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GEOGRAPHY 

M.A. Part – I; Semester I 

102: Principles of Climatology 

No. of Credits: 4; Contact Hours 60 + Notional Hours 60= Total hours 120 

1. Unit – I  (15 hours) 

1.1  Nature and scope of Climatology  

1.2  Relationship of Climatology with Meteorology  

1.3  Structure and composition of Atmosphere  

1.4  Weather elements and climatic controls  

2. Unit – II  (15 hours) 

2.1  Insolation and heat balance of the Earth  

2.2  Temperature - Vertical, horizontal and seasonal variations  

2.3  Processes of heat energy transport  

2.4  Inversion of temperature  

3. Unit – III  (15 hours) 

3.1  Atmospheric pressure – vertical and horizontal distribution  

3.2  General Circulation of atmosphere  

3.3  Types of winds – Geotropic, Gradient and local winds  

3.4  Modern views about space wind system, Tricellular meridional 

circulation, Jet stream  

3.5  Origin of Monsoon: classical and recent views  

4. Unit – IV  (15 hours) 

4.1  Air masses: Origin, classification, types  

4.2  Fronts: frontogenesis and frontolysis – classification of fronts  

4.3 Extra-tropical cyclones: formation and impacts  

4.4  Climatic  Classification:  Koppen  and  Thornthwaite,  concept  of  water  

balance problems and prospects  
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                       INSOLATION  

After going through this chapter you will be able to understand the following 

features: 

2.1 Objectives 

2.2 Introduction 

2.3 Subject discussion 

2.4 Definition of Insolation 

2.5 Distribution of Insolation 

2.6 Factors affecting on Insolation  

2.7 Atmospheric depletion of Solar Radiation  

2.8 Heat Balance of  Earth  

2.9 Summary 

2.10 Check your Progress/Exercise 

2.11 Answers to the self learning questions 

2.12 Technical words and their meaning 

2.13 Task 

2.14 References for further study 

,transmitted in a form analogous to shortwaves( 1/250 to 1/6700mm in length),and travelling at the 

rate of 2,97,600 km per second ,is called solar radiation or Insolation.  

 

INSOLATION/SOLAR RADIATION 

  

• The term ‘Insolation’ is the short form of Incoming solar radiation. It is the radiant energy 

flowing from the Sun towards the earth by solar waves of different wave length. 

• “The radiant energy received from the Sun, transmitted in the form analogous to short waves 

and travelling at the rate of 186,000 miles/second, is called Solar radiation or Insolation.” G.T. 

Triwartha 



The atmosphere is essential for the survival of plant and animal life. They also require the optimum 

temperature to keep themselves warm and grow. Insolation or Incoming Solar Radiation 

• The sun is the primary source of energy for the earth. The sun radiates its energy in all 

directions into space in short wavelengths, which is known as solar radiation. 

• The earth’s surface receives only a part of this radiated energy (2 units out of 1,00,00,00,000 

units of energy radiated by the sun). 

• The energy received by the earth’s surface in the form of short waves is termed as Incoming 

Solar Radiation or Insolation.  

INSOLATION/SOLAR RADIATION 

  

• The term ‘Insolation’ is the short form of Incoming solar radiation. It is the radiant energy 

flowing from the Sun towards the earth by solar waves of different wave length. 

2.3    Terrestrial Radiation 
 

• Radiation of heat from earth’s surface is called                   Terrestrial   Radiation.  
• This radiation takes place in long waves and low frequency. 

 

 

                                  

2.4   Distribution of   Insolation – 

 On an average , the amount of  insolation  received at the earth’s surface decreases 

from equator  towards the poles but there is temporal  variations of  insolation 

received at different latitudes at different times of year. Table 2.1 depicts the amount 

of  insolation  received at the outer boundary of the atmosphere and at the earth’s 

surface at the time of winter solstice ( 22 December ),vernal equinox ( 21 March),  



summer solstice ( 21 June )and autumnal equinox ( 23 September) as given by Baur 

and Phillips . 

 

It is seen from table that the amount of solar radiation   reaching   the outer  limit of 

our atmosphere is significantly more at different latitudes,( A in table 2.1)than the 

amount of insolation received at the ground surface. The trend reveals that the fact  

that a sizable portion  of  incoming solar radiation is lost while passing through the 

atmosphere due to cloudiness, atmospheric turbidity ( scattering ) , reflection, and 

absorption ( through ozone). The data of insolation as portrayed in table 2.1 . A 

further reveal that maximum insolation reaches the  outer limit of atmosphere at 

north pole at the time of summer solstice  while maximum insolation is received at 

the ground surface between latitudes 30 0– 400N on 21 June  because of minimum 

amount of cloudiness due to the presence of subtropical high pressure belt and 

anticyclonic conditions.  

Table 2.2   Amount of  insolation  received at the earth’s surface from equator 

towards poles( in percentage ). 

Latitude                0        10       20       30      40     50      60     70       80          90 

Insolation in %    100      99      95       88      79     68       57     47      43          42   

Table 2.2 reveals the fact that the total amount of insolation  received at  the earth’s 

surface decreases from equator towards the poles. The insolation becomes low at 

the poles that they receive about 40 % of the amount received at the equator. The 

tropical zone extending between the Tropic of Cancer  ( 23.50N ) and Capricorn  

(23.50S) receives maximum  insolation.  There is very little variation of insolation  

during  winter and summer seasons because  every place experiences overhead twice 

every year. The globe is divided into 3 zones on the basis of the amount of insolation 

received during the course of  a year. 

 

 

 

 



 

 

      Zonal distribution of insolation 

• Tropical/ Torrid zone  

• Temperate/ Mid-latitudinal Zone          

• Polar/Frigid zone 

 

• Tropical zone extends between the tropics of Cancer and Capricorn . All places 

experience overhead sun /vertical sun rays twice during the course of a year due to 

northward and southward march of the sun.  Consequently, every place receives 

maximum and minimum insolation twice a year. The region receives highest amount 

of insolation of all other zones and there is little  seasonal variation . 

• Middle Latitude  zone  extends between 23.50N and 660 latitudes in both the 

hemisphere. Within this zones every place receives maximum ( at the time of 

summer  summer   solstice  -21 June in the northern  hemisphere and at the time of  

winter solstice – 22 December in the southern hemisphere  ) and minimum ( at the 

vernal equinox – 21 March in the northern hemisphere and at the  time of  autumnal 

equinox – 23 September in the southern hemisphere ) insolation once during the 

course of a year. Insolation is never absent at any time of the year but seasonal 

variation increases with increasing latitudes. 

• Polar zone  Region between Arctic Circle (66⅟20N) and North Pole (900N) in the 

Northern Hemisphere and between Antarctic Circle (66⅟20S) and South Pole (900S) in 

Southern Hemisphere Receive comparatively the lowest amount of insolation on the 

earth all over the year. 

Receive minimum and maximum insolation twice a year due to apparent northward 

and southward movements of the sun. 

• Receive zero amount of insolation during six month period every year. 

• No season. 

 



 

• extends between 66 0N  and 900N  latitudes in both the hemisphere . Every  place 

receives maximum and minimum  insolation once during the course of a year but 

sometimes insolation becomes zero due to absence of direct solar rays. 

 

 

Pole (90
0

N ) in the Northern Hemisphere and between Antarctic Circle (66⅟2S
0
) and South 

Pole (90
0

S) in Southern Hemisphere Receive comparatively the lowest amount of insolation 

on the earth all over the year. 

• Receive minimum and maximum insolation twice a year due to apparent northward 

and southward movements of the sun. 

• Receive zero amount of insolation during six month period every year. 

• No season 

2. 5   Factors/Agents Affecting Solar Radiation 

               The actual amount of insolation received at a place on the earth varies according to 

the conditions of the atmosphere as well as the seasons. The following astronomical and 

geographical factors govern the amount of  insolation  received at any point on the earth’s 

surface  -   

1- Angle of the Sun’s Rays / Angle Of The Incidence  

2- Duration of day 

3- Distance between sun and earth  



4- Sunspots  

5-  Effects of the atmosphere  

 

          The distribution of solar energy on the surface of the earth is uneven because of some 

important factors/agents- 

 

1- Angle of the Sun’s Rays / Angle Of The Incidence - 

 

 

 

 

 

 

 

Fig. 2.3 the angle of sun’s rays determines the intensity of insolation on the earth’s surface.  

      The altitude of the sun , i.e. the angle between its rays and a tangent to the earth’s 

surface at the point of observation ,controls the amount of  insolation received  at the  

earth’s surface. (Fig 2.3) as the elevation angle  decreases, the area over  which the radiation 

is distributed increases . The vertical rays of sun   heat the minimum possible area , but on 

the contrary , the oblique rays are spread over a relatively larger area, so that  the amount of 

area over which the available solar energy has to be distributed in increased and the energy 

per unit area on the earth’s surface is decreased . in addition, the oblique rays have to 

traverse a larger distance through the atmosphere before they strike he surface of the earth. 

      Thus, the  longer the path  larger amount of energy is lost by various processes of 

reflection, absorption and  scattering  etc.fig.2.3. it’s clear that the  larger amount of radiant 

energy is destroyed in case of slanting rays than  in vertical rays . 

 

 

 



Since the earth is a geoid resembling a sphere, the sun’s rays strike the surface at different 

angles at different places. This depends on the latitude of the place. 

• The higher the latitude, the less is the angle they make with the surface of the earth. 

• The area covered by the vertical rays is always less than the oblique  rays. If more 

area is covered, the energy gets distributed and the net energy received per unit area 

decreases. 

• Moreover, the sun’s rays with small angle traverse more of the atmosphere than rays 

striking at a large angle. 

• Longer the path of the sun’s rays, greater is the amount of reflection and absorption of 

heat by the atmosphere. As a result, the intensity of insolation is less. 

 

2 . Duration of the day 

• Duration of the day varies from place to place and season to season. It decides 

the amount of insolation received on the earth’s surface. The length of the day – the duration 

of day is controlled partly by latitude and partly by the season of the year. The amount of 

insolation has close relationship with the length of the day. It is because insolation is 

received only during the day. Other conditions remaining the same, the longer the days the 

greater is the amount of insolation. In summers, the days being longer the amount of 

insolation received is also more. As against this in winter the days are shorter the insolation 

received is also less. On account of the inclination of the earth on its axis at an angle of 23 ½ 

0, rotation and revolution, the duration of the day is not same everywhere on the earth. At 

the equator there is 12 hours day and night each throughout the year. As one moves towards 

poles duration of the days keeps on increasing or decreasing. It is why the maximum 

insolation is received in equatorial areas.  

Table 1 show the duration of day (in hours & minutes) on winter and summer solstices in 

the Northern hemisphere. 

Duration of the day varies from place to place and season to season. It decides the amount of 

insolation received on the earth’s surface.  

          The length of the day – the duration of day is controlled partly by latitude and partly by the 

season of temporary phenomena on   the photosphere of the Sun that appear visibly as dark spots 

compared to surrounding regions. When there is an increase in sun spots it leads to increase1 in the 

amount of solar radiation. But this change is almost negligible 

 

 

Transparency of the atmosphere – 

The earth’s atmosphere is more or less transparent to short wave solar radiation 

which has to pass through the atmosphere before striking the earth’s surface.  

 The transparency depends upon cloud cover, its thickness, water vapour and 

solid particles, as they reflect, absorb or transmit insolation. High energy ultra-



violet rays are absorbed by the Ozone layer. Thick clouds hinder the insolation 

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

absorbs insolation, resulting in less amount of insolation reaching the surface. 

Very small-suspended particles in the troposphere scatter visible spectrum 

both to the space and towards the earth surface. 

 The longer the duration of the day, the greater is the amount of insolation 

received.  Conversely shorter the duration of the day leads to receipt of less 

insolation. 

5 – Sunspot – 

            It is the change in the amount of radiation emitted by the Sun. These 

variations have periodic components, the main one  being  the  approximately  

11- year sunspot  cycle.   Sunspots are   temporary phenomena on   the 

photosphere of the Sun that appear visibly as dark spots compared to 

surrounding regions. When there is an increase in sun spots it leads to increase1 

in the amount of solar radiation. But this change is almost negligible 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2.4 – average annual insolation on the surface of the earth 

 

 



 

 

    Heat Budget 

 

 

         The average temperature of the earth overall does not change in spite of 

continuous supply of sun rays. This is possible only when an equal amount of 

energy is sent back to space by the earth’s system. In the way there is balance 

between incoming solar radiation and outgoing terrestrial radiations. This 

balance is known as the heat budget of the earth. Figure 4 depicts the heat 

budget of the planet earth. Consider that the insolation received at the top of 

the atmosphere is 100 per cent. While passing through the atmosphere some 

amount of energy is reflected, scattered and absorbed. Only the remaining part 

reaches the earth surface. 

Roughly 35 units are reflected back to space even before reaching the earth’s 

surface. The details of this reflected radiation are as under: 

• Reflected from the top of clouds - 27 units 

• Reflected by ice-fields on earth - 02 units 

• Reflected by the atmosphere - 06 units  

         Total - 35 units 

The reflected amount of radiation is called the albedo of the earth. The above 

given radiation does neither heat the atmosphere nor the earth’s surface. 

The remaining 65 units are absorbed as: 

 

The reflected amount of radiation is called the albedo of the earth. The above 

given radiation does neither heat the atmosphere nor the earth’s surface. 

The remaining 65 units are absorbed as: 

• Absorbed by the atmosphere - 14 units 

• Absorbed by the earth - 51 units (Scattered + direct radiation)  

           Total -                         65 units 

 

 

 



 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                        Figure 2.5       – Heat Budget of the Earth 
Scattering takes place by gas molecules and dust particles. This takes place in 

all directions, some of it earthwards and some towards space. In overall, earth 

receives 51 units of radiation which in turn radiates back in the form of 

terrestrial radiation. The details of this reflected radiation are as under- 

• Radiated to space directly - 17 units 

• Radiated to atmosphere - 34 units 

The details of 34 units radiation absorbed by atmosphere from terrestrial 

radiations are as under 

  



• Absorbed directly - 06 units 

• Absorbed through convection and turbulence - 09 units 

• Absorbed through Latent heat of condensation5 - 19 units  

                        Total -                                                               34 units 

 

Total units absorbed by the atmosphere are 48 (14 units insolation + 34 units 

Terrestrial radiation). These are radiated back into space. Thus, the total 

radiation returning from the earth and the atmosphere respectively is: 

• Radiated back by earth - 17 units 

• Radiated back by atmosphere - 48 units  

 

                  Total -                            65 units 

These returning 65 units balance the total of 65 units received from the sun. 

This account of incoming and outgoing radiation always maintains the balance 

of heat on the surface of the earth. This is termed the heat budget or heat 

balance of the earth. 

 

 Latitudinal Heat Balance 

 

 

          Although the earth as a whole maintains balance between incoming solar 

radiation and outgoing terrestrial radiation. But this is not true when we 

observe at different latitudes. Heat budget at latitudinal level is non-zero. As 

previously discussed, the amount of insolation received is directly related to 

latitudes. Some part of the earth has surplus radiation balance while the other 

part has deficit. 

                 Figure 5 depicts the latitudinal variation in the net radiation balance 

of the earth — the atmosphere system. The figure shows that there is a surplus 

of net radiation balance between 400 N & S degrees and the regions near the 

poles have a deficit. This in theory should mean that tropical areas should get 

steadily warmers, and the Arctic and Antarctic even colder. But such is not the 

case. The surplus heat energy from the tropics is redistributed pole wards and 

as a result the tropics do not get progressively heated up due to the 

accumulation of excess heat or the high latitudes get permanently frozen due to 

excess deficit.  

          This transfer of surplus heat from tropics to polar region is being 

performed by atmospheric and oceanic circulations such as winds and ocean 

currents. According to one estimate, about 75 per cent of heat transfer is 



carried out by atmospheric circulation and the remaining 25 per cent by the 

ocean currents. In fact, winds and ocean currents are produced due to 

imbalance of heat. 

  

  

 

 



 

 

 

 

 

 

 

 

 

 

 



Unit-II 

INSOLATION AND TEMPERATURE 

2.0 INTRODUCTION: 

Insolation and temperature are the two important components of the study of climatic 

phenomena. All climatic phenomena include, composition and structure of the atmosphere; 

atmospheric pressure and general atmospheric circulation; formation of the local and seasonal 

winds; spatio-temporal patterns of atmospheric humidity, condensation, and precipitation; 

formation of air masses, frontogenesis, cyclones, & anticyclones; and climate change and global 

climatic problems are directly or indirectly related with the distributional patterns of insolation 

and temperature. In this chapter, the author has attempted to analyze the insolation and temperature 

and its distributional pattern with the view to create a base for the analysis of climatic phenomena. 

Some parts of the climatic phenomena can be studied in the fourth coming chapters.  

2.1 INSOLATION AND HEAT BALANCE OF THE EARTH: 

The insolation and heat balance of the earth and atmosphere are directly interrelated with 

each other. The earth receives energy from solar radiation, gravity, and endogenetic forces 

whereas the atmosphere receives energy from the sun and the earth. The distribution of solar 

energy on the surface of the earth varies with the location and the convectional and advocational 

forces play a significant role in the heat balance on the surface of the earth and the atmosphere.  

The solar radiation, gravitational energy, and endogenetic forces coming from within the 

earth are the three basic sources of energy to the Earth and the biosphere but solar radiation is the 

most significant source of terrestrial heat energy. The formation of various relief features is a result 

of endogenetic forces, the gravitational force controls the downslope movement of water and other 

related material whereas Solar Energy controls all the climatic and environmental phenomena on 

the surface of the earth (Singh, 2005).  

A. CONCEPT OF INSOLATION: 

All the exogenetic forces on the surface of the earth are driven by solar energy. The energy 

which is received from the Sun is called solar energy. There are various definitions of solar energy 

given by various authors. Some of the important definitions of solar energy are given below. 

1. According to G. T Trewartha, the radiant energy received from the Sun, transmitted in a 

form analogous to short waves, and traveling at a speed of 300000 km per second is called 

solar radiation for insolation (Singh, 2005). 



2. Insolation is the total amount of solar energy received at a particular location during a 

specified time, often in units of kWh/(m2 day) (University of Calgary, 2020). 

3.  Insolation refers to the quantity of solar radiation energy received on a surface during an 

amount of time, expressed in kWh/ m² (S.G.Bowden, 2019). 

4. According to Critchfield, the radiant energy from the sun that strikes the earth is called 

insolation. 

5. Kendrew defines the sun as constantly radiating into space, the complex of energy which 

is called insolation. 

6. The solar energy received at the surface of the earth or the atmosphere is called insolation. 

In short, the energy radiated from the photosphere of the sun and after traveling the distance 

of 152 billion km received at the Earth’s surface or atmosphere which controls the atmospheric 

and environmental components is called insolation.  The earth receives only ½ billionth part of 

the radiated energy from the surface of the sun i.e., the photosphere and it is equivalent to 23 

trillion horsepower. 

B. THE DISTRIBUTION OF INSOLATION: 

The amount of solar radiation or the Solar Energy received on a unit area of the surface 

facing the sun at an average distance between the sun and the earth is more or less constant and is 

called a solar constant. On average, the Earth’s surface receives the radiation of 2-gram calories 

per square centimeter per minute.  But the amount of insolation received at the Earth’s surface 

decreases from the equator towards the poles.  Also, there is spatial and temporal variation in the 

distribution of installation on the surface of the earth and atmosphere. The relative position of the 

earth changes with summer and Winter solstice it is the reason that there is seasonal variation in 

the distribution of insolation. Three zones may be demarcated regarding the distribution of Solar 

energy on the surface of the earth as detailed below. 

1) LOW LATITUDE ZONE/ TROPICAL ZONE 

The zone which extends between the Tropic of Cancer and Capricorn is included in the 

low latitude zone. It is also called the tropical zone because all the places in the region receive the 

maximum and minimum energy twice a year. 

2) MIDDLE LATITUDE ZONES 

The zone extending between 23 ½O  and 66 ½O latitudes in both the hemisphere is called 

the mid-latitude zone.  The northern hemisphere receives the maximum energy during the summer 

solstice and minimum energy during the winter solstice. The situation is reversed in the southern 

hemisphere. All the places or receive energy throughout the year but the seasonal variation 

increases with increasing latitudes. 



3) HIGH LATITUDE ZONES 

The region extending beyond 66 ½O north and south latitude is called the high latitude 

region.  It is also called the polar region. Every place receives the maximum and minimum 

insolation once a year but there are some places where insolation is absent for some days. The 

number of absent days of solar insolation increases towards the pole.  

C. FACTORS AFFECTING THE DISTRIBUTION OF INSOLATION: 

Various components affect the spatial and temporal distribution of insolation on the surface 

of the earth. The amount of solar energy received at the surface of the earth is decreasing from the 

equator towards the pole in both the hemispheres. Also, there is a seasonal variation in the 

distribution of solar energy on the surface of the earth and atmosphere. The variation is a result of 

the angle of the sun's rays, length of the day, changing distance between the Earth and the Sun, 

sunspots, atmospheric effects, etc. In the upcoming paragraphs, the author has attempted to 

analyze the factors affecting the distribution of insolation. 

1. The angle of the sun rays 

The amount of insolation to be received at a place is controlled by the angle between the 

rays of the sun and the tangent to the surface of the earth at a given place. The sun rays are vertical 

at the equator and become more oblique towards poles in both the hemisphere and it affects the 

proportion of insolation received at the unit area. The given below explanation and the diagrams 

are worth explaining the relationship between the angle of sun rays and the amount of insolation 

received at Earth's surface.  

Vertical rays are spread over the minimum area of the Earth’s surface and heat the 

minimum possible area and the insolation received per unit area increases.  Whereas oblique rays 

spread over a larger area of the Earth’s surface and hence the amount of energy received decreases 

for the unit area. Figure 2.1 provides an idea about how the angle of sun rays is affecting the 

reception of insolation per unit area. 

Another aspect of vertical and oblique sun rays is vertical sun rays travel for shorter 

distances through the atmosphere as compared to oblique sunrays. It affects the loss of insolation 

through atmospheric effects such as reflection, scattering, and absorption.  In short, the sun rays 

traveling for larger distances through the atmosphere lose more insolation through atmospheric 

effects and vice versa (Figure 2.2). 

 



 

 

Figure 2.1 Figure 2.2 

 

2. The length of a day 

The earth is tilted by 23 ½O towards the north and the earth revolves around the sun in an 

elliptical manner. These two components are responsible for the formation of the seasons and the 

resulting variation in the length of day throughout the year. The length of a day varies from 

latitudes, seasons, locations, physiographic conditions, etc.  There is a positive correlation 

between the length of a day and the amount of insolation received at a place. e.g. During the 

summer solstice, the length of a day is larger in the northern hemisphere and it is a reason that the 

northern hemisphere receives a higher amount of insolation during summer solstice than the 

winter. Whereas the situation is reversed in the southern hemisphere.  It means the larger the length 

of a day higher the amount of insolation received per unit area and vice versa.  The length of a day 

directly affects the proportion of insolation received per unit area at any place. Of course, it does 

not apply to the polar areas because though the polar area has a length of the day of more than 24 

hours the amount of insolation received per unit area is very less due to the higher obliqueness of 

sunrays. 

3. The distance between the Earth and the Sun 

Due to the elliptical revolution of the earth around the sun, the distance between the earth and the 

sun is changing during the year. The average distance between the earth and the sun is 93 million 

miles (149  million kilometers). At the time of perihelion the Earth is nearest to the sun on January 

3, and the distance between the Earth and Sun is 147  million kilometers. On July 4,  i.e., at the 

time of aphelion, the earth is at the farthest distance from the sun and the distance is 152 million 

kilometers. The distance between the earth and the sun affects the amount of insolation received 



per unit area on the surface of the earth. As per the rule at the time of the perihelion earth should 

receive the maximum energy and at the time of aphelion, the earth should receive the minimum 

energy.  But due to the presence of prevailing conditions of winter and summer this change has 

not being extremely experienced. Figure 2.3 gives information about the changing distance 

between the Earth and the Sun. 

 

Figure 2.3 

 

4.  Sunspots 

The dark areas within the photosphere of the sun and surrounded by the chromosphere are 

called sunspots. Parts are the result of periodic disturbances and explosions in the solar surface. 

The number of sunspots varies from year to year.  Studies reveal that variation in the number of 

sunspots is cyclic in nature and each cycle is completed in 11 years. It seems that there is a positive 

correlation between the number of sunspots and the amount of insolation radiated from the 

Photosphere.  in short at the time of the increased number of sunspots the earth receives maximum 

insolation and vice versa (Figure 2.4).  

 

Figure 2.4 

 



5.  The atmospheric effects 

The electromagnetic radiation transmitted from the Photosphere of the Sun and received 

at the surface of the Earth is traveling an average distance of 149 million kilometers. When it 

reaches the earth's atmosphere the energy is diluted by the atmospheric processes which include 

reflection, scattering, absorption, etc.  

Reflection: 

If we consider the incoming shortwave radiation as hundred percent,  out of that on average 

27 % of incoming shortwave radiation is reflected by the clouds,  2% by the Earth’s surface,  and 

6% by the scattering.  On average 35% of the incoming solar radiation is reflected and it is called 

albedo. Also, the rates of reflection, scattering, and reflection vary from place to place. 

Scattering: 

Various dust particles and water vapor present in the atmosphere are responsible for the 

scattering of incoming solar radiation. Approximately 23% of incoming shortwave radiation is 

scattered in the atmosphere and out of which 6% is reflected and 17% is absorbed in the Earth's 

surface. 

Absorption: 

The atmosphere directly absorbs 14% of incoming shortwave solar radiation. Also, the rate 

of absorption varies from place to place and season to season. Figure 2.5 provides detailed 

information about the atmospheric effects and the amount of insolation received at Earth's surface. 

 

Figure 2.5 



D. HEAT BALANCE 

The total solar radiation reaching a horizontal surface on the ground is called Global 

radiation.  It comprises the direct shortwave radiation from the sun and diffuse radiation scattered 

by the atmosphere. The earth receives energy from the sun through incoming short-wave radiation 

and received energy sent back to the atmosphere and space through long-wave terrestrial radiation. 

Always there is variation between the amount of incoming shortwave radiation received at a place 

and the energy sent back through terrestrial radiation. The various atmospheric processes try to 

balance between the gain and loss of energy. The heat budget of the earth and the atmosphere 

displaying statement of receipt of solar radiation by the atmosphere and the earth surface and the 

loss of energy by the earth and the atmosphere known as terrestrial radiation is also called energy 

balance of the earth and the atmosphere or global radiation balance. 

The average temperature of the earth remains more or less constant because the incoming 

solar radiation and the outgoing Terrestrial radiation are almost constant. It has already been 

mentioned that Earth receives a mere ½ billionth parts of solar radiation. Even this small 

proportion of adsorption, reflection, and scattering by the earth's atmosphere and its surface. It is 

estimated that only half of the solar insolation received at the top of the atmosphere reaches the 

earth’s surface. George Kundal, Moller, Howard Critchfield, Strahler, and Trewartha attempted to 

analyze the heat balance of the earth and atmosphere. In the forthcoming paragraphs, the author 

has attempted to analyze the heat balance of the earth and atmosphere given by Trewartha. 

Incoming Shortwave Radiation:  

The earth receives most of its energy from the sun through shortwave solar radiation. The 

amount of insolation received at the earth's surface is ½ billionth part of the radiated energy from 

the photosphere of the Sun.  Though the amount received at the earth's surface is very less as 

compared to radiated energy from the photosphere of the sun, the earth receives 23 trillion HP 

solar energy.  If we consider the shortwave radiation received at the outer surface of the 

atmosphere is 100%, 23% incoming shortwave radiation scattered, out of which 6% sent back to 

space and 17% sent to the Earth surface.  27% of the incoming shortwave radiation is reflected by 

the clouds and 2% is reflected by the Earth's surface directly at the time of receiving.  In this way, 

the amount of total reflected shortwave radiation is 35% and it is called an albedo.  14% of 

incoming shortwave radiation is absorbed in the atmosphere and 34% of the incoming shortwave 

radiation is absorbed in the earth's surface directly whereas 17% of the incoming shortwave 

radiation is observed at the Earth's surface through scattering.  Table 2.1 and Figure 2.6 provide 

detailed information about the incoming solar radiation and the processes of absorption and 

scattering and reflection. 



Table: 2.1 Incoming shortwave solar radiation (after Trewartha) 

Sr. 

No. 
Component 

Amount of 

Solar 

Radiation 

Total 

Total energy reaching the top of the atmosphere 100 % 

1 The amount of solar radiation lost during its passage through the 

atmosphere 

35 % 

 Reflected by the clouds 27 %  

 Reflected ok by the earth’s surface 2 %  

 Reflected through the scattering 6 %  

2 The amount of solar radiation absorbed in the atmosphere during its 

passage through the atmosphere 

14 % 

3 The amount of solar radiation absorbed at the earth surface 51 % 

 The incoming shortwave radiation received by direct radiation 34 %  

 The incoming shortwave radiation received through the scattering 17 %  

Grand Total 100 % 

Balance  0% 

 

   

Figure 2.6 

Outgoing Terrestrial Radiation:  

The solar radiation received at the earth's surface is converted from shortwave to longwave 

radiation. The amount of energy received at the Earth's surface is 100% sent back to space through 



the process of radiation, evaporation, evapotranspiration, convection, turbulence, etc.  The amount 

of energy lost through the process of radiation, convection, and evaporation through longwave 

terrestrial radiation is 23 %, 9 %, and 19 % respectively. Initially, the energy is transferred from 

the earth's surface to the atmosphere and then to space. Table 2.2 and figure 2.7 give an insight 

into the loss of energy through long without restaurant radiation. 

Table: 2.2 Outgoing Terrestrial radiation (after Trewartha) 

Sr. 

No. 

Component Terrestrial 

radiation 

Total  

A: Heat Budget of the Earth’s Surface 

1 The amount of energy received at the earth’s surface  51 % 

 Terrestrial radiation lost through radiation 23 %  

 Terrestrial radiation lost through convection and Turbulence  9 %  

 Terrestrial radiation lost through evaporation  19 %  

 The amount of terrestrial radiation lost from the earth’s surface to the 

atmosphere 

51 % 

 The energy at the balance at the Earth’s Surface 0 % 

 

B: Heat Budget of the Atmosphere 

1 The amount of solar radiation absorbed in the atmosphere during its passage 

through the atmosphere 

14 % 

2 The amount of outgoing terrestrial radiation absorbed in the atmosphere during 

its passage through the atmosphere to space 

34 % 

 The amount of energy credited to the atmosphere through shortwave and 

longwave radiation 

48 %  

 The amount of energy sent to space through long-wave terrestrial radiation 48 %  

 The energy at the balance in the Atmosphere 0 % 

 

 B: Overall Heat Budget  

A The energy reflected through atmospheric effects 35% 

B The amount of energy sent to space through long-wave terrestrial radiation 48 % 

C The amount of outgoing terrestrial radiation directly sent to space 17 % 

 The Loss of Energy 100%  

 The energy received through shortwave radiation   100% 

 Net Balance 0 % 



 

 

Figure 2.7 

Hypothetically the net energy balance between incoming shortwave radiation and outgoing 

terrestrial radiation is 0%. But the same principle does not apply to all the places on the earth's 

surface.  There are some places on the surface of the earth which have an energy surplus and some 

places have an energy deficit.  The advection movement of the air plays a significant role in the 

horizontal balancing of heat. 

2.2 ATMOSPHERIC TEMPERATURE: 

The earth receives energy from the sun, gravitational force, and endogenetic sources, but 

the sun is the major source of energy for the earth and various geo-bio-chemical processes on the 

earth’s surface. ‘Atmospheric temperature is a function of the modification of solar radiant energy 

by air, clouds, land, sea and other water surfaces’ (Macdonald, 2007).  

The atmospheric temperature depends upon the rate of heating and cooling of the 

atmosphere. The heating and cooling of the atmosphere are accomplished through direct solar 

radiation and the transfer of energy from the earth through the processes of conduction, 

convection, and radiation. Generally, heat and temperature are taken synonymously by common 

people but they are different.  Heat is a form of energy whereas temperature is the measurement 

of the degree of hotness or coldness of any substance.  Simply we can say the measurement of 

atmospheric heat energy in terms of Celsius, Fahrenheit, and Kelvin is called atmospheric 

temperature. The atmospheric temperature is a result of the amount of insolation received at 



Earth's surface and its conversion from shortwave to longwave radiation. Always there is a positive 

correlation between the amount of insolation received at a place and the temperature of that place. 

The Solar Energy received by the earth’s surface is converted into heat energy in the form of 

sensible heat and is temporarily stored.  

The atmosphere receives heat energy through incoming solar radiation and outgoing 

terrestrial radiation.  14 % of the incoming solar radiation is absorbed in the atmosphere by the 

greenhouse gases, dust particles, and water vapour present in the atmosphere. Also, the atmosphere 

is heated through the processes of ground radiation, conduction, convection, turbulence, 

evaporation, and adiabatic processes. The air is a poor conductor for heat transfer. Hence, the 

atmosphere gets more heated through ground radiation, evaporation, convection, and adiabatic 

heating.  

 

In the forthcoming paragraphs we are going to analyze fundamental concepts related to 

atmospheric temperature, horizontal and vertical distribution of atmospheric temperature, and 

inversion of the temperature, also we will try to correlate various atmospheric activities with the 

distribution of temperature in short. 

A. CONCEPTS RELATED TO ATMOSPHERIC TEMPERATURE 

a) MAXIMUM TEMPERATURE: 

The highest temperature recorded during the 24 hours is called the daily maximum 

temperature.  Generally, the maximum temperature is recorded between 2 to 4 p.m. The highest 

maximum temperature is recorded during the summer season in a year. The official highest 

recorded temperature is now 56.7°C (134°F), which was measured on 10 July 1913 at Greenland 

Ranch, Death Valley, California, USA. 

  



b) MINIMUM TEMPERATURE: 

The lowest temperature recorded within 24 hours is called minimum daily temperature. The 

minimum temperature is very from day to day and season 2 season.  Generally, the winter season 

records the lowest minimum temperature in a year. The lowest daily minimum temperature is 

recorded between 4 to 6 a.m. According to Wikipedia, the lowest natural temperature ever directly 

recorded at ground level on Earth is −89.2 °C (−128.6 °F; 184.0 K) at the Soviet Vostok Station 

in Antarctica on 21 July 1983 by ground measurements. 

c) LAG OF TEMPERATURE: 

There is no coincidence between the time of maximum and minimum amount of insolation 

received from the sun and maximum and minimum temperatures of the Year.  this is called the leg 

of temperatures.  for example, the highest amount of insolation is being received around noon 

where has the maximum temperature is recorded between 2 to 4 p.m.  In other words, the time 

required to convert the insolation into temperature is called the lag of temperature.  

d) MEAN TEMPERATURES: 

The average of the maximum and minimum temperature within 24 hours is called mean 

daily temperature. Similarly, the average of daily maximum and minimum temperature is called 

mean monthly temperature, and an average of the monthly maximum and minimum temperature 

is called mean annual temperature. 

e) RANGE OF TEMPERATURES: 

The difference between the highest and the lowest temperature per unit time at the local, 

regional, or global level is called the range of temperature.  The range of temperature can be 

calculated as a diurnal range of temperature, monthly range of temperature, and annual range of 

temperature. The range of temperature varies from place to place.  For example, Nagpur has the 

highest range of temperature as compared to Mumbai. 

B. THE DISTRIBUTION OF ATMOSPHERIC TEMPERATURE: 

The spatial and temporal distribution of temperature is very significant because the different 

types of weather, climate, vegetation zones, animal and human life, etc. basically depend on the 

distribution of temperature whether horizontal or vertical (Singh, 2005). The Global mean annual 

temperature was 13.73O C in the 1800s which rose to 14.51O C in the 2000’s decade. There is 

spatial and temporal variation in the distribution of atmospheric temperature on the earth’s surface. 

The variation in the atmospheric temperature is a result of various factors related to the earth and 

the sun. In the forthcoming paragraphs, the author has attempted to analyze the factors affecting 

the distribution of atmospheric temperature. 

  



C. FACTORS AFFECTING THE DISTRIBUTION OF TEMPERATURE: 

The horizontal and vertical distribution of atmospheric temperature is controlled by the 

latitude,  altitude,  distance from the coast,  nature of land and water,  nature of the ground 

surface,  prevailing winds,  ocean currents,  and cloud cover. 

a) LATITUDES: 

The sun is the major source of energy for the Earth's surface and obviously, the distribution 

of temperature on the Earth's surface is directly controlled by the distribution of insolation on the 

earth's surface. The sun rays are more vertical at the equator and they are becoming more oblique 

towards the poles.  It is the reason that the low latitude region receives more energy and the high 

latitude region receives less energy.  Because of this, the low latitudes record the highest 

temperature, and high latitudes or record the lowest temperature.  The temperature decreases from 

the equator towards the poles and the rate of decrease of temperature with increasing latitudes is 

varying from the equator towards the poles. 

b) ALTITUDE: 

The atmosphere receives the energy from the incoming short-wave radiation as well as 

outgoing terrestrial radiation. But the atmosphere is more heated by the processes of conduction, 

convection, turbulence, evaporation, and the process of adiabatic heating. The process of heating 

the atmosphere through ground radiation is directly controlled by the density of the air. The 

density of the air decreases with increasing elevation it is the reason that the temperature also 

decreases with increasing elevation. Generally, the rate of decrease in temperature with increasing 

height is 6.5O centigrade and it is called a normal lapse rate. For example, Kelshi and 

Mahabaleshwar are located on the same latitude but there is a difference between the temperature 

of both places. The temperature of Kelshi is greater than the temperature of Mahabaleshwar. 

c) DISTANCE FROM THE SEA: 

The differential heating of land and water directly affects the temperature of the air.  In the 

coastal areas, the land and sea breezes reduce the range of temperature in the region.  Opposite to 

this, the interior places located at the same latitude record a higher degree of range of 

temperature. For example, the range of temperature of Nagpur is much higher than the range of 

temperature in Mumbai.  

d) OCEAN CURRENTS: 

Ocean currents influence the temperature of adjacent land areas considerably.  The warm 

currents increase the temperature of the coastal areas on the way whereas the cold currents 

decrease the temperature of the coastal areas on the way.  For example,  the temperature of 

Western Europe is much higher than in Eastern Europe due to the entry of the north Atlantic warm 



current. Opposite to this the arrival of the Canary current decreases the temperature along the coast 

of Western Africa. 

e) PREVAILING WINDS: 

The prevailing wind conditions directly influence the temperature and it assists in the 

redistribution of it. Cold summers and mild winters along the windward coastal locations are 

results of the moderation experience of the oceans. On the other hand, locations on the same 

latitude or leeward coastal location will have a more Continental temperature regime because the 

winds do not bring oceanic effect to it. Heatwaves in North India during the summer are an 

example of the influence of prevailing wind conditions. 

f) NATURE OF GROUND SLOPE: 

The ground slope facing the sun is called the onward slope and the shadow region opposite 

to the onward slope is called the leeward slope. In the Northern hemisphere, the south-facing slope, 

and in the southern hemisphere north-facing slope is an onward slope and the onward slope 

receives more solar energy than the leeward slope. Hence the higher temperature is recorded on 

the onward slope than the leeward slope.  For example, the onward slope of Almora City records 

higher temperature than the temperature on the leeward slope. 

g) NATURE OF LAND AND WATER: 

The contrasting nature of land and water surfaces about the incoming shortwave solar 

radiation largely affects the spatial and temporal distribution of temperature. This is why even 

after receiving an equal amount of insolation the land surfaces become warmer than the water 

bodies during the daytime whereas during the night water bodies are warmer than the land 

surfaces. The distributional pattern of land and water bodies affects the distributional pattern of 

the atmospheric temperature on the earth's surface (Singh, 2005).  

h) NATURE OF GROUND SURFACE: 

The nature of the ground surface in terms of color, vegetation,  land-use practices, land-

cover, etc. affects the distribution of temperature on the surface of the earth. The snow-covered 

areas reflect most of the energy received from the sun and hence the net amount of energy received 

in the area is very low. Whereas the areas covered by wet soil absorb maximum insolation. This 

is the reason that snow-covered areas record the lowest temperature and the regions with wet soil 

or sandy surfaces record the highest temperature throughout the year. Generally, sandy surfaces 

record the highest temperature during the day and lowest during the night. Opposite to this, the 

wet soil records the lowest temperature during the day and the highest temperature during the 

night.  

  



i) CLOUD COVER: 

The cloudiness affects the local, regional, and seasonal distribution of 

temperatures.  According to Trewartha, 27 % of the incoming solar radiation is reflected by clouds. 

Also, clouds play a significant role in the counter radiation of the outgoing terrestrial radiation. It 

creates a greenhouse effect and automatically increases the temperature of the area.  This is the 

reason that during the cloudy condition, the atmospheric temperature increases whereas at the time 

of cloudless condition more terrestrial radiation passes to space through the atmosphere without 

any hurdle. For example, human beings experience uncomfortable due to increased temperature 

during cloudy conditions. On the other hand, during the winters, the sky is clear and cloudless, it 

is the reason that the atmospheric temperature is low. 

D. HORIZONTAL DISTRIBUTION OF THE TEMPERATURE: 

Temperature decreases from the equator towards the poles and thus low latitudes are 

characterized by the highest temperature and vice versa high latitudes record the lowest 

temperature. It is a result of the highest insolation received within the tropics and minimum 

insolation received in the polar areas. It is interesting to note that the highest temperature of the 

earth's surface is never recorded at the equator, instead, it is recorded near the tropics of Cancer 

and Capricorn during northern and southern summers respectively. This anomaly is being 

observed due to the following reasons. 

1. The relative position of the earth as compared to the sun changes throughout the year due to 

the revolution of the earth around the sun and the tilt of the earth by 23.5O towards the north. 

It is a reason that within the equatorial zone demarcated by 6°N and 6°S latitudes, the sun's 

rays are near vertical for only 30 days in a year, whereas the sun's rays are near vertical for 

86 days in a year within the latitudinal zone of 17.50 and 23.5° in both the hemispheres and 

hence the zone near the tropics (23.5°) receives the highest amount of insolation resulting into 

highest temperature. 

2. The tropics have almost clear skies for most of the year, it allows to reach more incoming 

solar radiation to the Earth’s surface and the energy absorbed at the earth's surface generates 

more outgoing terrestrial radiation which increases the temperature of the tropics.  

3. In the equatorial belt more energy is spent on evaporation and convection and also the belt is 

covered by clouds throughout the year. It is a reason that the average temperature of the 

equatorial belt is less than in the tropics. 

Besides the aforesaid unorthodoxy, mostly temperature decreases from the equator 

towards the poles. This change of temperature rather than a decrease of temperature poleward is 



called a temperature gradient or simply horizontal lapse rate. The rate of decrease of temperature 

(thermal gradient) between the tropics of Cancer and Capricorn is rather low and therefore 

temperature gradient is insignificant but temperature decreases more rapidly from the tropics 

poleward and hence temperature gradient becomes steep.  

The horizontal distribution of temperature over the earth's land-sea surfaces is studied with 

the help of isotherms. Isotherms are the imaginary lines drawn on the maps joining places of equal 

temperature reduced to sea level. It is necessary to reduce the actual temperatures of all places at 

sea level before drawing isotherms. It is, thus, obvious that isotherms do not represent the real 

temperature of the places through which they pass rather they show the temperature of the places 

at sea level. This is why the isotherm maps are not useful for farmers because they need the real 

temperature of a particular place for growing crops. Normally, isotherms run east-west and are 

generally parallel to latitudes. This trend shows strong control of latitudes on the horizontal 

distribution of temperature. Generally, isotherms are straight but they bend at the junction of 

continents and oceans due to differential heating and cooling of land and water. Isothermal lines 

are more irregular in the northern hemisphere because of the large extent of continents but they 

are more regular in the southern hemisphere due to the over dominance of oceans. Isotherms are 

generally closely spaced in the northern hemisphere but they are widely spaced in the southern 

hemisphere. The closely spaced isotherms denote a rapid rate of change of temperature and steep 

temperature gradient. On the other hand, widely spaced isotherms indicate the slow rate of 

temperature change and low-temperature gradient. On average, isotherms trending from land 

towards the ocean bend equatorward during summer and poleward during winter. On the other 

hand, isotherms trending from the oceans to the continents bend poleward during summer and 

equatorward during winter. The isotherms during the months of January and July are taken as 

representatives for the study of horizontal distribution of temperature during winter and summer 

seasons respectively because they represent seasonal extremes.  

Seasonal Horizontal Distribution of Temperature 

As stated earlier, the months of maximum (June, northern hemisphere) and minimum (December, 

northern hemisphere) insolation do not coincide with the months of hottest and coldest months 

(July and January in the northern hemisphere) respectively and hence the months of July (hottest 

in the northern hemisphere and coldest in the southern hemisphere) and January (coldest in the 

northern hemisphere and hottest in the southern hemisphere) are taken as representatives to 

describe the seasonal (and also annual) distribution of average temperature. Figs. 4.3 and 4.4 

illustrate the distribution of average temperature in July (representing temperature during the 



summer season) and January (representing temperature during the winter season). The two 

isotherm maps reveal the following trends: 

1. The months of July and January are warmest and coldest in the northern hemisphere whereas 

the warmest and coldest months in the southern hemisphere are January and July 

respectively. 

2. Both the maps (Figs. 4.3 and 4.4) show latitudinal shifts of isotherms following the seasonal 

shifting of overhead sun but this shifting of isotherms is more pronounced on the continents. 

3. The maximum temperatures in January and July are always recorded on the continents. The 

minimum temperature in January is observed in Asia and North America. 

4. January isotherms suddenly bend poleward while passing through warm portions of the 

oceans and bend equatorward while passing through the cold portions of the oceans in 

January in the northern hemisphere while the trend is opposite in July. On the other hand, 

the isotherms are more or less regular and straight in the southern hemisphere because of the 

over-dominance of oceans. 

5. The temperature gradient is more pronounced during winter than summer. 

6. The January isotherms denote steep temperature gradients in the northern hemisphere as 

revealed by their closer spacings (Fig. 4.4) while relatively widely spaced isotherms in the 

southern hemisphere denote gentle (low) temperature gradient because of the dominance of 

the oceans. In the northern hemisphere, the eastern coasts register a steeper temperature 

gradient (1.5°C per latitude) than the western coastal areas (0.5°C per latitude). 
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Semester 1: Paper 102 

Principles of Climatology 

Study Material for Students of M.A. / M.Sc. Geography, Part 1 

 

Contents: 

Unit (Fold no.) – 4 

a) 4.1  Air masses: Origin, Classification and Types 

b) 4.2  Fronts: Frontogenesis and Frontolysis – Classification of Fronts 

c) 4.3  Extra-Tropical Cyclones: Formation and Impacts 

After going through this unit the students will be able to understand the following features: 

i) Aim 

To provide the students with conceptual clarity about the fourth fold of this paper and help them 

understand the various climatic phenomena and associated weather conditions that are 

commonly experienced by humans on a regular basis but since the mechanism behind the 

appearance of such conditions is unknown, it becomes difficult to identify them or relate to their 

occurrence.  

To familiarize the students with the important aspects of the formation of air masses, fronts and 

temperate cyclones since all the three are very much related and dependent on one another to the 

extent that without the existence of any one of them the cyclone development wouldn’t be 

possible. 

ii) Introduction 

The students by this time would have got a fair understanding of the nature, scope and 

importance of the subject of climatology, the structure and composition of the atmosphere, the  

heat budget, temperature distribution, general circulation of the atmosphere, the planetary, 

seasonal and local winds and their patterns and the jet streams, monsoon mechanism and the 

global pressure belts. A clear understanding of these global climatic phenomena shall assist the 

students in gaining a comprehensive knowledge of the origin, forward movement and types of air 

present in the earth’s atmosphere. These air masses are responsible for generating widespread 

impact on the regions over which they blow and this in turn alters the weather of the respective 

regions, while leaving a considerable influence on the air mass itself. These different air masses 

have a contrasting nature due to their birth in diverse and dissimilar regions of the earth, be it 

land surface or oceans, and be it hot areas or cold. These air masses of contrasting nature are 

responsible for the creation of their respective fronts and the process of frontogenesis is initiated. 

There are varying weather conditions associated with the fronts and how these finally lead to the 



formation of a full-fledged cyclone. A detailed description of the features, origin and life stages 

of an extra tropical cyclone is presented in the chapters that follow in an easy to understand and a 

chronological fashion for the knowledge enrichment of the students. 

 

CHAPTER 4.1  

AIR MASSES: ORIGIN, CLASSIFICATION, TYPES 

4.1.1 Air Mass: 

Barry and Chorley (1968) have defined the term air mass as a large body of air whose physical 

properties namely; temperature, moisture content and lapse rate are more or less uniform 

horizontally for hundreds of kilometers.  

In the words of Strahler (1978) an air mass is a body of air in which the upward gradients of 

temperature and moisture are fairly uniform over a large area. 

The expanse and extensiveness of the air masses is huge, covering large portions of the 

continents spanning a distance of thousands of kilometers. These can even extend up to a height 

of many kilometers into the troposphere. Air masses have a tendency of influencing the weather 

conditions of the area over which they blow. They do so by altering the temperature and 

humidity of that area. The two most prominent types of air masses can be classified as warm and 

cold air mass. 

The properties of an air mass and the degree of its uniformity are dependent on 3 major criteria, 

namely; 

a) The direction in which the air mass is moving through the source area, as it absorbs the 

properties of that region while crossing over it. 

b) Changes that take place in the air mass when it leaves the source region and enters newer 

areas. 

c) Air mass age 

 

Note: Air masses are an indispensable fragment of the Planetary Wind System. So, are most 

often related to a specific wind belt. When air masses move to newer places, they alter the 

weather conditions of those places and themselves also tend to get altered by the surface 

conditions of the respective places.  

 

4.1.2 Source Region: 

These are vast areas extending up to several kilometers in their expanse on the earth’s surface 

and they exhibit uniform characteristics for long distances many a times spanning over thousands 

of kilometers. These are given the name source regions as these are the regions over which the 

air masses originate like the birth places of the air masses and the air mass in turn absorbs all the 

physical properties of this region like- the characteristics of temperature and moisture content. 

The air mass has a tendency to be in motion after it is formed over the source regions and instead 

of remaining stationary over that place it moves towards newer destinations, impacting those 

regions with its inherent characteristics. Following are the characteristics of a source region. 

a) There exist uniform characteristics of the atmosphere like- temperature and humidity 

over vast and homogenous portions of continents. 



b) A source region may comprise of either vast stretches of land or ocean. But it never 

comprises of both types of surfaces since both surfaces have differing characteristics and 

a source region always exhibits uniform character stretching over thousands of 

kilometers. 

c) The air mass may flow over heterogeneous surfaces, once it leaves the boundaries of its 

place of origin. 

d) The air mass displays signs of divergence (non- convergence) when it flows over the 

source region, which provides it with more time to remain in that region and absorb the 

properties thereof. 

e) Areas that have pronounced anticyclonic circulation and high or low pressure gradients, 

are said to be ideal for the development of air masses. 

 

4.1.2.1 The 6 major source regions that exist on earth (including land and oceans) are listed 

below: 

i) Polar Oceanic Areas- North Atlantic Ocean between Canada and N. Europe and N. 

Pacific Ocean between Siberia and Canada during winters. 

ii) Polar and Arctic Continental Areas- Snow covered areas of Eurasia, N. America and 

Arctic Region during Winters 

iii) Tropical Oceanic Areas- areas experiencing anticyclonic conditions for entire year. 

iv) Tropical Continental Areas- North Africa (Sahara, Asia, Mississippi Valley of USA) 

v) Equatorial Regions- Area between trade winds 

vi) Monsoon Lands of S.E. Asia 

 

Note: Most often, the High Pressure Belts serve as the chief source regions for the origin of air 

masses. Tropical areas give rise to Tropical Air masses and Polar Areas give rise to Polar Air 

masses. There exists a heat and moisture balance between the source region and the overlying 

air. The middle latitudes are unable to support any key or important source regions due to the 

dominance of cyclonic or other atmospheric circulation.  

 

4.1.3 Air Mass Classification: 

Air masses have been classified in several ways by climatologists/scientists but one thing is 

common in them- the weather properties comprising of lapse rate, temperature and moisture are 

well taken into account before categorization is carried out. Two basic methods are commonly 

used here. Firstly, classification based on geography of the region and secondly, classification 

based on the thermodynamic properties of the region over which the air mass travels while 

moving to newer destinations. 

 

4.1.3.1 Classification based on Geography- 

This is done keeping the locational properties of the source region in view. Trewartha, a 

well-known name in the field of climate studies, classified the air masses into two discreet 

groups namely; Polar and Tropical.  

The former air mass is represented by a capital ‘P’ and is inclusive of the air masses 

originating in the Arctic Region as well. Whereas, the latter one is represented by a capital 

‘T’. Tropical type of air encompasses the air originating in the Equatorial areas as well.  

These two broad groups have been sub-divided into 2 categories, namely- Continental air 

mass represented by small ‘c’ and Maritime (Oceanic) air mass represented by small ‘m’.  



Continental air mass as the name suggests after originating over continents or landmasses 

continues to flow over it for several thousand kilometers and thus is dry in nature. But it may 

absorb moisture, depending upon its capacity, from the underlying seas/oceans, if it happens 

to travel over them. 

On the contrary, maritime air masses have a tendency of being moisture laden due to their 

origin over huge water bodies and they continue to be humid even after travelling over 

continental areas.  

For better understanding the letters below may be referred: 

 Continental Tropical Air- ‘cT’ 

 Maritime Tropical Air- ‘mT’ 

 Continental Polar Air- ‘cP’ 

 Maritime Polar Air- ‘mP’ 

 Warm Air- small ‘w’ these can also be termed as ‘cw’ and ‘mw’ based on the region 

 Cold Air- small ‘k’ these can also be termed as ‘ck’ and ‘mk’ based on the region 

 

4.1.3.2 Classification based on the thermodynamic properties- 

Thermodynamics- as the name tells us, refers to the changes in temperature or moisture 

content, that take place in an air mass when it traverses mixed portions of the earth, such as 

hot or cold areas, dry or wet areas. If the underlying surface is warm/hot, the air mass gathers 

heat from the surface after coming in its contact and this causes instability in the air (as warm 

air tends to rise upward, leading to cloud formation and precipitation). Whereas, if the 

underlying surface is cold, the air mass also becomes cold and is comparatively more stable 

(since cold air tends to settle downward). A wet surface (water-body) induces water vapour 

into the air mass and a rugged landmass makes it shed its vapour.  

Note: When Polar air blows over warm surfaces it becomes warm and unstable. On the other 

hand, when Tropical air blows over cold surfaces, it cools from below and becomes stable due to 

difficulty in rising higher. 

Warm air: refers to that mass of air whose temperature is higher than that of the surface below. 

Cold air: refers to that mass of air whose temperature is lower than that of the surface below. 

 

4.1.4 Air Mass Types: 

 Continental Tropical Air- ‘cT’- these air masses are hot and dry and so cause very little 

rain. The areas visited by them also experience hot and arid conditions. 

 Maritime Tropical Air- ‘mT’- these are warm and humid air masses. These are more 

humid as compared to the maritime polar air masses due to their greater capacity to 

absorb and hold moisture. 

 Continental Polar Air- ‘cP’- these air masses are dry but very cold due to their origin in 

the Polar Regions. They are associated with clear skies, negligible amounts of 

precipitation and cause cyclonic circulation on convergence with the maritime tropical 

air. 

 Maritime Polar Air- ‘mP’- these are more active in the summer season rather than in 

winter season and carry vapour in them. They are cold and stable 

 



 
Diagram: showing the types of air masses 

 

 

CHAPTER 4.2 

AIR FRONTS, FRONTOGENESIS AND FRONTOLYSIS 

 

Learning about the process of front formation and the types of fronts is important to understand 

the formation of mid- latitude cyclones. The knowledge of fronts also presents a clear 

understanding of the dominant weather patterns that exist in the middle latitudes. The middle 

latitudes extend from 40 degree latitude to 60 degree latitude North and South of the Equator. 

The formation of a front is usually an uncommon phenomena in the Equatorial, Tropical and 

Polar Regions. 

 

4.2.1 Definition of Front: 

It is a three dimensional (3-D) boundary zone, also called as a frontal zone or frontal surface 

which is formed between two converging air masses that have different physical properties, in 

terms of temperature, moisture holding capacity, wind speed, density and lapse rate. It is neither 

parallel nor vertical to the ground, but is inclined at a low angle. A front can have a large areal 

extent, width ranging between 5-80 km, temperature differences, bending isobars and abrupt 

shifts in wind direction which may lead to the formation of clouds causing precipitation. 

 

4.2.2 The Opposing Air Masses: 

These are the air masses that have a contrasting nature. At the time of convergence, they arrive 

from opposite directions and move towards each other and generally, one of the two air masses is 

cold, dry, dense and has a higher air pressure whereas, the other is warm, moist and lighter in 



weight due to lower air pressure. The cooler air mass being heavier, tries to occupy the dominant 

position by invading and penetrating into the area of the lighter, warmer air mass and pushing it 

upwards. In this process of invasion and pushing each other, the shape of the front changes and it 

begins to appear like a wave. On the other hand, when the two air masses start diverging and 

moving away from each other into two different directions, the front begins to disintegrate and is 

destroyed. 

 

4.2.3 Front Formation or Frontogenesis: 

Frontogenesis is defined as the process by which a front (i.e. three dimensional boundary zone) 

is formed between two air masses of contrasting nature, when they are facing each other. The 

two air masses are in a state of war or are competing against each other to occupy the dominant 

position. The regeneration of decaying fronts also forms a part of frontogenesis. 

 

The process of frontogenesis takes place in an anticlockwise direction in the Northern 

hemisphere of the Earth whereas it occurs in a clockwise direction in the southern hemisphere. 

This happens because of the presence of the Coriolis force, which generates the Coriolis Effect 

(the effect that is formed due to the rotation of the Earth on its axis). 

 

4.2.4 Frontolysis: 

This phenomena occurs when one air mass out of the two air masses which were in a state of 

competition, during the frontogenesis stage, occupies the dominant position by overriding the 

other air mass. This also means that one particular air mass wins the competition and dominates 

over the other. This is the situation when the front or the 3-D boundary starts losing its 

significance and starts to weaken and wither away. This weakening or dying of the front is 

defined as the stage of frontolysis. 

 

It is important to note here that the stage of frontogenesis involves the convergence or meeting of 

two different air masses, whereas, the stage of Frontolysis involves the dominance of one air 

mass over the other causing the front boundary to dissipate. Thereafter, the air masses start 

diverging in different directions. In other words, frontogenesis causes the convergence of and 

frontolysis causes the divergence of air masses. 

 

The mid-latitude cyclones are known by two other names as well, i.e. Temperate Cyclones and 

Extratropical Cyclones. Since these cyclones generally occur/originate in the middle latitude 

zones, in both the hemispheres, i.e. between 40 degree to 60 degree North and South of the 

Equator, they have been given the name mid-latitude cyclones. These are a result of 

frontogenesis. 

 



 
Diagram: A Front (Curved blue line- formed due to Coriolis force) that forms between 2 air 

masses of contrasting nature. 

 

4.2.5 Air Circulation and Frontogenesis: 

According to Patterson, there are 4 types of air circulation. 

A) Translatory Circulation- here, air moves in a horizontal manner from one place to another 

in the same direction. Temperature variations cannot be produced in this movement but 

fronts may be formed. 

B) Rotatory Circulation- here, the air moves in a circular pattern i.e. cyclonic or anticyclonic 

fashion. Temperature variation can be seen but fronts are not created. 

C) Convergent and Divergent Circulation- Convergent Circulation involves the meeting of 

winds coming from different directions at one central point. Whereas, the opposite 

happens in the case of divergent circulation i.e. from a central point, the winds start 

moving outwards in all directions. These circulations are not favorable for frontogenesis 

since the temperature difference exists at a central point whereas, front can only be 

formed if this difference exists along a line. 

D) Deformatory Circulation- this is the most conducive type of circulation for frontogenesis. 

Here, two axis exist namely; axis of inflow and axis of outflow and the contrasting air 

masses converge and spread horizontally along the axis of outflow. Note that; the 

intensity of the fronts depends on the temperature gradient. 

 

   
Diagram: Four types of air circulation 

 



A) Translatory Circulation, B & C) Rotatory Circulation, D & E) Convergent and Divergent 

Circulation, F) Deformatory Circulation 

 

4.2.6 Classification of Fronts: 

Based on frontogenesis, the fronts can be classified into the following categories on the basis of 

their characteristics. 

 

4.2.6.1 Stationary Front- it forms when two contrasting air masses come face to face but neither 

of them is able to push the other so there is no displacement or upward movement of the air and 

no competition for dominance exits. The winds blow parallel to the front. These fronts are an 

uncommon phenomena and are insignificant from the climate point of view as there is no cloud 

formation and precipitation when this front forms and there is no forward or backward 

movement of the front. 

 

 
Diagram: Stationary Front 

 

4.2.6.2 Cold Front- it forms when the sloping surface of the front becomes very active. The cold 

air moves along this surface. This air being dense, stays near the earth’s surface but is powerful 

enough to uplift the lighter warm air and thrust it above itself. There is less movement and in the 

cold air due to force of friction exerted by the ground. But the warm air attains high velocity 

causing the cold front to become very steep. 

 

Weather associated with Cold Front- 

a) Formation of thick Cumulonimbus Clouds 

b) Thunderstorms, lightning but for short period of time 

c) Sometimes there is hailstorms or snowfall. 

 



 
Diagram: Cold Front 

 

4.2.6.3 Warm Front: it forms when the sloping surface of the front along which the warm air 

flows becomes extremely active. In this case, the warm air becomes more dominant and forceful 

and invades the cold air zone. Due to its light weight, the warm air on its own starts rising above 

the dense cold air. The warm front unlike the cold front is gently sloping and the slowly rising 

warm air cools adiabatically. This cooling effect causes saturation in the warm air. This in turn 

leads to cloud formation and condensation resulting in precipitation. If the warm air is moist then 

condensation occurs at a lower height. Contrary to this, if the air is stable and less humid then 

condensation takes place at a great altitude in the atmosphere. 

Weather associated with Warm Front- 

a) Formation of thick Clouds, condensation 

b) Gentle to moderate precipitation which continues for a long time (many hours) 

c) The passage of warm front is marked by decrease in pressure, sudden rise in temperature 

and specific humidity causing change in weather.  

d) The changes in the wind direction and temperature are gradual. 

 

 
Diagram: Warm Front 

 

4.2.6.4 Occluded Front: forms when the cold front becomes dominant and the cold air being 

heavier settles down and continuously pushes the warm air upward from below. Thus the warm 

air gets displaced from its original position near the ground. 

Weather associated with Occluded Front- 



a)  There is a mixture of cold and warm front type weather conditions. These are mostly 

found in Western Europe. 

b) The Extra-Tropical Cyclones require the formation of Occluded fronts. 

 

Note: Cold front, warm front and occluded front are examples of temperature inversion. 

 

 

CHAPTER 4.3 

 

EXTRA-TROPICAL CYCLONES: FORMATION AND IMPACTS 

 

Cyclones are a peculiar atmospheric phenomena, which can be understood as very high velocity 

(gale force) storms/disturbances. These are known by different names in different countries. On a 

map, these can be easily identified by looking at the isobars and their placement. These are 

characterized by a low pressure at the centre which gradually increases away from the central 

point, i.e. there is presence of high pressure at the outer most end of the isobars. Closed isobars 

surround the low pressure and there is movement of air inward from the outer high pressure zone 

to the inner low pressure zone. It is noteworthy that the inward moving air adopts an 

anticlockwise flow in the northern hemisphere and clockwise flow movement in the southern 

hemisphere.  

 

4.3.1 Cyclones: 

Extra tropical cyclones are also termed as temperate cyclones (as the mid latitude region falls in 

the temperate zone), wave cyclones, lows, troughs or depressions. These are mainly formed in 

the middle latitudes (350 to 650 lat.) North and South of the Equator due to the commencement of 

the process of Frontogenesis, when there is convergence of warm and cold air. The middle 

latitudes are said to be the most turbulent region due to a lot of mixing that occurs here. The 

cold, dry polar air moves downward towards the lower latitudes and converges with the warm, 

moist tropical air which travels to the higher latitudes after originating in the tropics. Their 

movement is usually in the Easterly direction. 

Note: Isobars are lines that join the places having equal pressure on a map. Barometer is the 

instrument used for measuring atmospheric pressure. The unit for representing pressure is ‘mb’ 

(millibars). 

 

4.3.2 Types of Extra Tropical Cyclones:  

There are 3 distinct categories of these cyclones. 

a) Dynamic Cyclones- these are called real and dynamic as they are dynamically created as 

a result of convergence of two contrasting air masses and the consequent intrusion into 

each other’s territory i.e. cold, dry polar air and warm, moist tropical air. These are fully 

developed in nature and are responsible for influencing the weather conditions of vast 

stretches of land in the mid latitudes. 

b) Thermal Cyclones- the cyclones that are thermally induced are given the name Thermal 

Cyclones or Insolation Cyclones. These result due to low pressure, which generally forms 

on the interior portions of the continents in the summer months and over oceans and seas 

during the winter months. We know that, air moves from high pressure to low pressure 

areas. During summers, high pressure is created in the ocean bodies during summers and 



on the continents during winter months. The air in areas with dominance of high pressure 

is attracted towards the low pressure, and thus rushes towards such spaces. N.W. 

Australia, Iberian Peninsula, S.W. USA and Alaska are known for summer cyclones 

whereas, Norwegian Sea, Okhotsk Sea and Arctic Sea south of Greenland are known for 

winter cyclones. Note that, thermal cyclones are stationary cyclones and are not 

controlled by frontogenesis. 

c) Secondary Cyclones- these are given the name secondary as these are of lesser intensity 

and short duration as compared to Dynamic and Thermal Cyclones and are called weak 

cyclones. Their formation takes place when the cold winds pass over the warm ocean 

bodies, after the primary cyclone diminishes. 

 

 
Diagram: The arrangement of isobars in a temperate cyclone of the northern hemisphere 

 

4.3.3 Structure, Speed and other characteristics of Extra Tropical Cyclones: 

The points listed below help in generating a good understanding about temperate cyclones. 

 These cyclones can be of varying sizes, shapes, velocity and extent, but if compared, no 

cyclone is similar to the other. 

 They are circular, elongated, wedge shaped and elliptical. 

 There exists a 10-20 mb pressure difference between the core and outermost margin of a 

cyclone. 

 A large cyclone can have a diameter of about 2000 km or more and the diameter of a 

small cyclone may range between 500 km-1000 km. area-wise also the temperate 

cyclones are in no way limited, as they can be enormous enough to cover an area as wide 

as 10 lakh km2.  

 Vertically these cyclones can attain a height of 10 to 12 km in the troposphere. 

 They generally have an easterly pattern of movement. 

 There is a difference in the average velocity of these cyclones, depending upon the 

season during which they become active. In summers it is 32 km per hour whereas, in 

winter season it increases to 48 km per hour. 

 Temperature differences also exist in these cyclones. When there is convergence of warm 

and cold air, the northern portion records a lower temperature due to presence of cold 



polar air in that portion and vice-versa for the southern portion due to presence of warm 

tropical air. 

 These cyclones move in specific paths, which are known as Storm Tracks. Since these 

paths are extensive and mostly inconstant, the movement of cyclones is considered zonal 

instead of linear. 

 Cyclones originating in Eastern Colorado, USA are commonly known as ‘Colorado 

Lows’. The name ‘Alberta Lows’ is generally used for those cyclones that originate in the 

east of Canadian Rocky Mountains. 

 The frontogenesis that takes place in Mediterranean Sea, leads to the formation of 

temperate cyclones. These cyclones adopt an easterly direction and move towards the 

Indian Subcontinent after crossing over the Middle Eastern countries and are responsible 

for causing winter rain in parts of Pakistan as well as in North India. 

 Generally, the warm and moist tropical air has a westerly direction of flow. Whereas, the 

cold and dry polar air has an easterly direction of flow.  

 When these two contrasting air masses converge, the formation of a warm front, warm 

sector and cold front and cold sector takes place. 

 ‘Wind Shift Line’ is the name given to the linear path along which the wind changes its 

direction of movement. 

 Formation of halos around the sun/moon results with the arrival of temperate cyclones. 

These are thin veneers of cirrus and cirro-stratus clouds. 

 

4.3.4 Temperate Cyclones and Associated Weather: 

When the cyclone starts drawing closer to the target area, certain changes are observed in the 

weather of that area. The forward approach of a cyclone, toward the target is associated with 

lowering of air pressure, rise in temperature, decrease in wind speed, a change in wind direction 

from easterly to south easterly, formation of a halo around the sun or moon and a heavily 

overcast sky with thick, dark clouds. 

 

Once the sky becomes overcast with nimbostratus clouds, heavy precipitation/downpour is sure 

to begin which gradually becomes moderate but continues for several hours. This marks the 

arrival of the warm front. The warm air being light in weight, begins to rise upward. The water 

vapor present it this air begins to condense and fall as rain. 

 

The departure of the warm front sets the stage for the arrival of the warm sector in the target 

area. This leads to changes in the wind direction, making it adopt a southerly flow. The clouds 

move away, making the sky appear to be clearer, but the specific humidity is very high. The 

temperature begins to rise again, but intermittent drizzling can be experienced. 

 

When the cold front makes an appearance, the temperature and pressure conditions again get 

altered, with lower temperatures followed by higher pressures. Cold air being denser, tries to 

settle downwards but in turn lifts the warm air upward. Wind direction gets altered to south 

westerly and the sky becomes overcast again with cumulonimbus clouds causing heavy 

precipitation, thunder and lightning. This only occurs for a short while. 

 

After the cold front passes, the cold sector makes its entry, which is responsible for bringing 

noticeable changes in the weather like; clear skies, low temperature, high pressure and a fall in 



specific humidity. The wind direction now adopts a completely westerly flow and slowly the 

process of Frontolysis begins marking the end of the fury of the cyclone. The end of the cyclone 

is due to the disappearance of the warm front. This process is commonly known as Occlusion.  

If in case a minor and weak cyclone develops after the disintegration of the major cyclone, it is 

known as a ‘secondary cyclone’ or ‘sub-cyclone’. 

A sub-cyclone is the result of left over warm air in the cold front, which reestablishes a low 

pressure at the centre, causing the air from all the high pressure portions to rush in towards the 

low pressure and a very low intensity cyclone is formed. 

 

4.3.5 Origin of Cyclone: 

Several theories have been propounded and put forth by many scientists but the most widely 

accepted and acclaimed theory is the one given by V. Bjerknes and J. Bjerknes , about the origin 

of temperate cyclones which is also known as the Frontal Theory, Polar Front Theory, Wave 

Theory or Bergen Theory. They propounded the theory in 1918, emphasizing the fact that the 

formation of the extra tropical cyclones can be safely attributed to the formation of fronts. These 

fronts are responsible for the convergence of the air masses of contrasting nature. These air 

masses are born in regions which are altogether different from each other (Polar and Tropical).  

 

There are some stages through which each cyclone has to pass before it starts to diminish. All 

these stages combined together form the ‘Life Cycle of the Cyclone’ i.e. from its genesis till its 

occlusion. First of all, a ‘Surface of Discontinuity’ is formed between the two contrasting air 

masses. This acts like a separating agent between the polar air and tropical air. Initially, this 

surface is stable and linear but it slowly becomes unstable and adopts a wave like appearance, 

when the 2 air masses begin to enter into each other’s territory. This wave like surface is the 

polar front.  

It is important to note that, this front has two parts. The first part indicates the arrival of the cold 

air from the western direction and the second part marks the arrival of the warm air from the 

eastern direction. Both these air masses become strong and form their respective fronts in the 

direction in which they are advancing. The presence of the warm sector in the south-west and 

cold sector in the north-west portion of the cyclone is essential for its full development. The 

eastern part of the cyclone develops low pressure due to presence of warm air. Thus, winds from 

high pressure portions quickly start moving towards low pressure and finally on the arrival of the 

cold front, the cold air drives the warm air upwards. This leads to disintegration of the warm 

front and the life cycle of the cyclone nears its end. 

 

4.3.5.1 Six Stages of the Cyclone: 

During its life cycle, an extra tropical cyclone has to pass through the following six stages right 

from its genesis till its destruction. 

A) Formation of a stationary front- this type of front is a linear front and it takes shape when 

2 contrasting air masses coming from opposite direction meet each other. Due to absence 

of any invasion activity from both sides, the weather conditions continue to remain stable 

in this first stage. 

B) Incipient stage- in this stage, the linear front begins to assume a wave like structure. This 

is the time when the warm and cold air masses start converging and invading into each 

other’s territory.  



C) Mature stage- this is the third stage which marks the progress of the cyclone towards 

maturity. Now the isobars start assuming a circular shape, and come in close proximity to 

one another. 

D) Shrinking of the warm front- as the cold front advances, becomes aggressive and begins 

to take over the warm front by pushing the warm air upwards, the warm front begins to 

narrow down. 

E) Formation of Occluded front- when the cold front is successful in completely invading 

and overtaking the warm front, forcing it to diminish and disintegrate, at that time the 

occluded front begins to form and the cyclone is now nearing the phase of Frontolysis. 

F) Final Stage- At this time, the cyclone begins to collapse by experiencing the extinction of 

the warm front, followed by the termination of the occluded front and this results in the 

fading away of the entire cyclone. 

 
Diagram: Life cycle of an Extra-Tropical Cyclone 

 

Points to Remember: 

 People who gave different theories about Temperate Cyclones 

1. Fitzroy 

2. Lempfert and Shaw 

3. V. Bjerknes and J. Bjerknes- Polar Front Theory also called as Wave Theory 

 Surface of Discontinuity- separates two contrasting air masses 

 Shape of temperate cyclones- Circular, semi-circular, elliptical, elongated, V-shape 



 

 

 Eye of the cyclone- The pressure in the cyclone increases from the centre towards the 

outer portion i.e. there is low pressure at the center and high pressure in the surrounding 

of the center. 

 Area covered by the cyclone: 1lakh - 10 lakh km2 

 Halo around Sun or moon is formed by- Cirrus or Cirrostratus clouds on arrival of the 
cyclone 

 

 

 

 

 

 Vertical extent- from the Mean sea level to 10 or 12 km in height 

 Speed – 32km per hour winds move 50 km per hour 

 3 types of temperate cyclones- Dynamic, Thermal and Secondary 

 Diameter- 640 miles (1000 km) to 1200 miles (1900 km).  
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