribution of Temperate Cyclones on the Globe 

 

(e)Characteristics of Temperate Cyclones 

 

 The temperate cyclones are asymmetrical and shaped like an inverted ‗V‘. 

They stretch over 500 to 600 km. They may spread over 2500 km over North 

America (Polar Vortex). They have a height of 8 to 11 km. The wind strength is more 

in eastern and southern portions, more over North America compared to Europe. The 

wind velocity increases with the approach but decreases after the cyclone has passed. 

Jet stream plays a major role in temperate cyclonogeneis. Jet streams also influence 

the path of temperate cyclones. Since these cyclones move with the westerlies (Jet 

Streams), they are oriented east-west.If the storm front is east-west, the center moves 

swiftly eastwards.If the storm front is directed northwards, the center moves towards 

the north, but after two or three days, the pressure difference declines and the cyclone 

dissipates.In case the storm front is directed southwards, the center moves quite deep 

southwards-even up to the Mediterranean region [sometimes causing the 

Mediterranean cyclones or Western Disturbances (They are very important as they 

bring rains to North-West India – Punjab, Haryana)]. The north-western sector is the 

cold sector and the north-eastern sector is the warm sector (Because cold air masses 

in north and warm air masses in south push against each other and rotate anti-

clockwise in northern hemisphere). The approach of a temperate cyclone is marked 

by fall in temperature, fall in the mercury level, wind shifts and a halo around the sun 

and the moon, and a thin veil of cirrus clouds. A light drizzle follows which turns into 
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a heavy downpour. These conditions change with the arrival of the warm front which 

halts the fall in mercury level and the rising temperature. Rainfall stops and clear 

weather prevails until the cold front of an anticyclonic character arrives which causes 

a fall in temperature, brings cloudiness and rainfall with thunder. After this, once 

again clear weather is established. The temperate cyclones experience more rainfall 

when there is slower movement and a marked difference in rainfall and temperature 

between the front and rear of the cyclone. These cyclones are generally accompanied 

by anticyclones. 

 

CHECK YOUR PROGRESS 

 

Note: a) Use the space provided for your answers. 

       b) Check your answers with the possible answers provided at the 

end of this unit. 

1) What do you mean by weather Disturbances? 

 

 

 

 

 

2) What are the differences between the tropical and temperate 

cyclones. 

 

 

 

 

 

3) What is the difference between a thunderstorm and a tornado?. 

 

 

 

 

 

 

 

4) Differentiate between the warm front, cold front and occluded Front?. 
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5) Write down the significance of polar front Jet? 

 

 

 

 

 

 

6) What are the evidences of global climate change? 

 

 

 

 

 

 

 

7) Why do tropical cyclones  donot develop close to the equator? 

 

 

 

 

 

 

 

8) What is Milankovitch cycle? 

 

 

 

 

 

 

 

 

9) Write down the steps of growth of a tropical cyclone starting from a 

 low pressure center 
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4.4. LET US SUM UP 

 

This unit tries to identify meaning, characteristics and significance of global pattern 

of climate of the world. This chapter introduces how climate has changed over the 

globe in different geological periods. It also explains about the various ice ages and 

their impact over the Earth. This chapter also introduces the major weather 

disturbances like tropical and extra-tropical cyclones, thunderstorms and tornados. 

These disturbances have been dealt with their meaning, characteristics, origin, 

nomenclature, and weather pattern. 
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