
1 

 

Block-1 CLIMATOLOGY  

Unit -1 Introduction of Climatology. 

  Structure. 

1.1 Objective 

1.2 Introduction 

1.3 Nature and Scope of Climatology 

1.4 Relationship With Meteology 

1.5 Composition of atmosphere (Mass structure) 

1.6 Insolation 

1.7 Heat Budget of the Earth. 

1.8 Green House effect 

1.9 Vertical and Horizontal distribution of temperature. 

1.10 Summary 

1.11 Activity 

1.12 Questions 

1.13 References 

 

1.1 OBJECTIVE 

To understand the patterns of interactions between technologically advanced 

man and physical environment including land, air, water, plants and animals. 

To understand the spatial patterns and spatial relationships of environmental 

components of globe in regional contexts. 

To understand the identification, demarcation and distribution of different 

types of climate. 

To understand various elements and aspects of atmosphere over the earth. The 

geographers‟ main concern lies in the manner in which human societies have 

colonized the earth. As matter of fact the climatology that explains the cavsual 

relationship between climate and human activity. 

 

 1.2 INTRODUCTION   

The impact of weather and climate on human communities is so varied and all 

pervading that naturally (innately) become the most important components of our 
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physical environment. The welfare, safety and quality of human society are subject to 

the profound effects of the vagaries of weather and climate. In developing countries 

the effects may be calamities. In highly tend to be neutrauzed by complex socio-

economic systems, but even in these countries extreme climatic conditions may 

produce major impacts. There are certain climatic phenomena such as draughts, 

floods, violent, tropical storms of hurricane, intensity, heat and cold waves which may 

endanger lives and property and disrupt even the most sophisticated systems. 

  

1.3 NATURE AND SCOPE OF CLIMATOLOGY 

Climatology is compounded of two Greek words, klima + logos; „klima‟ 

means slope of the earth, and „logos‟ means a discourse of study. Here slope of the 

earth refers to our conception of latitude. At present climatology is a broad and 

diverse field; it seeks to describe and explain the nature of climate. In brief, 

climatology may be defined as the scientific study of climate. It is the study of the 

varieties of climates found on the earth and their distribution over its surface. 

(Critchfield, H.J. 1975), Climatology is the science that seeks to describe and explain 

the nature of climate, how it differs from place to place, and how it is related to man‟s 

activities. In his opinion “Climatology broadens the findings of meteorology in space 

and in time to cover the whole earth and periods of time as long as observations and 

indirect evidence will permit”. 

(Relay, D. and Spolton, L. 1974) define the science of climatology as the study of 

the weather conditions over a longer period. 

(Miller, A.A 1953,) views climatology as that branch of science which discusses the 

average conditions of the weather. Court Arnold…… considers the science of 

climatology to be compounded of parts of three other modern disciplines: 

meteorology, statistics and geography. Each discipline, in his opinion, to a certain 

extent, is a child of climatology. Climatology must select from each of these 

disciplines the principles, observations, methods, and outlook that it needs. 

(Thornthwaite C.W. 1961) broadens the scope of climatology when he suggests that 

the study of the atmosphere as well as that of the earth‟s surface form the core of this 

discipline. This is so because each and every characteristic of climate is determined 

by the exchange of heat, moisture and momentum between the earth‟s surface and the 

atmosphere. 
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 The term climatology is correctly applied to the study of the following five 

growing fields: (i) climatological record, (ii) theory of climate, (iii) energy and 

moisture balances of the earth, (iv) study of climate as the environment of living 

organisms and (v) study of climate as the direct environment of man. 

 

1.3.1 Geography and Climatology 

Since geography studies the earth as habitat of human societies, it is naturally 

concerned with the study of climate as the dominant element in the natural 

environment. (Riley and Spolton 1974) put it, the distribution of atmospheric 

phenomena over the earth is differentiated by latitude, topography, altitude, 

distribution of land, sea and ice-caps, and also, to some extent, by forests and great 

cities. All these influences are geographical. The geographers, among other social 

scientists, are engaged in long-term acquisition and application of environmental 

knowledge. 

 Climatology, according to F. Kenneth Hare, is an integral part of physical 

geography, perhaps closer to the centre than any other. At the same time, it has also 

been described as a major aspect of meteorology from which it must draw its 

fundamental principles. The geographer is interested in the study of climate simply 

because there are climatic regions found on the earth‟s surface, and each climatic 

region, despite its different geographical setting, is characterized by certain degree of 

uniformity. The boundaries of these climatic regions are so well-marked that they can 

be easily recognised on the basis of soil-groups, different types of land forms, and 

various plant communities. They can be easily defined on the basis of climatic 

numerical data. Since climate is said to be the key to regional variations, the 

geographer is, therefore, naturally interested in the science of climatology. Similarities 

or differences found in different landscapes are the resultant effects of diversities in 

climate. A particular type of climatic condition gives rise to a specific landscape. 

 

1.3.2 Sub-Divisions of Climatology 

There are three basic sub-divisions of the science of climatology: 

(A) Physical Climatology 

(B) Regional ( or Descriptive) Climatology 

(C) Applied Climatology 
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(A) Physical Climatology: This branch of climatology seeks to explain the factors 

responsible for bringing about the temporal and spatial variations in heat exchange, 

moisture exchange and air movement. Observations of such climatic elements as 

insolation, duration of sunshine, temperature, air pressure, precipitation, winds, 

cloudiness and fog, and visibility, etc. help solve these problems. Various 

combinations of the aforesaid weather or climatic elements are caused by the complex 

processes of the transfer of heat, moisture and momentum between the earth‟s surface 

and atmosphere and within the atmosphere itself. There are certain climatic factors 

such as latitude, height above sea level, nature of surface, local relief, and prevailing 

winds, etc. which in turn control these processes. In fact, physical climatology is 

directly concerned with the discussion of all those factors and all those weather 

processes that cause regional differentiation of climate. 

 Thus, physical climatology is closely related to meteorology which includes 

not only the physics, chemistry and dynamics of the atmosphere, but also many of its 

direct effects upon the earth‟s surface, the oceans and life in Usual. Physical 

climatology is a major aspect of meteorology from which most of its basic principles 

are drawn. 

(B) Regional climatology: This branch of climatology seeks to determine and 

describe the various types of climates. It is also labelled as descriptive climatology, 

for it is concerned with the identification of important climatic characteristics and 

analyses the interaction of the weather and climatic elements upon the life, health, and 

economics of peoples and areas. 

 It may be pointed out that the very basis of the classification of climatic types 

is the statistical analysis of the climatic data. Moreover, while discussing the spatial 

distribution of climatic elements regional climatology encompasses the concept of 

scale as well. On the basis of size and extent of the climatic regions, the world is 

divided into three regions: 

(a) macro-climatic regions, 

(b) meso-climatic regions, 

(c) micro-climatic regions. 

While making a study of macro-climates, basic factors of climate such as distribution 

of continents and oceans, the earth‟s albedo, and the intensity of the solar radiation 

incident on the outer margin of our atmosphere are taken into consideration. On the 

contrary, the meso- and micro-climates are largely controlled by local factors. 
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(C) Applied climatology: This branch of climatology is concerned with the 

application of the climatological knowledge to specific practical problems. It analyses 

the relationship of climatology to other sciences. In applied climatology the main 

purpose is to find out ways and means to make use of our knowledge of climatic 

elements for the betterment of human life on the earth. The practical application of the 

discoveries and techniques to various types of human activities is growing day by day. 

Knowledge of weather and climate is being applied to the solution of such problems 

as plant and animal production, transportation, communication and industry, structural 

designs and construction activities, atmospheric pollution and many other activities of 

man. Besides, there are various economic activities of man which have highly 

specialized climatic requirements. For example, while building airports the runways 

are made, as far as possible, in alignment with the direction of prevailing winds in 

order to ensure safe landing as well as take-off of the aeroplanes. Similarly, the 

planting of crops requires an intelligent use of climatological information regarding 

the length and characteristics of the growing season. For frost- sensitive vegetable the 

possibility of the occurrence of sub-freezing temperature must be taken into account. 

Thus, available climatological data have a great many  applications. 

Because of the rapidly growing literature of climatology and the experience of 

persons working in the field, there have emerged, in recent decades, many specialized 

branches of the science of climatology. They are labelled as agricultural or agro 

climatology, medical climatology, urban climatology, bio-climatology, architectural 

climatology, etc. 

 

1.4 Relationship with Meteorology 

There exists a close relationship between meteorology and climatology. 

Meteorology, the physics of the lower atmosphere, studies the individual phenomenon 

of the atmosphere. In other words, it is concerned with the study of the characteristics 

and behaviour of the atmosphere. Climatology, on the other hand, is concerned with 

the discussion of the component elements of climate as well as the factors which 

determine and control its distribution. The function of climatology is two-fold. First, 

the meteorological aspect of this discipline examines the process of gain and loss of 

heat energy by the air layer near the ground, keeping in view the fact that the basic 

principles apply at any place on the globe. Second, climatological aspect of the 
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discipline examines the global pattern of thermal environment as it is expressed by 

characteristic values of air temperatures. The same is true in case of other climatic 

elements. Thus, climatology recognizes global climatic types and regions in terms of 

various combinations of the basic environmental ingredients such as air, temperature, 

and availability of water to plants in terms of precipitation and evaporation. 

Critchfield has clearly stated that climatology broadens the findings of 

meteorology in space and time. Meteorology is the atmosphere and the phenomena 

that occur within it, whereas climatology is the study of the weather conditions over a 

longer period. 

 Meteorology is mainly concerned with the physical analysis of the individual 

weather element. It explains and analyses the changes of air pressure, temperature, 

and humidity that are brought about due to the effect of insolation on the earth‟s 

surface. 

 Meteorology combines physics and geography. It draws its fundamental 

principles from physics and applies them to the behaviour of the atmosphere which is 

a mixture of different kinds of gases. It also studies the whole atmosphere and its 

movements as they are largely controlled by the geographic factors such as 

topography, distribution of continents and oceans, altitude, and latitude. As a branch 

of physics, meteorology is primarily concerned with the physical processes operating 

in the atmosphere. At the same time, it is descriptive and explanatory of the physical 

environment of man. Because of this, meteorology may become a branch of 

geography. Even though meteorology combines physics and geography, it is rather 

different from both. 

 Although climatology aims at a systematic study of climate and its distribution 

on the earth‟s surface, a knowledge of the individual weather or climatic element is 

equally essential. It is in this respect that climatology comes closer to meteorology. 

However, it should be remembered that climatology is primarily interested in the 

climates of the earth in themselves and as elements in the natural environment of life. 

It may be pointed out that in climatology the investigation of the physical processes 

underlying various climatic phenomena, even though valuable and interesting, 

occupies only a secondary place. 
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1.4.1 Whether Elements 

 In studying the weather, various aspects are often considered separately. Various 

weather aspects, such as temperature, cloudiness and velocities, are treated 

individually, in order easily to compare and contrast these important aspects as they 

vary from month to month at any place or as they vary from one region to another. 

 In order to appreciate the changes occurring in the weather of a particular 

place or area, and in order to describe the atmospheric conditions at a particular point 

of time, at a particular place, the observation and measurement of individual weather 

aspects is necessary. Following are some of the most important elements of weather 

which in different combinations make up the climate of a particular place of area: 

solar radiation, air temperature, air pressure, wind velocity and wind direction, 

humidity and precipitation and amount of cloudiness. 

 

1.4.2 Climatic Controls 

The variations of weather elements are brought about by the various climatic controls 

which operates in different combinations and with varying intensities. The variations 

of the weather or climatic elements are both temporal as well as spatial. The following 

are some of the most important climatic controls: latitude, distribution of land and 

water, altitude, semi-permanent high and low pressure systems, winds and air masses, 

atmospheric disturbances or storms, ocean currents and mountain barriers, etc. 

 Besides the above mentioned chief climatic controls, there are certain other 

climatic factors such as, distance from the sea, relief, type of soil and its colour, and 

natural vegetation, which also affect the climate in no less significant way. 

 Sometimes it is difficult to differentiate between climatic elements and 

climatic controls. In fact, each of the aforesaid climatic elements also acts as a 

climatic control and affects each of the other elements. These climatic controls act 

with varying intensities and in different combinations, bringing about changes in 

temperature and precipitation – the principal climatic elements – in different parts of 

the earth. That is why we have different types of weather and climate. 

 

1.5 COMPOSITION OF ATMOSPHERE (MASS STRUCTURE) 

The atmosphere is a mixture of many gases. In addition, it contains huge numbers of 

solid and liquid particles, collectively called aerosols. Some of the gases may be 
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regarded as permanent atmospheric components that remain in fixed proportions to 

the total gas volume. Other constituents vary in quantity from place to place and from 

time to time. If the suspended particles, water vapour and other variable gases were 

excluded from the atmosphere, we would find that the dry air is very stable all over 

the earth up to an altitude of about 80 kilometres. As given in refer table-1, two gases 

nitrogen and oxygen, make up about 99 percent of the clean, dry air. The remaining 

gases are mostly inert and constitute about 1 percent of the atmosphere.  

Refer Table: 1 Principal gases comprising dry air in the lower atmospher. 

S.No. Constitvent % by Volime 

1 Nitrogen (N2) 78.08 

2 Oxygen (O2) 20.94 

3 Argon (Ar) 0.93 

4 Carbon dioxide (Co2) 0.03 

5 Neon (Ne) 0.0018 

6 Heliom (he) 0.0005 

7 Ozone (O3) 0.0007 

8 Hydrogen (H2) 0.00005 

9 Krypton (Kr) Trace 

10 Xenon (X2) Trace 

11 Methane (Me) 1.4 

Source : Us Department of Commerce, NOAA, 1976, Quoted in Climalology by Oliver 

and Hidore 2003. 

 

The deep layer through which the gaseous composition of the atmosphere is generally 

homogeneous is called the hemisphere. At higher altitudes, the chemical constituents 

of air change considerably. The layer is known as heterosphere.  

 At sea level the following principal gases comprise the dry air: nitrogen, 

oxygen, argon, carbon dioxide, neon, helium, ozone, hydrogen, krypton, xenon and 

methane. Out of these gases argon, neon, helium, krypton and xenon are so inert 

chemically that they are never found in any chemical compounds they stand 

completely alone. Besides these gases, large quantities of water vapour and dust 

particles are also present in the atmosphere. These solid and liquid particles are of 
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great climatic significance. Different constituents of the atmosphere, it may be noted, 

have got their individual characteristics as briefly discussed below. 

 Gases. Of all the gases oxygen happens to be the most important, for it is so 

essential to all life forms. 

 All living organisms inhale oxygen. No life is possible without it. It is capable 

of combining with all other elements to form different compounds. It is essential for 

most combustion. When any substance burns, oxygen is consumed. Oxygen alone 

constitutes about one-fifth of dry air. 

 Nitrogen is another important gas of which about 78 percent of the 

atmosphere‟s volume is made up. Nitrogen does not easily enter into chemical union 

with other substances, but it is an important constituent of many organic compounds. 

Nitrogen servers mainly as a diluent. It is relatively inactive chemically, though many 

of its compounds are very active. Its main function in the atmosphere is to regulate 

combustion by diluting oxygen. It also indirectly helps in oxidation of different kinds. 

 The third important gas is carbon dioxide, which is a product of combustion 

and constitutes only about 0.03 percent of the dry air. Green plants, in the process of 

photosynthesis, extract carbon dioxide from the atmosphere and utilize it. It is 

exhaled by animals. Being an efficient absorber of heat from the upper atmosphere as 

well as the earth, carbon dioxide is considered to be of great climatic significance. 

This gas emits about half of the absorbed heat back to the earth. Thus, it influences 

the flow of energy through the atmosphere. Carbon dioxide is considered to be a very 

important factor in the heat energy budget. Its role in the atmosphere and its possible 

impact on climate cannot be overemphasized. Despite the fact that the proportion of 

carbon dioxide is relatively constant in the air, its percentage is gradually rising for 

more than a century. By burning fossil fuels such as coal, oil, and natural gas, we are 

steadily adding more and more of this gas to our atmosphere. It is estimated that from 

1890 to 1970, the carbon dioxide gas content of the atmosphere has increased more 

than ten times. Although about half of this additional carbon dioxide is absorbed by 

the oceans, or is consumed by plants, the remaining 50 percent is present in the air. 

Some scientists apprehend that this increase in carbon dioxide will ultimately lead to a 

warming of the lower atmosphere, which may cause a large scale climatic change. 

 The significance of atmospheric moisture to all forms of life is a well-known 

fact and hardly needs any elaboration. Like carbon dioxide, water vapour plays a 

significant role in the insulating action of the atmosphere. In addition, it absorbs not 
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only the long wave terrestrial radiation, but also a part of the incoming solar radiation. 

Thus, it is an important control in regulating the energy transfer through the 

atmosphere. Water vapour is the source of all clouds and precipitation. Through the 

condensation of water vapour, tremendous amount of energy is released into the 

atmosphere in the form of latent heat of condensation, the ultimate driving force for 

most of the storms. 

 Another important gas in the atmosphere is ozone (O3), which is a type of 

oxygen molecule formed of three atoms rather than two. It is found only in very small 

quantity in the upper atmosphere. It is less than 0.00005 percent by volume, and is not 

uniformly distributed in the atmosphere. The greatest concentrations of ozone are 

found between about 20 and 25 km, although it is formed at higher levels and 

transported downward. It is the most efficient absorber of the burning ultraviolet 

radiation from the sun. in the absence of the ozone layer found in the atmosphere and 

in the event of the ultraviolet rays reaching the earth‟s surface, our planet would have 

been rendered unfit for human habitation as well as for all living organisms. The 

ozonosphere protects us from excessive quantities of these deadly rays. 

  Water vapour. Water vapour is one of the most variable gases in the 

atmosphere, which is present in small amounts, but is nonetheless very important. 

Water vapour is always present in some proportion in the lower atmosphere. The 

water vapour content of air may vary from .02 percent by volume in a cold dry 

climate to nearly 4 percent in the humid tropics. The variations in this percentage over 

time and place are very important considerations climatically. 

  The most important as well as the most interesting thing about water vapour is 

that about 90 percent of it lies below 6 kilometres of the atmosphere. It is estimated 

that only less than 1 percent of the total atmospheric moisture in the atmosphere is 

found above 10 kilometres. 

 When the maximum possible quantity of water vapour that the air can hold at 

any given temperature and pressure is present, the air is said to be saturated. But the 

moisture holding capacity of the air varies in direct proportion to its temperature.  

 Dust particles. Innumerable dust particles are held in suspension in the 

lower layers of the atmosphere. It may be pointed out that the term „dust particles‟ 

includes all the solid particles present in air excepting the gases and water vapour. 

There is a great variation in the amount of dust over the earth‟s surface. Even over the 

oceans, the air contains hundreds of dust particles per cubic centimetre. Many 
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particles are invisible to the naked eye and are microscopic. They originate from 

different sources, both natural and man-made. They include sea salts from breaking 

sea waves, pollen and various organisms lifted by the wing, smoke and soot from 

fires, tiny sand particles raised from active volcanoes. These dust particles are held in 

air by the movements of the atmosphere. However, certain particles are too large to 

remain for very long in the air. 

 At times, the ascending air currents carry the dust particles to great heights in 

the atmosphere. The upper atmosphere also receives a very small amount of dust from 

the disintegration of numberless meteors passing through it. 

 From a meteorological viewpoint, these tiny solid particles may be vary 

significant. They absorb a part of the incoming short-wave solar energy. Also part of 

the insulation, especially the short wavelengths of blue light, is scattered by the 

molecules of air and fine dust. A certain percentage of the solar radiant energy is 

reflected back by these solid particles. Dust particles, by the process of scattering, 

contribute to the varied colours of red and orange at sunrise and sunset. The blue 

colour of the sky is also due to selective scattering by dust particles. Some of the dust 

particles are hygroscopic in character and, therefore, act as nuclei of condensation. 

Thus, dust particles are a major contributory factor in the formation of clouds and 

fogs. The duration of dawn and twilight as well as their intensity are all controlled by 

the presence of these solid particles in the air. 

 

1.5.1 Structure: 

It is the lower part of the atmosphere which has interested man from times 

immemorial. But from the beginning of the 20
th

 century, when aeroplanes and radio 

were invented, the knowledge of the upper part of the atmosphere became rather 

essential. Much help was received in this difficult task of exploring the upper reaches 

of our gaseous covering by weather balloons, aeroplanes, rockets, sound and radio 

waves, satellites of various kinds, and sputniks etc. 

 The earth‟s atmosphere consists of zones or layers arranged like spherical 

shells according to altitude above the earth‟s surface. Each zone has a unique set of 

characteristics. For the most part the layers are not al all sharply defined, and their 

boundaries are arbitrarily established. However, it is convenient to distinguish among 

them and to assign a name to each. Since various physical and chemical properties are 
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arranged in altitude zones, the system of layering and nomenclature applied to 

different layers are based upon the class of properties selected. The properties consist 

of density, pressure, chemical and electrical properties, and temperature etc. 

 According to Petterson, the atmosphere (Refer Figure 1) is divided into the 

following more significant spheres:   

(i) Troposphere 

(ii) Stratosphere 

(iii) Ozonosphere (also called mesosphere) 

(iv) Ionosphere 

(v) Exosphere 

(i) Troposphere. The lower most part of the atmosphere in which we live, in 

which most clouds form and which is the theatre for weather as we know it, is termed 

as the troposphere. It contains about 75 percent of the total gaseous mass of the 

atmosphere and practically 

all the moisture and dust 

particles. 

  The term 

troposphere was first 

suggested by Teisserence 

de Bore. Troposphere 

literally means the „region‟ 

or „mixing‟. It has been 

derived from the Greek 

word „troops‟ mean 

„mixing‟ or „turbulence‟. 

The average height of this 

lowermost layer of the 

atmosphere is placed at 

about 14 kilometres above sea level. However, its height varies from place to place 

and from season to season. Under normal conditions, the height of the troposphere at 

the poles is about 8 kilometres, while at the equator it is about 16 kilometres. Thus, 

there are marked variations in the height of this layer as between different latitudes. 
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 Troposphere is marked by turbulence and eddies. It is also called the 

convective region for all the convective activities cease at the upper limit of the 

troposphere. Various types of clouds, thunderstorms as well as the cyclones and 

anticyclones occur in this sphere because of the concentration of almost all the water 

vapour and aerosols in it. Another important characteristic of the troposphere is that 

the wind velocities increase with height and attain the maximum at the top. 

 The most important feature of the troposphere is that there is a decrease of 

temperature with increasing elevation at a mean lapse rate of about 6.5
o
 Celsius per 

kilometre (or 3.6
o
F/1000 ft.). However, there is an abrupt change in the lapse rate at 

an altitude of about 14 kilometres. The level of change is the tropopause, which also 

marked the upper boundary of the troposphere. 

At the top of the troposphere there is a shallow layer separating it from the 

next thermal layer of the atmosphere, i.e. the stratosphere. This shallow layer is 

known as the tropopause. The word tropopause has also been taken from the Greek 

word which literally means, where the mixing stops. It was Sir Napier Shaw who for 

the first time used this word. Because of warm temperatures and highly developed 

thermal mixing, the tropopause has its greatest height near the equator, i.e. about 18 

kilometres. It is interesting to note that the lowest temperatures in the entire 

troposphere are found directly over the equator and not at the poles. 

 In the middle-latitudes the jet streams may go beyond the limits of the 

troposphere causing variations in the height of the tropopause. On an average, the 

tropopause shows a gradual slope from equator to poles, but especially in the middle 

latitudes the height of the tropopause change with the weather situation. Tropopause is 

fairly well defined in the tropics, but less so in the polar regions. The tropopause is the 

upper limit of the transfer of atmospheric properties by large scale vertical turbulence 

and mixing. The tropopause is usually characterized by a sharp temperature inversion. 

Above this narrow transition zone, there is a slight increase in temperature with 

increasing elevation. It may be noted that the increase in temperature does not start 

just at the tropopause. However, the rate of increase is much lower at the tropopause. 

 In the middle and high latitudes the height of the tropopause varies according 

to seasons. For example, at latitudes 45
o
 N and S the average height of the tropopause 

in January is about 12.5 kilomitres, while in July it becomes 15 kilometres. 
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(ii) Stratosphere. The stratosphere begins at the tropopause, which forms its 

lower boundary. The lower stratosphere is isothermal in character. In other words, 

the temperature in the lower part of this sphere does not change with altitude. In 

certain situations, there may be slight increase in temperature with elevation. This 

temperature region is found to be present up to about 30 kilometres. There is also 

persistence of its circulation patterns and high wind speeds. The circulation changes, 

if they occur at all, are very rapid. Cirrus clouds, called the mother-of-pearl clouds, 

occasionally form in the lower stratosphere. Above the tropopause no visible weather 

phenomena ever occur. There is a gradual temperature increase with height beyond 20 

kilometres. and this region is known as the upper stratosphere. 

 In summer, the increase in the stratospheric temperature with latitudes 

continues upto the poles. But during the winter season the stratosphere is warmest 

between latitudes 50
o
 – 60

o
. From latitude 60

o
 poleward the temperature decreases 

again. The thickness of the stratosphere is highest at the poles. The upper boundary of 

the stratosphere is called the stratopause. Above this level there is a steep rise in 

temperature. 

 

(iii) Ozonosphere or Mesosphere. There is a maximum concentration of ozone 

between 30 to 60 kilometres above the surface of the earth. Because of the 

concentration of the ozone in this layer it is called the ozonosphere. Its existence 

came to be known from the studies of meteors. There is a general agreement among 

the scientists that this warm layer is due to mainly to selective absorption of 

ultraviolet radiation by ozone. In fact, the ozone layer acts as a filter for the ultraviolet 

rays of the sun. According to scientist, the presence of the ozone layer in atmosphere 

is a boon to humanity for it protects us from sunburn by absorbing a larger percentage 

of the ultraviolet radiation. The environmentalists are much concerned that the 

emission of nitrogen oxide by large number of supersonic transport air planes may 

lead to a deterioration of the ozone layer and also to a serious biological damage to 

people, animals and plant life. 

 In this layer the temperature increases with height at the rate of 5
o
C/km. the 

maximum temperature recorded in the ozonosphere is somewhat higher than that at 

the earth‟s surface. It may be noted that because of the preponderance of chemical 

processes, this sphere is sometimes called the chemosphere. 
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(iv) Ionosphere. Ionosphere, lies beyond the ozonosphere at a height of about 60 

km above the earth‟s surface. At this level the ionization of atmosphere begins to 

occur. The first knowledge about the existence of this highly ionized layer at such 

great heights was acquired by means of radio waves. The credit for the discovery of 

this layer goes to Kennely and Heaviside. Later on, more and more could be added to 

our knowledge about these ionized layers by means of aurora, sound waves and 

satellites etc. 

 The ionosphere, according to some other scientists, is supposed to start at a 

height of 80 km above the earth‟s surface. The layer lying between 50 and 80 km is 

called the mesosphere. In this layer the temperature decreases with height. The upper 

boundary of this layer is called the menopause. 

 Above the ozonosphere, the temperature falls again reaching a minimum of 

about – 100
o
C at a height of 80 km above the earth‟s surface. Beyond this level the 

temperature increases again as a result of the absorption of short-wave solar radiation 

by the atoms of oxygen and nitrogen in the extremely rarefied air of the ionosphere. It 

may be pointed out that when the air density is extremely low, very little energy is 

needed to produce substantial rise in temperature. Even though the temperatures rise 

to very high values of more than 1000
o
C, such temperatures are altogether different 

from those experienced near the earth‟s surface. Since gases at such great heights are 

very sparse, a very insignificant quantum of energy is produced by the fast moving air 

particles. 

Layers of the ionosphere. The ionosphere consists of the following ionized 

layers as shown in : 

  D-Layer – 60-99 km,   F1 layer 

         - 150-380 

  E-Layer – 90 -130 km,  F2 layer 

   

  Sporadic E-layer – 110 km,  G – layer – 400 km and above. 

 

  E2-layer – 150 km 

 D-layer. The D-layer reflects low-frequency radio waves, but absorbs 

medium- and high-frequency waves. Being closely associated with solar radiation, it 
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disappears as soon as the sun sets. During increased sun spot activity all medium-and 

high-frequency radio waves stop. 

 E-layer. The E-layer is also called the Kennelly-Heaviside layer. It 

reflects the medium-and high-frequency radio waves. It is much better defined than 

the D-layer. It produced by ultraviolet photons from the sun interacting with nitrogen 

and nitrogen molecules. This layer also does not exist at night. 

 Sporadic E-layer. This layer occurs under special circumstances. It is 

believed that this sporadic layer is caused by meteors and by the same processes that 

cause aurora lights. This region is often characterized by high-velocity winds. It 

affects very high-frequency radio waves. 

 E2-layer. This region is found above the E-layer and sporadic E-layer. It 

is produced by ultraviolet photons acting upon oxygen molecules. It appears in day 

time and vanishes at the sunset. 

 F1-layer. There is another reflecting layer above the different layers of E-

region. There are two sub-layers in this region: F1 and F2. These two sub-layers are 

collectively known as the “Appleton layer”. The F1-layer appears during the day, but 

disappears at night. This layer is especially important in long-distance radio 

communication. It reflects the medium-and high-frequency radio waves. 

 F2-layer. Like the F1-layer, this layer is very important in long-distance 

radio transmission. This layer is characterized by diurnal as well as seasonal 

variability. It appears as directly related to sunspot actively. Its maximum 

development occurs shortly after local noon and during the middle of winter. 

 G-layer. This reflecting layer is found above the F2-layer. Its existence 

came to be known as a result of the latest exploration carried into the upper part of the 

atmosphere. It is most probably present much of the time, but it may not be detectable 

since the F-layer reflects all waves reflected by this layer. Because of the interaction 

of ultraviolet photons with nitrogen atoms, free electrons are produced in the G-layer. 

 

(v) Exosphere. The outermost layer of the earth‟s atmosphere is known as the 

exosphere which lies between 400 and 1000 kilometres. At such a great height the 

density of atoms in the atmosphere is extremely low. The atmosphere in this region is 

so rarefied that it resembles a nebula. Hydrogen and helium gases predominate in this 

outermost region. At the outermost boundary of our atmosphere the kinetic 
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temperatures may reach a fantastically high value of about 5568
o
 Celsius. However, 

this temperature in its real sense is entirely different from the temperature at the 

earth‟s surface. If an astronaut inside a satellite orbiting the earth in the exosphere 

were to take out his hand, it would not feel hot. 

 

1.5.1.2 Modern Views Regarding The Structure of Atmosphere 

On the basis of composition, the atmosphere is divided into two broad spheres- 

(i) homosphere and  

(ii) heterosphere. 

 

(i) Homosphere. This is the lower part of atmosphere which extends up to a 

height of about 88 kilometres. It is characterized by uniformity in composition. In 

other words, the proportion of the component gases of this sphere are uniform at 

different levels. In fact, the term „homosphere‟ means the zone of homogeneous 

composition. The homosphere has been subdivided into three sub-layers:  

(a) troposphere 

(b) stratosphere and  

(c) mesosphere.  

Each  sub-layer is separated from the adjoining one by a very shallow 

transition zone. Tropopause, stratopause and mesopause represent such transition 

zones. 

 

(ii) Heterosphere. The atmosphere above the homosphere is not uniform in 

composition. It has a heterogeneous composition, hence the name „heterosphere‟. 

Different layers of the atmosphere in this part differ from one another in their 

chemical and physical properties. The heterosphere is also referred to as the 

thermosphere, for in this layer temperature goes on rising upto the outermost 

boundary of the atmosphere. It may be remembered that in the upper parts of the 

atmosphere where the gases are so rarefied, the high temperatures are caused 

exclusively by the photochemical actions of the ultraviolet solar radiation. 

 In this sphere the gases are said to be arranged into the following four roughly 

spherical shells, each of which has its own distinctive composition: nitrogen layer, 

oxygen layer, helium layer, and hydrogen layer. The lowermost layer dominated by 
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molecular nitrogen is called the nitrogen layer. Its average height above the earth‟s 

surface is said to be about 200 kilometres. Above this layer is the oxygen layer 

consisting of atomic oxygen whose average height above the surface is estimated to 

be 1120 kilometres. This layer is overlaid by the helium layer which is dominated by 

helium. Its average height above the earth‟s surface is about 3520 kilometres. At the 

top there is the hydrogen layer extending upto the outermost boundary of our 

atmosphere. Its principal component part is hydrogen. The various layers of gases 

have been found to be arranged in accordance with the weight of different gases. 

Nitrogen being the heaviest makes up the lower layer and hydrogen being the lightest 

is the topmost. 

 

1.6 INSOLATION: 

Sun is the main source of energy and heat but much of it is lost its passage through the 

atmosphere and only a small fraction of it is able to reach the earth. 37% of the sun‟s 

energy is lost by reflection from the clouds and dust particles; another 6% is absorbed 

directly by the gases of the upper (Refer Figure 1) reaches of the atmosphere. Thus 

only 57% of the solar energy is able to reach the earth. It is estimated that every 

minute the earth is receiving 1.94 calories of heat per square centimetre. This fixed 

amount is known as the solar constant. 

 This solar constant differs from place to place and depends on: 

(i) The altitude of the sun. 

(ii) The amount of atmosphere to be crossed. 

(iii) Duration of sunlight. 

(iv) The output of energy by the sun. 

The incidence of the sun‟s rays depends upon the distance from the sun and its 

elevation. Because the earth is a sphere, hence only one side receives the rays of the 

sun at one time. While the rays of the sun are perpendicular at one place they are 

slanting at the other. The greater the distance the more slanting are the rays. The more 

slanting are the rays, the greater distance through the atmosphere they will have to 

cover and over a greater extent would they be spread. On the other hand, the 

perpendicular rays have to pass through a smaller portion of the atmosphere and 

spread over a smaller extent of surface. Hence the regions receiving direct and 

perpendicular rays of the sun are warmer than others. That is why equator is the 
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warmest region and everyday noon is warmer than morning or evening. There and at 

that hour the sun‟s rays are perpendicular. 

 

 

 The atmospheric layers to be crossed also influence the energy of the sun. the 

slanting rays of the sun have to cross a larger portion of the atmosphere and, therefore, 

they lose a greater amount of energy through reflection and absorption. The 

absorption decreases the heat and this decrease is accentuated as the mass of 

atmosphere traversed increases. The absorption depends upon the incidence of sun‟s 

rays, i.e., the length of the passage and the transparency of the atmosphere. By and 

large the chief elements of the atmosphere that impede the solar rays are the drops of 

water, dust particles, water vapour, salt and smoke. These are the most numerous in 

the lower layers of the atmosphere. Hence the insolation is the most intense on the 

desert areas where the atmosphere is the clearest and on high altitudes where these 

impediments are not to be found in the atmosphere. 

 Insolation has a direct relationship with the duration of the sunlight or the 

hours when the sun is shining. The duration of daylight depends upon the angle at 

which the circle of illumination cuts the parallels of latitude. Because the earth is 

tilted at an angle of 66  
o
 and the orbit of the earth is an ellipse, the circle of 

illumination is ever shifting in its position due to rotation and revolution. The result is 
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that duration of sunlight varies with latitude and seasons. The distribution of 

insolation also differs accordingly from latitude to latitude and from season to season. 

The seasonal change is, however, the least at the equator and the insolation is the 

maximum at the equinoxes. 

 The greater the distance from the equator the longer are the summer days and 

the length of the summer day goes on increasing with increasing latitudes until at     

66   
o
 latitude or the Arctic circle the duration of the sunlight is 24 hours on June 21 

and as we proceed towards the poles this duration goes on increasing till at the (Refer 

Figure 3) pole the duration is 6 months. The same is true of the Southern Hemisphere 

during its summer but during 

winter months reverse is the order. 

Thus the pole has the maximum 

insolation throughout the globe and 

other things being equal insolation 

is directly proportional to the 

number of hours of sunlight. But 

the diminishing altitude of the sun 

combined with the greater 

incidence of its rays more than 

neutralises the increasing length of day with the latitudes. 

 Besides these, to a very small extent the amount of radiation from the sun also 

is responsible in varying the solar constant. In its output of energy the sun actually 

varies from day to day to an extent of 5 to 10% and it is spread over irregular periods 

of 5 to 10 days. With the increase or decrease of sunspots, the solar constant varies by 

about 2% but this element is almost negligible. 

 

1.6.1 Heating And Cooling of Atmosphere. 

The layers of air are heated by contact with the surface of the earth which receives its 

heat through insolation. The surface of the earth consists of land and water bodies. 

The different nature of these two divisions of the surface of the earth is responsible for 

the differential treatment that Insolation receives at the land and water surfaces. This 

difference is of great importance in the heating of the atmosphere. 
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 Water is fluid and, therefore, reflects the rays of the sun. a large portion of the 

energy of insolation is lost thereby. Secondly, the rays of the sun are able to penetrate 

deep into water and the waves and the currents of the water bodies help in scattering 

the heat received over a greater mass of water. Thirdly, evaporationis always taking 

place on the surface of water and the after-effect of evaporation is always reducing of 

the temperature. Hence, due to continuous evaporation, the water masses are less 

heated. The total of all these factors is that water is heated slowly and four times as 

much energy is required to heat the water to the temperature of the land masses. In 

other words the land masses take and lose heat sooner than the water bodies are able 

to do. 

 The atmosphere is heated by (1) convection, (2) compression and (3) radiation. 

when the surface of the earth is heated more than the other, the layers of the 

atmosphere which are quite close to it get heated and rise above. In order to fill their 

place the colder air of surrounding 

areas comes in. In this way 

convection currents are formed 

(Refer Figure-4) and these take the 

heat to the different layers of the 

atmosphere. Thus convection is the 

main process in the heating of the 

atmosphere. 

 Another method of heating is compression. When the air is descending, the 

weight of the top layers goes on increasing and it is all the time being pressed from 

above. Such compressed layers of the lower atmosphere get heated up due to pressure 

from above and their temperature rises. 

 The third method is that of radiation. The upper layers of the atmosphere 

absorb some of the heat of the rays of the sun as they pass through the layers of the 

air. Over and above this, the heated air currents pass some of their heat in the space so 

that the upper cooler layers get heated by this radiation. 

 A local method of heating is by winds blowing from regions of different 

temperature. The winds coming from the colder regions are cold while those blowing 

from the warmer regions are hot. These modify the temperature of the air of the places 

they visit. 
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 On the other hand, the atmosphere loses its heat or gets cooled through the 

processes of radiation and expansion. The air radiates some of its heat in the space 

and some of it is taken by the earth. Also the warm air, as it rises, expands and loses 

its heat. 

The temperature of the air depends on the following factors: 

(i) The altitude of the sun and the duration of sunshine. This factor is responsible 

for greater warmth in summer than in winter. 

(ii) The land and water areas of the earth. 

(iii) By the elevation of the surface of land or altitude above sea level. Generally it 

has been observed that for every 330 feet of ascent, the temperature falls by 1
o
F. But 

this is not uniform. On clear winter nights the temperature increases with the altitude. 

This is known as the inversion of temperature. It is due to rapid radiation from the 

ground and then on account of the flow of heavy cold air down the valley. 

(iv) The composition of the atmosphere with regard to water vapour and dust 

particles. These act as a blanket for the heat passed on from the surface of the earth. 

These elements also effect the insolation by absorbing a certain amount of the energy 

when the sun‟s rays are passing through the atmosphere. 

 

1.6.2 Daily Change of Temperature.  

The temperature throughout the 24 hours is not uniform nor is it during the whole 

year. The temperature change during the day is known as the diurnal change of 

temperature. The change of temperature from season to season is known as the 

seasonal change of temperature. 

 Due to the rotation of the earth, its every portion is at one time in front of the 

sun and at another it is turned away from it. During the night when it is turned away 

from the sun, it is definitely cooler while during the day when the sun is shining, the 

temperature progressively rises. Even during day time – from sunrise to sunset – the 

rays of the sun are vertically overhead at the noon while they are slanting both in the 

morning and evening. Hence noon is hotter than either morning or evening. Although 

insulation is the most intense at noon time but the highest temperature of the 

atmosphere is recorded in the early afternoon at about 2 P.M. On the same analogy the 

coldest hour of the day is not midnight but a few hours before sunrise at about 4 A.M. 

The fact is, that it always takes some time before the heat of the earth is 
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communicated to the atmosphere. Secondly the temperature goes on rising so long as 

the heat received from insolation is more than that lost by earth through radiation and 

this position is only achieved late in the afternoon. 

 Besides these fundamental reasons for the daily change of temperature, clouds, 

winds and such other local factors also have their influence. But one thing, however, 

is certain that each period of 24 hours has one maximum and one minimum 

temperature. The difference between the daily maxima and minima gives the Diurnal 

range of temperature. The following are some of the facts about the daily range of 

temperature on the globe: 

(i) As we proceed from the equator to the poles, the daily range of 

temperature goes on progressively declining. It is the highest at the equator 

and the lowest at the poles. 

(ii) The structure of the land and its elevation above sea level also modifies the 

diurnal range of temperature. 

The range of temperature decreases as we go up so much so that at a height of 

400 ft. the range of temperature is nil. But the mountain masses influence in an 

inverse manner. At great heights the atmosphere is rarefied. Hence, radiation 

causes it to get heated sooner during the day and lose heat earlier during night. 

Therefore, in mountainous areas the diurnal range is often greater than that of the 

lowlands. 

(iii) The sea or nearness to water bodies has also a modifying influence on the 

daily range of temperature. The diurnal range is greater in the interior of 

the continents than on or near the sea coasts. 

(iv) Clouds and water vapour act as a blanket and modify the daily range in the 

same way as does the sea. The diurnal range is less on cloudy days than on 

clear days. 

(v) Snow or Ice cover promotes quick radiation and, therefore, the range of 

temperature is higher when the land is ice bound. 

(vi) Because of clear atmosphere and want of water vapour content, the diurnal 

range of temperature in desert areas is greater than in all other parts of the 

world. 
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1.6.3 Seasonal Change of Temperature 

The earth revolves round the sun once in a year and in all its positions during 

revolution, the inclination of its axis remains in the same direction. Therefore, all its 

positions are parallel to each other. Because of these two factors, the temperature at 

every place goes on changing according to the seasons. Every place has the hottest 

and coldest period or month. 

 In the seasonal change of temperature the most important factor is the 

inclination of the axis of the earth. This determines the number of hours during which 

a particular place would receive sunlight and also where the rays of the sun would be 

direct or where they would be slanting. In solotion depends on these tactors besides 

this, many local factors as nearness to sea, presence of ocean currents, cloudiness and 

winds also influence the seasonal variation of temperature. 

The following are some of the general facts about the seasonal change of temperature: 

(i) Within the Tropics at every place the sun is shining vertically overhead 

twice in a year. Although at the Tropics of Cancer and Capricorn the sun 

shines vertically only once in a year, throughout the year its inclination is 

not very slanting. Therefore there is no seasonal change of temperature 

within the tropics. Except the Tropics of Cancer and Capricorn, 

everywhere there are two maximum and two minimum temperatures. 

(ii) In the Temperate and Frigid zones the seasonal change of temperature is 

the greatest. In these zones the period, when the sun is vertically overhead, 

is also the time of maximum sunshine or the longest day. In the summer 

season, the days are the longest and the sun is also at its greatest height 

above the horizon. On the other hand, during the winters, the days are the 

shortest and the sun is only one maximum and one minimum. 

(iii) The sea modifies the seasonal change of temperature. The water takes a 

longer time to be heated and similarly the cooling of the water is spread 

over a longer period of time. Besides, certain warm currents may flow by 

the coasts. The result is that the places situated near the sea have less acute 

seasonal change of temperature than those situated in the interior of the 

continents. 

On the seashores the hottest and coldest months are later than those in 

the interior of the continents. In the northern hemisphere while July and 
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January are respectively the hottest coldest months in the interior of 

continents, August is the hottest month and February is the coldest month 

in the coastal regions. Secondly, in the maritime places the hottest month 

is only warm and the coldest month is only cool with the result that the 

seasonal range of temperature is the lowest. 

(iv) The seasonal change of temperature declines with the increase in altitude. 

 

1.6.4 Altitude and Temperature Changes 

Ordinarily as we proceed higher up from the sea level, the temperature goes on 

declining. It is because of two causes: 

(i) The lower layers of the atmosphere get heated because of their contact 

with the surface of the earth, but as the air is lifted higher up, it expands 

and in the process of expansion its temperature falls. While the lower 

layers are hot due to compression from above, the upper layers are 

comparatively more expansive and cooler. 

(ii) While studying the composition of the atmosphere we have seen that as we 

proceed from the earth upwards the water-vapour and carbon dioxide 

content is reduced, the air becomes rarefied and thinner with the result that 

the temperature above falls. 

  This change is only limited to the lower region of the atmosphere – the 

troposphere. Up to 10,000 ft. the gradient is less than the normal gradient for dry 

air. From the height of 10,000 ft. to 7 miles or the limit of the troposphere, it is 

equal to the normal gradient for dry air. After that, in the region of stratosphere the 

temperature is sufficiently low, between – 60
o
 and - 70

o
F. But it is almost constant 

and uniform. Temperature changes cease at a height of 7 miles, although this limit 

varies with the latitudes. 

 

1.7 Heat Budget 

The average temperature of the earth remains rather constant. It has been possible 

because of the balance between the amount of incoming (Refer Figure 5) solar 

radiation and the amount of terrestrial radiation returned to space. This balance of 

incoming and outgoing radiation has been termed the earth‟s heat budget. 
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 Let us assume that the total 

heat received at the top of the 

atmosphere is 100 units. Roughly 

35 units are reflected back to space 

even before reaching the earth‟s 

surface. Of these, 27 units are 

reflected back from the top of the 

clouds and 2 units from the snow 

and ice-covered areas of the earth. 

The reflected amount of radiation 

is called the albedo of the earth. 

 The remaining 65 units are absorbed, 14 units within the atmosphere and 51 units 

by the earth‟s surface. The earth radiates back 51 units in the form of terrestrial 

radiation. Of these, 17 units are radiated to space directly and the remaining 34 units 

are absorbed by the atmosphere (6 units absorbed directly by the atmosphere, 9 units 

through convection and turbulence and 19 units through latent heat of condensation). 

Forty-eight units absorbed by the atmosphere (14 units from insolation + 34 units 

from terrestrial radiation) are also radiated back into space. Thus, the total radiation 

returning from the earth and the atmosphere respectively is 17+48 = 65 units which 

balance the total of 65 units received from the sun. this is termed the heat budget or 

heat balance of the earth. 

 

1.7.1 Latitudinal Heat Balance 

Although the earth as a whole maintains a balance between the incoming and 

outgoing radiation, still its ratio is not uniform all over the earth. It has been discussed 

earlier that the amount of insolation gradually decreases from the equator towards the 

poles. Similarly, the amount of terrestrial radiation varies. At latitudes below 40 

degrees more solar radiation is received than is lost to space by the earth. The 

opposite is true for higher latitudes where more heat is lost than the received. The 

tropics, therefore, should have been getting progressively hotter and the poles getting 

progressively cooler. But this is not so. The atmosphere and the oceans act as giant 

thermal engines (Refer Figure 6) that transfer heat from the tropics towards the poles.  
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Due to imbalance of heat, winds and ocean currents are produced. As most of the heat 

transfer takes place across the mid-latitudes (30 degrees to 50 degrees), much of the 

stormy weather is associated with this region. 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. 

 

1.7.2 Temperature 

Usage of terms heat and temperature are quite often confusing. Essentially heat is a 

form of energy which makes things hotter. In other words, it refers to the quantity of 

energy. Temperature measures the intensity of heat, i.e., the degree of hotness. Hence, 

the two concepts are distinct nevertheless, they are related because gain or loss of heat 

is necessary to raise or lower the temperature. Besides, difference in temperature it 

determines the direction of heat flow. 

 

1.7.2.1 Factors Controlling Temperature 

While discussing insolation we have examined the single greatest cause for 

temperature variation – difference in the receipt of incoming solar radiation which 

varies with the latitude. They are responsible for warm temperatures in the tropics and 

gradual decrease in temperature towards the poles. However, latitude is not the only 
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factor controlling temperature. If it were so, all places along the same parallel would 

have identical temperatures. Several other factors such as differential heating of land 

and water, prevailing wind, ocean currents, altitude and aspects of slope (degree of 

slope and direction facing the sun) also exert strong influence upon temperature. This 

creates temperature anomaly, about which you will know more later in this Unit. 

 

1.7.2.1.1 Land and Water 

Since air is heated more by terrestrial radiation, differential heating of land and water 

surfaces cause variations in the temperature of the air above. Land mass is heated and 

cooled more rapidly and to a greater degree than water. Hence, the temperature of the 

air resting over a land mass differs markedly from that of the air resting over an 

expanse of water in the same latitude. Greater extremes of temperature are felt over 

the land than over the oceans. The temperature contrasts between the continents and 

the oceans are greater during winter than during summer. 

 

1.7.2.1.2 Prevailing Winds 

A windward coastal location will experience the full moderating influence of the 

oceans – cool summer and mild winters. On the other hand, an inland station on the 

same latitude or a leeward coastal location will have a more continental temperature 

regime because the winds do not bring oceanic influence to it. 

 

1.7.2.1.3 Ocean Currents 

Ocean currents influence temperature of adjacent land areas considerably. Warm 

currents raise the temperatures of the coastal areas, whereas cold currents lower them. 

 In the higher latitudes, e.g., in Eurasia and North America, the eastern coasts 

have much lower temperatures than the corresponding western coasts. The North 

Atlantic Drift, an extension of the warm Gulf Stream keeps winter time temperatures 

in Great Britain and much of western Europe warmer than one would expect for their 

latitudes. Because of the prevailing westerly winds, the moderating effects of the 

ocean currents are carried far inland. For example, Berlin (52
o
 North latitude) has a 

mean January temperature similar to New York, (40
o
N. latitude) inspite of the fact 

that it lies about 12 degrees latitude north of New York. 
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 The influence of the cold currents is most pronounced in the tropics or during 

the summer months in mid-latitudes. For example, the cold Benguela currents off the 

western coast of southern Africa moderate the tropical heat. 

 

1.7.2.1.4 Altitude 

The atmosphere is heated mainly from below. The lowest layer of the air in contact 

with the earth‟s surface is, therefore, the warmest. As we go higher, the temperature 

gradually decreases and the air becomes cooler. The normal lapse rate is roughly 1
o
C 

for every 165 metres of ascent. There are variation from the normal at different 

seasons and in different locations of places. 

 The two cities of Quito and Guayaquil both in Ecuador are near the equator 

and are relatively close to one another. However, the annual mean temperature at 

Guayaquil is 25.5
o
C as compared to Quito‟s mean of 13.3

o
C. This difference is 

mainly due to the difference in elevation of the two cities. Guayaquil is only 12 

metres above sea level, whereas Quito is higher in the Andes Mountains at 2,800 

metres.  

 

1.7.2.1.5 Aspects of Slope:  

Direction of the slope and its angle control the amount of solar radiation received 

locally. Slopes more exposed to the sun receive more solar radiation than those away 

from the sun‟s direct rays. 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. 

 Due to above factors, distribution of temperature over the earth is not uniform. 

It varies horizontally as well as vertically. 

 

1.8  GREEN HOUSE EFFECT: 

The warming of the lower layers of the atmosphere as a result of retentions and 

reradation of solar heat. As the sun‟s rays pass through the atmosphere on the way 

down to earth, some heat is absorbed but most of the short-wave down to earth, some 

heat is absorbed but most of short wave radiation which cannot easily pass up through 

the atmosphere. The heat is retained more easily in the atmosphere if there is a cloud 

layer. More heat is retained now than in the past as a result of burning fossil fuels, 
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which produces millions of tiny particles; the particles rises into the air, forming an 

extra layer which acts rather like the glass in a green house and traps the heat, causing 

the climatic conditions to warm up slightly. In next few decades the process may 

continue, causing a considerable melt of Antarctic and Green Land ice, which would 

cause a rise in the sea-level and the flooding of several of the world‟s major cities 

including London, and New York. (Hamlyn Dictionary, 1989) Carbon dioxide and 

water vapour act as a green house in that these allow visible light of sun to reach the 

surface of the earth but absorbs and reflect back the long wave outgoing terrestrial 

radiation mainly infrared rays back to the earth‟s surface and thus help in keeping the 

earth‟s surface warmer. The gases with the properties of green house are called green 

house gases. 

 

1.8.1 Major Source of Green House Gases. 

The most significant green house gas is carbon dioxide which is released to the 

atmosphere by burning of fossil fuels for different purposes in various ways e.g. 

(i) Electric power stations based on fossil fuels mainly coal and minerals 

oil emit huge amount of carbon dioxide which reaches the atmosphere 

every year. These power stations are the most significant and 

widespread major sources of man induced carbon dioxide. 

(ii) Numerous factories spread all over the world burn immense quantity of 

coal, mineral oil and natural gas and spew huge amount of carbon 

dioxide together with other undesirables gases through their chimneys 

into the atmosphere. 

(iii) The third major source is the transport sector which includes various 

types of vehicles run on coal and petroleum. 

The people are well known with the first three major sources of carbon dioxide as 

they directly spew carbon dioxide but the mechanisms of the release of carbon dioxide 

through deforestation are little understood by common man. 

 It is important to note that the vegetation, mainly forests of trees, and soil of 

the earth are very large storage pools of unoxidised carbon as according to an estimate 

they contain about 2 trillion tons of carbon in them. The trees release carbon dioxide 

after is oxidised in two ways e.g. 
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(i) through the decay and decomposition of felled or naturally fallen trees 

or parts there of and. 

 (ii) through burning of wood for various domestic purposes or through 

large scale forest fires either kindled by deliberate or inadvertent actions of man or 

through natural forest fires due to lightning. 

 Miner green house gases like halogenated gases (chlorofluorocarbons and 

halons) are released to the atmosphere during the operation and maintenance of 

appliances and equipments using chlorofluorocarbons as coolants and propellants e.g. 

air conditioners, refrigerators, several cosmetic goods, plastics foam fire extinguishers 

etc. Besides methane, nitrous oxides, and ozone are also green house gases. 

 

1.8.2 Emissions of Carbon Dioxide. 

The climatic changes caused by global green house effect due to higher concentration 

of carbon dioxide in the atmosphere are primarily related to the pattern of energy 

transfer and uses the world over. It may be pointed out that here only that part of 

climatic changes is being considered which is caused by green house effect only. 

 It is believed that rate of increase of atmospheric carbon dioxide through 

anthropogenic sources as referred to above will be accelerated due to relentless Much 

of developing countries towards industrial development and urbanization. 

 It is important to state that through the relative contributions of carbon dioxide 

from the combustion of hydro carbons by developed and highly industrialized nations 

have declined because of the increase of carbon dioxide emissions from developing 

nations but the total emissions based on per capita basis are still dominated by the 

developed nations. 

(4) on a regional basis of the emission of carbon dioxide, it is clear that the total 

emissions are steadily increasing in China, most of Asia and Latin America. 

 

1.9 VERTICAL AND HORIZONTAL DISTRIBUTION OF 

TEMPERATURE. 

Vertical Distribution of Temperature. The most characteristic feature of the 

vertical distribution of temperature is that it decreases with increasing height. Since 

the atmosphere is heated mainly by the terrestrial radiation, the atmospheric layer 

immediately overlying the earth‟s surface receives the maximum heat. It is, therefore, 
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the warmest. But as we go higher and higher, the temperature gradually decreases and 

the air becomes cooler because increasingly higher layers receive a lesser amount of 

heat. What is the normal rate of decrease in temperature with increase in altitude 

under normal conditions? 

Inversion of Temperature. Although the normal lapse rate is 3.3
o
F per 1,000 ft. 

under certain conditions there is an increase in temperature with an increase of 

elevation. This state of affairs is known as Temperature Inversion. (Refer Figure 7) 

On clear calm nights in the colder season when the ground is snow covered, due to 

radiation the air close to the earth becomes colder than at higher altitudes. As such the 

temperature in the lower valleys is lower than what it is at heights above. The ideal 

conditions for a Temperature Inversion are: 

(1) Absence of winds,  (2) clear skies,  (3) long winter nights,  

(4) cold dry air,  (5) snow covered earth. 

 

 

 While the absence of winds or calm atmosphere would ensure no mixing of air 

masses, a clear sky on a long wintry night would encourage rapid loss of heat through 

terrestrial radiation. And a cold dry air would not absorb the radiation from the earth. 

Hence, the air that is chilled by contact with the surface that is losing heat, would 

descend to the lowest levels. 



33 

 

 This inversion occurs among mountains where the cold air is drained to the 

bottom of the valley and to take its place the warmer air comes from neighbourhood. 

The effect is that the valley bottom is cooler than its site or summits. 

 

1.9.1 Horizontal Distribution of Temperature. 

The distribution of temperature on the surface of the earth depends on insolation, land 

and sea, seasonal changes, winds and currents and the nature of the land. For purposes 

of convenience the mean temperature are taken by an average of observation over a 

definite period of time. These temperatures are further reduced to sea level as if the 

observations had been taken or the places actually existed at sea level. 

 Then, places having similar or nearly similar temperature conditions are joined 

by means of a line which is known as Isotherm. These isothermal lines represent the 

surface distribution of temperature (Refer Figure 8) and like latitudes generally run 

from east to west. The only change or break in their east-west run comes where the 

land meets the sea. At the junction of land and sea there is a deviation in their 

uniformity because of the different treatment insolation receives at land and sea. 

 The Isothermal lines, drawn to represent the surface distribution of 

temperature, possess the following characteristics: 
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 (1) The isothermal lines passing from the continents towards the oceans 

bend towards the equator during summer and turn towards the poles during winter. 

The local currents further modify these bends. Over the northern portions of the 

Atlantic and the Pacific, these lines bend towards the pole because of Gulf Stream and 

Kuro Siwo while the cold Labrador current bends them towards the equator. In 

southern hemisphere, due to the predominance of ocean, east-west trend is uniform. 

 (2) Over land surface, where there are no varied land-forms the isothermal 

lines run parallel to the equator. 

 (3) The hottest regions are the equatorial land masses and the coldest 

regions are in the interior of North America and Asia. But in both the cases they are 

not just at the centre but slightly towards the east. 

 On the basis of surface distribution of temperature, the earth has been divided 

into three zones – (i) Torrid zone, (ii) temperature zone and (iii) Frigid zone. 

Torrid zone extends on both the side of the equator (Refer Figure-9) and is bounded 

by the Tropics of Cancer and Capricorn. Between 23
1/2o

 N, and 66
1/2o

 N, in Northern 

Hemisphere or between the Tropic of Cancer and the Arctic circle and between the 

Tropic of Capricorn and the Antarctic circle lies the Temperate zone. 

 The Arctic circle forms the southern boundary of the Frigid zone in the 

Northern Hemisphere while the Antarctic circle is the northern limit of the Frigid zone 

in the Southern Hemisphere. But now, these zones are supposed to be bounded by 

Isothermal lines. 68
o
F mean annual Isotherm separates the Torrid zone from the 

temperate zone. And the 50
o
F Isotherm for the hottest month forms the boundary line 

between the Temperate zone and the Frigid zone. 

 

 

1.10 SUMMARY 

To summarize, climate is a concept devised by man based on average and 

statistical probabilities. Since it is based on averages and probabilities, it cannot be 

directly felt the way the weather can be felt. However, the concept of climate is a very 

useful tool in the hands of weather scientists. Since the conditions of our atmosphere 

are an integral part of our natural environment, since the elements of weather 

influence so many parts of the earth system, it helps in describing the average or 

characteristic condition of the atmosphere for a specified region. 
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According to another concept, plant life is considered as the more significant 

source of the atmospheric oxygen. Green plants during the process of photosynthesis 

utilize sunlight to generate oxygen by changing water and atmospheric carbon dioxide 

into organic matter. However the most interesting thing about this method of oxygen 

formation is that it implies the need for life even before oxygen was present in the 

atmosphere. Then evolved the primitive green plants which supplied most of the 

oxygen so essential for higher forms of life. The amount of oxygen continued to 

increase in the atmosphere. 

 

1.11 ACTIVITY 

(1) Find out what methods and tools are available to gather information 

regarding the atmosphere. 

(2) Find out the maximum, minimums and mean temperature of your place 

in different place in different seasons. 

 

1.12 QUESTIONS 

1. What is insolation, why is it called most important controlling factor of 

climate 

2. what factors control the horizontal distribution of temperature 

3. Write short notes- 

(i) Heat Budget, (ii) Inversion of temperature, (iii) Latitudinal Heat 

Balance, (iv) Isotherms,  (v) Ionosphere, (vi) Significance 

of atmosphere to man. 

 4. Describe the structure of atmosphere stating different characteristics of     

each layer? 

 5. What do you mean by the vertical distribution of temperature? 

 6. Describe the three basic mechanisms of heat transfer. Which of these 

mechanisms is the least important meteorologically. 
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UNIT -2 ATMOSPHERIC MOTION 

  

 STRUCTURE 

 2.1 Objective 

 2.2 Introduction 

 2.3 Forces controlling motion of air 

 2.4 Vertical Motion & Vortices 

2.5 Local Winds  

 2.6 Jet Stream  

 2.7 General Circulation in the atmosphere 

 2.8 Atmospheric Moisture 

  2.8.1 Humidity 

  2.8.2 Atmosphere 

  2.8.3 Condensation  

  2.8.4 Precipitation 

 2.9 Rain types and World Pattern of precipitation    

 2.10 Summary 

 2.11 Activity  

 2.12 Questions  

 2.13 References 

 

 

2.1 OBJECTIVE- 

 To understand physical substance and is an admixture of gases present in 

atmosphere. 

- To understand primary cause of atmospheric motion and circulation and its 

controlling factors. 

- To Understand chief sources of moisture in the atmosphere. 

 

2.2 INTRODUCTION- 

 The general circulation has been defined as the average general distribution of 

wind movement. The general circulation of atmosphere depends on many factors 

some of which are external to the earth. For example, the distribution pattern of 
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temperature, pressure, and the resultant wind depends basically on the distribution of 

insulation and the orbit of our planet around the sun. Besides, the geography of earth 

and the constituents of atmosphere also determine the general circulation pattern. 

Thuy; the effects of changes in both internal and external factors on the general 

circulation of atmosphere are far-reaching. Presently, meteorologists are seriously 

engaged in developing mathematical models of general circulation which may be used 

in the study of weather and climate.    

 

2.3 FORCES CONTROLLING MOTION OF AIR- 

              Out of the numerous forces that affect wind motion, the following are 

considered to be the most important: 

(i) Horizontal pressure (Gradient). 

(ii) Rotation of the earth (the Coriolis Force). 

(iii)Frictional forces. 

(iv) Centrifugal action of wind. 

 

2.3.1 Horizontal pressure (Gradient) - 

                                          The force that causes wind movement results from 

horizontal pressure differences. It is the direction and magnitude of the pressure 

gradient which ultimately determines wind direction and its velocity. Wind moves 

from higher pressure to lower pressure. Thus pressure differences cause the wind to 

blow, and the greater these differences, the greater the wind velocity. In other words, 

the interrelationship between gradient force and wind can be seen in the form of wind 

direction and wind speed. Since the direction of wind motion is always from higher 

pressure, the line showing the direction of wind is always perpendicular to the isobars.  

            When pressure the gradient is steep the wind velocity is higher, while the 

weak pressure, gradient causes the wind to blow at low speed. The spacing of the 

isobars is a measure of the amount of pressure change occurring over a given distance. 

The same is expressed as the pressure gradient. Pressure gradient is steep when the 

rate of change is great, while it is said to be weak when the rate of change is small. 

Therefore the velocity of wind can be estimated from the spacing of Isobards. 

Closely spaced isobars mean a steep pressure gradient and high velocity winds widely 

spaced isobars, on the other hand, indicate a weak pressure gradient and light winds 
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              Pressure differences observed on the daily weather charts are caused by a 

number of factors. But the principal factor which creates these differences is the 

unequal heating of the earth‟s land-sea surface. Diurnal variation of temperature and 

the resultant pressure gradients are confined to a very shallow layer of the 

atmosphere. But latitudinal variations in the amount of insulation received generate 

the atmospheric circulation on a much larger scale.             

. 

2.3.2 Rotation of The Earth The-Coriolis Forces-  

               The coriolis force produced by the rotation of the earth has its effect on 

every moving object, whether it is an ocean current or a bullet fired from the gun. In 

fact, it is an effect witch result from the rotation movement of the earth and the 

movement of air relative to the earth. The coriolis force is zero at the equator and 

maximum at the poles. It acts at right angles to the horizontal direction of the wind, 

and the directly proportional to its horizontal velocity. In northern hemisphere the 

coriolis force acts to the right of the direction of wind, and in southern hemisphere it 

acts to the left. That is why all winds in the northern hemisphere tend to move toward 

the right and those of the southern hemisphere to the left with respect to the rotating 

earth. This accounts for the fact that in the northern hemisphere winds blow counter-

clockwise around centers of low pressure, but clockwise in the southern hemisphere. 

                The coriolis force is directly proportional to: (a) horizontal velocity of the 

moving body (b) mass of moving body and (c) sine of the latitude. That is why this 

force, as stated earlier, is maximum at the poles where the plane of the deflective 

force is parallel to the earth‟s surface, and is reduced to zero at the equator where 

there is no component of deflection in a plane parallel to the surface. Since the 

coriolis force acts at right angles to the horizontal direction of the moving object, it 

effects its direction and not the speed, besides this force is equal in all directions. 

 

2.3.3 Geostropic Wind-          

                When a wind usually above a height of 600 metres, blows parallel to the 

isobars, it is called the geostropicwind. Geostropic wind has also been defined as the 

horizontal wind velocity in which the coriolis force exactly balances the horizontal 

pressure force. 
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          When the wind motion is almost in a straight line without friction force acting 

on it, it is worked upon only by two forces: the coriolis force and the pressure gradient 

forces. These forces are equal and are directed at right angles to the wind. It may be 

pointed out that these forces are opposed to each other. Under the influence of 

pressure gradient force, which always works at right angles to Isobars the parcel of air 

begins to accelerate directly towards the area of low pressure. But no sooner than the 

wind begins to blow, the coriolis force deflects it to the right in northern hemisphere 

and to the left in southern hemisphere. Since the coriolis force is proportional to wind 

speed, it intensifies with the acceleration of wind. Thus, the wind increased speed 

causes its further deflection. Ultimately, the wind is deflected to the extent that is start 

blowing parallel to the isobars.                                                                                                                                                            

               The pressure gradient force is directed towards the area of low pressure and 

is opposed by the coriolis force. This latter force, as stated earlier is directed towards 

the area of high pressure (Refer figure 9). when two opposing forces are equal in 

magnitude, the wind will continue to flow parallel the isobars. However, the wind 

speed remains constant. This is so because in this condition the pressure gradient 

flow, being oriented at right angle to the flow, does not cause any further acceleration 

and the coriolis force being proportional to the wind speed also remains constant. 

Hence a balance is reached between these two opposing forces and is maintained 

further, so that the wind continues to flow parallel to flow parallel to the isobars. 

These are, however, idealized conditions for which it is essential that the pressure 

gradient force must generate a wind with the exact velocity required to produce a 

coriolis force equal to itself. But this seldom occurs in the nature. 

 

             In, fact the wind, instead 

of blowing parallel to the isobars, 

tends to adjust its speed and 

direction so as to reach a balance 

between the pressure gradient 

force and the coriolis force. The 

state of equilibrium reached by the 

two opposing forces is called 
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geostrophic balance thus, geoshophic winds are those that are generated by this 

balance of the two opposing forces. A steep gradient force will create winds with high 

velocities and these in turn will generate an equally strong coriolis force. 

                        It was buys ballot‟s law, a Dutch meteorologist, who in 1857 

formulated this simple relationship between wind direction and pressure distribution. 

This is know as which states:`` In the northern hemisphere if you stand with your back 

to the wind, there will be low pressure to your left and high pressure to your right. In 

southern hemisphere the coriolis deflection being to the left the situation is reversed.‟‟ 

It must be remembered that buys ballot‟s law is applicable to the wind aloft. In case of 

air flow near the earth‟s surface, this low should be applied with some caution 

because of so many geographical factors which create local disturbances in the larger 

circulation. 

             Because of friction force and various other geographical factors, in the real 

atmosphere the winds are seldom purely geostrophic. However, the significance of a 

hypothetical geostrophic flow lies in the fact that the interrelationship between 

pressure and winds makes the upper-air weather chart more reliable by providing 

checks and balances. 

 Help is taken from a number of scales to measure the geostrophic winds. 

Velocities of the geostrophic winds are measured from the isobars drawn on the 

Constant Level Charts or Constant Pressure Charts. While construction scales to 

measure the velocities of the geostrophic winds, the following facts are taken into 

consideration:  

(a) scale of the weather chart for which the geostrophic wind scales are to be used,  

(b) latitudinal extent,  

(c) spacing of isobars,  

(d) density of air, and  

(e) unit of the wind speed used. 

 As regards gcostrophic wind speed, it should be remembered that it is (a) 

directly proportional to the pressure gradient, or, if the isobar pressure interval is 

taken to be constant, it is inversely proportional to the spacing of isobar; (b) inversely 

proportional to the sine of the latitude; (c) inversely proportional to air density. 
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2.3.2 Gradient Wind-    

A wind moving along the isobars at such a velocity that the force due to pressure 

gradient is balanced by deflective and centrifugal effect is called. In other words, 

gradient wind refers to the horizontal wind velocity in which balance is achieved 

between the coriolis force, pressure force and centrifugal force as seen in (Refer 

Figure 10 a And b) in this 

figure, the three forces 

affecting a moving parcel of 

air and the resultant gradient 

wind around the high as well 

as low pressure centre in the 

northerntiemisphere are 

shown.     

(a) Gradient wind flow around a high pressure centre (northern hemisphere). 

The wind blowing parallel to curved isobars in a clockwise direction results from 

balance between the inward-directed pressure-gradient and centrifugal forces.  

(b) Gradient wind flow around a low pressure centre (northern hemisphere).The wind 

blowing parallel to curved isobars in a counter clockwise direction results from 

balance between the inward-directed pressure-gradient force and the outward-directed 

coriolis and centrifugal force. 

                          Theoretically, the pressure gradient force tends to move air in a 

straight line, but as motion begins, the coriolis force cause it to move in a curved path. 

If the motion of air is along the curved or circular isobar, centrifugal force is 

developed which tends to pull the air outward from the centre of curvature. But the 

curved path of air is maintained by an inward acting force, i.e. the centripetal force. 

The centrifugal force is equal in magnitude and opposite in sign to the winds blowing 

in a curved path, as in a cyclone or an anticyclone, the geostrophic balance that is 

achieved in the case of geostrophic winds is not maintained. 

Refer figure 11 (a) shows that for geostrophic gradient flow around a centre of high 

pressure, the pressure gradient forced is directed outwards and is balanced by the 

inward-directed coriolis force. In northern hemisphere where the coriolis force 

deflects the wind motion to the right, the resultant wind blows clockwise about a high. 

On the contrary, around a low-pressure centre the inward directed pressure gradient 



43 

 

force that is balanced by the outward-directed coriolis force results in anticlockwise 

flow in the northern hemisphere (Refer Figure 10 (b)). Since coriolis force deflects 

winds to the left in the southern hemisphere, the flow is clock wise around low 

pressure centers and counter-clockwise around high pressure centres. 

                            Now, let us examine as to high the speed of the cyclonic and 

anticyclonic flow is affected by the curvature of isobars. According to Newton‟s first 

law of motion, whenever the flow is curved, there must necessarily be a force which 

will change its direction even when there is no change in speed. As already explained, 

in a high-pressure centre the outward-directed pressure gradient force is balanced by 

the inward-directed coriolis force. But in order to maintain the curvature of the path 

(parallel to the isobars) the coriolis force must be strong enough to balance the 

pressure gradient force and accelerate the air inward. On the other hand, in a cyclonic 

flow the pressure gradient force must exceed the coriolis force. Since the magnitude 

of coriolis force is proportional to wind speed, the result is that with equal pressure 

gradients anticyclonic winds exceed cyclonic winds. It is essential to provide the 

change in direction required for a curved flow. However, in the real atmosphere we 

experience strongest winds associated with low-pressure systems. This apparent 

paradox is resolved when we recall that the pressure gradients of cyclones are stronger 

than those of anticyclones. 

(Petterson 1958 the gradient wind, thus, is another approximation to the actual wind; 

it is similar to the grostrophic wind except only that the effect of the centrifugal force 

is involved. The gradient wind may then be defined as the wind that corresponds to 

the balance between pressure, on the one hand, and coriolis force and centrifugal 

force, on the other. 

 

2.3.3 Frictional force 

At or near the earth‟s surface friction is an important factor affecting wind. But its 

effect is confined to only few thousand metres from the surface. Frictional forces act 

not only to slow the wind movement but also to change the wind direction. Since 

coriolis force is proportionate to wind speed, the friction consequently reduces it. On 

the contrary, the pressure gradient force remains unaffected by wind speed, hence it 

exceeds the coriolis force along or near the earth‟s surface. This results in the 

movement of air at an angle across the isobars toward the low pressure area. 

Irregularities or roughness of the ground determine the angle at which the wind will 

cross the isobars while blowing from high to low pressure it also controls the speed of 
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wind friction is relatively lower over the ocean surface. The angle at which wind drifts 

across the isobars over the relatively smooth ocean surface varies from 10
0
 to 20

0
, and 

the wind speeds are reduced to about two-thirds of the geostophic flow aloft. Over the 

rough surface where frictional forces are much larger, winds (Refer Table 2) cross the 

isobars at an angle of 45 degrees. Here the speed of wind may also be reduced by as 

much as 5 percent.     

Refer Table 2 : Beaufort Scale and Wind Speed. 

1 1-5 1-3 light air small ripple, wavelet 

scales, no from on crest 

Slight leaf movement, 

smoke drifts, wind vanes 

still 

2  6-11 4-6 Light breeze Small wavelets Leaves rustling, wind felt 

on face, wind vanes move  

3 12-19 7-10 Gentle breeze Large wavelets Leaves and twigs move, 

small flags and banner 

extend 

4 20-19 11-16 Moderate 

breeze 

Small longer waves Small branches moving, 

rising dust, paper, litter and 

dry leaves  

5 30-38  17-21 Fresh breeze Moderate, pronounced 

waves, some spray 

Small trees and branches 

swaying, wavelets forming 

on inland water bodies 

6 39-49 22-27 Strong breeze Large waves, white foam 

crests, some spray 

Large branches swaying 

overheat wires whistling, 

difficult to control umbrella  

7 50-61 28-33 Moderate (near) 

gale 

Sea mounding up, foam 

and sea spray blown in 

streaks in wind direction 

Entire trees moving, 

difficult to work  

8 62-74 34-40 Fresh gale Moderately high waves of 

greater length, breaking 

crests forming sea spray, 

well marked foam streaks    

Small branches breaking, 

difficult to walk, moving 

automobiles drifting and 

veering     

9 75-87 41-47 Strong gale    High waves, wave crests 

tumbling and sea 

beginning to roll, visibility 

reduced by blowing spray     

Roof shingles blown away, 

slight damage to structures, 

broken branches littering 

the ground    

10 88-101 48-55 Whole gale(or 

storm) 

Very high waves and 

heavy rolling seas, over 

hanging waves, visibility 

reduced    

Trees broken and uprooted, 

structural damage, consider 

able damage, seldom 

occurring     

11 102-116 56-63 Storm(violent 

storm)   

White foam covering a 

breaking sea of 

exceptionally high waves, 

small and medium sized 

ships lost from view in 

wave troughs, wave crests 

frothy   

Widespread damage to 

structures and trees, a rare 

occurrence     

12 >117 >64 Hurricane Driving foam and spray 

filling the air, white sea, 

visibility poor to non 

existent   

Severe to catastrophic 

damage devastation to 

affected society 

 Source : Abrieged from R. W. Chnstopherson (in oliver and Hoover 2003)  
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                 As noted above, winds in the lowest layers of atmosphere are greatly 

influenced by the frictional force. It has also been noted that the effect of friction is to 

reduce the wind speed. This frictional effect is distributed up ward because of the 

viscosity of the air. There is an intermingling of different layers of the atmosphere 

with different wind.       

    

2.4 VERTICAL MOTION AND VORTICITY - 

                                        Circulation in the atmosphere is caused by heat and pressure. 

As the air is mobile, any slight disturbance can cause the air move. When the 

movement of air is away from the surface it is known as the ‘current of air.’ in the 

atmosphere the air currents are vertical movements and according to causes these may 

be called: 

(A) Mechanical currents-as the rise of air on the wind ward side and its descent 

on the leeward side. 

(B) Thermal currents- as the rise of air by heating blow or the decent of air by 

cooling above. 

             When the movement in the atmosphere is in a horizontal direction over 

the surface of the earth it is known as the bold the movement of the wind is 

directly controlled by the pressure. The direction in which the atmospheric 

pressure decreases is known as the Barometric Slope. And the rate of the change 

of pressure is known as the Isoparic gradient. The general factors governing 

winds movements may be said to be as follows:  

(1) The wind blows towards the direction of the barometric slope. It always blows 

from areas of the high pressure to areas of low pressure.         

(2) The steepness or gentleness of the isobaric gradient determines the speed and 

velocity of the wind. If the isobaric lines are quite part from one another, the 

wind would be mild and gentle. On the other hand, if the isobars are close 

together the wind force may be even like that of a storm.  

(3) On account of the rotation of the earth from west to east the winds in the 

northern hemisphere are deflected towards there right and the winds of the 

southern hemisphere are turned towards their left.      

 

 



46 

 

2.4.1 Ferrel’s Law  

Although winds blow from region of high pressure towards areas of low pressure, the 

rotation of the earth causes a change in their direction. The earth is rotating from west 

to east and its effect is that anything moving in a straight line in the northern 

hemisphere is deflected toward its right and the movement become clockwise in the 

southern hemisphere the deflection is toward the left and the winds being to move 

anticlockwise. 

               Ferrel, an American scientist, experimented with hot tar allowed to flow 

from the pole of a globe which was spinning and discovered that the deflection is the 

least at the equator but as we proceed away from the equator, the deviation goes on 

increasing. Higher the latitude is greater the deviation.      

 The wind is known by the direction it is blowing from. A wind coming from 

the east is known as the east wind while one coming from the west is known as the 

west wind. 

 

 2.4.2 Buy’s ballot’s law.  

Generalizing the factors that induce wind movement and their consequent deflection, 

a law enunciated that in northern hemisphere the low pressure area lies to the left of 

the wind direction while it is to the right in the southern hemisphere. 

 

 2.4.3 Velocity of wind –  

Wind movements increase conventional heat losses. Each individual is surrounded by 

a thin film of upward moving air. In static environment, this act as an insulating layer. 

Wind movement removes this layer. (That is why, on windy days of winter, the 

temperature appears to be much less than the figure quoted by the weather bureau. 

Where as still air at temperature of even – 50
0
 c may not produce any ill effect, an air 

temperature of- 6.5
0
 c with a wind velocity of 50 kilometre. per hour can cause frost-

bite within an hour of exposure.  

        The combine cooling effects of various wind speeds and the environmental 

temperature have been worked out scientifically (by spiel); these are referred to as 

“will chill factors ” and are plotted in (Refer figure 11) if the heat loss or wind chill 

factors exceeds about 1400kcal/m
2
/hr. The exposed part is likely to get frozen and 

suffer from frost-bite, if the duration of exposure exceeds the limits laid down by the 
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broad, solid horizontal lines in the refer figure. For example, even below freezing air 

temperature of 0
0
F(-17.7

0
 c) will not produce any cold injury will occur within an 

hour; at wind speeds of 32kilometre per hour the damage will start within 25 minutes. 

This is one reason why good winter clothing must also be wind-proof. 

      Whenever the temperature 

contrast between the air of 

higher and lower latitudes is 

the greatest, the force of the 

wind is the greatest. As such 

strongest winds occur in the 

winter. The strongest wind is 

found in the latitude of 

greatest horizontal pressure 

gradient. Although the latitude 

of strongest wind changes 

from season to season- for the summer season it is the 44
0
N latitude. But this shifts a 

little towards the pole in summer and moves towards the equator with the advent of 

winter.  

                During a day of 24 hours the velocity of the wind is greatest between 1 p.m. 

and 2 p.m. However, daily changes in the velocity of the wind occur according to 

altitude. The velocity of the wind increase with the elevation. The change in the rate 

of velocity may be studied in four regions; -  

(i) Between 300 and 500 metres, the velocity goes on increasing and winds are 

affected by friction with the surface features.  

(ii) From 500 metres to 700 metres, there is a decrease in the velocity of the wind. 

(iii) Later on up to 1,500 metres one encounters more and more intense irregular 

winds. 

(iv) From 1,500 to 5,000 metres the velocity is constantly increasing but finally on 

reaching the isothermal zone or stratosphere it begins to decreases. 

           The velocity of the wind at the mountain tops is the maximum at night and is 

minimum during the day. This is in opposition to the minimum at night and maximum 

during the day on the level plains. Its causes bold.   

(i) At night, on the mountain tops the lower air contracts and brings in the swifter air 

of the higher levels. 
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(ii) Due to convection there is a disturbance during the day but its total absence at 

night makes the wind move at a greater velocity.  

(iii) At night, due to the over flow from the region of greatest expansion to that of the 

greatest compression the velocity of the wind force increase.   

             The atmospheric circulation and velocity is often retarded due to the 

 (i)  Viscosity or plastic nature of the atmosphere. 

(ii) Disturbances from the earth‟s surface such as trees. hills and similar other 

irregularities.  

(iii) The effects of surface friction are accentuated by the vertical convection. Due to 

this regular interchange between the upper and lower layers of the atmosphere, is 

brought to common velocity. 

            Wind velocity also changes with latitude. As we move away from the equator 

in to higher latitude, the wind tend to move at a faster speed. On the other hand, as we 

move from the higher latitude towards the equator the wind lose there speed. In other 

words, wind moving from the lower latitudes are faster than those blowing from 

higher latitude to the lower ones. 

             According to the cause giving rise to wind movement, the winds may be 

classified in to the following categories. 

(1) Planetary winds- which are due to the pressure belts of the earth and which blow 

from the belts of high pressure to those of the low pressure. 

(2)Seasonal winds- Which include gradient wind and the monsoons and are due to 

widespread heating and cooling on the land masses and the ocean surface.    

(3) Local winds- which include land and sea breezes, valley and mountain winds, fall 

winds, glacier winds whirl winds, etc. and are caused by local heating and cooling.  

(4) Thunderstorms- which are caused by heating and cooling occurring 

simultaneously. 

(5) Forced winds- Which are caused by heating and cooling occurring 

simultaneously. 

(6) Variable winds- cyclones and anticyclone. 

 

(1) Planetary winds-  

The generalized wind belts of the earth follow the pressure belts and may be classed 

as (1) Equatorial wind belt, (2) temperate wind belt, and (3) the polar wind belt [see 

refer fig. 11].                          
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Equatorial calms and doldrums- Within the equatorial region the sun is always 

shining vertically and therefore there is a very powerful low pressure area. Between 5
0 
 

N. and S. of Equator, the pressure is uniform and pressure gradient is nil. Hence winds 

are weak and variable. This area is known as the doldrums and here the movement of 

air is always vertical. Air currents are rising away from the surface.  

                The boundary of the doldrums is most variable and uncertain. It differ from 

place to and from time to time. Following the thermal equator, it shifts northwards 

during the northern summer and summer and migrates southwards during the summer 

of the southern hemisphere. It is most developed in the Atlantic and the pacific. In the 

western part of these, it merges with the trade wind belt. 

                The doldrums belt is characterized by thunder condition and convectional 

downpours are a rule every afternoon. This is a region of high rainfall, high humidity 

and uncomfortable temperatures. 

Trade winds- On both sides of the doldrums belt blow the winds which converge on 

the equator. The winds blowing from the subtropical high pressure belt towards the 

equatorial low pressure area known as the trade winds. These winds blow between 

approximately 8
0
 and 35

0
 north and south of equator. Because of their steadiness and 

usefulness to the sailing ships they have come to be called trade winds. The trade 

winds possess the following characteristics: 

(i)In the northern hemisphere the trade winds blow from northeast while in the 

southern hemisphere, their direction is southeast.  

(ii) as these blow from the tropics to the equator, they are progressively moving 

towards a hotter area. The result is that they go on getting hotter. They are unable to 

bring about precipitation and, therefore, are often known as drying winds. However, 

they do give rain when made to rise against some mountain slope.  

(iii) Coming as they do, from comparatively colder areas, they bring delightful 

weather.  

(iv)The trade winds blow with great regularity and steadiness and as such they are the 

most reliable winds. Their velocity is 10 to 15 miles per hour.  

(v) These are the most developed on the oceans.  

(vi)The trades are the strongest during winter and weakest in summer. They are 

weaker on the pacific ocean than on the Atlantic ocean while on the Indian ocean, 

north of equator, they take the form of monsoons. 
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Subtropical calms- The air that rise at the equator, becomes colder and heavier on 

reaching the high levels. These upper air currents move in a direction opposite to that 

of the trade winds and are known as. These antitrades begin to descend and settle 

down on the surface near 30
0
 north and south latitudes. As a consequence the pressure 

rises and a high pressure belt is formed on the sides of equator.  

 In these belts the air is descending and because the pressure gradient is very slight, 

there is a general calmness or only light variable winds. The weather is opposite to 

that experienced in the equatorial calms. It is dry and fine. The descending vertical 

currents of air are somewhere weak and strong. Their direction is also uncertain and 

changing. Sometimes the general calm is also disturbed by the passage of storms.  

                In ancient times mariners felt difficulty in sailing their ships in these 

latitudes. In the absence of any wind, heavy boats could not proceed further. 

Therefore, horses (being taken to south America) were thrown overbroad in order to 

make the boats light. It is why these regions are also known as Horse Catitudes.            

Westerlies- In between the subtropical highs and the sub polar lows, winds blow from 

the west. These winds blowing from the subtropical highs or 40
0
 latitude both north 

and south of equator towards the sub polar low pressure areas are known as the 

Westerlies.  

(i) Westerlies dominate between the parallels of 35
0
 to 40

0
 and 60

0
 to 65

0
 on both 

sides of the equator. In the northern hemisphere they blow from the southwest to 

northwest and in the southern hemisphere from northwest to southeast. 

(ii) Blowing, as they do, from hotter latitude to colder latitudes, the westerlies bring 

rain all the year round.                                                                                                                                  

(iii) These winds are subject to great disturbances. Cyclones and anti-cyclones 

interfere with their regular passage. Disturbed by storms and turbulence, they 

bring in uncertain weather conditions. 

(iv) The westerly wind belts is calmer during summer than in winter. In winter very 

often gales occur and winds may blow from any direction.  

(v) In southern hemisphere, due to the predominance of oceans the westerlies are 

more regular and steady. Unchecked by any landform, they blow with a terrific speed 

and are known as the bravewest winds. Between the parallels of 40
0
 and 50

0
 south 

they blow with the gale force, and this belt is known as Roaring Forties or 

Screetching Sixties.  
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Sub polar lows- At 60
0
 to 70

0
 north and latitudes there are belts of low pressure 

running along the Arctic and Antarctic circles. Further away from these, the pressure 

is always high at the north and south poles. Therefore, polar air blows from the poles 

towards these region take the form of polar north. Easterlies in the northern 

hemisphere and polar south-easterlies in the southern hemisphere. Whenever these 

polar winds meet the westerlies that blow towards the sub polar low from the side of 

tropics, they produce the cyclones. 

Shifting of the wind belts. The planetary wind systems move to the south when the 

sun is shining on the tropic of Capricorn shift to the north when the sun is over the 

tropic of cancer. The immediate result of the shifting of the wind belts is that many 

areas of the world come under the sway of two wind systems within the same year. 

The doldrums come under the influence of trade winds during the winter season. 

Similarly the regions between 30
0
 and 40

0
 latitude pass on under the influence of the 

westerlies during the winter season.  

              The shifting of wind belts is most felt in the northern (Refer Figure 12) 

hemisphere where the land masses predominate. In July, the northern hemisphere has 

the sun shining vertically over the tropic of Cancer and the high pressure area has 

completely disappeared except on the seas. Instead there is low pressure from the 

equator to the sub polar belt. The northeast trade winds practically disappear. Their 

place is taken by the southwest monsoon. But the southern hemisphere remain 

undisturbed. 

               In January 

or mid-winter, the 

southern hemisphere 

has the summer sun 

over the Tropic of 

Capricorn and the sub 

tropical high is 

broken. The trade 

winds are no longer 

continuous but are 

broken in to centres 

of action.       
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2.4.4 Seasonal Winds- Monsoons  

Monsoon is the winds which Change their direction in different season. This is due to 

the fact that surface of the earth. Which consists of land and sea masses, acts 

differently to the insulation applied to it and accordingly the pressure is also different. 

The unequal heating of land and water areas causes the monsoon. During summer 

when the land has (Refer Figure 13) become quite hot, the contiguous ocean areas are 

relatively cooler. The air of the land rises up in the form of Convectional currents and 

to replace it would flow in the moist air of the ocean. During winter the conditions 

would be (Refer Figure 14) reverse or just the opposite and winds would blow from 

the land towards the 

oceans.  

             In lower latitudes 

the temperature are 

uniformly high throughout 

the year while in the 

higher latitude the tempe- 

-rature over the land is 

never so high as to disturb 

the prevailing pressure 

conditions. Hence these 

types of circulation only 

take the form of land and sea breezes. But in the middle latitude because of the vast 

range of temperature 

conditions, these land and sea 

breezes become semi-

permanent and are known as 

the Monsoon Winds. 

 

                These monsoon 

winds are the most powerful 

on the subcontinents of India 

and China. During summer, 

the interior of Asia and India 
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become centres great heat and a powerful low pressure develops there. Comparatively 

the pressure gradient is towards the heated interior. This factor is so important that 

trade winds are substituted by monsoon winds blowing from the southwest. Since it 

moves from water to land the summer monsoon is moist and brings rain. 

                In the winter season the interior of Asia and India is a very cold and a high 

pressure area exists there. In comparison, he contiguous areas of the Indian Ocean are 

warmer and the pressure gradient exists towards the outlying oceans. As such the 

wind begins to blow from the interior of the continent towards the ocean and is known 

as the northeast monsoon. Coming from the dry interior it is cold and dry. It only 

brings rain when it reaches some portion after crossing the sea.  

                The Chinese monsoon is disturbed by cyclonic storms but the Indian 

monsoon is comparatively steadier. The southwest monsoon is stronger than the 

northeastern one and blows at a speeds of 27 to35 miles per hour.  

 

2.4.1 Southward Shift of The Monsoon.  

Several climatologists are now convinced that strange things have been happening to 

the weather around the world during the past few decades. Severe droughts have 

ravaged parts of Africa, south of the Sahara, and India for several successive years. 

They have struck central America, too. On the other hand, places as widely scattered 

as the mild western USA, the Philippines, North Africa and Italy have been 

submerged in some of their severest floods in centuries. Temperatures fell steeply in 

Siberia, killing the harvest, while European Russia and Northeastern USA enjoyed 

unprecedented warms winters. The very severe winter of 1963 over large parts of 

Europe, the excessive amounts of ice in the polar seas in 1968,the severe droughts in 

north Africa and India in 1973- these are considered to be the most spectacular 

manifestations of a change in the global weather pattern.  

Some scientists put the blame for these recurring droughts and floods on global 

cooling trend. “Global temperatures since 1945,” says Lamb,`` constitute the longest 

unbroken trend downward in hundreds of years”. The most dangerous effect of the 

cooling trend is in the alteration of the circulation pattern of the winds that swing 

about in the Earth‟s atmosphere-particularly in shifting farther south the vital 

monsoon rain upon which large sections of Africa, Asia and central America depend, 
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resulting in droughts in these areas and severe floods and winter blizzards elsewhere 

in the world. 

                 Advances and retreats of the polar ice and glaciers have already taken place 

a number of times in the 

history of the Earth. In 

more recent times, there 

was a warm period around 

5000 to 3000 years BC. 

Then came a cold epoch 

when the continental 

glaciers again advanced 

southwards. The next 

swing towards a warmer 

climate was in the middle 

ages, around AD 1000 to 

1200. The following cold 

period from AD 1500 to 

1700 has earned the (Refer Figure 15) name „The Little Ice Age‟ since it was marked 

by exceptionally severe winters n Western Europe. Since that time, particularly since 

the end of the nineteenth century, the swing had been towards higher winter 

temperatures. This lasted until 1940, after which the trend reversed again in fact, the 

winter of 1962-63 was the coldest in Britain for the past 150 years. 

 

 

 

 

 

 As far as the atmosphere is concerned, Carl Gustav Rossby in 1941 derived 

from fundamental Geophysical considerations a (Refer Figure 16) tricelular general 
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circulation model consisting of (i) a trade wind cell(also called the Hadley cell) 

extending from the equator to about 30
0
 latitude, (ii) a middle latitude cell (Ferrel cell) 

from 30
0
 to 60

0
 latitude, and (iii) a polar front cell (the Rossby cell) from 60

0
 to 90

0
 

latitude in each hemisphere. This ingenious “vertical circulation” model, in 

association with other physical and dynamical principles governing the earth 

atmosphere system, has been able to explain quite satisfactorily the general 

meteorological features like pressure distribution, wind systems and precipitation 

patterns over the globe. 

 

2.4.2 Vertical Motion-  

Horizontal inflow or outflow near the surface has to be compensated by vertical 

motion, as illustrated in 

(Refer figure 17), if the 

low- or high pressure 

systems are to persist and 

there is to be no continuous 

density increase or 

decrease. Air rises above a 

low pressure cell and sub 

sides over high pressure, 

with compensating divergence and convergence, respectively, in the upper 

troposphere. In the middle troposphere, there must clearly be some level at which 

horizontal divergence or convergence is effectively zero; the mean „level of non 

divergence‟ is generally at about 600mb. Large scale vertical motion is extremely 

slow compared with convective up and downdrafts in cumulus clouds, for example. 

Typical rates in large depression and anticyclones are of the order of + to 10cms
-1

 

,whereas updrafts in cumulus may exceed 10 ms
-1

.       

 

2.4.3 Vorticity-  

Vorticity implies the rotation, or angular velocity, of small (imaginary) parcels in any 

fluid. The air within a low pressure system mat be regarded as comprising an infinite 

number of small air parcels, each rotating cyclonically about an axis Vorticity to the 

earth‟s surface (Refer figure 18). Vorticity has three elements- magnitude (defined as 
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twice the angular velocity Ω), direction 

(the horizontal or vertical axis about 

which the rotation occurs) and the sense 

of rotation. Rotation in the same sense as 

the earth‟s rotation- cyclonic in the 

northern hemisphere- is defined as 

positive. Cyclonic Vorticity may results 

from cyclonic curvature of the 

streamlines, from cyclonic shear (stronger 

winds on the right side of the current, 

viewed downwind in the northern hemisphere), or a combination of the two (Refer 

figure 19). Lateral shear (See Refer Figure 19-

B) results from changes in isobar spacing. 

Anticyclone Vorticity occurs with the 

corresponding anticyclonic situation. The 

component of Vorticity about a vertical axis is 

referred to as the vertical Vorticity. This is 

generally the most important, but near the 

ground surface frictional shear causes 

Vorticity about an axis parallel to the surface 

and normal to the wind direction. 

Vorticity is related not to air motion 

around a cyclone or anticyclone (relative 

Vorticity),but also to the location of that 

system on the rotating  earth. The vertical 

component of that absolute Vorticity consists 

of the relative Vorticity (ζ) and the latitudinal 

value of the Coriolis parameter, ƒ=2Ωsinφ. At 

the equator, the local vertical is at right angle 

to the earth‟s axis, so ƒ =0, but at the North 

Pole cyclonic relative Vorticity and the earth‟s 

rotation act in the same sense (See Refer 

figure 18). 
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2.5 LOCAL WINDS. 

Due to local differences in heating and rooling on account of the Configuration of 

Land or distribution of land and water, Certain Winds are Coused which are to be 

found even in the generalised wind belt of the world. 

 

2.5.1 Land and Sea Breeze.  

These are Caused by the unequal heating of land and water sorface and as such theey 

are only ereperieneed on 

the sea shores. When the 

winds blow (Refer 

Figure 20) from dea to 

the land they are known 

as the sea breezes and 

when they are blowing 

from the land to the sea, 

they are known as the 

land breezes. 

 

 Land takes at faster rate than water. Hence the warmair rises over the land and 

its plane is taken by an inflow of air from the sea. On other hand at right when the 

land has become quite lool after having lost its heat the sea is comparatively warmer 

and land breeze begin to blow. But the length of time during which each of the land or 

sea areas remain hotter than the other is only a few hours. There fore the circulation of 

land-sea breezes is seldom up to a great height. They rang only up to a height of 500to 

600 ft. Their extent or 

penetration into the interior 

of the land is seldom more 

then 20 or 30 miles. 

 Land sea-breezes are 

more common (Refer Figure 

21) in the tropic then in the 

temperate zone and they 

blow at right angles to the 
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Isotherms. For effective land and sea breeze the following three conditions are ideal:     

   (i) A clear cloudless sky 

  (ii) Higher diurnal range of temperature, 

 (iii) Absence of other powerful winds. 

  Land and sea breezes are the more important of the two. They bring in clean 

moist air, give relief from the high temperatures and increase the precipitation. In 

warm tropics they are often known as “the doctor”.  

 

2.5.2 Mountain and Valley Wind-   

 These are also diurnal in character. Mountain winds blow down the slopes at 

night while the valley winds ascend the slopes during the day. 

  At sun rise the rays of the sun first strike the tops of the mountains and by the 

time they reach the bottom of the valleys, warm air has risen up in convection currents 

from the tops of the mountain. And to take its place come the cool air from the valley 

bottoms. 

 At sun set the rays of the sun gradually withdraw and due to rapid radiation, 

the air on the mountain slopes cools. At it gets heavy it begins to descend to wards the 

valley bottom at a great force and displace the warm air there. This mountain wind is 

known as canyon wind or katabatic wind or gravity wind.   

The valley winds are caused by two forces:  

(i) Due to up draft of air on account of heating. This is known as the chimney effect. It is 

common in the case of an isolated mountain in the midst of a uniformly heated plain. 

Expansion of air on the plains and mountain side produces very slight pressure gradient. 

Therefore, the wind is negligible. 

(ii) pressure gradient effect. If in a mountain region the slope is such that it connects 

wide plateaus at different levels, the isobaric surfaces rise during the day and the 

amount of their expansion drops off as we move towards the side of the mountain. 

The pressure gradient so established is always towards the mountain side. Hence a 

strong breeze is developed which goes on increasing in force as the mountain top 

is approached. 

2.5.3 Glacier Winds  

Develop in the cave like opening at the lower end of the glacier. These blow outwards 

in summer and inwards in winter. Such winds become very dangerous when they are 

fast. 
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2.5.4 Whirl-Winds.  

These are the winds that move in a whirling column and are quite violent. The height 

of the whirling column, its violence and its duration depend upon  

(i) Local heating and  

(ii) How far the lower temperature gradient has been made greater.  

 The whirl winds are formed by convection currents tending to rise above in the 

shape of a whirling column. The following general factors about them are worth 

noting:  

(i) Whirl winds are most dominant in the afternoon and the least in the early morning.  

(ii) Whirl winds are most common in summer while they are not so common in winter 

and spring.  

(iii) Tropical and semi-tropical countries are the region where these are the strongest.  

(iv) These are the strongest and most numerous, over barren surfaces and desert areas. 

Water and luxuriantly vegetated surface do not favour the development of whirl 

winds.  

(v) These winds develop most in level regions rather than in regions of irregular or 

broken surface. 

 

 2.5.5 Berg Winds, Mistral and Bora.  

Under the influence of a cyclone or an anti-cyclone, the air over a plateau is so drawn 

that it descends or blows down either as a hot and dry wind or as a cold and dry wind.  

 When the plateau becomes hot, its air is warmed and it slips down as hot dry 

winds, as Berg winds on the coasts of South Africa. 

 Whenever an anti-cyclone covers a snow bound area during the winter season, 

the air is drawn and made cold and dense. This cold and dense air begins to descend 

either down the slope as in the Adriatic sea region or through a gap in the mountain 

as in the Novorossixsk region. This wind is known as the Bora wind. 

 

2.5.6 Mistral  

Mistral is a cold dry wind which rushes from the central plateau of France towards the 

Gulf of Lyons and passes through the valley of Rhone. This is produced by a cyclone 
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over the Gulf of Lyons and an anti-cyclone over the snow-covered Southeast of 

France.   

 

2.5.7 Sirocco  

Sirocco are the winds that are caused when a cyclone passes over the Mediterranean 

sea and the Sahara is having a relatively high pressure or is under the influence of an 

anti-cyclone. These are hot dry dusty winds which blow out from the Sahara towards 

the Mediterranean. They are known as Simons in the Sahara but on crossing the sea 

they become humid and therefore oppressive when they reach Italy where they are 

called Sirocco.         

 

2.5.8 Khamsins  

Khamsins of Egypt, Harmattam the hot dry wind blowing from the interior of Guinea 

to the sea and the Brickfielders of Australia are winds of similar type.  

 

2.5.9 Thunderstorms-  

Strong winds accompanied with thunder and lightning are known as thunderstorms. 

These are generally of local origin, caused by simultaneous heating and cooling. The 

ideal conditions for the development of a thunderstorms are  

(i) Strong convention,  

(ii) High humidity, and  

(iii) Increasing temperatures. 

 Thunderstorms are of short duration, lasting for less than half an hour. But 

they are violent beyond imagination. They are characterized by cumulus clouds 

spreading above like a dome and their fronts are shaped like an anvil and consists of 

cumulo-nimbus clouds.  

 Thunderstorms come in the wake of an approaching cyclone and they are most 

frequent on warm humid days in the summer season. The following are the chief 

characteristics of a thunder storm: 

i. A thunderstorm mainly comes during summer.  

ii. It lasts for a few minutes or hours only.       

iii. Their width is only up to a hundred miles.    

iv. Their direction is uncertain and they can come from any side.  
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v. It brings in heavy torrential downpour which only lasts for a short while.  

 

2.5.10 Forced winds-  

Certain winds are caused by the prevailing winds and such forced winds are most 

common on the Leeward side of the mountains. 

 When the winds blows across a steep-sided hill or mountain, eddies are 

formed on the leeside. In such eddies, the surface wind blows in an opposite direction 

to the general wind. In between the two there always remains a calm.  

 

2.5.11 Chinook or Foehn Winds-  

Both are hot and dry winds. The Chinooks blow down the rookies in America while 

the foehn wind blows down the high Alps of Europe. 

 When a well marked cyclone passes over the Alps in Europe or the rockies in 

America. It draws a draft of air and the air rises over the wind- ward side of the 

mountains. This air expands and gives rain or snow but condensation releases the 

latent heat and cooling is retarded. Hence on the lee-ward side the air descends, gets 

heated by compression and becomes a dry wind. Foehn winds descend on the northern 

side of the Alps while the Chinook winds descend on the eastern slopes of the 

Rockies. When Chinook winds descend on the high plains of America often the 

temperature rises by 50
0
 in 24 hours. They melt the snow on the plains and because of 

their dryness also cause rapid evaporation. As such the snow cover virtually vanishes 

and this fact has won for them the name of “Snow Eaters” they are favorable to 

extensive wheat growing and under their impact the much needed thawing takes place 

giving moisture to wheat. 

 Winds of similar origin blow down the new Zealand Alps and reach the 

Canterbury plains. Following are two of the main characteristics of these winds: 

              (i) they occur at all season. 

  (ii) they are the most frequent when the upper air is warmest due to rain on 

the wind- ward side; when the surface air is the coldra due to free radiation and during 

winter when the vertical temperature gradient is low. 
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2.5.12 Cyclones:  

The name “cyclone” was first coined at kolkata in 1848 by Captain Henry piddington, 

Chairman of the Marine court, kolkata. It was derived from the Greek world Kyklos 

which signifies, amongst other things, the coil of a snake. The expression is very 

realistic since the rain- bands in the cyclone as revealed 100 years later by radar 

indeed resemble the coils of a snake in rage.   

 Although the term “tropical cyclone” is applied to all tropical cyclone, there 

are local names such as Willy Willies in the Australian seas in the Philippines. In the 

Indian Ocean they continue to be known as “cyclones.”  

 The atmosphere above the vast ocean surface is the breeding ground for 

cyclones. If a new pressure pocket exists in the upper layers, it has a suction effect on 

the naturally rising air from the warm tropical sea surface. The spinning motion of the 

earth imparts a rotational motion to this rising column of air and it then ascends in a 

spiral. It cools as it rises and this causes increased suction from below. The ocean 

surface provides an inexhaustible supply of moisture. Gradually the rotational motion 

increases in intensity and the cyclone develops a curved funnel shape. 

 The initial rotating wind system is known as deep depression and its 

rotational velocities are less than 33 knotts/ hour it acquires cyclonic intensity. Further 

intensification makes it a severe cyclonic storm with spinning wind velocity above 

100 Kilometre/hour. This already menacing formation can become even more terrible 

with the onset of hurricane winds, if the rotational velocity rises above 

120Kilometre/hour. 

The fierce spinning momentum of cyclones makes the whole system capable of linear 

motion as well. It slowly moves (speed between 10-20 Kilometre/hour) towards west 

or northwest in the northern hemisphere, but the cyclones formed over the southern 

hemisphere move towards west and southwest.  

 Vertically, the cyclone circulation reaches phenomenal heights of 6 Kilometre. 

above this level, the inner circulation around the eye persists up to 17 Kilometre (the 

tropopause level) but the outer circulation peters out and is replaced by anticyclonic 

circulation above 9 Kilometre. 

 A severe cyclone, when fully developed, is a vast violent whirl of air which 

may extend from 150 to 1,000 Kilometre across, 10 to 17 km high, with fierce winds 

spiraling round a central low pressure area.              
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 A mature cyclone essentially consists of a calm central area of 15 to 20 

Kilometre in diameter where very light winds with clear or partly cloudy skies 

prevail. This is also the area of lowest pressure and is called the “eye” of the storm.  

 This is called the eye-wall and is the most dangerous part of the cyclone. 

Beyond the eye-wall spiraling rain bands occur up to 400 Kilometre or so and winds 

decrease outwards. Reconnaissance by aircraft has revealed that stronger winds occur 

to the right of the trace of the cyclone than to the left. As a cyclone approaches a 

station, the surface pressure diminishes gradually till the eye-wall passes over it and 

steeply from the eye-wall to the eye. The pressure in the eye in mature cyclone may 

be about 70 mb (5.2cms) less than at the periphery.  

 The thermal structure of the tropical cyclone is also typical. The core, 

including the eye and the eye-wall, is warm compared to its surroundings. The 

temperature in the core of a mature cyclone may be a 8.10 deg. C warmer than its 

surroundings. The warm core extends up to about 15 Kilometres above which the core 

is colder than its surroundings. At the tropopause level of 17 Kilometres, the core of 

the cyclone can be 8.10 deg. C colder. The warm core is caused by the release of 

latent heat of condensation by the cloud towers in the eye-wall which provide the 

energy source of the cyclone. 

 Lightning accompanies tornadoes. But there is still doubt whether lightning is 

the result of the tornado or it plays some important role in causing tornadoes. Wind 

direction in tornadoes usually follows the rules for depression and cyclones, that is, it 

is anticlockwise in the northern hemisphere and clockwise in the southern 

hemisphere. The wind speed is difficult to measure because an ordinary anemometre 

can not withstand the force. 

 The destructive portion of a tornado may vary in diameter from I metre to 

1,500 metres. For instance, the cooch-behar tornado of April 19, 1963 and the 

diamond Harbor tornado of March 21, 1969, had destructive of 100 to 130Metre, and 

30 to 100Metres, respectively. The destructions they caused were very localized, as 

happened in Delhi recently.           

 Tornadoes very in the distance they travel. On 26 may 1917,a tornado traveled 

471km over Texas, U.S.A. in contrast, a tornado at wyoming USA, in 1954 ran only 

15m. however, a tornado at Dakota, USA, remained stationary over a place for 45 

minutes. 
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 Vertically, these thunderstorms penetrate the tropopause (the boundary 

between the troposphere and the stratosphere, at a height of about 15 to 17 Kilometre. 

from the surface of the earth). Exchange of air occurs between the troposphere and the 

stratosphere under such cireumstances, and this exchange leads to an increase in the 

radioactivity in the troposphere in the area where the tornado is formed.       

 Tornadoes actually cause destruction in several ways. The first is by the direct 

impact of wind (the force being proportional to the square of the wind speed). A wind 

speed of 350kmph can hit an object with a trace of 700kg/m
2
 second. Within the 

narrow band in which it circulates, the Toronto move with in equals speed. This 

causes a twisting mation. For instance, winds blowing in a tornado of a small cross-

section are often of so much greater force on one side of a tree than the other that they 

saw off the tree-top. The third means is by explosion, witch results when a tornado 

passes directly over an area witch is at normal atmosphere pressure. The baro metric 

pressure in tornado has not been measured, but a narrow tornado may have a gradient 

of 60 millibars. 

 Tornadoes occur all over the world. The US experiences the maximum-an 

average of 700 tornadoes a year. In India, they occur mainly in March and April. West 

Bengal, Assam, tripura and Bangla Desh are the areas most prone to tornadoes.  

 

2.5.13 Hurricanes and Typhoons. 

Occasionally the winds and ocean currents of the world combine to produce the most 

destructive atmospheric disturbances on earth. Known in the Atlantic as a hurricane    

( from the Taino Indian‟s huracan, violent storm, an evil spirit ) and in the pacific as a 

typhoon ( from the Chinese Tai fung, great wind ), they develop their greatest fury 

over the western stretches of the oceans, in the latitudes between 5
0
 and 30

0
 in both 

hemispheres. There at water‟s surface moist, warm air, lighter than its environment 

rises and is replaced by winds spiraling down and in from all sides. Such storms, 

gigantic whirl winds, although much smaller than the vast cyclonic storms of 

temperate regions, are far more ferocious- the most violent atmospheric disturbances 

our planet knows in which air surges in a tightening spiral some hundreds of miles 

across. 

 At the centre is region of calm called the “ eye” many miles diametre and 

often open to clear blue skies. But the calm is deceptive and has lured many people to 
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their deaths, for the eye is enveloped by the storm‟s worst winds, that can gust to 200 

mile per hour. 

 The severity of the cyclone depends on the maximum wind speeds, (Refer 

Figure 22) pressure deficit (how much lower from the surroundings atmosphere) and 

the radius of the eye. The 

larger these factors, the more 

severe will be the storm. 

 

 When this rotating 

wind system moves like a 

spinning top over the coast, it 

creates fierce waves that are 

pushed towards the coast. 

When these approaching 

waves meet the coastal barrier, 

they turn around and return 

soling considerable momentum 

in the process due to the friction of sea bed. The net result of this is a massive pile up 

of water at the coast which crosses the shore in the form of giant tidal waves some 

times as high as 10 metres. In the Andhra cyclone the tidal waves were up to 5 m 

(18ft.) high. The solid wall of water over- whelms everything that comes in its way. 

This phenomenon is known as the Storm Surge.  

 When a severe cyclone strikes the land its is called landfall its fury is unabated 

for almost 50 Kilometres. In land even though it meets all kinds of obstacles that 

register a feeble protest. Beyond 50 Kilometres. It gradually weakens and is 

ultimately dissipated after covering 100-150 Kilometre. from the point of land for.  

 

2.5.14 Tornadoes are violently rotating, funnel-shaped atmospheric disturbances. 

Their exact causes are still not perfectly understood. They are normally associated 

with intensive depressions, hurricanes (Refer Figure 23) or large cumulo-nimbus 

(thunder) clouds.  

A tornado is usually visible as a funnel-shaped cloud it is seen to originate at 

the base of a cloud and gradually move down to earth, tapering off at the surface. A 
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tornado funnel may retract from of drop to the ground several times during its travel, 

leaving intermittent trails of damage. The funnel cloud may be deflected by the wind 

several funnel clouds may extend downwards at the same time from a vigorous storm 

cloud.                           

    

 Once formed- we do not know precisely what causes a handful of myriad 

tropical storms to achieve cyclonic ferocity- they are driven along by the prevailing 

winds. They glide at perhaps 10.20 knots, sometimes for weeks, until they reach 

cooler waters when they quickly die. Or until they reach the coastline.  

 Here too they die quickly cut off from their fuel supply, and torn asunder by 

friction with the land mass. But their death struggles can encompass an area the size 

of an English County. Violent gusts near the eye can produce pressure differences of 

30ibs. Per Square foot- with disastrous results for structures, from windows to vessels, 

which have often been lifted clean out of the sea.  

 Stormfury‟s most important experiment was the piercing of Hurricane Debbie, 

a mature storm with winds greater than 100 mile per hour about 650 miles East of 

Puerto Ricoin the August 1969. Five times aircraft penetrated Debbie‟s eye-wall, 

entering the area of maximum winds, to deliver a total of 208 bursts of a pyrotechnic 

mixture- basically silver iodide- designed to turn supercooled water droplets to ice. 

This, it was hoped, would liberate heat and reduce the pressure in the most turbulent 

regions.  



67 

 

 Some hurricanes develop winds of more than 150 miles an hour and they can 

be anywhere from 25 to 600 miles in 

diameter. The worst was Hurricane Hattie, 

which smashed Belize, capital of British 

Honduras, in October 1961. It roared in off 

the Caribbean with winds of 150 miles an 

hour and a wind driven sea wave 15 feet high.  

 Like the Atlantic hurricane, the 

pacific typhoon (Refer Figure 24) has, over 

the centuries, taken its greatest toll in human 

life on the densely populated east coast of 

Asia and the islands off it. It has a classic 

“track” a sweeping clockwise are that makes 

it a perennial menace to the Philippines and 

Japan. As in the hurricane lashed Caribbean 

area, the most widespread damage results 

when a storm deviates from the normal 

course over open Ocean and rips across the 

continental land mass.            

 

 2.6 JET STREAM  

The jet streams are defined as swift geostrophic air streams in upper troposphere that 

meander in relatively narrow belts. These are strong cores of upper-level westerly 

winds which follow a meandering path. They follow the same course as the high-level 

westerly. 

 The term „jet stream was first applied to the high velocity upper-level winds 

during World war II. Since then they are becoming increasingly important to persons 

interested in upper-air currents and their possible impact upon surface weather 

conditions. They have assumed still greater significance to high flying aero planes.  

Trewartha 1968, the jet stream are relatively narrow bands of stronger winds bounced 

by slower moving air. Jet streams is also described as a westerly air current in the 

form of a flattened narrow core or tube, thousands of kilometres in length, a few 

hundred kilometres in width, and two or more kilometres in vertical thickness. 
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   Petterssen,1858 the jet stream is almost entirely a thermal wind and its 

strength is proportional to the temperature contrast through the whole layer below.  

 Because of the steep north-south temperature gradients, the north-south 

pressure gradient increase with height  up to the level of the jet. This is the basic 

reason for the existence of jet stream. The westerly jet streams occur at elevations 

from 9,000 to 12,000 metres in the lower levels. They are circumpolar in character. 

However, the jet streams do not always blow from due west, but have some pole ward 

or equator ward component. They appear as northwest wind at some longitudes, and 

as southwest wind at others.  

 Jet stream are characterized by a great seasonal variation. During the colder 

part of the year the migrate towards the equator and their velocity also increase. In 

summer the wind speed in jet streams is reduced to about half of what it is in winter 

because of smaller horizontal temperature gradients. In winter, the jet streams extend 

far in to the tropics.  

Seasonal variations are linked with the seasonal changes in atmospheric temperature 

at lower levels of the troposphere. The mean velocity of the jet stream winds is about 

144Kilometre per hour. But at times, the wind velocity in the inner cores of the jet 

stream may be as high as 480 Kilometre per hour or slightly more. During the cold 

season, generally the wind travels at a speed of 160 to 240 Kilometre per hour at the 

core of the jet stream. 

 Meteorologists assign the name Polar-Front jet to the primary jet stream. The 

subtropical jet is one which is found in lower latitudes at a mean height of about 12 

Kilometre. The Polar- front jet has maximum speeds averaging 215 Kilometre per 

hour. In extreme cases it becomes double of the average speed. Sometimes the Polar-

Front Jet encircles the entire globe. There are diurnal variations in the position and 

speed of jet streams. At higher latitudes, the wind velocity is relatively higher on the 

right than on the left of the jet core is relatively slower than that on its left. Polar-front 

jet is always associated with the polar front, while the subtropical jet does not seem to 

have any relationship with any frontal zone.  

 On occasions the jet stream breaks through the tropopause and enters in to the 

lower stratosphere. At times, the jet stream effect extends down to an altitude of about 

3 Kilometre from the earth‟s surface. The stratosphere, in the absence of water 

vapour, remains practically dry and cloudless. But whenever there is a break or 

discontinuity in the tropopause caused by infiltration of the jet, certain amount of 
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water vapour manages to reach the lower parts of the stratosphere. Under these 

circumstances, the lower part of the stratosphere exhibits occasional cirrus clouds.              

In the northern hemisphere, whenever the wind velocity is in excess of 

pressure gradient, the high velocity winds shifts to its right and is called the sub 

gradient wind. Because of the piling up of air to the right side of the jet stream, there 

is a high pressure area on the earth‟s surface towards the equator ward margin of 

westerlies.This process is called anticyclogenesis. Since there is a marked variation in 

the wind velocity in the meandering jet streams in the upper troposphere, it makes 

weather prediction all the more difficult. 

 Another peculiarity of the jet stream is found in the variation of its wind 

speeds between different longitudes. As started carlier, there is a well marked 

longitudinal variation in the strength of the jet stream. In winter, the highest wind 

velocities of the jet stream are found near the east coast of Asia. The jet is weakest 

over the eastern Atlantic and Pacific oceans. This is dependent on the temperature 

contrasts. In summer, the picture is entirely different. Now, the strongest jet is 

positioned along the Canadian border. The Mediterranean sea is another region over 

which the jet stream is very strong. It may be noted that similar jet stream is very 

strong. It may be noted that similar jet stream are found in the upper troposphere of 

southern hemisphere. But the only difference is that because of the absence of huge 

continental areas in the subpolar regions the southern hemisphere jet stream is 

relatively more symmetrical than that of the northern hemisphere.  

(Refer figure 25) shows that 

although the general flow of 

jet streams is almost paralled 

to the parallels of latitudes, 

on occasions great meanders 

extending from north to 

southare also formed. That is 

why the isobars in a jet 

stream are wavy. According 

to latitudes as well as 

altitudes there are giant size 

ridges of high pressure and 
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troughs of low pressure. Even the smallest of the waves in the jet stream average 6400 

Kilometre in length. Its wavelength is also about 800 Kilometre these meanders are so 

large in size that the entire globe can accommodate only seven such waves. As these 

waves travel from west to east, they under go significant changes in their size and 

extent. They become progressively weaker too. Most of the waves, when fully 

developed, extend far in to the tropics where by the exchange of warm and cold air 

masses is made possible.  

 At a certain stage the amplitude of jet stream waves is increased to such an 

extent that large pools of warm tropical air are cut off from the main stream and 

become isolated in higher latitudes. On the contrary, similar vast pools of cold polar 

air are cut off and isolated in lower latitudes. It is in this way that the high-level cold 

cyclones and warm anticyclones come in to being. It also helps in maintaining the 

latitudinal heat balance. According to Trewartha such an agitated circulation pattern 

bring about topsy-turvy weather on the earth‟s surface. In fact it is one of nature‟s 

mechanisms where by mass exchange of air between higher and lower latitudes takes 

place. 

 

2.6.1 Index Cycle of The Jet Stream 

(Refer Figure 25 show different stage of the index cycle of jet streams. In the first 

stage (Refer figure 25 a ) the jet stream lies quiet close to the polar regions and flows 

from due west to east. In the northern hemisphere, the cold air mass is found to the 

north of the upper-level westerlies. To the south of the jet lies the mild air of mid-

latitudes. The westerlise in this stages have shifted towards higher latitudes where 

there is a lot of cyclonic activity, pressure is relatively steeper. The air mass exchange 

between the temperature and tropical regions is at its minimum. The first stage thus 

represents the high zonal index.  

In the second stage the amplitude of jet stream waves increases. The whole of 

the jet moves to wards the equator as the result of witch there is an inroad (Refer 

Figure 25 b) of cold polar air southward. The warm air masses from lower latitudes 

move towards higher latitudes. 

In the third stage, the bends in the jet stream becomes sharper and the wave 

registers a further increase. At this stage the tropical air masses move farther north 

and the cold polar air moves father south. Now the jet stream is positioned nearer 
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(Refer Figure 25 C) the equator and the exchange of tropical and polar air masses 

takes place on a much larger scale. The temperature gradient is directed from east to 

west. 

In the last stage of index cycle, the giant size meanders of the jet are cut off 

from the main stream. The result is that an immense pool of cold and dense polar air 

is isolated in the upper troposphere (Refer Figure 25 d) of lower latitudes where it is 

encircles by entirely different air masses are entrapped by colder air. This is called the 

low zonal index of the jet stream. The zonal character of upper – level westerlies is no 

longer in existence. They are fragmented into a number of cells. 

 

2.6.2 Jet Stream and Surface Weather 

The jet stream is said to play a very significant role in controlling the behaviors of 

terrestrial atmosphere. Although weather scientists are not yet clear about the ever 

changing form and feature of jet stream, it is true that there is a close relationship 

between the jet stream and surface weather. But the exact nature of this relationship 

still remains less understood. 

As more and more upper- air data are made available, our knowledge about 

the nature and behaviour of jet stream is increasing. Now it is an established fact that 

the so – called polar- front jet stream are closely related to the middle-latitude weather 

disturbances. The meanders of the more northerly upper- tropospheric jet stream 

determine the location of the surface polar front. Besides, the paths followed by the 

cyclones are also largely controlled by these upper level high velocity westerlies. 

Even the distribution of precipitation by extra tropical cyclones is indirectly 

influenced by the jet streams aloft. 

There is no denying the fact that a clearer understanding of different aspect of 

the jet stream will help the weather scientist in making a correct appraisal of surface 

weather. There are evidences that the eddies produced in these upper air streams come 

down to affect the cyclonic weather. Rainfall, snowfall, thunderstorms of varying 

intensities, tornadoes, cold waves or snow storms are all directly affected by the jet 

stream aloft. 
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2.7 GENERAL CIRCULATION IN THE ATMOSPHERE 

Wind movement in the atmosphere may be classified into three broad categories: 

primary circulation, secondary circulation, and tertiary circulation. Primary circulation 

includes the planetary wind systems which are related to the general arrangement of 

pressure belts on the earth‟s surface. Trade winds, westerlies and polar easterlies 

together form the primary circulation. In fact, it is the primary circulation pattern 

which prepares the broad framework fort the circulation patterns. Secondary 

circulation consists of cyclones, anticyclones,monsoons, and air masses. Tertiary 

circulation includes all the local winds which are produced by local causes and which 

only affect the weather and climate of a locality or area. 

It may be pointed out that the above classification of atmospheric motions is 

based on the time and space scales. The largest- scale wind movement is also referred 

to as macro-scale circulation which represents the mean airflow over the entire globe. 

The term „synoptic scale circulation‟ is used for secondary circulation. Meso-scale 

and microscale circulations represent the tertiary circulation which includes the local 

winds as well as other atmosphere turbulences.  

 

2.7.1 Thermal Circulation on a Non-Rotating Earth 

Let us consider a non-rotating earth whose surface is homogeneous. Homogeneous 

surface would mean that there are no contrasting land and water masses, and no 

contrasting mountainous and flat land regions of the earth. In these circumstances the 

general circulation would consist of two gigantic convectional systems. One in the 

northern hemisphere, and the other in the southern hemisphere intense heating in low 

latitude would cause the air to expand vertically and move poleward at higher levels 

where it would sink to ground level and give up its heat. Intense cooling in the polar 

regions would cause the air to flow towards the warmer equatorial regions as a surface 

current. In these condition, there ( Refer Figure 26) would be an equatorward directed 

pressure gradient at the surface and a poleward directed pressure gradient in the upper 

troposphere. Under the arrangement of such pressure gradient. There would have been 

a complete meridional circulation. 

 

 



73 

 

 

 

 

 

 

 

 

 

 

 

 

However, since the earth rotates on its axis, the above-mentioned simple unicellular 

circulation becomes much complicated. 

 

2.7.2 Thermal Circulation on a Rotating Earth 

Since the earth rotates, none of the condition described above exists on its surface. 

The Coriolis force deflects any mass of moving air to the right in northern hemisphere 

and to the left in the southern hemisphere. 

 Naturally, therefore, any air which starts to move directly southward from the 

polar region towards the low latitudes as a north wind would become a north east 

wind. Similarly, in the southern hemisphere a souhtherly wind becomes south- 

easterly in direction. Thus, on a rotating earth the fictitious unicellular wind system 

blowing parallel to the meridioms is broken. As of thermal and dynamic casues there 

are in all seven alternating belts of high and low pressure on the earth‟s surface. 

Largely controlled by the arrangement of pressure belts, the general circulation is 

divided into three distinct zones in each hemisphere. In these belts the atmospheric 

motions are almost parallel to the circles of latitude. The winds in these latitudinal 

belts blow either from west to east or from east to west. In this way, the general 

circulation pattern on the earth‟s surface becomes zonal rather than meridional. 

 

2.7.3 Earth’s Surface Wind Systems 

If there were no land areas to modify the belted arrangement of pressure zones, the 

general circulation pattern at the earth‟s surface would be like that as shown in (Refer 
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Figure 27). However, the general scheme of atmospheric circulation as shown in the 

figure is disturbed because of he uneven distribution of land, water and so many other 

factors.  

The following wind belts are found 

on the earth‟s surface in each 

hemisphere.  

(i) Doldrums. 

(ii) Trade wind belt. 

(iii) Prevailing westerlies. 

(iv) Polar easterlies. 

(i)Doldrums.  The doldrums is the 

equatorial belt of calms and 

variable winds lying over the 

equatorial trough of low pressure. 

Average location of the doldrums 

is roughly between 5
0
S and 5

0
N latitude. This belt of calms lies between the two trade 

winds. There being no strong pressure gradient, the wind is light and variable. Mostly 

there are vertical movements in the atmosphere in this zone. In the late afternoon, 

there is strong convection which brings about heavy thundershowers. Because of the 

prevailing calms, the atmosphere in the doldrums is hot, oppressive and stickly. Since 

this zone is the meeting place of the two trade winds it is also called the inter- 

tropical convergence zone. 

 

(ii) Trade wind belt. On both the side of the equatorial trough of low pressure lie the 

trade wind belts extending roughly from 5
0
 to 30

0
 of  latitude. Here the surface flow is 

equatorward, and the flow in upper troposphere is poleward. Trade winds originate 

because of the pressure gradient from the subtropical belts of high pressure to the 

equatorial belt of low pressure. In the northern hemisphere the prevailing winds are 

north-easterly and are called the north – east trades. In the southern hemisphere the 

prevailing winds moving equatorward are south-easterly and are termed the south – 

east trades. These winds are steady and flow from a constant direction. It was held 

that the trades were overlaid by the anti-trade winds. However, the existence of the 

anti-trade is now a point of controversy.  As more and more upper-air data are made 

available, controversies regarding the so – called anti-trades are likely to be resolved.  
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The zone of trade winds is also called the Hadley cell, because it resembles the 

convective model used by Hadley for the whole earth. The energy to drive this cell is 

believed to come from the latent heat released during the formation of cumulonimbus 

clouds in the equatorial region. The poleward moving winds in the upper troposphere 

in this cell begin to subside in a zone between about 20
0
 and 35

0
 degree latitude. The 

general subsidence in this zone may be attributed to two factors. First, away from the 

equator the radiational cooling makes the air aloft cold and heavy. This causes 

subsidence. Secondly, since the Coriolis force become propressively stronger with 

increasing distance from the equator, the poleward upper winds are deflected into a 

nearly east-west flow at about 25
0
 latitude. Thus the poleward flow is partly restricted 

which results in the accumulation of air aloft.  This also contributes to the descent of 

air in the zone lying between 20
0
 and 35

0
 latitudes.  

The subsiding air is relatively dry because of its adiabatic heating during its 

descent. Beside, it has already released much of its moisture in the equatorial region 

in the form of precipitation. That is why all the  tropical deserts of the world are 

located in this zone. This zone of descending air currents is popularly known as the 

horse latitudes  where, like the doldrums, wind is light and variable. Further details 

of the subtropical high pressure belt are given in the chapter on air pressure and 

winds. 

 

(iii) Prevailing westerlies. The belt of prevailing westerlies lies between 30
0
 and 60

0
 

latitude in each hemisphere. The westerlies are winds that move out from the 

poleward margins of subtropical high-pressure belts. These winds while moving into 

higher latitudes are deflected and becomes the south –westerly and north-westerly 

winds in the northern and the southern hemisphere respectively. The prevailing 

westerlies  of the mid latitude are relatively more variable than the trade winds both in 

direction and intensity.  

There are frequent invasions of polar air masses along with the traveling 

cyclones and anticyclones.  These moving cells of low and high pressure largely 

affect the path movement of westerlies. However, all the cyclones and anticyclones 

found in these regions travel eastward along with the prevailing westerlies. It may be 

mentioned that even though the surface flow of the westerlies  is subject to many 

interruptions by storms and irregular winds blowing from different directions, at the 

cirrus cloud level they are more steady and blow from a westerly direction.  
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In the northern hemisphere, because of the larger percentage of land areas with 

their high mountains and plateaus and changing seasonal pressure systems, the 

westerly flow is nearly obscured. But in the southern hemisphere, where there is 

preponderance of water over land, the westerlies are stronger and retain their 

directional persistency.  

The westerlies blow throughout the year, but are stronger in the cold season 

particularly in the North Atlantic and North Pacific. This is because of the steep 

pressure gradients from the Aleutian and jielandc low pressure areas towarcls the 

extremly cold continental in tenors during winter. These two semi-permanent lows are 

described as statistical averages that represent the large number of cyclonic storms 

moving the along the westerlies across the globe, and which converge in these areas.  

In the southern hemisphere, between the latitudes 40
0
 and 60

0
 S there is all water. 

Here the westerlies are so powerful and persistent that the sailors used such 

expressions as roaring forties, furious fifties and screaming sixties for these high – 

velocity winds in the latitude belts of forties, fifties and sixties respectively. 

 

(iv) Polar easterlies. The polar easterlies are those winds which move out of the polar 

highs towards the subpolar low pressure belt. There are no regular winds blowing 

from the North Polar Region. Moreover, the polar high is not considered to be a quasi-

permanent feature of Arctic circulation. However, there are prevailing outflowing 

winds from the Greenland. In winter, the easterly winds are observed from the 

anticyclones in Siberia and Canada. But on the poleward sides of the depression that 

form over the North Atlantic and North Pacific the easterlies winds do occur. The 

winds in polar regions generally blow from various directions, and they are largely 

controlled by local weather disturbances. 

The polar easterlies of the southern hemisphere are rather more coherent and 

well-defined. Easterly winds blow out from the anticyclone formed over the high 

plateau of eastern Antarctic. The Indian near the Antarctic coast line experiences such 

easterly winds. 

Needless to say that little is known about the atmospheric motion in high 

latitudes. Our knowledge about the atmospheric conditions hardly extends beyond 70
0
 

or 75
0
 latitude in the northern hemisphere and 60

0
S latitude in the southern 

hemisphere. Whatever we know about the meteorological conditions in high latitudes 

is very sketchy. 
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2.7.4 Departures from Idealized Circulation Pattern 

The actual condition regarding the flow pattern on the earth‟s surface are quite 

different from what has been described above. From a comparisons of the general 

circulation pattern as shown in (Refer Figure 28) with that for the months of July 

(Refer Figure 29) and January it becomes clear that as the actual wind systems there 

are considerable departures from the idealized flow pattern of general circulation. The 

unequal distribution of oceans and continents, the prominent relief feature of the 

earth‟s surface, and the seasonal changes brought about by the revolution of our 

around the sun are the major factors which modify the idealized circulation pattern. 
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2.7.5 Surface Wind Systems in Northern Hemisphere.  

In the northern land hemisphere, the idealized flow pattern of general circulation is 

distorted to a considerable extent. Seasonal variations in the temperature of continents 

and oceans lead to a corresponding difference in air pressure as well. Such difference 

in temperature and pressure are far greater in the northern than in the southern 

hemisphere. Because of the preponderance of land in the northern hemisphere the 

mean annual location of the doldrums is to the north of the equator. In January, when 

it is summer in the southern hemisphere, the doldrums sometimes shifts to the south 

of equator. Similarly there is a seasonal variation in the location of subtropical high – 

pressure belt. 

In July when the sus‟s rays are almost vertical over the Tropic of Cancer, the 

temperature in the continents of North America and Asia are very high, so that low 

pressure areas develop there, in the southern part of these low-pressure areas, the wind  

velocity is generally high. The low-pressure centre in the interior of Asia is so 

intensified that the southeast trade winds come across the equator into the northern 

hemisphere. According to Ferrel‟s law, the southeast trades are deflected to their right 

after crossing the equator, and they blow towards the low-pressure area as the 

southwesterly winds. In Asia these streams of air are known as Summer monsoons. 

The temperature of adjacent oceans being relatively lower, high pressure cells develop 

over there. The high-pressure cell which develops over the North Pacific is called the 

„Pacific High‟, whereas the one developed over the North Atlantic is known as the 

„Azores High‟, Thus, there are well developed anticyclones over these two oceans 

with their centres in the vicinity of 35
0
N 40

0
N latitudes. The average  minimum 

pressure of the Asian „low‟ is roughly 995 millibars. 

In January, when it is winter in the northern hemisphere, the continents 

become colder than the surroundings oceans. The continents come under the influence 

of anticyclonic circulations. These anticyclones record the maximum pressure of 

about 1036 millibars. In winter the Pacific and the Azores highs grow a little weaker 

though only relatively. The subtropical oceans in northern hemisphere have weaker 

anticyclones. As a result of higher pressure over the continents and lower pressure 

over the adjacent oceans, the pressure gradient is oriented from land to sea. Naturally, 

therefore, the reversal of wind direction takes place. 
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In January the strong Siberrian high produces flow off the Asian continent and 

across the equator toward the intertropical convergence. This outflow of cool, dry 

continental produces the dry winter mansoon for much of the south and southeast 

Asia. 

In North America during the winter months there is a tendency for wind to 

move southward from the centres of high pressure located in Canada. The high from 

Siberian high by the presence of the mighty Himalayas. That is why the Indian 

subcontinent is shut off from the cold and dry continental air blowing out from the 

interior of Asian. 

In accordance with the pressure arrangement, the north easterly trades 

reestablish themselves, although the subtropical anticyclones in winter weaken over 

the northern oceans, the circulation over these water bodies is dominated by two 

intense cell-like cyclones, the Aleutian low over the North Pacific and the Icelandic 

low over the North Atlantic Ocean. 

In January, the subpolar low pressure belt disappears from the northern 

continents. This pressure belt is dominated by winter cyclones which travel along with 

the basic flow of the westerlies. These depressions originate in the oceans and move 

out to land area. The subtropical high pressure belts are broken into cells over the 

oceans. Over the continents they have tendency to merge with the continental highs. 

Because of the merger of horse-latitude high – pressure belt with continental high, the 

flow pattern prevailing westerlies becomes quite irregular Besides, the traveling 

cyclones and anticyclones in the west-wind belt make the idealized circulation pattern 

of the westerlies high distorted, though the basic flow retains its westely component. 

 

2.7.6 Surface Wind Systems in The Southern Hemisphere.  

In the southern hemisphere the dominance  of water makes the pressure distribution 

more uniform and far simpler than that in the northern hemisphere. Therefore the 

surface wind systems are nearer to the idealized air flow pattern as shown in (Refer 

Figure 29) Besides, little pressure variation is observed from winter to summer. The 

cold continent of Antarctica rests squarely the south pole and is surrounded by vast 

oceanic expanse. 

The latitudinal belt between 30
0
 and 60

0
S consist of almost all ocean. Even in 

the low latitudes between 0
0
 and 30

0
S the land area is quite  limited in expanse. 
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Because of the homogeneity of underlying surface the polar highs are conspicuous by 

their presence throughout the year, and there is an unbroken belt of low pressure in 

the vicinity of Antarctic Circle called  the subpolar low, where the pressure varies 

from 900 milibars to 985 milibars. 

In southern hemisphere, because of  small portion of land the subtropical high 

pressure belt surrounds the earth without much  interruption. There are three major 

subtropical highs over the three major oceans in this hemisphere which persist 

throught the year. It may be pointed out that these high pressure cells are situated 

towards the east side of the oceans. It is from this zone of high pressure that divergent 

winds blow towards the equatorial trough of low pressure and also towards the 

subpolar low-pressure belt. The subtropical high – pressure zone makes a shift of 5
0
 to 

10
0
 with the position of the sun‟s vertical rays. The maximum pressure recorded in the 

subtropical highs in this hemisphere is about 1015 milibare. It may be pointed out that 

in the southern hemisphere the winds blow with high pressure to their left and with 

low pressure to their right. 

In January, when it is summer in the southern hemisphere, the land masses of 

Australia, South America and South Africa become relatively hotter than the 

adjoining oceans. During summer months, the low- pressure centres developed over 

the heated continents, even though land areas are limited in extent in these latitude, 

break the continuity of subtropical high pressure belt. The subpolar low- pressure belt 

becomes more pronounced during the summer season.  

In July, when it is winter in this hemisphere, the equatorial trough of low 

pressure shifts a few degrees to the depth. The land areas lying in the horse latitudes 

develop high- pressure centres. During the winter of southern hemisphere, there is an 

unbroken belt of subtropical high pressure. Besides, there is a marked increase in the 

intensity of these high pressure cells. In the absence of land areas in the higher 

latitudes in this hemisphere, the subpolar low- pressure belt remains unaffected by the 

change in the season and retains its zonal character. In this region of the subpolar low 

the true zonal distribution of pressure exists and there is little seasonal variation in 

pressure. 

The airflow pattern of the southern hemisphere is controlled by the 

arrangement of pressure distribution as described above. Since the intertropical 

convergence zone (ITC) migrates northward across the equator, the south-east trade 
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2 

winds. These prevailing winds from across the equator are called the hooked mades. 

In the Indian subcontinent these winds are called the summer monsoon.  

Because of steep pressure gradient from the subtropical high- pressure zone to 

the subpolar low- pressure zone the prevailing westerlies blow with greater wind 

velocities. In this hemisphere these westerly winds start blowing from the north-

westerly direction, but because of the deflective forces of earth‟s rotation they actually 

blow from west to east. 

To summarize, there is relatively little pressure variation from midsummer to 

midwinter in the southern hemisphere. This is attributed to the preponderance of water 

in that hemisphere. Similarly, there is little seasonal variation in the air-flow pattern of 

that hemisphere. On the contrary, in the northern hemisphere, which is also called the 

land hemisphere the changing seasons exert controlling influence on the pressure 

distribution as well as the airflow pattern. However, despite  the innumerable 

geographical factors, the general circulation pattern of the earth is not far from what 

has been depicted above. 

 

2.7.7 Latitudinal Shifting of Wind Belts 

Because of the inclination of the earth‟s axis (23    )
0
 and its annual revolution around 

the sun, the sun‟s noon ray are sometimes vertical to the Trople of Cancer and 

sometimes to the Tropic of Capricorn. When the sun shines vertically above the 

Tropic of Cancer, it is than summer solstice and when it is vertical above the Tropic 

of Capricorn, it is winter solstice. With the shifting of the position of sun, the 

insolation belts make a corresponding shift.  

This results in north-south displacement of temperature belt. Since pressure 

and wind belts are largely controlled by the position of the sun, they are also displaced 

north and south with the apparent movement of the sun. It is worth remembering that 

the latitudinal shifting of the wind system is not a zonal system. In different part of 

the earth, the magnitude of the displacement of wind belt is not the same. Over the 

ocean the amount of displacement is relatively smaller than what it is over the 

continent where, because of greater seasonal temperature constrant, the migration of 

the wind belts is much more pronounced.  

There is another aspect of the shifting of wind belt which relates to the time 

taken in the displacement of prevailing wind system. Though the wind belt, as it were, 
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are tied with the sun, yet the migration of wind belt is always one or two months 

behind the sun. This is called the time lag, which is more over ocean than over land. 

The terrain and topography of land masses and the resultant temperature constrant 

between different seasons make the surface airflow pattern more complicated. It may 

be mentioned that the seasonal variation in wind and pressure condition may be 

considered to be one important way in which actual atmospheric movement departs 

from the idealized model 

Regions occupying an intermediate position between different wind belt are 

affected by the seasonal migration of prevailing winds more than any other region, 

such regions are brought under the influence of different air masses in different 

seasonal of the year. The region lying between latitude 5
0
 to 15

0
 experience two types 

of climatic conditions during a year.  

In summer, this region lies in the equatorial trough of low pressure and the 

inter- tropical convergence zone with abundant precipitation. But during the winter 

season, when all the wind belts move a few degrees towards the equator, the region 

comes under the influence of dry subtropical high and the trade winds. Thus, in this 

region the wet season alternates with dry season. 

The second region in both the hemisphere lies between latitude 300 to 400 

where there is an alternation of moist and stormy winters and dry summers. During 

the high sun period, the above region comes under the influence of the calm and 

steady high- pressure system. Then the weather is fair and warm, and the skies are 

almost cloudless. But with the equatorward migration of pressure and wind-belts in 

winter the region experiences the middle – latitude stormy westerlies with traveling 

cyclones and fronts which produce fairly large amount of winter precipitation. But 

such a type of alternation of dry summers and moist winters is restricted to the 

western side of the continents only. The Mediterranean regions offer the best example 

of regions located within a zone of transaction between two opposites wind system. 

The third region located in a transition zone lies between latitude 60
0
 to 70

0
. 

This region occupies the subpolar low- pressure belt lying between the westerlies and 

the polar easterlies. It is  because of the seasonal migration of wind belts that in winter 

the region the experience the outbursts of cold polar air, while during the summer 

months it comes under the influence of mid-latitude stormy westerlies which bring in 

the warm tropical air. However, the numerous traveling depressions and anticyclones 
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which invade this transition zone make the climate condition very confusing. Thus, 

the migration of wind belts in this zone is not clearly discernible. 

 

2.7.8 Longitudinal Variations  in Airflow Patterns 

Besides the considerable latitudinal difference in pressure and atmosphere circulation. 

There are significant longitudinal variation, particularly in the substropical high- 

pressure belts, in both the hemisphere. As discussed earlier, the subtropical high 

pressure cells are generally more persistent over the ocean and they are more intense 

on their eastern than on their western side. This is why in the subtropical regions 

subsidence and divergent airflow are characteristics of the eastern part of warm 

oceans. The anticyclones near the earth‟s surface are capped by upper air temperature 

inversion layers. The resultant weather is clear and fine. The highs of the horse-

latitude are much weaker over the western position of the oceans. This part of oceans 

is characterized by weaker subsidence. The upper air inversion layer is found at 

higher elevations. Weather is often stormy. There is poleward movement of the air in 

the western position of these subtropical anticyclones. Trade wind  in these regions 

are therefore weak and, at times, non-existent. In the northern hemisphere there is 

greater contrast in the pressure and temperature of land areas and ocean in the higher 

latitudes. Such contrast persist throughout the year. In the interior of the continent 

there are strong anticyclones with outblowing cold and dry winds during the low sun 

period. In summer, the pressure modern views about surface wind system. 

 

2.7.9 Wind in Tropical Region. 

It was generally believed that the trade winds blow from a constant direction over the 

oceans, and those prevailing winds from both the hemispheres convergence in the 

vicinity of the equator where calm prevails and the afternoon showers from 

cumulonimbus clouds is the rule rather than the exception. But meteorologists 

discovered that the low latitude areas have non-periodic winds most of the time. 

Violent storms like hurricanes and typhoons form not only in the trade wind belts. But 

also in the doldrums, besides, atmospheric disturbance in the form of tropical 

disturbance and waves also dominate the weather with in the tropics. At times these 

areas experience the onslaught of air masses from the mid latitude regions. In view of 

the above it does not seem to be logical to call the tropical weather as periodic. In fact, 
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the antitrades are fully developed towards the eastern margins of the subtropical high- 

pressure cells. 

 

2.7.10 Equatorial Westerlies.  

Equatorial westerlies are the most controversial aspect of tropical wind system. In this 

connection, two research paper published by Fletcher and Flohn merit special 

attention. According to Fletcher, 1945 the zone of equatorial westerlies is located 

between the north and south intertropical convergence zones. 

The core areas of these westerlies change their positions with changes in the 

season. On the basis of observation Flohn holds that the equatorial westerlies extend 

from western part of Africa across the Indian Ocean to the western part of Pacific 

Ocean. The longitudinal extent of these wind, according to him, covers 200
0
 of 

longitude. There are other meteorologists who ascribe the existence of these winds to 

a large number of tropical storms and other atmosphere disturbances. There are still 

other weather scientists who consider equatorial westerlies as re-curved trades which 

have crossed the equator into the summer hemisphere. 

 

2.7.11 Doldrums.  

The equatorial convergence zone in which the trades convergence and rise upward is 

characterized by the absence of surface winds. The winds in the doldrums are light 

and variable strong convective instability so characterstics of the hot and moist air of 

the equator region leads to the formation of cumulonimbus cloud which yield heavy 

precipication. But recent observations have shown that the above characterstics of 

doldrums are limited to certain region and seasons. On the other hand, there are 

certain areas from which the doldrums is completely wiped out. There are oceasoins 

when the doldrums exist in the abnormally extended form. 

 

Crowe in his paper entitled „Wind and Weather in the Equatorial Zone‟ has mentioned 

the following three such areas where actual doldrums condition exist:  

(a) Indian-Pacific doldrums  

(b) equatorial coastal region of west Africal and  

(c) western coastal region of Central America. 
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of all these regions, the Indo-Pacific region is the largest, about 100 million square 

kilometre in area. The approximate length of this region is 16000 kilometre. There are 

certain areas in the Atlantic and the Pacific Ocean which are far away from the 

doldrums wedges where there are no light and variable winds. Certain areas in the 

equatorial regions have easterly winds, while others have westerly winds. The entire 

region is characterized by small disturbances. 

The fronts in the equatorial or tropical region are called intertropical fronts 

(ITF) which form at the meeting ground of north-east and south-east trade winds. 

Certain meteorologists-prefer to call them intertropical convergence(ITC). 

Whatever be the case, fronts in the equatorial regions form at a time when the 

trade of one hemisphere enter into the other hemisphere. Under the these condition the 

temperature and density constraint between tropical air masses with different origins 

seem to be quite natural. 

 

2.7.12 Trade Winds.  

The winds blowing from the sub-tropical high pressure areas toward the equatorial 

low pressure belt are the extremely steady. Winds known as the trade winds. The 

name trade comes from German word trade meaning  „track‟. To blow trade means to 

blow steadily in the same direction and in a constant course. Its nomenclature has 

nothing to do with English word trade which means business or commerce. These 

winds should have blown from the north to the south in the northern hemisphere and 

from the south to the north in the southern he hemisphere. Thus, they blows as the 

north eastern trades in the northern hemisphere and south eastern trade in the southern 

hemisphere.  

Trade winds have contrasting proprieties in different parts. In the areas of their 

origin they are descending and stable. The poleward part is there dry as they reach the 

equator they, become humid and warmer after picking up moisture on their way. They 

become unstable and produce rain fall. The eastern parts of the trade winds associated 

with the cool oceans currents are direr and more stable than the western part of the 

ocean. Vertical temperature distribution. The vertical distribution of temperature in 

the trade winds has certain general characteristics.  For example, over the ocean the 

lapse rate is very steep in the lower part of these winds upto the height of 600 metres. 

This is so because the cold air coming into contact with the warm ocean surface is 
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heated from below. Fracto-cumulus clouds form over the moist and turbulent lower 

layer of air. These clouds are called trade cumulus. From the top of this turbulent 

layer the lapse decrease upward. 

Over the heated continents the lower layers of trade winds record a very steep 

lapse  rate during the daytime. But because of trade wind inversion in the upper air, 

the dry air currents are not allowed to move up to higher level so that no cloud 

formation takes place. Besides, the rising air current carry with them a lot of dust 

particles picked up from the dry land surface. That is why tropical deserts are 

characterized by clear sky, strong sunshine and dust- laden storms. 

 

2.7.13 Subtropical Winds 

Between latitudes 25
0
 and 35

0
 within the subtropical high pressure belt there are large 

elliptical high- pressure cells over the oceans. They represent anticyclonic condition. 

These oceanic high- pressure cells play a very significant role in the general 

atmospheric circulation. It is from the subsistence zone that the western and trade 

winds originate. Between these two opposing winds system  there is a belt of calm 

popularly known as the horse latitude.  

Because of subsidence this zone is characterized by clear and dry weather. In 

the central region of anticyclones the winds are hight and variable. These being 

greater subsidence in the eastern sector of the subtropical high-pressure cells, the 

atmosphere remain dry. There is an inversion layer in atmosphere which is not a 

favourable factor for condensation to take place. On account of these reasons all the 

hot deserts of the world are found on the western margins of the continent between 

20
0
 and 30

0
 latitudes. The sahara,  the Kalahari and the Great Desert of Australia have 

all got similar locations. 

On the western side of subtropical anticyclones the air is warm and moist. 

There is instability in the air  in this part. The condition described above are 

conducive to heavy precipitation. Such areas are situated on the eastern margins of the 

continents and in the same latitudes i.e.,  between 20
0
 and 30

0
 latitude. Climates of the 

Gulf region, the coastal region of Caribbean Sea, eatern China and Japan, south  

eastern Brazil. South eastern Africa and eastern Australia reflect the conditions 

described above.  
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2.7.14 The Westerlies- 

As seen earlier, the western prevail between latitudes 35
0
 and 60

0
 or 65

0
 north and 

south in both the hemisphere. The westerlies blow from the horse latitudes towards  

subpolar low pressure belt in each hemisphere. The poleward boundary of the 

westerlies belt often fluctuates with the seasons. But this changes its position over 

short periods of time also. The westerlies   are  highly variable winds, blowing at 

times with gale force, and at other times they are gentle as a mild breeze. In the 

westerly wind belts winds blow from all directions. High degree of variability is the 

key note of these winds.  

A larger number of traveling cyclones and anticyclones make the weather in 

this belt highly variable. Sudden changes in weather is another important 

characteristic of the westerlies. However, the sequence of  weather and winds at a 

particular station depends on its location with the reference to a moving cyclone.  

In the northern hemisphere the preponderance of land makes the wind system 

in the westerlies more complex. Seasonal variation in temperature and pressure over 

huge land masses is the main factor causing seasonal variability in the direction and 

strength of the westerlies. In winter the westerlies are far more vigorous than in 

summer. It is of particular interest to note that in winter the weather over the North 

Atlantic region is very stormy. 

During the winter season the poleward boundary of westerlies in the vicinity 

of subpolar trough of lower pressure experience great thrusts of polar air. It is here 

that the great polar air masses moving equatorward clash with the relatively warmer 

air masses from the low latitudes. The result is the creation of a surface of 

discontinuity called polar fronts. Along these fronts are born most of the 

extratropical disturbance which characterize the climate of the zone. The weather 

along the poleward margin of the westerlies is, therefore, of the stormiest of all the 

regions in the world.  

The condition in the belt westerlies in southern hemisphere are altogether 

different. There being a larger percentage of water surface the westerlies blow with 

full vigour without any interruption.  
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2.7.15 Polar Winds- 

Paucity of observational network in the polar regions makes the task of direct 

observation of various  weather elements difficult. Meteorologists in their view 

regarding the winds of this region. Pressure charts published by the U.S. Weather 

Bureau show that between 60
0
 and 65

0
 latitude the prevailing winds are mainly 

easterly. On the contrary, according to the Soviet weather scientists the westerly flow 

predominates in these latitudes.  

The Antarctica: Most of the huge continent of Antarctica is ice-capped. 

Meteorologists have acquired considerable knowledge about the climatic condition of 

coastal areas, but the knowledge about the central part of this cold continent is still 

meagre. Whatever climate data have so far been obtained from these deserts of snow 

and ice may be said to be only fragmentary, and not much reliance should be placed 

on them. 

Very deep anticyclones of thermal origin are not known to prevail over the 

ice-covered surface of interior Antarctica. There is lot of  controversy about the 

location and size of these anticyclones. According to some meteorologists these 

anticyclones cover the entire, while others believe that only parts of the continent are 

covered by them. The depth of these anticyclones is also not certain. However, there 

is complete agreement on one point that there cannot be a permanent anticyclones 

over the Antarctica.  

Along the western margins of Antarctica there are a large number of migratory 

anticyclones. They are so intense that the depressions formed in the adjoining belt of 

the westerlies are not allowed to enter into these regions. But there are other 

meteorologists who admit that the extratropical cyclones from poleward margins of 

the westerlies do move into the interior of the continent. Reports from different 

expeditions to Antarctica confirm the presence of high- velocity blizzards in various  

parts of this cold continent. 

Trewarth 1961, there exists a deep cyclonic circulation with high velocity westerly 

winds at a much higher level over this continent. Katabatic winds (downward- moving 

winds) are believed to blow from the centre of anticyclones or from the highest part of 

ice plateaus over this continent. Thus, the atmospheric circulation over ice-caps is 

dominated by katabatic winds. Because of these down slope winds there are no polar 

outbreaks of cold air in the Antarctica. 
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Arctic region: The polar region in the northern hemisphere is situated on the ocean. 

Its climatic condition, therefore, are more complex than those of the Antarctica. In 

winter there is a hard and very thick layer of ice over the North Ocean, but during 

summer season  the ocean in partly open. The northern polar region is surrounded on 

all sides by the continental land masses. There are certain groups of islands as well in 

winter the coldest regions of the earth are found in the north eastern part of Siberia, 

North Canada, and the central part of Greenland. The Arctic Basin being ice – 

covered is extremely cold during winter, but it is relatively warmer than the adjoining 

land masses.  

Available climatic data indicate the presence of a high- pressure cell which 

extends across the Arctic Basin from the North Pole to beyond the Bering Strait. This 

ridge of high pressure connects the Asiatic ridge with that of North America. Air 

pressure in this high- pressure cell is less than that of the adjoining continents and 

more than that of the Icelandic low and the Aleutian low. The high – pressure ridge is 

called the Arctic windshed. It separates the northeasterly trade winds from the other 

wind systems.  

In winter, regions in the vicinity of the oceanic low- pressure areas have high 

velocity winds. The region has very stormy weather. Weather in the Pacific region of 

the Arctic region is clear and the wind velocity is moderate. 

In summer, low pressure is recorded in higher latitudes over Siberia and 

Canada. But the Arctic region is under the influence of an anticyclone from which 

there is an outflow of cold and dry polar winds. Near the pole there are strong polar 

fronts. In the polar regions the velocity and direction of seasonal winds depend on the 

local conditions. 

 

2.7.16 Tricellular Meridional Circulatoin 

After a discussion of the surface patterns of wind and pressure, let us now examine 

the mechanisms which maintain general circulation of the atmosphere. Horizontal 

transport of heat and angular momentum of the earth and its atmosphere are the 

controlling ftors of the general circulation. 

Besides the latitudinal imbalance of solar radiation between lower and higher 

latitudes, the significance of energy transfers in the atmosphere also must be 

considered. Potential energy generated by unequal heating of the earth and its 
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atmosphere is continuously being transformed  into kinetic energy by the ascent and 

descent of heated and cold air respectively. Kinetic energy is ultimately dissipated by 

friction and small scale atmospheric disturbance. In order to maintain the general 

atmosphere circulation, there must exist balance between the rate of generation of 

kinetic energy and the rate of its dissipation. 

The angular momentum of the earth and its atmosphere is proportional to the 

angular velocity and the square of the distance of air parcel from the axis of rotation. 

When a given mass of air moves on the earth‟s surface, there is a corresponding 

change in its distance from the axis of rotation.  Naturally, therefore, the air parcel 

moving poleward from the equator must acquire higher velocities in accordance with 

the low of conservation of angular momentum.  

Poleward momentum transport assumes special significance with respect to 

the westerlies of temperate zone. These winds impart westerly momentum to the earth 

by friction, whereas the easterlies in the tropical region are gaining westerly 

momentum by friction. This axcess is transported poleward. According to Barry and 

Chorley, the maximum poleward transport of momentum occurs in the vicinity of 

subtropical jet stream at about 250 mb level at 30
0
 N and 30

0
 S.  

 

2.7.17 Circulation Pattern in Vertical and Horizontal Planes 

The three cell model of the northern hemisphere medional circulation (also called the 

tricellular mediional circulation) has been shown in (Refer Figure 30) and this model 

was devised by Palmen in 1951 when 

more complete upper air data were 

made available during and after World 

Ward II. The model makes It clear that 

there are two possible ways of 

transporting heat and momentum:  

(a) by circulation in the vertical plane 

as depicted in the model showing 

three distinct meridional cells in the 

northern hemisphere, and  

(b) by horizontal circulations. 
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The following meridional circulation cells are discussed separately: 

(1) Tropical cell (also called  Hadley cell). 

(2) Polar front cell (also called Ferrel cell). 

(3) Polar or subpolar cell. 

(1) Tropical cell. The tropical cell, which is the dominant feature of tricellure 

circulation model, is also called Hadley cell after G. Hadley who put forward his own 

explanation in 1735 for the existence thermally direct cells  in each hemisphere.  

It is through this cell that the poleward heat transport in tropical and middle 

latitudes is accomplished. The tropical jet stream in located at 200 mb pressure- 

height level towards the poleward margin. The tropical cell is considered to be the 

main source of angular momentum. In the atmosphere. This circulation cell is located 

between the equator and roughly 30
0
 latitudes. Since it resembles the convective 

model used by Hadley for the entire earth, the term Hadley cell is applied to it. In the 

equatorial zone the warm ascending air currents release latent heat when 

cumulonimbus clouds with great vertical heights form. Latent heat released during the 

formation of such clouds provides energy to drive the tropical cell. 

The rising air from thermally- driven tropical cell moves poleward in the 

upper troposphere. The poleward outflow of air in this cell is called the „antitrades‟, 

These air-currents found at elevations of 8000 to 12000 metres near the equator begin 

to descend in a zone between 20
0
 and 25

0
 latitudes. The so-called antitrades are not 

affected by surface friction. While moving from low to higher latitudes, these upper 

tropospheric winds are subject to the propressively increasing Coriolis forces as a 

result of which they are deflected and become geostrophic westerlies.  

As more upper-air data were available it was discovered that the antitrade 

wind systems are neither regular nor continuous. Presently there is a lot of confusion 

regarding the tropical circulation at higher levels. Undoubtedly, there are large 

differences with longitude, and strong seasonal variations. However, the continuity of 

antitrades is found over the eastern parts of the oceans. This is  more true in southern 

hemisphere and during the colder part of year. Over the continental land masses the 

antitrades are characterized by interrupted movements. 

The subtropical jet stream at about 12,000 m height takes the form of high velocity 

westerly winds. This jet stream in the northern hemisphere is limited to the winter 

season. On the contrary, in the southern hemisphere the jet stream at 200 millibar 

level persists throughout the year over 25
0
 to 30

0
 south latitude. The northern 
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hemisphere winter jet stream is replaced by the Tropical Easterly Jet during the 

summer months over the continents of Asia and Africa at about 10 degree  north 

latitude. In  brief, it can be stated  that there is a considerable amount of deviation 

from the traditional picture of a continuous antitrade circulation in the tropical cell.  

It would be pertinent to point out that the subsidence zone of poleward moving 

upper flow in the tropical cell is the site of the world‟s tropical desert. Near the centre 

of this zone of subsiding air, where the winds are light and variable, the region is 

popularly known as the horse latitude. From the equatorward margin of the horse 

latitudes the surface flow towards the equator is known as the trade winds-north –

easterly trade in the northern hemisphere and south easterly trades in the southern 

hemisphere. In this way, the horizontal flow near the surface complete the cellular 

pattern of tropical circulation. Remember that the trade winds from both the 

hemisphere converge at the equatorial trough of low pressure or intertropical 

convergence zone (ITC). This regions is called the doldrums.  

As regards factors responsible for the maintenance of circulation of this cell, 

thermal as well as dynamic theories have been put forward. According to the thermal 

explanations, latitudinal temperature difference between the tropies and the higher 

latitudes is the main driving force. Dynamic theories of the Hadley cell, on the other 

hand, relate the existence of this circulation cell to the self-reinforcing nature of wind 

movements. According to the dynamic theories, instability of the equatorial masses is 

one of the main causes of the Hadley cell circulation. However, both the groups of 

theories may be considered to be complementary. 

(2) Polar front cell. The polar front cell is also called the Ferrel cell. This mid 

latitude cell is thermally indirect. In this tricellular meridional circulation model, the 

circulation pattern between 30
0
 and 60

0 
latitudes is just the reverse of that found in the 

tropical cell. In this mis-latitudes cell the surface airflow is directed towards the pole, 

and because of the Coriolis force the winds blow almost from west to east. The 

prevailing westerlies, the name  given to surface winds in this zone, are disrupted 

frequently by the migratory extratropical cyclones and anticyclones. 

It is noteworthy that a general westerly flow exist in the in the upper Troposhere in 

the mid-latitudes. If we take into account the conservation of angular momentum then 

he upper –air flow in this direct cell should easterly. But according to Rossby, who 

modified the three-cell model, the westerly momentum is transferred to middle 
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latitudes from the upper branches of the cell in high and low latitudes. The upper air 

westerlies play very significant role in the transfer of both air and energy.  

The cause of the upper-air westerlies in the polar front cell is said to be the 

poleward decrease of temperature. In winter when the meridional temperature 

gradient is steepest, the upper-air westerlies are most intense. 

According in Trewarth, the middle and upper- troposphere westerlies are 

characterized by long waves and jet streams.  Thouh and ridges in the upper westerlies 

of the temperature zone dominated by long waves, the transfer of heat is effected by 

sporadic thrusts of cold polar air towards low latitude and warm tropical air towards 

the pole. In this cell warm air is seen ascending the polar front and breaking through 

near the tropopause.  

The most important feature of this cell is that the polar front is more 

continuous and prominent in the middle troposphere. Major heat exchange take place 

at the surface and aloft. As shown in the figure, there is subsidence of air in the horse 

latitudes from tropical as well as polar front cell. In subtropical high pressure belt the 

tropical air moves towards higher latitudes in the western sector of the high pressure 

cells, while the air from middle cell moves into the tropical region in their eastern 

part. It is noteworthy that in maintaining the terrestrial heat balance the middle 

latitude circulation cell plays the most significant role. 

 

(3) Polar or subpolar cell. Poleward of the polar front cell, the third circulation cell 

over the polar and subpolar regions is almost obliterated. Roughly this cell is located 

bet 60
0
 latitude and the poles. Despite the fact that the polar anticyclones are not 

peramanent features, subsidence near the poles produce a surface flow that, while 

moving towards the equator, comes under the Coriolis forece and becomes polar 

easterly in each hemisphere. The cold polar easterlies in their equatorward movement 

clash with the warmer westerlies of the temperate regions/ The zone of contact 

between these airflows of contrasting nature is called the polar front which has been 

discussed elsewhere in the book. The third cell is characterized by considerable 

horizontal turbulent mixing at all levels. Here heat transport is accomplished by the 

waves in the westerlies.  

To sun up, in the tropical regions the exchange of heat an momentum is 

accomplished by direct circulation. The above mentioned exchange in the tropical 
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circulation is a direct meridional one. But the seasonal variations do not allow the 

components to be identified easily.  

Over the oceans in northern hemisphere, the trade winds transport air towards 

the equator. But over the continents the monsoon circulation transports air towards 

north during the warmer part of the year. During the winter months the dry offshore 

winds transfer air from land to sea. The direction is meridional in this case also. 

In the middle to high latitudes, the transfer of mean potential energy to mean 

kinetic energy is effected through the energy of extratropical cyclones and 

anticyclones. 

 

2.8 ATMOSPHERIC MOISTURE 

Atmospheric humidity refers to the content of water in gaseous form (water vapour, 

but generally quoted as only vapour) in a parcel of air having definite volume and 

temperature at a particular time and place. The atmospheric humidity is obtained 

through various processes of evaporation from the land and water surfaces of the 

earth. 

 

2.8.1 Humidity: 

The amount of water vapour in the atmosphere, the humidity or vapour content in the 

atmosphere ranges between zero to 5% by volume. Climatically, water vapour is very 

important constituent of the atmosphere. Vapour depends on temperature and 

therefore it decreases from the equator poleward in response to decreasing from the 

equator poleward in response to decreasing temperature from the equator towards the 

poles. The content of vapour in the surface air in the moist tropical areas, at 50
0
 and 

70
0
 latitudes is 2.6%, 0.9% and 0.2% (by volume) respectively. 

The content of atmospheric vapour also decrease upward. More than 90% of the total 

atmospheric vapour (humidity) is found upto the altitude of 5 kilometre. Suppose, if 

there is condensation of all the atmospheric vapour at a time, there would result a 

2.5centimetre thick layer of water around the earth. 

The moisture content in the atmosphere creates several forms of condensation 

and precipitation e.g., dew, fog, cloud, rainfall, frost, ice, snowfall, hailstorms, etc. 

Vapour is almost transparent for incoming shortwave solar radiation so that the 

electromagnetic radiation waves reach the earth‟s surface without much obstacles but 
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the vapour is less transparent for outgoing shortwave terrestrial radiation and therefore 

it helps in heating the earth‟s surface and lower portion of the atmosphere  because it 

absorbs terrestrial radiation and also reradiates terrestrial radiation back to the earth‟s 

surface. It is, thus, evident that water vapour also helps in intensifying green house 

effect of the atmospheric. 

The process of transformation of liquid into gaseous form is called be 

evaporation, the amount and intensity of which depend on aridity, temperature and 

velocity of winds, the higher the rate and amount of evaporation, the higher the 

content of atmospheric vapour because dry air with high temperature is capable of 

retaining more moisture (vapour) as dry air requires more time. 

 

2.8.1.1 Water: Significance And Change of State 

About one third of the important 100 elements which occur naturally in earth‟s crust 

are very important for the sustenance of life in the biosphere. Out of these essential 

elements oxygen, carbon and hydrogen are by far the most essential elements for the 

existence of living organisms because these three elements make up 90% of dry 

weight of the organic matter in the biosphere. Out of these three essential elements, 

hydrogen in the form of water and oxygen constitutes 85.5% of the total weight of all 

the living organism.  

The water resulting from the association of hydrogen and oxygen is by far the 

most fundamental and abundant substance in the biosphere. The water is found on the 

globe in three forms e.g. gaseous state (vapour), solid state (ice), and liquid state( 

water). The water is found in different location e.g., lakes, ponds, tanks, rivers, 

oceans, groundwater, soils, surface, and subsurface rocks, living organisms, as water 

vapour in the atmosphere, as snow and ice in high latitudes (polar areas) and high 

altitudes (hills and mountains) areas. Water is very important substance for the 

biosphere because (i) it is able to dissolve almost all substances, (ii) it has great ability 

to store heat, (iii) it takes part in the nourishment of organism, (iv) it helps in the 

circulation of elements in the biosphere etc. 

The water undergoes phases changes through the exchange or transfer of heat energy  

as follows: 

(i) Solid (ice) phase to liquid phase (water) requires 79-80 cal/gram heat in the form 

of latent heat of flusion. 
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(ii) Solid phase to gaseous phase require the absorption of 680 cal/gram in the form of 

latent heat of condensation. 

(iii) Liquid phase to gaseous phase require absorption of 540-607 cal/g heat in the 

form of latent of vapourization. 

(iv) Gaseous phase to liquid phase release 540-607 cal/gram heat in the form latent 

heat of condensation. 

(v) Liquid phase to solid phase releases 79-80 cal/gram heat in the form of latent heat 

of fusion.  

(vi) Gaseous phase to solid phase releases 680 cal/gram heat in the form of latent heat 

of sublimation. 

It may be mentioned that first three phases (1 to 3)  absorb heat while the latter three 

phases (4 to 6) release heat. The latent heat/energy is further elaborated in the 

following section. 

 

 

2.8.1.2 Latent Heat 

Energy in the form of heat required (to be absorbed) for the conversion of water 

(liquid phase) into vapour (gaseous phase); ice (solid state) into water (liquid 

phase/state); and ice( solid phase/state) into vapour (gaseous phase/state) is called 

latent heat which falls into three categories e.g., Laten heat of vaporization, latent heat 

of fusion, and latent heat of sub limitation as elaborated in the first three phases 

(respectively). Conversely, there relased heat from vapour to water, from water to ice, 

and from vapour to ice called latent heat of condensation, latent heat of fusion, and 

latent heat of sublimation respectively. 

 

2.8.1.3 Hydrological Cycle 

The hydrological cycle refers to a model of exchange of water over the surface of the 

earth from oceans via atmosphere, continents (land surface), and back to the oceans. 

Thus, the hydrological cycle at global scale involves the mechanism of (1)  

evaporation of water from oceanic water through insolation (solar energy), (2) 

conversion of water into water vapour or humidity (first and second phases are almost 

the same,  
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(3) horizontal transport of atmospheric moisture over the oceans and the continents by 

atmospheric moisture in the form of precipitation (either in liquid form as water, or in 

solid form as snow and ice and other minor forms as dew, fogs etc). over the 

continents and oceans, and (5) eventual transfer of water received at the earth‟s 

surface to the (Refer Figure 31) oceans via various routes and hydrological processes, 

important being surface run off and rivers. 

The mechanisms of global 

hydrological cycle can be  presented 

in the following manner: 

Oceanic water is heated by 

insolation (solar heat energy) and 

thus water is transformed (only a 

small fraction of oceanic water) into 

gaseous form water vapour or 

moisture. This moisture is 

horizontally transported across the 

oceans and over the continents by 

atmospheric circulation (winds).  

The air is cooled because of 

its ascent and thus the moisture is released as precipitatiton over the oceans and the 

continents. The precipitations falls on the land in a variety of way  e.g. (1) Some 

precipitation falls directly in the streams, lake and other bodies. This precipitation fall 

is called direct fall which is directly disposed off back to the oceans. (ii) Some portion 

of rainfall is intercerpted by vegetation. 

Some portion of this intercepted rainfall is evaporated from the leaves and the 

remainder reaches the ground through the branches and stems of plants as stem flow 

or aerial streams (iii) Some portion of rainfall reaches the ground directly as through 

fall. Some portion of rainfall is lost to the atmosphere through evapo-transpiration 

from the vegetation. Some water is also lost to the atmosphere through evaporation 

from the lakes, ponds, tanks and rivers.  

A sizeable portion of rainfall reaching the ground surface become effective 

overland flow which reaches the streams as surface runoff. Some  portion of rainwater 

received at the ground surface enters the soil zone though infiltration and thus form 
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soil moisture storage of which some portion is again lost to the atmosphere through 

evaporation and plant  transpiration. 

  Some portion reappears as seepage and springs via  (Refer figure 32) through 

flow and inter flow while some portion percolates further downward to form ground 

water storage of which some portion reaches the channel through base flow.  

Some portion moves 

upward as capillary rise to 

reach soil moisture storage and 

some  portion is Humidity 

capacity decrease from equator 

poleward. The air having 

moisture content equal to its 

humidity capacity is called 

saturated air. 

The difference between 

the moisture retaining capacity 

(humidity capacity) and actual 

humidity (absolute humidity) 

of a given volume of an air at 

given temperature and time is 

called saturation deficit.  

The temperature at 

which the given air is saturated 

i.e., the humidity capacity and absolute humidity become equal, is called dew point.  

 

2.8.1.4 Types of Humidity Measurment; 

The content of moisture in the atmosphere is measure and expressed in a number of 

ways, namely vapour pressure, absolute humidity, specific humidity, relative 

humidity, mixing ratio etc. These are briefly described below: 

 

2.8.1.4.1 Vapour Pressure 

Vapour pressure refers to the pressure exerted by water vapour of a given parcel of 

air. In fact, vapour pressure represents the part of the total atmospheric pressure 
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contributed by the amount of water vapour present in the atmosphere. At any given 

temperature, there is a limit to the density of water vapour in the air, with a 

consequent upper limit to the vapour pressure. This is termed as saturation vapour 

pressure ( R.G. Barry and R.J. Chorley, 2002). 

 

2.8.1.4.2 Absolute Humidity 

The total weight of moisture content (water vapour) per volume of air at 

definite temperature is called absolute humidity. Generally, absolute humidity does 

not change with increase or decrease of temperature.  

In a simple term absolute humidity may be defined as a mass or weight of 

water vapour per unit volume of air at a given temperature. This is generally 

expressed in gram per cubic meter volume of air. It appears that vapour pressure and 

absolute humidity are more or less same measure of humidity.  

 

2.8.1.4.3 Specific Humidity 

Specific humidity is defined as the mass of water vapour in grams contained in kilo 

gram of moist air and it represents the actual quantity of moisture preset in a definite 

moist air. In fact, specific humidity is a ratio of water vapour to the weight of moist 

air. Specific humidity is seldom affected by changes in air pressure or air temperature 

because it is measured in the units of weight. It is directly proportional to vapour 

pressure, which is the „partial pressure exerted by water vapour in the air and is 

independent of other gases‟ and is inversely proportional to air pressure. Specific and 

is universely decrease from equator poleward.  

In a real sense, specific humidity is geographer‟s yardstick of a basic natural resource 

water to be applied from equatorial to polar regions. It is a measure of the quantity of 

water that can be extracted from the atmosphere as precipitation‟ (A.N,Strahler and 

A.H. Strahler, 1978). 

 

2.8.1.4.4 Relative Humidity 

Relative humidity is defined as a ratio of the amount of water vapour actually present 

in the air having definite  volume and temperature (i.e., absolute humidity) to the 

maximum amount the air can hold (i.e. humidity capacity). In other words, relative 

humidity is the proportion of absolute humidity of an air of definite volume at a given 
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temperature to the humidity capacity of that air. Relative humidity is generally 

expressed as per centage.  

 

                Absolute humidity 

Relative humidity =  x 100 

       Humidity capacity 

 

                                      or 

 

                    Vapour pressure  

Relative humidity   =  x 100 

     Saturation vapour pressure 

 

 

2.8.1.4.4.1 Importance of Relative Humidity 

Relative humidity has a great climatic significance because the possibility of 

precipitation depends on it high and low relative humidity is indicative of  the 

possibility of net precipitation and dry condition respectively.   The amount of 

evaporation also depends on relative humidity. 

 

2.8.1.4.4.2 Distribution of Relative Humidity: 

The horizontal distribution of relative humidity on the earth‟s surface is zonal in 

character equatonal regions are characterized by highest Relative humidity. It slowly 

decrease towards subtropical high pressure belts where (Refer figure 33 )  it becomes 
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minimum (between 25
0
-35

0
 latitudes). It increase poleward. The zone of high and low 

relative humidity  shift north ward and  south ward with northward and southward 

migration of the sun. Seasonal distribution of relative humidity if largely controlled by 

latitude maximum relative humidity is formed during summer season between 30
0
 and 

30
0
 S latitudes white latitudes record relative humidity more than average value 

during winters. 

There is maximum relative Humidity In the morning where lowest value is 

recorded in the evening. 

 

2.8.1.4.4.3 Mixing Ratio. 

The ratio of weight (mass) of water vapour to the weight of per unit volume of dry air 

is called mixing ratio. While the concentration of maximum amount of water vapour 

in a dry air of certain volume of mass (weight) is called saturation mixing ratio. 

 

 

              MV  

Mixing ration(W)  =  

              Md 

 

Where mv =  mass of water vapour 

 

Md  =  mass of dry air. 

 

 

2.8.2 Atmosphere 

The Vast expanse of air  which envelopes the earth all round is called the atmosphere.  

 

2.8.2.1 Composition 

The atmosphere is a mixture of many discrete gases, in which varying quantities of 

tiny solid particles are suspended. Pure dry air constitute mainly of nitrogen (78) 

percent and oxygen (21%) which together make up (99%) of the air by volume.  

Their proportion remains almost constant within lower layer of the atmosphere close 

to earth. Remaining one percent is accounted for by gasses like organ (0.93%) carbon 
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dioxide (0.03%) hydrogen, helium and ozone. Besides water vapour, dust particles, 

smoke, salts and other impurities are also 

present in the air, in varying quantities. As a 

result, the composition  of air is never 

constant.  

It varies from time to time and place to 

place. However, it these variable elements 

are removed from the atmosphere (Refer 

Figure 34) its make-up would be fairly 

constant all over the earth, at least in the 

lower atmosphere. Of the many constituents, 

carbon dioxide, dust, particles, water vapour 

and ozone, are of great importance for the earth‟s climatic conditions. 

 

2.8.2.2 Water Vapour 

 Water vapour is one of the most variable gases in our atmosphere. In the warm and 

wet tropics, it may account for four percent of the air by volume, while in the dry and 

cold areas of deserts and polar regions, it may be even less than one percent of the air. 

The amount of water vapour decrease with altitude. Hence, half the water vapour in 

the air lies  below an altitude of about 2000 metres. It also decrease from the equator 

towards the poles. 

 

Water vapour absorbs part of the insolation from the sun and thus reduces its amount 

reaching the earth‟s surface. It also preserves the earth‟s radiated heat. It thus, acts 

like a blanket allowing the earth neither to become too cold nor too hot. 

 

2.8.2.3 Dust Particle 

The movements of the atmosphere are sufficient to keep a large quantity of tiny solid 

particles suspended  within it. They may originate from different source and include: 

sea salts, fine soil, smoke-soot, ash, pollen, dust and disintegrated mostly concentrated 

in the lower layers. However, convectional air currents may transport them to great 

heights. The  amount of dust particles is more in sub tropical and temperate areas 

because of dry and windy conditions, than in the equatorial and polar regions particles 
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are significant from meteorological standpoint. Many of them act as hygroscopic 

nuclej around which water vapour condenses to produce clouds. 

 

2.8.2.4 Other Gases 

Carbon dioxide constitutes only 0.03% of the volume of the air. Even so it is very 

important meteorological because it is transparent to the incoming solar radiation but 

opaque to outgoing terrestrial radiation and subsequently remits part of it towards the 

surface. Thus, it keeps the air near the ground warmer and along with water vapour is 

largely responsible for the greenhouse effect of the atmosphere.  Unlike other gases 

that are constant in volume, the carbon dioxide content f the atmosphere has been 

rising in the past few decades mainly because of increase in the burning of fossil 

fuels. This has caused increase in the air temperature also. 

Another important component of the atmosphere is ozone. It acts as a filter and 

absorbs ultra-violent radiation from the sun. 

 

2.8.2.5 Structure 

The atmosphere consists of almost concentric layers of air with varying density and 

temperature. Density is highest on the earth‟s surface and goes on rapidly decreasing 

upwards. It can broadly be divided into 

four layers- the (Refer Figure 35) 

troposphere, the stratosphere, the 

mesosphere, and the thermosphere. The 

troposphere is the lowest layer of the 

atmosphere. It thus lies closet to the 

earth‟s surface. 

It extends roughly to a height of 

eight kilometres near the poles and 

about 18 kilometres at the equator 

Thickness of the troposphere at the 

equator is the greatest because heat is 

transported to great heights by strong 

convectional currents. Temperature 
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decreases with height in this layer, roughly at the rate of 1 degree calcius  for 165 

metere ascent. This is known as normal lapse rate.  

This layer contains dust particles and over 90% of the earth‟s water vapour. 

All vital climatic and weather conditions take place in this layer. Hence, it is 

considered to be the most significant layer. However, aviators of jet acroplanes often 

avoid this layer due to the presense of dumpy air pockets and fly above it. 

Beyond the troposphere lies, the stratosphere The zone separating the two 

layers, is known as the troposphere temperature ceases to fall with the increase in 

height at this level. The air temperature at the tropopause is about -80 degree C over 

the equator and about -45
0
 C over the poles. It is apparently a paradox that the lowest 

temperature in the atmosphere is vertically overhead the equator rather than over the 

poles.  

The stratosphere extends up to a height of 50 kilometre. In the lower part of 

this layer, i.e., up to a height of 20 kilometre, temperature remains constant. 

Afterwards it gradually increases up to a height of 50 kilometre because of the 

presence of ozone layer which absorbs the sun‟s ultra-violet rays. Clouds are almost 

absent and there is very little dust or water vapour. The air movements are almost 

horizontal. 

Over the stratosphere, there exists the third layer known as the mesosphere. It 

extends up to a height of 80 kilometre. Temperature decrease with height again and 

reaches up to -100
0
 C at the height of 80 kilometre. The fourth layer thermosphere is 

located above the mesosphere. In its lower part, there is an electrically charged layer 

called the ionosphere Radio waves transmitted from the earth are reflected back to the 

earth by this layer. Temperature again starts increase with height because of radiation 

from the sun. The upper part of the thermosphere is called the exosphere. Here the 

atmospheric gasses are very thin. This part is extremely rarefied and gradually merges 

with the outer space. 

 

2.8.3 Condensation 

Evaporation is the gain of heat. Water of when heated at a certain temperature, is 

turned into gasours form and joins the atmosphere as water vapour. This constaint 

latent heat which is released when condensation take place and water is transfermed 

once again into water. It is why the latent heat of the air increase due to evaporation. 
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Transformation of water vapour into water, is called condensation. Condensation is 

caused by the loss of heat. It take place in either of the three ways- 

(1) The layer of air come in contact with the cold surface and it become coolded.  

(2) The ward air rises upward and on getting sufficiently high, it expands. Consequent 

on the expansion of air it cools down- the rate of fall in temperature being 5.6
0
 F 

at every 1000 ft. 

(3) The air coming from warmer regions often mixes with the air current of colder 

regions and due to this mixture of air currents at different temperature, the capacity of 

the warm air to hold water vapour declines. Besides if none of these current is 

saturated, by admixture a state is reached when they becomes more than saturated.  

Thus, condensation brings about a readjustment of temperature and volumeof the air 

masses. Either the temperature is redueced and the volume of the air is reduced. A 

third type of situation may be that both the temperature and volume might change and 

thereby jointly reduce the vapour capacity of the air.  

Condensation starts when the saturted air masses reaches the down point. This 

condition is closely related to the relative humidity of the atmosphere. If the relative 

humidity is high, the air, with a little loss of heat, will reach the dew point.  

Besides the condensation also require some nuclei suspended in the 

atmosphere or on the surface of the earth where the water drops may rest after dew 

point has been reached. The air contain a large number of dust particles and these play 

an important part in condensation. These act as minute surface upon which moisture is 

deposited. This may be called the central core of condensation and such a type of 

substance is known as hygroscopic substance. The presence of dust particle in the air 

can be seen by allowing the rays of the sun to pass inside a dark room. 

After condensation the water vapour or the moisture in the atmosphere take 

one of the following forms- rains, snow, hail, fog, mist, dew or hoarfrost. If the calm 

air masses has reached the dew point by contact with the cold surface the resultant 

forms would be dew and hoard frost. If the moist air has been blowing in touch with 

objects having low temperature, the condensation would take the form of mist or fog. 

Dew and Hoarfrost are formed by the air masses condensing one a cold surface or 

object. It is a well known fact that the land absorbs heat during the day and at night 

becomes cold very soon, by quickly radiating this heat. 

For the formation of dew or hoarfrost the following are the ideal conditions:- 
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(1) The sky should be clear and air must be dry so that radiation may be take place 

quickest. 

(2) The air should be calm otherwise no portion of the atmosphere would be allowed 

to remain in contact with the cold surface sufficiently long so as to condense in the 

form of dew. 

 

Mist and Fog. When the temperature of an air mass containing a large amount of 

water vapour falls all of a sudden, the condensation take place within itself on the fine 

dust particles. These drops of water remain suspended in the air and move about at a 

relatively low altitude. This phonomena is known as mist or Fogs are drier than mists 

and they are prevalent where warm currents of air come in contact with cold currents. 

According to their origin, the fogs are generally of two types: 

(1)Radiation Fog is caused when the earth is warm but the actual surface has become 

cooler due to radiation. Hence condensation take place and fogs are formed quite 

close to the ground. This is also known as ground fog an dis common in the interior of 

the land. 

 

(2) Advection Fog is caused when the cold air moves into a region which is 

comparatively warm. Generally this type of fog is common on sea coasts provide 

there is no strong wind to drive it away. Along the Grand Banks of Canada and New 

Foundland such fogs are common and their intensity is increased by the presence of 

icebergs. 

Clouds. When the temperature of the air falls below the dew point, the water vapour 

condenses on the dust particles and this condensation on a large scale results in the 

formation of clouds which may be called fog at a higher level. As the cloud are 

formed at some height over surface  of the earth, they take various shapes. According 

to their height, expanse density and transparence or opaquensess. Generally the clouds 

are of the following four types: 

(1) Cirrus, (2) cumulus, (3) numbus and (4) stratus. 

Cirrus clouds are the highest in sky and seldom produce rain on the earth. They are 

formed at an average height of 5 to 7 miles or 8000 to 12000 meter. During the day 

they are like white features but sunset makes them brilliantly colored. Because of their 

shape these are also called „Mare‟s Tails‟.  



107 

 

Their shape is most uncertain – in front of eyclone these may form a continuous sheet 

giving the sky a milky appearance. Sometimes, they form parallel streaks at other they 

look like eurls of hair. But they always appear to diverge from the horizon. These 

herald stormy weather. 

These clouds are formed by the condensation of the small amount of vapour present in 

the upper layer of the atmosphere and it is composed of little crystals of ice. These are 

not very dense and are quite transparent. 

Cumulus clouds have the appearance of piled up cotton wool. They are at a height of 

2 to 3 miles. Flat at their base they have a flower like  broad top and exist in patches 

here and there. In between two patches of cumulus clouds, the sky is visible. 

These  clouds are (Refer Figure 36) formed by the rising convection current. 

Rising high up on a hot and moist day, 

the air expands and its temperature falls 

resulting in condensation into cumulus 

clouds. As the wind is getting stronger 

towards the upper layers, the top of 

such clouds is turned in the direction in 

which the wind is blowing. 

Those clouds are very wide in expanse. 

If their base is at a height of one or two 

miles, their top may exist as high as 3 

or 4 miles. As such very often ice particles are formed at the top of cumulus cloud and 

fall from its base. Sometimes cumulus clouds brings about thundry conditions. 

 

Nimbus are black rain-clouds, which are formed hardly at a height of one mile from 

the surface of the earth. These are extremely dense and opaque to the rays of the sun. 

Sometimes these are so low that they seem to touch the ground. They are shapeless 

masses of thick vapour which have rugged edges. 

 

Stratus clouds usually take a uniform shape of thin grey sheet, As the name suggests, 

this form of cloud is found on the horizon and consist of horizontal layers. 

Stratus clouds are generally formed either due to loss of heat because of radiation or 

due to the mixing of air masses at different  temperature. Hence these are common in 

the temperature regions during the winter season. The two air currents are flowing 
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parallel to one another both above and below this cloud. Whenever the wind direction 

comes across it, these are broken into patches separated by blue sky. 

 

Many a time these cloud forms get mixed up and take joint shapes as strato- 

cumulus, or alto-nimbus, and from these clouds, the condensed water vapour raticles 

fall as rain drops. Whenever there is a cloud in the sky some sort of precipitation is 

there but it is another thing that we do not feel it on the earth. Much of it is re-

evaporated during its descent through warm and dry air. Thus cloudness and 

precipitation are correlated.  

 

Cloudiness is distributed parallel to the latitudes and it is maximum at the equator. 

Minimum of cloudiness is found to prevail at the Tropics of Cancer and Capricorn, 

especially between the latitudes of 15
0
 and 35

0
. Between the latitudes of 40

0
 and 60

0
 

N and S, we find another regions where cloudiness is more. But in the higher latitudes 

cloudiness is effected by the distribution of land and sea, mountains and valleys and 

because of cyclones and anticyclones. Cloudiness is more over land than on water. It 

is more on the wind-ward slope of mountains than on the leeside and more under 

cyclones than under anti-cyclones. 

 

2.8.4 Precipitation.  

After the condensation of water vapour, the release of moisture is known as 

precipitation. Normally precipitation takes three shapes: snow, hail and rain. 

Snow is the form of precipitation which results which results when condensation 

takes place under a sufficiently low temperature. If the temperature at which 

condensation take is below 32
0
 F, the freezing point, the moisture released after 

condensation is frozen form flakes of snow. Many of the higher clouds are composed 

of such crystals of flakes but they only fall when the temperature of the surface of the 

earth comes down below freezing point. 

Precipitation, formation 

 

2.8.4.1 FORMS of Precipitation 

The precipitation of atmospheric moisture occurs in a number of ways depending 

upon  
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(1) the temperature of dew point at which the air is saturated condensation begins,  

(2) the altitude and types of clouds,  

(3) the atmospheric conditions through which the cloud droplets pass through mainly 

in terms of temperature,  

(4) the process of adiabatic cooling i.e., the cooling either caused by mechanical 

lifting of moist air and consequent expansion of air leading to decrease in 

temperature, increase in relative humidity and ultimately condensation of moisture 

of by dynamic lifting of moist air (either by radiation or by frontal activity). If the 

condensation occurs at the temperature above freezing point (i.e., above 0 degree 

C). the precipitation takes place in liquid state namely rainfall, on the other hand if 

condensation occurs below freezing point (i.e., below 0
0
 C).  

 

The type of pricipitaion include rain, drizzle, freezing rain or freezing drizzle, snow, 

snowpellets, snow flakes, snow grains, ice pellets, hail etc. It may be mentioned that 

generally fog, dew and mist are not considered as form or types of precipitation but 

some scientist plead for their inclusion under the category of precipitation.  

Rain  is the most widespread and important form of precipitation. It occurs when 

there is sufficient moisture in the air and condensation occur above freezing point 

(i.e., above 0
0
 C). Rain is infact, liquid water, in the form of raindrops with diameter 

of more than 5 mm. It is important to point out that one rain drop contains as many as 

8000,000 cloud droplets. Rain drops fall at the velocity of 200 times greater than 

cloud droplets. 

Sometimes precipitation occurs at higher altitude from cumulus  clouds in the 

form of rain but the trails or streaks of such rain coming from the under surface of 

clouds is evaporated in the transit before reaching the ground. Such rain is called 

virga. 

 

Drizzle is defined as the fall of numerous uniform tiny droplets of water having 

diameter of less than 0.5 mm. Drizzle fall continuously from low stratus clouds but 

the total amount of water received at the ground surface is significantly low. 

Sometimes drizzles are combined with fog and hence reduce visibility. The drizzle 

intensity is generally one mm per hour. 
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Snow is formed when condensation occurs below freezing point (less than 0
0
 C). The 

fall of snow flakes is called snow-fall. Snowflakes are formed when air temperature is 

greater than -5
0
 C but less than 0

0
 C. In fact, snowfall is precipitation of white and 

opaque grains of ice. The snowfall occurs when the freezing level is so close to the 

ground surface (less than 300 m from the ground surface) that aggregations of ice 

crystals reach the ground without being melted in solid  form of precipitation as snow.  

 

Snow pellets having white and opaque grains of ice of spherical shape are formed  

when condensation takes place around freezing point. The diameter of snow pellets 

ranges between 2 mm to 5 mm. The grains involved in the formation of snow pellets 

are so brittle that they break in pieces after being pelted by the ground surface. Snow 

pellets are also considered as soft variety of hails. 

 

Graupel, a form of precipitation in solid form, is comprised of ice grains of white 

color and is opaque for light. The diameter of graupel also called as snow grain, is less 

than one mm. 

Ice pellets are unlike graupel or snow grains, transparent or translucent grains of ice 

which are formed when condensation take place below freezing point. The diameter 

of ice pellets is up to 5 mm and the shape of the pellets is highly irregular depending 

upon the conditions of condensation. Ice pellets are, infact, frozen raindrops. Some 

times they are also  formed when snow flakes are melted and refrozen. 

 

Hail consists of large pellets or spheres (bails) of ice. In fact, hail is a form of solid 

precipitation wherein small balls or pieces of ice, known as hailstones, having a 

diameter of 5 mm to 50 mm fall downward known as hailstorms. Hails are destructive 

and dreaded form of solid precipitation because they destroy agricultural crops and 

claim human and animal lives. 

 

Sleet refers to mixture of snow and rain but in American terminology sleet means 

falling of small pellets of transparent or translucent ice having a diameter of 5 mm or 

less. 

Freezing rains or freezing  drizzles are formed when the drizzles or very light rains 

occur below 0
0
 C temperature, they are frozen before reaching the ground surface and 
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hence they are called freezing rains or freezing drizzles. They are also called as 

crachins. 

 

Rime is an opaque coating of tiny. White granular ice particles, caused by rapid 

freezing of supercooled water droplets on impact with an object (Webster Dictionary) 

below freezing point. Rime is deposited mainly on the edge and points of objects. 

Rime is in fact deposit of opaque, white and rough textured ice crystal,  The form 

after accumulation of rime looks like cauliflower shaped heap. 

  

2.8.4.2 Theories of Pricipitation 

Various theories of precipitation and rain fall have been put forth  time to time but the 

riddle of raindrop formation still remains unresolved. Very generalized two processes 

and mechanism of raindrop formation have outlined above. The early theories related 

to the formation of raindrops and their growth may be briefly summarized in the 

following manner. 

The coalescence and growth of raindrops due to differential electrical charges 

are not possible. In other words, generally most of the drops are more or less uniform 

in size as their diametres range between 20 to 30 micrometres and only a few drop are 

larger than 80 micrometres. 

There is variation in saturation vapour pressure with varying temperatures. In 

such condition the atmospheric turbulence bring warm and cold cloud droplets in 

close conjunction, with the result there is supersaturation of air with reference to the 

surface of the cold cloud droplets and undersaturation of air with reference to the 

surface of warm cloud droplets and growth of cold droplets at the expense of warm 

droplets. This situation cause evaporation of warm droplets. This theory is opposed on 

the ground that the difference of temperature of cloud droplets is not so great that this 

differential mechanism may operate. 

Raindrops grow around very large condensation (hygroscopic) nuclei but it is 

argued that no doubt the process of condensation around exceptionally large 

hygroscopic nuclei is very rapid but their further grow cannot be explained on this 

mere ground of size of cloud droplets.  

It appears from the above discussion on ideal situation for the formation of 

large enough water droplets to fall down as precipitation (rainfall) that it depends on 
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the size and weight of water droplets and droplets size is a critical factor in the 

occurrence of precipitation. The second important factor in the development of 

precipitation is the speed of fall of water droplets.  

Another important factor involved in the occurrence of precipitation is the rate 

of condensation. The greater the speed of condensation, the quicker would be 

precipitation. 

The theories of precipitation and rainfall are grouped in two main categories 

on the basis of processes of formation and growth of raindrops, namely rapid growth 

of raindrops due to growth of ice crystals at the cost of water droplets.  

(1) cloud instability theory of Bergeron- Fiendeison (also known as Bergeron- 

Fiendeison process or simply ice crystal theory), and (2) rapid growth of raindrops 

due to coalescence of small water droplets by sweeping actions of falling drops, and 

(3) collision theory, or collision coalescene theory, or simply collision-coalescene 

process. 

  

2.8.4.2.1 Cloud instability Theory of Bergeron (Ice Crystal Theory of 

Bergeron) 

Tor Bergeron, an eminent Norwagian meteorologist, postulated his theory of 

precipitation, known as cloud instability theory or ice crystal theory in 1933. The core 

of the theory is based on the concept of mechanism of the growth of raindrops. 

According to him water droplets and ice crystals are found together in unstable clouds 

when temperature is below freezing point. The theory is based on commonly accepted 

fact that “the relative humidity of air is greater with respect in an ice surface than with 

respect to water surface”. 

  With  the fall of air temperature below 0
0
 C the atmospheric vapour pressure 

decrease more rapidly over ice surface than over water surface with the result 

saturation vapour pressure becomes greater over water surface than over ice  surface 

when the air temperature ranges between -5
0
 C and -25

0
 and the difference between 

saturation vapour pressure over water and ice surface exceeds 0.2 mb. 

  In such condition, when air  temperature ranges between -5
0
 and 25

0
 C, water 

droplets become supersaturated. If ice crystals and super cooled water droplets exist 

together in a cloud, then the water droplets are evaporated and resultant vapour is 

deposited on the ice crystals.  



113 

 

It may be pointed out that the formation of ice particles requires freezing nuclei (e.g., 

fine soil particles, meteoric dust etc) in the same manner as the formation of water 

droplets requires the presence of hygroscopic nuclei. Slowly and slowly ice crystal 

grow in size as the deposition of vapour derived through evaporation of super- cooled 

water droplets on their surface continuous. Ice crystal then aggregate due to their 

mutual collision and thus they form large snow flakes.  

The aggregation of ice crystals is more prevalent when air temperature ranges 

between 0
0
 C and -5

0
 C. When the ice crystals become large (snow flakes) and their 

falling velocity exceeds the velocity of rising air currents, they fall downward. When 

the falling ice crystals pass through a thick layer of air with temperature more than 0
0
 

C, they are changed into raindrops and thus begins rainfall.  

 

2.8.4.2.2 Collision – Coalescene Theory 

Though the Bergeron process of the origin of precipitation and rainfall satisfied most 

of the observed fact but it could not explaint the mechanism of rainfall in the tropical 

areas where cumulus clouds over the give copious rains when they are only 2000 m 

thick and the air temperature at their top is 5
0
 C or even more. 

 It is thus evident that ice crystals do not help in the (Refer Figure 37) formation and 

growth of raindrops of large size in warm cloud. 
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s, Collision theory involving collision, coalescene and sweeping for the formation and 

growth of raindrops was postulated by several meteorologists. According to some 

meteorologist atmospheric 

turbulence causes collision of 

cloud droplets. Due to collision 

(Refer Figure 38) they coalesce 

and grow in size. This concept 

suffers from two shortcomings 

e.g. (i) collision may cause 

splitting and scattering of cloud 

droplets rather than their 

aggregation due to coalescence, 

and (ii) there is little and often 

no precipitation from highly 

turbulent clouds. 

Langmuir suggested 

modifications in the general 

coalescence theory in order to 
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plug its loopholes as mentioned above. According to him the terminal velocities of 

falling drops are directly related to their diametres.  

 

2.9 TYPES OF RAIN FALL AND WORLD PATTERN OF 

PRECIPITATION 

Rain is the most common form of precipitation which takes place when condensation 

occur in liquid form above freezing point (i.e., above 0
0
 C). For precipitation it is 

necessary that moist air must ascend, cool, saturate (relative humity 100%), and 

condense. Adiabatic cooling due to upward movement of air, consequent expansion of 

volume and cooling is by far the most important mechanism of condensation and 

related precipitation including rainfall.  

It is apparent that constant supply of moisture and upward movement of moist 

air are prerequisite conditions for cloud formation and rainfall. Thus, precipitation and 

rainfall are classified on the basis of condition mechanism of upward movement 

(lifting) of moist air. There are two main mechanism of upward. 

 

Rainfall.  Requires the saturated air mases to cool in one way or the other so that its 

capacity to retain moisture is lost. According to Humphereys there are four stages in 

the rain process- 

(1) Vertical convection and the formation of particles of cloud round dust particles 

after the condensation has taken place. 

(2) The saturated air continues to rise and on its way abandons more and cloud 

particles. 

(3) Condensation on the droplets present in the rising saturated air mass and various 

droplets go on joining together. 

(4) Through coalescence and electric charge, the droplets grow and fall through the 

cloud to the earth. 
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Of these four stages, the most important is the first one- the vertical convection, which 

is casqued by the following three factors: 

(1) Due to surface heating a temperature 

gradient is formed which causes 

vertical convection. This is (Refer 

Figure 39) common in thunderstorms 

and in the tropics or every where 

generally is summer. 

(2) Due to the convergence of winds at 

one place vertical convection is also 

caused. This is true of temperate 

regions, especially in the front half of 

the cyclones. 

(3) Vertical convection is caused due to 

the forced rise of the air mass either 

(a) due to its flow over elevations of 

land and barriers of cold air or (b) due 

to its being under- run by cooler 

winds. 

 

In order that there may be rain, there must be sufficiently great evaporation and then 

there must be some way to transfer this air, charged with water vapour. In other 

words, there must be winds carrying the saturated are mass from one place to another. 

Last but not least there should be some way to reduce the temperature of the air. This 

condition may be called the cooling of the air mass. 

Generally an air mass cools or loses heat in one of the following ways: 

(1) The warm air rising from the earth in the form of convection currents expands on 

reaching higher up and on expansion its temperature falls. 

(2) The warm saturated air mass may have in its way some elevation and it may be 

forced to ascend to a higher altitude so that its temperature will fall. 

(3) The air may flow towards colder latitudes and in the process of so moving, its 

temperature may fall. 

(4) The warm air may meet the cold air and its temperature may fall. In this there can 

be two positions. Either the warm of air converging on the cold air may rise above the 
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latter and condense its moisture or the cold current may under run the warm air 

masses, movement of e.g. (1) mechanical uplifting, and (2) dynamic uplifting, which 

further falls under two subcategories e.g. (a) convectional uplifting, and (b) frontal 

uplifting of air. The mechanical and frontal uplifting of air is also called forced 

uplifting. Mountain barrier, when located transverse to horizontal moving air, 

abstructs the wind and force it to rise upward along its slope. This is called orographic 

forced uplifting of air. 

The frontal uplifting of air involves pushing of warm air upward by colder air lying 

below. Convectional uplifting of air involves radiation heating of ground surface 

leading to warming of surface air and consequent expansion of air and its ascent the 

process is called convection mechanisms. 

It is evidentfrom the above discussion that there are three way in which moist air is 

forced to move upward and cools according to adiabatic rates e.g.  

(1) radiation uplift or convection uplift, due to heating of ground surface the air being 

heated expands and rises upward in the form of convection currents, the mechanism is 

known as  thermal convection,  

(2) orographic uplift, forced ascent of air over orographic barrier because of its 

obstruction, and (3) frontal uplift, forced uplift of air associated with cyclonic 

activities,  

Thus, precipitation and rainfall are classified into the following three types: 

 

(1) convectional rainfall, occurring due to thermal convection currents caused due to 

insolational heating of ground surface.  

(2) orographic rainfall, occurring due to ascent of air forced by mountain barrier, and  

(3) cyclonic or frontal rainfall,  occurring due to upward movement of air caused by 

convergence of extensive air masses. 

 

2.9.1 Convectional Rainfall 

The principal motivating force behind the ascent of warm and moist air is thermal 

convection caused by heating of the ground surface through insolation. Two 

conditions are necessary to cause convectional precipitation and rainfall e.g. (i) 

abundant supply of moisture through evaporation to the air so that relative humidity 

becomes high, and (ii) intense heating of ground surface through incoming shortwave 
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electromagnetic solar radiation, (say, insolation heating). The mechanism of 

convectional rainfall may be explained in the following manner. 

Convectional rainfall also occur in the tropical, subtropical and temperature  region in 

summer months and in the warmer part of the day. The following are characteristic 

feature of convectional rainfall. 

(i) It occurs daily in the afternoon in the equatorial regions. 

(ii) It is of very short duration but occur in the form of heavy showers (heavy 

downpart). 

(iii) It occur through thick dark and extensive cumulo-nimbus clouds. 

(iv) It is accompanied by cloud thunder and lighting. 

(v) Though much of the rainfall becomes runoff and is drained off in the form of 

surface runoff and overland flow to the streams but still there is sufficient 

moisture in the soils due to daily rainfall in the equatorial regions. Out side 

equatorial regions convective rainfall is of little significance to crop growth 

because most of rainwater is drained to the streams through surface runoff which 

causes severe rill and gully erosion resulting into enormous loss of loose soils. 

(vi) Convective rainfall supports luxurious evergreen rain forests in the equatorial 

regions. 

(vii) Convective rainfall in the temperature regions is not in form of  heavy showers 

rather it is slow and of longer duration so that most of rainwater infiltrates into 

soils. Here rains are always in summers. 

(viii) Convective rainfall in hot deserts is not regular but it irregular and sudden. 

 

2.9.2 Orographic Rainfall 

Orographic rainfall occur due ascent of air forced by mountain barrier. The mountain 

barriers lying across the direction of air flow force the moisture laden air mass cools 

according to dry adiabatic lapse rate (decrease of temperature at the rate of 10
0
 C per 

1000 metre), which increase the relative humidity of air. The ascending air becomes 

saturated after reaching certain height and condensation begin around hygroscopic 

nuclei. 

The slope of the mountain facing the wind is called windward slope or onward 

slope and receives maximum precipitation while the opposite slope is called leeward 

slope or rainshadow region because the ascending air after crossing over the mountain 
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barrier descending along the teeward slope and thus is wardmed at dry adiabatic lapse 

rate (increase in temperature with decreasing height at the rate of 10
0
 per 1000 metre).  

Secondly, the moisture present in the air is already precipitated on the windward slope 

and thus  there is very little precipitation on the leeward slope. Most of the world 

precipitation occur through orographic rainfall.  

The following conditions are necessary for the occurrence of orographic rainfall. 

(i) There should be mountain barrier across the wind direction, so that the moist air is 

forced on obstruction to move upward. If the mountain barrier are parallel to the 

wind direction, the air is not obstructed and no rainfall occurs.  

(ii) If the mountains are very close and parallel to the sea coasts, they become 

effective barriers because the moisture laden winds coming from over the oceans 

are obstructed and forced to ascend and soon become saturated. 

 

(iii) The height of mountains also effect the form and amount of   orographic rainfall. 

If the mountain are very close to the sea coast, even low height can be effective 

barrier and can yield sufficient rainfall because the most air becomes saturated at 

very low height. 

(iv) There should be sufficient amount of moisture content in the air. 

The following are characteristics feature of orographic rainfall: 

(a) The windward slope, also called as rain slope, receives maximum amount of 

rainfall whereas leeward side of mountain gets very low rainfall. 

(b) There is maximum rainfall near the mountain slopes and it decrease away from the 

foothills. 

(c ) If the mountains are of moderate height, the maximum rainfall does not occur at 

their tops rather it occurs on the other side. 

(d) The windward slopes of the mountains at the time of rainfall are characterized by 

cumulus clouds while leeward slopes have stratus clouds. 

(e) The amount of rainfall increase with increase height along the wind ward slope of 

the mountain up to certain height beyond which the amount of rainfall decrease in 

the moisture content of the air. This situation is called inversion of rainfall. The 

height of mountain beyond which the amount of rainfall decrease upward is called 

maximum rainfall line which varies spatially depending on the location of 

mountain, their distance from the sea, moisture content in the air, mountain slope, 

season etc. 
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(f) Orgraphic rainfall may occur in any season. Unlike other types of rainfall it is 

more widespread and of long duration. 

(g) It may be pointed that orographic rainfall is induced not only because of lifting of 

moist air due to mountain barrier but convective and cyclonic mechanism also 

help in the process. 

 

2.9.3 Cyclonic or Frontal Rainfall 

Cyclonic or frontal rainfall occur due to ascending of moist air and adiabatic cooling 

caused by convergence of two extensive air masses. The mechanism of cyclonic 

precipitation is of two types on the basis of two types of cyclones viz, temperature 

cyclones and tropical cyclones. Rainfall associated with temperature cyclones occur 

when two extensive are masses of entirely different physical properties (warm  and 

cold air masses) converge. When two constrasting air masses (cold polar air mass and 

warm westerly air masses) coming from opposite direction converge along a line, a 

front is formed.  The warm wind is lifted upward along this front whereas cold air 

being heavier settles downward, Such cyclones fronts are created in temperature 

region where cold polar winds and warm westerlies converge.  

Since the temperature cyclones consist of cell and hence weather condition and 

associated precipitation in warm front, warm sector, cold front and sector differ 

significantly as described below: 

(i) When the temperature cyclones coming from the western direction draws nearer to 

the observation point, wind velocity slows down considerably, air pressure decrease 

and the sun and moon are encircled by halo which is infact the reflection of thin 

vencers of cirrus and cirrostratus cloud in the west. Temperature suddenly increase 

when the cyclones comes very close to the observation point wind direction changes 

from easterly to south-easterly. The cloud cover thickens and the sky becomes 

overcast with dark, thick and low clouds.    

(ii) Warm frontal precipitation: Clouds become very thick and dark with arrival of 

warm front of the cyclone and heavy showers begins with nimbostratus clouds. Since 

the warm air rises slowly along the front, and hence the precipitation is slow, gradual  

but of long duration. The frontal precipitation largely depend on the amount of the 

moisture and instability of the rising warm air.  
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(iii) Warm sector: The warm sector come over the observation point after the 

passage of  warm front and there is sudden change in the pre existing weather 

condition. The wind direction become southerly. The sky become cloudless and clear. 

(iv) Cold front: Temperature registers marked decrease with the arrival of cold front. 

Cold increase considerably. The cold air pushes the warm air upward and there is 

change in the wind direction from southerly of south westerly and westerly. Sky is 

again covered with clouds which soon start precipitation.  

(v) Cold frontal precipitation: Sky become overcast with cumulonimbus clouds 

which yield heavy showers. Since the warm air is forcibly lifted upward hurriedly, the 

cold frontal precipitation is in the form of heavy downpour with cloud thunder and 

lighting but the precipitation is of short duration and less widespread because the cold 

sector is very close. 

(vi) Cold sector: Weather again changes remarkably with the passage of cold front 

and arrival of cold sector. Sky becomes cloudless and hence clear. There is sharp fall 

in air temperature and considerable rise in air pressure but decrease in specific 

humidity. Wind direction changes from 45
0
 to 180

0
 and thus it becomes true westerly. 

After the occlusion of cyclone the weather condition of pre-cyclone period again set 

in. 

 

2.9.3.2 Tropical cyclonic precipitation:  

In tropical regions to extensive air masses of similar physical properties converge to 

form tropical cyclones wherein lifting of air is almost vertical and is very often 

associated with convection. It may be pointed out that convergence mechanism 

provides initial trigger effect to the upward movement of convectively unstable air 

which if full of moisture becomes saturated and yields heavy showers characterized 

by lighting and thunder. Tropical cyclones, regionally called as typhoons, hurricanes, 

tornadoes etc, yield heavy downpour in China, Japan, South-East Asia, Bangladesh, 

Indian, USA etc. 

In India is received only is 159 rain days the equatorial regions receives rainfall 

through with the year but other areas are characterized by seasonal rainfall. 

 

1. Controls of Precipitation Distribution  
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The spatial and temporal distribution of precipitation over the globe is controlled by 

a host of factor e.g., moisture content in the air, moisture retaining capacity of the 

air and rate and amount of evaporation (both are function of temperature and water 

surface), the general air circulation pattern in term of convergent circulation or 

divergent circulation, the origin and movement of airmass, topographic condition in 

terms of relief barriers, distance from the source of moisture differential heating of 

land and sea surface etc. The influences of these factors on world distribution of  

precipitation need brief explanation.  

 

(i) Moisture content of the air is supposed to be positively correlated with rainfall 

(both type and amount) while atmospheric humidity is closely related with air 

temperature through the process of evaporation. The atmospheric moisture depends 

on evaporation of water or ice through the input of heat energy.  

The presence of water vapour is a necessary but not sufficient condition for 

precipitation. There is no direct relationship between the amount of atmospheric 

water vapour over an area and the resulting precipitation. To illustrate this, a 

comparison can be made between condition over EI Paso, Texas (USA), and St, 

Paul, Minnesota (USA). The average moisture content above these cities is about 

the same and yet the mean annual precipitation is more than three times greater at 

St. Paul, (J.E. Oliver and J.J. Hidore, 2003).  

 

(ii) The convergent or divergent air circulation determines the ascent or descent 

of air and its adiabatic cooling or heating which in turn determines the amount of 

precipitation. The convergence of two contrasting air masses creates frontal activity 

where warm air mass creates frontal activity where warm air mass is pushed up 

ward by underlying cold air mass resulting in to uplifting of warm and moist air 

mass. 

 The overlying warm and moist air is cooled and precipitation occur after 

condensation. Such frontal zone of convergence is responsible for precipitation in 

middle latitudinal zone mainly in the northern hemisphere through temperature 

cyclones. The other significant convergence zone is inter tropical convergence 

(ITC) where tropical moist air masses converge and force moist air to ascent and 

yield precipitation.  
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(iii) Topographic conditions present both favorable and unfavorable conditions for 

precipitation. If the mountain barriers parallel the coastal land and there is one shore 

moist air (relief barrier transverse to wind direction), the moist air is forced by the 

mountains to ascend and cool adiabatically ultimately yielding precipitation. 

 

2.9.4 Global Distribution of Precipitation 

There is a wide range of spatial and temporal variation in the distribution of 

precipitation over the globe, e.g. the equatorial region  record the highest mean 

annual rainfall which is more or less evenly distributed throughout the year, the 

tropical and subtropical hot deserts receive the lowest mean annual rainfall, the 

monsoon climatic regions receive more than 80% of mean annual rainfall during 

four wet months of summer season (June to September), the monsoon lands also 

record the highest rainfall in the world (at Cherrapunji and Mawsyram, 1087 cm and 

1141 cm respectively, in India), the polar areas receive precipitation in solid form 

etc. 

Mean annual rainfall for the whole globe is 970 mm but this mean annual 

distribution is highly variable and unevenly distributed. Some places receive less 

than 100 mm of mean annual rainfall (for example, hot deserts like Sahara).  

It may seem strange that one of the areas with least frequent rainfall is in the same 

countary as one of the rainiest places in the world (J.E. Oliver and J.J. Hidore, 

2003). If some region have high mean annual rainfall with almost equal monthly 

averages (e.g. equatorial region) while in some (Refer Figure 40) regions most of 

the annual amount of rainfall is received during a few month of the year while most 

of the months either remain dry or receive little rainfall. For example, 10870 mm of 

annual rainfall at Cherrapunji, while some places receiver more than 10000 mm of 

annual rainfall (e.g. Cherrapunji and Mawsyram of India). 
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Amount of which depends on the moisture content of the air. Such condition are 

available along the west coasts of India ( where north-south stretching western Ghats 

obstructs moisture laden south- west monsoon wind coming  from over the Arabian 

Sea and these wind after little ascent along the western slope of the Western Ghats 

give copies rainfall), along the west coastal areas of North America where Coast 

Ranges obstruct the moisture laden winds coming from over the Pacific ocean and 

force them to ascend, cool and yield heavy precipitation, etc.   

 

(4) Distance from the source of moisture determine the amount of  precipitation in 

different areas. As the distance from the source of moisture (mainly oceans) increase 

the moisture content and hence the amount of precipitation decreases.  

 

The monsoon winds in India give more rainfall in the coastal areas than in the 

interior-regions. The continental deserts located in  the interior of the continents are 

arid because they are far away from oceanic source of moisture (it is to be 

remembered that atmospheric moisture in the form of water vapour is supplied 

through evaporation of water surfaces). 

The western coastal plains of India and in the areas located further eastward. 

The west slope, which are very close and parallel to the Arabian Sea coast, of the 

Western Ghats receive mean annual rainfall of more than 2000 mm, but as the 

distance from the coast increase, eastward, rainfall amount decrease, for example, the 
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regions to the east of the Western Ghats falling in Karnataka receive about 500 mm of 

annual rainfall. The amount of annual rainfall decrease from Kolkata (1582 mm) in 

West Bengal (near to the source of moisture of the Bay of Bengal) westward i.e., 1000 

mm at Patna, 1050 mm at Allahabad, 650 mm at Delhi etc. 

 

2.9.4.1 Zonal Distribution of Rainfall 

It is the true that cooling of ascending air is a prerequisite condition for the occurrence 

of rainfall. The air is lifted through thermal convective mechanism, convergence of 

two extensive air mass and obstruction of mountain barrier. If the relative importance 

of these three factor in different areas of the world is taken into account, it appears 

that air is generally lifted due to convergence of two extensive air masses in most 

parts of the world. Convergence of air masses is directly related with air temperature 

and air pressure. There are two major Convergence zones of air masses i.e., trade 

winds converge along the equatorial low pressure belt and westerlies and polar winds 

Convergence along high latitude low pressure (60
0 

-65
0
 latitudes in both the 

hemisphere). 

  On the other hand, winds descend near subtropical high pressure belt (30
0
  – 

35
0
 latitudes in both the hemisphere) and diverge in opposite directions and form 

anticyclones which introduce dry weather. Since the Convergence of air masses is in 

zonal form and hence rainfall distribution is also found in zonal pattern. Besides, 

moisture content, mountain barrier and land and water (continents  and oceans) also 

influence world distribution of rainfall. 

 Since air moisture depends upon temperature and horizontal distribution of 

temperature is found in zonal patterns and hence rainfall distribution is also 

characterized by zonal pattern. Beside on above considerations, 6 major zones of 

rainfall distribution are identified on earth‟s surface. 

(i) Equatorial zones of maximum rainfall: This zone extends up to 10
0
 latitudes on 

either side of the equator and falls within intertropical convergence characterized by 

warm and moist air masses. The mean annual rainfall ranges between 1750 mm and 

200 mm. Most of the rains are received through convectional rainfall accompanied by 

lighting and cloud thunder. There is daily rainfall in the afternoon. The rainfall 

intensive is very high as it occurs in the form of heavy showers. The cloud are cleared 

within short period and sky becomes cloudless in the late evening. 
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(ii) Trade wind rainfall zone extends between 10
0
 -20

0
 latitude in both the 

hemisphere and is characterized by north east and south east trade winds. These winds 

yield rainfall in the eastern parts of the continents because they come from over the 

oceans and hence pick up sufficient moisture but as they move westward in continents 

they become dry and thus the western parts of continents become extremely dry and 

deserts. The monsoon regions located in this zone receive much rainfall. Summers 

receive most of the mean annual rainfall. 

(iii) Subtropical zone of minimum rainfall extends between 20
0
 and 30

0
 latitudes in 

both the hemisphere, where descending air from above induces high pressure and 

winds diverge in opposite directions at the ground surface, with the result anticyclones 

are formed. This condition is not conductive for rainfall and hence dry condition  

prevail over large areas. Mean annual rainfall is 900 mm. It may be pointed out that 

all the tropical hot deserts are located in this zone where mean annual rainfall is below 

250 mm. The average annual rainfall become, for the whole zone, higher (900 mm) 

than the average value for the deserts because the eastern parts of the continents 

receive more rainfall from relatively moist trade winds which come from over the 

oceans. Most of annual rainfall occurs during summer months while winter season is 

dry. 

(iv) Mediterranean rainfall zone extends between 30
0
 -40

0
 latitudes in both the 

hemisphere where rainfall occurs through westerlies and cyclones during winter 

season while summers remain dry because this zone comes under the influence of 

trade winds due to northward shifting of wind and pressure belt during northern 

summer (summer solstice). Mean annual rainfall is 1000 mm. 

(v) Mid-latitudinal zone of high rainfall extend between 40
0
-50

0
  latitude in both the 

hemisphere where rainfall occurs through westerlies and temperature cyclones. Mean 

annual rainfall ranges between 1000 mm and 1250 mm. The western parts of the 

continents receive more rainfall. It decrease from the western coastal areas inland. 

Southern hemisphere record more rainfall than northern hemisphere because of the 

dominance of oceans in the former. Winter season receive maximum precipitation 

through temperature cyclones. The precipitation is of long duration but occur in the 

form of light showers. 

cyclones during winter season while summers remain dry because this zone 

comes under the influence of trade winds due to northward shifting of wind and 

pressure belt during northern summer (summer solstice).   



127 

 

 

(vi) Polar zone of low precipitation: Precipitation decrease from 60
0
 latitude 

poleward in both the hemisphere. Mean annual precipitation becomes only 250 mm 

beyond 75
0
 latitude. Most of the precipitation occurs in the form of snowfall. 

 

Patterson has divided  the globe into 15 rainfall zone whereinthe northern and 

southern hemisphere account for 7 zone each and the remaining zone is on either 

side of the equator. These rainfall zones have been identified mainly on the basis 

of seasonal behaviors of rainfall.     

 

 (i) Rains throughout the year     7
0
N to 7

0
 S 

(ii) Summer rains winter dry    7
0
-16

0
  

(iii) Light summer rains     16
0
-20

0
 

(iv) All seasons dry, minimum rains   20
0
-30

0
 

(v) Summer dry, winter rains    30
0
-35

0
 

(vi)Light winter rains     35
0
-40

0
 

(vii) All season rains, maximum in summers  40
0
-70

0
 

(viii) All seasons scanty precipitation mostly  70
0
-90

0
 

         snowfall 

 

 

2.9.4.3 Rainfall Regims (seasonal distribution) 

Precipitation or rainfall regime refers to seasonal behaviour and variation of rainfall. 

Haurwitz and Austin have identified 6 rainfall regimes. 

(i) Equatorial rainfall regime is characterized by rainfall in all seasons but there are 

two maxima in March (vernal equinox) and September (autumnal equinox). Thermal 

convection air currents generate by intense insolational heating of the ground surface 

account for most of the rains Besides, convergence of trade winds also causes 

cyclonic rains. 

This zone extends between 10
0
 N and 10

0
 S latitudes. At the outer limit of this zone 

there is only one rainfall maximum. The rainfall is accompanied by lighting and 

thunder and occur in the form of heavy showers but is of short duration. 



128 

 

(ii) Tropical rainfall regime has one rainfall maximum and one minimum in a year. 

In the northern hemisphere the eastern part of the continents receive maximum and 

minimum rainfall in the months of July and December respectively whereas the 

western parts of the continents get maximum rainfall in December and minimum in 

July. 

(iii) Monsoon rainfall  regime is characterized by maximum rainfall in July and 

August (northern hemisphere). Thus, there is summer maximum and winter minimum. 

Summer rainfall is received through south- west and south wet monsoon winds 

associated with tropical atmospheric disturbances (cyclone). Most of the rains are 

orographic and cyclonic in origin. 

(iv) Mediterranean rainfall regime receive maximum rainfall during winter season 

because of zone of this regime come under the domain of prevailing westerlies  during 

winter due to shifting of pressure and winds belts, Summer is a dry season. 

(v) Continental rainfall regime is characterized by maximum precipitation is 

summers when convective mechanism due to the insolational heating of the ground 

surface is maximum. Winters are dry because of the prevalence of anticyclonic 

condition. This regime is found in the interior of the continents. 

(vi) Maritime rainfall regime: Temperature areas record maximum precipitation in 

winter over the oceans and adjoining coastal areas due to maximum cyclonic activity. 

This regime is found along the western margins of the continents in middle latitudes. 

 

2.9.5 Man- Induced Precipitation 

Man induced precipitation refers to artificial nucleation of ice crystals in supercooled 

clouds through the introduction of dry ice, silver iodide (in the form of iodide powder 

or in the form of smoke), finely ground salt, solid carbon dioxide, iodine compounds 

etc. to augment condensation  process  to yield precipitation.  

The  technique of man-induced precipitation involves cloud seeding by the above 

mentioned materials.  

The cloud seeding comes under the program of weather modification by man 

for various purpose e.g. for hailstorm suppression, dissipation of fog, reduction of 

velocity and force of tropical cyclones (mainly in the USA), suppressions of lighting, 

augmentation of precipitation etc. wherein the latter is the most optimistic purpose.  



129 

 

The above mentioned materials are sent upward in the suppercooled clouds by 

aeroplanes, explosive rockets, balloons, burners (to seed smoke) etc. 

The cloud seeding and intended induced precipitation is also plagued by certain 

problems e.g.  

(i) the assessment of productiveness of cloud seeding to stimulate rainfall is not with 

out error.  

(ii) the expenditure involved in the artificial cloud seeding is very high while the 

result is not so encouraging,  

(iii) the effectiveness of cloud seeding has not been properly demonstrated by 

practical experience,  

(iv) the environmentalists raise objections to such anthropogenic weather modification 

programmers as these may interfere with natural atmospheric and environmental 

process etc. 

 

2.10 SUMMARY:     

In this block it has already been pointed out, distribution of insolation that the tropical 

receive a large amount of insolation than the temperature regions or the colder region 

in higher latitudes. Winds are means by which atmosphere tries to balance out the 

uneven distribution of temperature over the earth surface. But for the winds the 

equatorial regions would become progressively hotter and the polar areas 

progressively colder. And the process of condensation involves a change from water 

vapour to liquid. The most interesting and intriguing aspect is the fact that there are 

more periods of cloudiness without the occurrence of precipitation than with it. 

Sometimes raindrops snow flakes are formed from cloud droplets or ice crystals and 

other times they are not this still one of the mysteries in meteorology. 

2.11 ACTIVITY  

(1) Find out what methods and tools are available togather information regarding the 

atmosphere. 

(2) Maintain record of climatic phenomena such as dust storm, thunderstorm, thick 

fog, dews, frost and heavy down pour in your locality.  

 

 

2.12 QUESTIONS  
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(1) Explain different theories of precipitation.  

(2) What do you understand by general circulation of at mosphere. 

(3) Describe the structure of atmosphere stating different characteristic of the each 

layer. 

(4) Describe the salient feature of the world distribution of rainfall and associated 

controlling faetors. 

(5) How does condensation take place.  

(6) Explain in brief different forms of condensation. 

(7) What is humidity and Explan its types.. 

(8) Define various forces factors in controlling motion of air. 

(9) Define local winds and its importance. 

(10) Write short notes on the following: 

 (a) Insolation (b) Inosphere 

 (c ) Significance of atmosphere to man 

(d) Fog and mist (e) Dew and dew point 

(f) Hail and frost (g) absolute and relative humidity  

(h) conventional precipitation. 
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Unit-3 : Weather System 

 

Structure: 

3.1 Objective  

3.2 Introduction 

3.3 Tropical Temperature and high Latitude 

3.4 Concept of Air masses and atmospheric disturbances 

3.5 Ocean atmospheric interaction EI- Nino 
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 (i) Southern oscillation (ENSO) and Lanina 

3.6 Western disturbances  

3.7 Summary  

3.8 Activity  

3.9 Questions 

3.10 References  

 

   

3.1 OBJECTIVE  

Understand the Characteristics and significance of the inter tropical zone.  

 Be familiar with the principal weather systems that occur in low latitudes and their 

distribution and local effects that influence tropical weather.  

Understand the basic mechanism and characteristics of EI Nino and La Nina events. 

 

 

 

3.2 INTRODUCTION 

Most of the major weather change take place due to the advances and interalation of 

air masses and of the process involved therein. Atmospheric disturbances, cyclones 

and storms, regional weather conditions and transfer of heat and moisture from one 

area to another influencing atmosphere conditions are closely associated with the 

nature and movements of air masses. Hence, besides the individual elements of 

weather and climate, air masses must be included in providing an adequate description 

of atmospheric conditions. 

 

3.3 TROPICAL TEMPERATURE AND HIGH LATITUDE 

Tropical  

Tropical climates are of especial geographical interest because 50% of the surface of 

the globe lies between latitudes 30
0
 N and 30

0
 S, and over 75% of the world‟s 

population inhabit climatically tropical lands.  

The latitudinal limits of Tropical climates very greatly with longitude and season, and 

tropical weather conditions may reach well beyond the Tropics of Cancer and 

Capricorn, for example, the summer monsoon extend to 30
0
 N in South Asia,  but to 
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only 20
0
 N in West Africa, while in late summer and autumn tropical hurricanes may 

effect „extra-tropical‟ areas of East Asia and eastern North America. Not only do the 

Tropical margins extends seasonally poleward, but also in the zone between the major 

tropical high- pressure cells here is frequent interaction between temperate and 

Tropical disturbance. Elsewhere and on other occasions, as illustrated in Plate 23 over 

the western north Pacific, distinct tropical and mid-latitude storms are observed. In 

general, however, the tropical atmosphere is far from being a discrete entity and 

meterological or climatological boundries must be arbitrary. There are nevertheless a 

number of distinctive feature of tropical weather, as discussed below. 

Several basic factors help to shape tropical weather processes and also effect their 

analysis and interpretation. The Coriolis parameter approaches zoro at the equator, so 

that winds may depart considerably from geostrophic balance. Pressure gradients are 

also generally weak, except for tropical storm systems. For these reasons, tropical 

weather maps usually depict streamlines, not isobars or geopotential heights, 

temperature gradient are characteristically weak. Spatial and temporal variations in 

moisture content are much more significant diagnostic characteristics of climate. 

Third, diurnal land breeze regimes play a major role in coastal climates, in part as a 

result of the almost constant day length and strong solar heating. 

 There are also semi- diurnal pressure oscillations of 2 to 3 mb, with minima around 

04:00 and 16:00 hours and maxima around 10:00 and 22:00 hours, Fourth, the annual 

regime of incoming solar radiation, with the sun overhead at the equator in March and 

September and over the Tropics at the respective summer solstices, is reflected in the 

seasonal variations of rainfall at some stations. However, dynamic factors greatly 

modify this conventional explanations. 

 

3.3.1 A The Intertropical Convergence 

The tendency for the trade wind systems of the hemisphere to converge in the 

equatorial (low-pressure) trough has already been noted. Views on the exact nature of 

this feature have been subject to continual revision. From the 1920s the 1940s, the 

frontal concept developed in mid- latitudes were applied in the Tropical, and the 

streamline confluence of the northeast and southeast trades was identified as the 

intertropical front (ITF). Over continental areas such as West Africa and South Asia, 

where in summer hot, drycontinental tropical air meets cooler, humid, equatorial air, 
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this term has some limited applicability (Refer Figure 41), sharp temperature and 

moisture gradients may occur, but the front is seldom a weather producing mechanism 

of the mid-latitude type. Elsewhere in low latitudes, true front ( with a marked density 

contrast) are rare. 

 

Recongnition of the significance of wind field convergence in tropical weather 

production in the 1940s and 1950s led to the designation of the trade wind 

convergence as the intertropical convergence zone (ITCZ). This feature is apparent on 

a mean streamline map, but areas of convergence grow and decay, either in situ or 

within disturbances moving westward, over periods of a few days. Moreover, 

convergence is infrequent even as a climatic feature in the doldrums zone. Satellite 

data show that over the oceans the position and intensity of the ITCZ varies greatly 

from day to day. 

 

The ITCZ is predominantly as oceanic feature where it tends to be located over the 

warmest surface waters. Hence, small difference of sea-surface temperature may 

cause considerable change in the location of the ITCZ. A sea surface temperature of at 

least 27.5
0
 C seems to provide a threshold for organized convective activity; above 

this temperature organized convection is essentially competitive between different 

region potentially available to form part of continuous ITCZ. The convective rainfall 

belt of the ITCZ has very sharply defined latitudinal limits. For example, along the 

West African coast the following mean annual rainfalls are recorded. 

12
0
 N  1939 mm 

15
0 

N  542 mm 

18
0 

N  123 mm 
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In other words, moving southwards into the ITCZ, precipitation increase by 440% in a 

meridional distance of only 330 Kilometre. 

As climatic features, the equatorial trough and the ITCZ are asymmetric about the 

equator, lying on average to the north. 

 

They also move seasonally away from the equator in association with the thermal 

equator (zone of seasonal maximum temperature).  

The location of the 

thermal equator is related 

directly to solar heating 

(Refer Figure 42) and 

there is an obvious link 

between this and the 

equatorial trough in terms 

of thermal lows. 

However, if the ITC were 

to coincide with the 

equatorial trough then this 

zone of cloudiness would 

decrease incoming solar 

radiation, reducing the 

surface heating needed to 

maintain the low-pressure 

trough. In fact, this does not happen.  

 

Solar energy is available to heat the surface because the maximum surface wind 

convergence up lift and cloud cover is commonly located several degree equator ward 

of the trough. In the Atlantic (Refer Figure 42B), for example, the cloudiness 

maximum is distinct from the equatorial trough in August illustrates regional 

difference in the equatorial trough and ITCZ. Convergence of two trade wind system 

occur over the central North Atlantic in August and the Eastern North Pacific in 

February. In contrast, the equatorial trough is defined by eaterlies on its poleward side 

and westerlies on its equatorward side over West Africa in August and over New 

Guinea in February. 
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The dynamics of low – latitude  atmosphere ocean circulation are also involved. The 

convergence zone in the central equatorial Pacific moves seasonally between about 4
0 

N in March to Aprill 4
0
 N in September giving a single pronounced rainfall maximum 

in March to April. This appears to be a response to the relative strengths of the 

northest and southest trades. The ratio of South Pacific/ North Pacific trade wind 

strength exceeds 2 in September but falls to 0.6 in April. Interestingly, the ratio varies 

in phase with the ratio of Antarctic-Arctic sea ice areas; Antarctic ice is at maximum 

in September when Arctic ice is at its minimum. The convergence axis is often 

aligned close to the zone of maximum sea surface temperatures, but is not anchored to 

it. Indeed, the SST maximum located within the equatorial counter-current is a result 

of the interactions between the trade winds and horizontal and vertical motions in one 

ocean-surface layer. 

Aircraft studies show the complete the structure of the central Pacific ITCZ. When 

moderely strong trades provide horizontal moisture convergence, convective cloud 

bands form, but the convergent lifting may be insufficient for rainfall in the absence 

of upper-level divergence. Moreover, although the southest trades cross the equator, 

the mean monthly resultant winds between 115
0
 and 180

0
 W have, throughout the 

year, a more southerly component north of the equator and more northerly one south 

of it, giving a zone of divergence (due to the sign change in the Coriolis parametre) 

alonge the equator. 

 

In the south western sectors of the Pacific and Atlantic Oceans, satellite cloudiness 

studies indicate the presence of two semi-parametre confluence zone (see Refer 

Figure 41). These do not occur in the eastern south Atlantic and South Pacific, where 

there are cold ocean currents. The South Pacific convergence zone (SPCZ) shown in 

the western South Pacific in February (summer) in now recognized as an important 

discontinuity and zone of maximum cloudiness.  

 

It extends from the eastern tip of Papua New Guinea to about 30
0
 S, 120

0
 W. 

At sea-level, moist north easterlies, west of the South Pacific subtropical anticyclone 

converge with south easterlies ahead of high-pressure systems moving eastward from 

Australia. The low – latitude section west of 180
0
 longitude is part of the ITCZ  

system, related to warm surface waters.  However, the maximum precipitation is south 



138 

 

of the axis of maximum sea- surface temperature and the surface convergence in south 

of the precipitation maximum in the central South Pacific.  

The south east ward orientation of the SPCZ is caused by interactions with the 

mid-latitude westerlies. Its south eastern end is associated with have disturbance and 

jet stream cloud on  the South Pacific polar front. The link across the subtropics 

appears to reflect upper level tropical mid-latitude transfers of moisture and energy, 

especially during subtropical storm situations. Hence the SPCZ show substantial short 

term and interannual variability is strongly associated with the phase of the Southern 

Oscillation. During the northern summer the SPCZ is poorly developed, whereas the 

ITCZ is strong all across the Pacific.  

During the southern summer the SPCZ is well developed, with a weak ITCZ 

over the western tropical Pacific. After April the ITCZ strengtherns over the western 

Pacifc, and the SPCZ weakens as it moves westward and equatorward. In the Atlantic, 

the ITCZ normally begins its north ward movement in April to May, when South 

Atlantic sea-surface temperatures start to fall and both the sub tropical high pressure 

cell and the south east trades intensify. In cold, dry years this movement can begin as 

early as February and in warm, wet years as late as June. 

 

3.3.2 B Tropical Disturbances 

 It was not until the 1940s that detailed accounts were given of types of tropical 

disturbance other than the long-recognized tropical cyclone. Our view of tropical 

weather systems was revised radically following the advent of operation 

meteorological satellites in the 

1960s. Special program of 

meteorological measurements of 

the surface and in the upper air, 

together with aircraft and ship 

observation, have been carried out 

in the Pacific and Indian Oceans, 

the Caribbean Sea and the tropical 

eastern Atlantic.  
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Five categories of weather system may be distinguished according to their space and 

timescales (Refer Figure 43). The smallest, with a life span of a few hours, is the 

individual cumulus, 1 to 10 kilometre in diametre, which is generated by dynamically 

induced convergence in the trade wind boundary layer. In fair weather, cumulus 

clouds are generally aligned in „cloud streets‟, more or less parallel to the wind 

direction or form polygonal honeycomb- pattern cells, rather then scattered at random. 

This seems to be related to the boundary- layer structure and wind speed. This is little 

interaction between the air layers above and below the cloud base under these 

conditions, but in disturbed weather condition updrafts and downdrafts cause 

interaction between the two layers, which intensifies the convection.  

Individual cumulus towers, associated with violent thunderstorms, developed 

particulars in the intertropical convergence zone. Sometimes reaching above 20 

kilometre in height and having updrafts of 10 to 14 m s
-1 

. In this way, the smallest 

scale of system can aid the development of larger disturbances. Convection is most 

active over sea surface with temperature exceeding 27
0
 C, but above 32

0
 convection 

ceases to increase, due to feedbacks that are not yet fully understood. 

The second  category of system develops through cumulus clouds becoming 

grouped into mesoscale convective areas (MCAs) up to 100 kilometre across (see 

Figure 43). In turn, several MCAs may comprise a cloud cluster 100 to 1000 

kilometre in diametre. These subsynoptic- scale systems were initially identified from 

satellite images as amorphous cloud areas; they have been studied primarily from 

satellite data over the tropical oceans. Their definition rather arbitrary, but they may 

extends over an area 2
0
 square up to 12

0
 square. It is important to note that the peak 

convective activity has passed when cloud cover is most extensive through the 

spreading of cirrus canopies.  

Clusters in the Atlantic, defined as more than 50% cloud extending over an 

area of 3
0
 square, show maximum frequencies of ten to fifteen clusters per month neat 

the ITC and also at 15
0
 to 20

0
 N in the western Atlantic over zones of high sea-surface 

temperature. They consist of cluster of mesoscale convective cells with the system 

having a deep layer of convergent air flow (see Figure 43). Some persist for only one 

to two days, but others develop within synoptic- scale waves. Many aspects of their 

development and role remain to be determined.  

While convection has been stressed, studies in western equatorial Pacific „warm pool‟ 

region indicate that large rain areas in cloud clusters consist mainly of stratiform 
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precipitation. This accounts for over 75% of the total rain area and for more than half 

of the rain amount. Moreover, the cloud systems are not „warm clouds‟ but are made 

up of ice particles. 

The fourth category of tropical weather system includes the synoptic-scale waves and 

cyclonic vortices and the fifth group is represented by the planetary- scale waves. The 

planetary waves (with a wavelength from 10,000 to 40,000 kilomwtre). Two types 

occur in the equatorial stratosphere and another in the equatorial upper troposphere. 

While they may interact with lower tropospheric systems. They do not appear to be 

direct weather mechanisms. The synoptic-scale systems that determine much of the 

„disturbed weather‟ of the tropics are sufficiently important and varied to be discussed 

under the headings of wave disturbance and cyclonic storms. 

 

(A) Wave disturbances 

Several types of wave travel westward in the equatorial and tropical easterlies; the 

differences between them probably result  from regional and seasonal variations in  

the structure of the tropical atmosphere. Their wavelength is about 2000 to 4000 

kilometre, and they have a life span of one to two weeks, traveling some 6
0
 to 7

0
 

degree longitutde per day. 

The first wave types to be described in the tropics was the easterly wave of the 

Caribbean area. This system is quite unlike a mid-latitude depression. There is a weak 

pressure trough, which usually slopes eastward with height, typically the main 

development of cumulonimbus cloud and thundery showers is behind the trough line. 

This pattern is associated with horizontal and vertical motion in the easterlies. Behind 

the trough, low-level air undergoes convergence, while ahead of it there is divergence. 

This follows from the equation for the conservation of potential vorticity, which 

assumes that the air traveling at a given level does not change its potential  

temperature (i.e., dry adiabatic motion). 

 

ƒ+ ζ  

Δp =k 

 

 

Where f= the Coriolis parametre, ζ=relative vorticity (cyclonic positive) and Δp= the 

depth of the tropospheric air column.  
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Air overtaking the trough line is moving both poleward and towards a zone of 

cyclonic curvature, so that if the left- hand 

side of the (Refer Figure 44) equation is to 

remain constant Δp must increase. This 

vertical expansion of the air column 

necessitates horizontal contraction 

(convergence). 

 

Conversely, there is divergence in the air 

moving south ward ahead of the trough 

and curving anticyclonically. The true 

divergent zone is characterized by 

descending, drying air with only a shallow 

moist layer near the surface, while in the 

vicinity of the trough and behind it the 

moist layer may be 4500 m or more deep. 

When the easterly air flow is slower then 

the speed of the wave, the reverse pattern 

of low-level convergence ahead of the 

trough and divergence behind it is observed as a is often the case in the middle 

troposphere, so that the pattern of vertical motion shown in Figure 44 is augmented. 

The passage of such a transverse wave in the trades commonly produces the following 

weather sequence; 

(a) In the ridge ahead of the trough: fine wether, scattered cumulus cloud, some haze.  

(b) Close to the trough line: well- developed cumulus, occasional showers, improving 

visibility. 

(c) Behind the trough: veer of wind direction, heavy cumulus and cumulonimbus, 

moderate or heavy thundery showers and a decrease of temperature.  

Satellite  photography indicates that the classical easterly wave is less common than 

was once supposed. Many Atlantic disturbance show an „inverted V‟ wave form in the 

low-level wind field and associated cloud, or a „comma‟ cloud related to vortex.  

They are often apparently linked with a wave  pattern on the ITC further south. West 

African disturbances that move out over the eastern tropical Atlantic usually exhibit 
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low-level confluence and upper-level diffluence ahead of the trough, giving maximum 

precipitation rates in this same sector. Many disturbances in the easterlies have a 

closed cyclonic wind circulation at about the 600 mb level.  

It is difficult to trace the growth processes in wave disturbances over the ocean 

and in continental areas with sparse data convergence, but some generalization may 

be made. 

At least eight out of ten disturbances develop some 2 to 4
0
 latitude poleward 

of equatorial trough. Convection is set off by convergence of moisture in the airflow, 

enhanced by friction, and maintained by entrainment into the thermal convective 

plumes (see Figure 44). Some ninety tropical disturbances develop during the June to 

November hurricane season in the tropical Atlantic, about one system every three to 

five days. More than half of these originate over Africa. According to N.Frank, a high 

ratio of African depression in the storm total in a given season indicates tropical 

characteristics, whereas a low ratio suggest storm originating from cold lows and the 

baroclinic zone between Sahara air and cooler, moist monsoon air, Many of them can 

be traced western into the eastern North Pacific. Out of an annual total of sixty 

Atlantic waves, 23% intensify into tropical depressions and 16% become hurricanes.  

Developments in the Atlantic are closely related to the structure of the trades. In the 

eastern sectors of  subtropical anticyclones, active subsidence maintains a pronounced 

inversion at 450 to 600 m (Refer Figure 45). Thus the cool eastern tropical ocean are 

characterized by extensive, but shallow, marine stratocumulus, which gives little 

rainfall. Downstream the inversion weakens and its base rises (Refer Figure 46) 

because the subsidence decrease away from the eastern part of the anticyclones and 

cumulus towers penetrate the 

inversion from time to time, 

spreading moisture into the  dry air 

above. 

Easterly waves tend to 

develop in the Caribbean when the 

trade wind inversion is weak or even 

absent during summer and autumn, 

whereas in winter and spring 

subsidence aloft inhibits their growth, 
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although disturbances may move westward above the inversion. Waves in the 

easterlies also originate from the penetration of cold fronts into low latitudes. In the 

sector between two subtropical high pressure cells, the equatorward part of the front 

tends to fracture generating a westward moving wave.  

 

The influence of these features on 

original climate is illustrated by the 

rainfall regime. For example, there is a 

late summer maximum at Martinique 

in the Windward Islands (15
0
 N) when 

subsidence is weak, although some of 

the autumn rainfall is associated with 

tropical storms. In may trade wind 

areas, the rainfall occur in a few 

rainstorms associated with some form 

of disturbance. Over a ten-year period, 

Oahu (Hawaii) had an average of 24 rainstorms per year, ten of which accounted for 

more than two-thirds of the annual precipitation. There is quite high variability of 

rainfall from year to year in such areas, since a small reduction in the frequency of 

disturbance can have a large effect on rainfall totals. 

In the central equatorial Pacific, the trade wind systems of the two hemisphere 

converge in the equatorial trough. Wave disturbances may be generated if the trough 

is sufficiently far from the equator (usually to the north) to provide a small Coriolis 

force to begin cyclone motion. These disturbances quite often become unstable, 

forming a cyclonic vortex as they travel westward towards the Philippines, but the 

winds do not necessarily attain hurricane strength.  
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The synoptic chart for part of the northwest Pacific on 17 August 1957 (Refer 

Figure 47) shows the three development stages of tropical low-pressure systems. An 

incipient easterly wave has for west of Hawaii, which however, filled and dissipated 

over the next twenty-four hours. A well- developed wave is evident near Wake island, 

having spectacular cumulus towers extending above 9 Kilometre along the 

convergence zone some 480 kilometre east of it. This wave developed within forty-

eight hours into a circular tropical storm with winds up to 20 m s
-1

, but not into a full 

hurricane. A strong, closed circulation situated east of the Philippiness is moving 

northwest ward. Equatorial waves may form on both sides of the equator in an eastery 

current located between about 5
0
 N and S. In such cases divergence ahead of a trough 

in the northen hemisphere is paired with convergence behind a trough line located 

further to the west in the southern hemisphere. 

 

 

 

 

 

The reader  may confirm that this should be so by applying  the equation for the 

conservation of potential vorticity, remembering that both ƒ and  ζ operate in the 

reverse sense in the southern hemisphere. 
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3.3.2 Temperate  

Noun-frontal Atmospheric Disturbance in Temperate Zone 

Such disturbances fall into the following types which have been briefly described 

below; tropical depression, thermal lows, lee depressions, and polar air depressions.  

 

3.3.2.1.1 Tropical depression. On occasions tropical disturbance in the last 

stage of their movement enter into the west wind belt. As they move onward they get 

involved into the extratropical cyclones for wave cyclones found in their vicinity and 

acquire fronts and contrasting air masses. However, some of the tropical depressions 

disintegrate soon after entering into the west  wind belt. On the contrary, a few of 

them may also redevelop into strong extratropical storms. 

 

3.3.2.1.2 Thermal lows. These depressions originate exclusively in summer and 

are the result of intense day time heating of the continental area. These weather 

disturbances are also called heat lows. In summer, the intense heating of continents, 

particularly the desert area, produces shallow depressions which hardly move out of 

their source regions. The weather changes produced by these storms are only short-

lived. Strong  convective activity sometimes produces cumulonimbus clouds which 

give thundershowers. Areas where there is no polar front in summer in the temperate 

zone may experience thermal lows. 

The summer-time thermal lows in the vicinity of Persian Gulf are typical examples of 

this type of weather disturbance. The weather produced by these storms does not 

exhibit the characteristics of a true extratropical frontal cyclone. 

 

3.3.2.1.3 Lee depressions. Such weather disturbances are produced on the lee 

side of the mountain barriers. When the westerlies are blocked by a north-south 

mountain barrier, the air flow undergoes contraction over the ridge and expansion on 

the lee side. Thus, there is a convergence and cyclonic curvature in the lee of the 

barrier. Such depressions are common in winter to the south of the Alps and the Atlas 

mountains. Other regions where such depressions originate in winter are Colorado and 

Texas situated to the east of the Rockies. When these depressions move out, they 

attract polar air masses and acquire  fronts. Thereafter they develop all the 

characteristics of an extratropical depressions. Dark nimbus clouds, showery rainfall 
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or snowfall and high velocity winds are some of the characteristics feature of the 

weather associated with them.  

 

3.3.2.1.4 Polar- air depressions. These storms are winter-time phenomena 

produced by unstable maritime polar air currents moving southward on the eastern 

side of a ridge of high pressure generally in the rear of an occluding disturbances. 

Polar lows originating over the North Atlantic affect the weather of north-western 

Europe in winter. Sometimes they also acquire fronts. 

From the foregoing discussion it is clear that not all disturbances of the temperate 

zone originate on the polar fronts, nor do they have all the characteristics of a typical 

wave cyclone. However, it is true that all the weather disturbance described above 

have low pressure at their centres, and all produce unsettled weather. 

 

3.3.3 High Latitudes 

3.3.3.1 The southern westerlies 

The strong zonal airflow in the belt of the southern westerlies, which is apparent only 

on mean monthly maps, is associated with a major frontal zone characterized by the 

continual passage of disturbances and ridges of higher pressure.  

Throughout the Southern 

Ocean, this belt extends southward 

from about 30
0
 S in July and 40

0
 S in 

January (See Refer Figure 48) to the 

Antarctic trough which fluctuates 

between 60
0
 and 72

0
 S. The Antarctic 

trough is a region of cyclonic 

stagnation and decay that tends to be 

located furthest south at the equinoxes. 

Around New Zealand, the westerly air 

flow at an elevation of 3 to 15 

kilometre in the belt 20
0
 to 50

0
 S 

persists throughout the year. 

 It becomes a jet stream at 150 

mb (13.5 kilometre), over 25 to 30
0
 S, 
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with a velocity of 60 ms
-1

 in May to August, decreasing to 26 ms
-1

   in February. In 

the Pacific, the strength of the westerlies depends on the meridional pressure 

difference between 40 and 60
0
 S, being  on average greatest all the year south of 

western Australia and west of southern Chile. (Refer Figure 52) Many depressions 

form  as waves on the inter anticyclonic fronts, which move south east ward into the 

belt of the westerlies. Others form in the westerlies at preferred location such as south 

of Cape Horn, and at around 45
0
 S in Indian Ocean in summer and in the South 

Atlantic off the South American coast and around 50
0
 S in the Indian Ocean in winter. 

The polar front is associated most closely with the sea-surface temperature gradient 

across the Antarctic convergence, whereas the sea ice boundaries further south are 

surrounded by equally cold surface water(Figure 48B). 

In the South Atlantic, depressions travel at about 1300 kilometre /day near the 

northern edge of the belt, slowing to 450 tp 850 kilometre /day within 5
0
 to 10

0
 

latitude of the Antarctic trough. In the Indian Ocean eastward velocities range from 

1000 to 1300 kilometre /day in the belt 40
0
 to 60

0
 S, reaching a maximum in a core at 

45
0
 to 50

0
 S. Pacific depressions tend to be similarly located and generally form, 

travel and decay within a period of about a week. As in the northern hemisphere, high 

zonal index results from a strong meridional pressure gradient and is associated with 

wave disturbances propagated east ward at high speed with irregular and often violent 

winds and zonally oriented fronts. Low zonal index results in high- pressure ridges 

extending further south and low-pressure centres located further north. However, 

breakup of the flow, leading to blocking, is less common and less persistent in the 

southern than in the northern hemisphere. 

The southern westerlies are linked to the belt of traveling anticyclones and troughs by 

cold fronts, which connect the inter- anticyclonic troughs of the latter with the wave 

depressions of the former. Although storm tracks of the westerlies are usually well to 

the south of Australia (Figure 49), fronts may extend north into the continent, 

particularly from May, when the first rains occur  in the south west. On average, in 

midwinter (July), three depressions center skirt the south coast.  
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When a deep depressions center moves to the south of New Zealand, the passage of 

the cold front causes that country to be covered first by  a warm, moist westerly or 

northerly air flow and then by cooler southerly air. A series of such depressions may 

follow at intervals of twelve to thirty-six hours, each cold front being followed by 

progressively colder air. Further east over the South Pacific, the northern fringe of the 

southern westerlies in influenced by north westerly winds, changing to west or south 

west as depressions move to the south. This weather pattern is interrupted by periods 

of easterly winds if depressions systems track along lower latitudes than usual.  

 

3.3.3.2 The sub-Arctic 

The longitudinal differences in mid-latitude climates persist into the  northern polar 

margins, giving rise to maritime and continental subtypes, modified by the extreme 

radiation conditions in winter and summer. For example,  radiation receipts in 

summer along the Arctic coast of Siberia compare favourably, by virtue of the long 

day light, with those in lower mid- latitudes.  

The maritime type is found in coastal Alaska, Iceland, northern Norway and adjoining 

parts of Russia. Winters are cold and stormy, with very short days. Summer are 

cloudy but mild with mean temperature of about 10
0
 C. For example,  Vardo in 

northern Norway has monthly mean temperature of -6
0
 C in January and 9

0
 C in July, 

while Anchorage in Alaska records -11
0
 C, respectively. Annual precipitation is 
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generally between 60 and 125 Centimetre, with a cool season maximum and about six 

months of snow cover.  

The weather is controlled mainly by depressions, which are weakly developed in 

summer. In winter, at the Alaskan area is north of the main depressions tracks and 

occluded fronts and upper troughs are prominent, whereas northern Norway is 

affected by frontal depressions moving into the Barents Sea. Iceland is similar to 

Alaska, although depressions often move slowly over the area and occlude, whereas 

others moving north eastward along the 

Denmark Strait bring mild, rainy 

weather. 

The interior, cold-continental climates 

have much more severe winters, 

although precipitation amounts are 

smaller. At Yellow Knife, 62
0
 N, 114

0
 

W for instance, the mean January 

temperature is only -28
0
 C. In these 

regions, permafrost (permanently 

frozen ground) is widespread and often 

of great thaw and, as the water cannot 

drain away readily this „active layer‟ 

often remains water logged. Although 

frost may occur in any month, the long 

summer days usually give three months 

with mean temperature above 10
0
 C, 

and at many stations extreme maxima 

reach 32
0
 C or more. (Refer Figure 50) 

The Barren Grounds of Keewatin, however, are much cooler in summer due to the 

extensive areas of lake and muskeg; only July has a mean daily temperature of 10
0
 C 

Labrador-Ungava to the east, between 52
0
 and 62

0
 N, is rather similar with very high 

cloud amounts and maximum precipitation in June to September. In winter, conditions 

fluctuate between periods of very cold, dry, high-pressure weather and spells of dull, 

bleak, snowy weather as depression move east ward or occasionally north ward over 

the area. In spite of the very low mean temperature in winter, There have been 
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occasions when maxima have exceeded 4 degree C during incursions of maritime 

Atlantic air. 

Such variability is not found in eastern Siberia, which is intensely continental, 

apart from the Kamchatka Peninsula, with the northern hemisphere‟s  cold pole 

located in the remote northest. Verkhoyansk and Oimyakon have a January mean of -

50 degree C, and both have recorded in absolute minimum of -67.7 degree C. Stations 

located in the valleys of northern Siberia (Refer Figure 51) record, on average, strong 

to extreme frost 50% of the time during six months of the year, but very warm  

summer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.3.4 The polar regions 

Common to both polar regions is the semi-annual alternation between polar night and 

polar day, and the prevalence of snow and ice surface. These factors control the 

surface energy budget regimes and low annual temperature. The polar regions are also 

energy sinks for the global atmospheric circulation, and in both cases they are 

overlain by large-scale circulation vortices in the middle troposphere and above. In 
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many other respects, the two polar regions differ markedly because of geographical 

factors. 

 The north polar region comprises the Arctic Ocean, with its almost year-round sea ice 

cover, surrounding tundra land areas, the Greenland Ice Sheet and numerous smaller 

ice-caps in Arctic Canada, Svalbard and the Siberian Arctic Islands. In contrast, the 

south polar region is occupied by the Antarctic continent, with an ice plateau 3 to 4 

kilometre high, floating ice shelves in the Ross Sea and Weddell Sea embayments, 

and surrounded by a seasonally ice-covered ocean. Accordingly, the Arctic and 

Antarctic are treated separately.  

 

3.3.4.1 The Arctic 

At 75
0
 N,  the sun is below the horizon for about ninety days, from early November 

until early February. Winter air temperature over the Arctic Ocean average about -32
0
 

C, but they are usually 10
0
-12

0
 C higher some 1000 m above the surface as a result of 

the strong radiative temperature inversion. The winter seasonal is generally stormy in 

the Eurasian sector, where low-pressure systems enter the Arctic Basin from the North 

Atlantic, whereas anticyclones conditions predominate north of the Alaska over the 

Beaufor and Chukchi seas. In spring, high pressure prevails, centered over the 

Canadian Arctic Archipelago- Beaufort Sea.  

The average of 3 to 4 m thickness of sea ice in the Arctic Ocean permits little 

heat loss to the atmosphere and largely decouples the ocean and atmosphere system in 

winter and spring. The winter snow accumulation on the ice averages 0.25 to 0.30 m 

depth. Only when the ice fractures, forming a lead, or where persistent offshore winds 

and/ or up welling warm ocean water form an area of open water and new ice (called a 

polynya), is the insulating effect of sea ice disrupted.  

The ice in the western Artice ciculates clock wise in a gyre driven by the mean 

anticyclonic pressure field. Ice from the northern margin of this gyre, and ice from the 

Eurasian sector, moves across the North Pole in the Transpolar Drift Stream and exits 

the Arctic via Fram Strait and the East Greenland current (see Figure 49 A). This 

export largely balances the annual thermodynamic ice growth in the Arctic Basin. In 

late summer, the Eurasian shelf seas and the coastal section of the Beaufort sea are 

mostly ice-free.  
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In summer, the Arctic Ocean has mostly overcast conditions with low stratus and fog. 

Snowmelt and extensive meltwater puddles on the ice keep air temperature at around 

freezing. Low-pressure systems tend to predominate, entering the basin from either 

the North Atlantic or Eurasia. Precipitation may fall as rain or snow, with the largest 

monthly totals in late summer to early autumn. However, the mean annual net 

precipitation minus evaporation over the Arctice, based on atmospheric moisture 

transport calculations, is only about 180 mm. 

On Arctic land areas there is a stable 

snow cover from mid-september until 

early June; when melt occurs within 

ten to fifteen days. As a result of the 

large decrease in surface albedo, the 

surface energy budget undergoes a 

dramatic change to large positively 

values (Refre Figure 52). The tundra 

is generally wet and boggy as a result 

of the permafrost table only 0.5 to 

1.0m below the surface, which 

prevents drainage.  

Thus, the net radiation is expended 

primarily for evaporation. 

Permanently frozen ground is over 

500 m  thick in parts of Arctic North 

America and Sibera and extends 

under the adjacent Arctice coastal 

shelf areas. Much of the Queen 

Elizabeth Islands, the Northwest 

Territories of Canada and the Siberian Arctic Islands is cold, dry polar desert, with 

gravel or rock surfaces, or ice-caps and glaciers.   

 

Nevertheless, 10 to 20 kilometre inland from the Arctic coasts in summer, day time 

heating disperses the stratiform cloud and afternoon temperature may rise to 15
0
 to 

20
0
 degree C. 
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The Greenland ice sheet, 3 kilometre thick and covering an area of 1.7 million 

kilometre, contains enough water to raise globel sea-level by over 7 m if it were all 

melted. However, there is no melting above the equilibrium line altitude (where 

accumulation balances ablation), which is at about 2000 m (1000m) elevation in the 

south of Greenland. 

 The ice sheet largely create its own climate. It deflects cyclones moving form New 

found land, either northward into Baffin Bay, or north east ward towards Ice land. 

These storms give heavy snowfall in the south and on the western slope of the ice 

sheet. A persistent shallow inversion overlays the ice sheet with down- slope katabatic 

winds averaging 10 m s
-1

 , except when storm system cross the area.  

 

3.3.4.2 Antarctica  

Except for protruding peaks in the Transantartic Mountains and Antarctic Peninsula, 

and the dry valleys of Victoria Land (77
0
 S, 160

0
 E), over 97% of Antarctica is 

covered by a vast continental ice sheet. The ice plateau averages 1800 m elevation in 

West Antarctica and 2600 m in East Antarctica, where it rises above 4000 m (82
0
 S, 

75
0
 E). In September, sea ice averaging 0.5 to 1.0 m in thickness covers twenty 

million km of the Southern Ocean, but 80% of this melts each summer (See Figure 

49B). 

Over the ice sheet, temperature are almost always well below freezing. The South 

Pole (2800-m elevation) has a mean summer temperature of -28
0
 C and a winter 

temperature of -58
0
 C. Vostok (3500 m) recorded -89

0
 C in July 1983, a world record 

minimum. Mean monthly temperatures are consistently close to their winter value for 

the six months between  equinoxes, creating a so-called „coreless winter‟ (Refer 

Figure 53). Atmosphere poleward energy transfer balances the radiative loss of 

energy.  
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Nevertheless, there are considerable day-to-day temperature changes associated with 

cloud cover increasing downward long-wave radiation, or winds mixing warmer air 

from above, the inversion strength is about 20 to 25 degree C. Precipitation is almost 

impossible to measure, as a result of blowing and drifting snow. Snow pit studies 

indicate an annual accumulation 

varying from less than 50 mm over 

the high plateaux above 3000 m 

elevation to 500 to 800 mm in some 

coastal areas of the Bellingshausen 

Sea and parts of East Antarctica.  

Lows in the southern westerlies have 

tendency to spiral clockwise towards 

Antarctica, especially from south of 

Australia towards the Ross Sea, from 

the South Pacific towards the 

Weddell Sea, and from the western 

South Atlantic towards Kerguelen 

island and East Antarctica (Refer 

Figure 54). Over the adjacent 

Southern Ocean, cloudiness exceeds 

80% year- round at 60
0
 to 65

0
 S due 
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to the frequent cyclones, associated with alternating lows and highs.  Over the 

interior, cloud cover is generally less than 40% to 50% and half of this amount in 

winter. 

The poleward air circulation in the tropospheric polar vortex leads to subsiding 

air over the  Antarctic Plateau and out ward flow over the ice sheet surface. 

The winds represent a balance between gravitational acceleration, Coriolis 

force (acting to the left), friction and inversion strength. On the slopes of the ice sheet, 

there are stronger downslope katabatic flows, and extreme speeds are observed in 

some coastal locations. Cape Denison (67 degree S, 143 degree E), Adelie Land, 

recorded average daily wind speeds of >18 m s
-1

  on over 60 percent of days in 1912 

to 1913. 

 

3.4  CONCEPT OF AIRMASSES AND ATMOSPHERIC 

DISTURBANCES  

The content of this block examine the classical idea about airmasses and their role in 

the formation of frontal boundaries and in the development of extratropical  cyclones. 

It also discusses the limitations of those ideas and more recent models of mid-latitude 

weather systems. Mesoscale systems in mid-latitudes are also treated. The content of 

this block concludes with a brief overview of weather forecasting  

 

3.4.1 The Airmass Concept 

An airmass is defined as a large body 

of air whose physical properties 

(temperature, moisture content and 

lapse rate) are more or less uniform 

horizontally for hundreds of kilometre. 

The theretical ideal is a barotropic 

atmosphere where surfaces of constant 

pressure are not intersectedby isosteric 

(constant density) surfaces, (Refer 

Figure 55) so that in any vertical cross- 

section, distinctive physical properties of the overlying air through vertical mixing. 
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A degree of equilibrium between the surface conditions and the properties of the 

overlying airmass will be achieved if the air remains over a given geographical 

regions for a period of about three to seven days. The chief source regions of air 

masses are necessarily areas of extensive, uniform surface type that are over load by 

quasi-stationary pressure systems. These requirements are fulfilled where there is 

slow divergents flow from the major thermal and dynamic high-pressure cells. In 

contrast, low-pressure as shown in, isobars and isotherms are parallel. 

 

Three factors determines the nature and degree of uniformity of air mass 

characteristics:  

(i) the nature of the source area where the air mass obtains its original qualities;  

(ii) the direction of movement and changes that occur as an air mass moves over long 

distance; and  

(iii) the age of the air mass. Air masses are classified on the basis of two primary 

factors. The first is temperature, giving arctic, polar and tropical air, and the 

second is the surface type in their region of origin, giving maritime and 

continental categories. 

 

3.4.1.1  Nature Of The Source Area 

The basic data of air mass formation is that radioactive and turbulent transfers of 

energy and moisture, between the land or ocean surface and the atmosphere, give rise 

to regions are zones of  convergence into which air mass move. 

The major cold and warm air mass will now the discussed below. 

 

3.4.1.2 Cold air masses 

The principal sources of cold air in the northern hemisphere are  

(i) The continental anticyclones of Siberia and northern Canada where continental 

polar (cP) air masses form, and  
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(ii) the Arctic Basin, when it is dominated by high pressure in winter and spring 

(Refer Figure 56). Some times Arctic Basin air is designated as continental Arctic 

(cA), but the difference between cP and cA air masses are limited mainly to the 

middle and upper troposphere, where temperature are lower in the cA air. 

 

The snow- covered source regions of these two air masses lead to marked cooling of 

the lower layers (Refer Figure 57). Since the vapour content of cold air is very 

limited, the air masses generally 

have a mixing ratio of only 0.1-0.5 

g/kg near the surface. The stability 

produced by the effect of surface 

cooling prevents vertical mixing, so 

further cooling occur more slowly 

by radiation losses only. The effect 

of this radiative cooling and the 

tendency for air masses subsidence 

in high-pressure regions combine to 

produce a strong temperature inversion from the surface up to about 850 mb in typical 

cA or cP air.  
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Because of their extreme dryness, small cloud amounts and low temperatures 

characterizes these air masses. In summer, continental heating over northern Canada 

and Siberia causes the virtual disappearance of their source of cold air. The Arctic 

Basin source remains (Refer Figure 58), but the cold air here is very limited in depth 

at this time of year. In the southern hemisphere, the Antarctic continent and the ice 

shelves are a source of cA air in all seasons (see Figure 56B and 58B). There are no 

source of cP air, however, due to the dominance of ocean areas in middle latitudes. At 

all seasons, cA or cP air is greatly modified by a passage over the ocean. Secondary 

types of air masses are produced by such means and these will be considered below. 

 

 

3.4.1.3 Warm air masses 

These have their origins in the subtropical high pressure cells and, during the summer 

season, in the bodies of warm surface air that characterize the heart of large land 

areas. 

The tropical (T) sources are:  

(i) maritime (mT), originating in the oceanic subtropical high pressure cells;  

(ii) continental (cT), either originating from the continental parts of these subtropical 

cells (e.g. as does the North African Harmattan(; or  

(iii) associated with regions of generally light variable winds, assisted by upper 

tropospheric subsidence, over the major continents in summer (e.g. Central Asia). 
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In the southern hemisphere, the source area of m T air covers about half of the 

hemisphere. There is no significant temperature gradient between the equator and 

the oceanic subtropical convergence at about 40
0
 S. 

The mT type is characterized by high temperatures (accentuated by the warming due 

to subsidence), high humidity of the lower layers over the oceans, and stable 

stratification. Since the air is warm and moist near the surface, stratiform cloud 

commonly develops as the air moves poleward from its source.  

The continental type in winter is restricted mainly to North Africa (see Figure 56), 

where it is a warm, dry and stable air mass. In summer, warming of the lower layers 

by the heated land generates a steep lapse rate, but despite its instability the low 

moisture content prevents the developments of cloud and precipitation. In the 

southern hemisphere, cT are is rather more prevalent in winter over the subtropical 

continents, except for South America. In summer, much of Southern Africa and 

northern Australia is affected by mT air, while there is a small source of cT air over 

Argentina (see Figure 58B). 

The characteristics of the primary (Refer Figure 59) air masses are illustrated in 

Figures 57 and 59. In some cases, movement away from the source region has 

considerably affected their properties. 

 

Source regions can also 

be defined from analysis 

of air streams. 

Streamlines of the mean 

resultant winds in 

individual months may 

be used to analyses area 

of divergence 

representing air mass 

source regions, different 

air streams.  shows air 

mass dominance in the 

northern hemisphere in 

terms of annual duration. 
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Four sources are indicated: the subtropical North Pacific and North Atlantic 

anticyclones, and their souithern hemisphere counterparts.  

For the entire year, air from the these sources covers at least 25% of the northern 

hemisphere; for six months of each year they affect almost three-fifths of the 

hemisphere. In the ocean-dominated southern hemisphere, the air stream climatology 

is much simpler (Refer Figure 60). Source areas are the oceanic subtropical 

anticyclones. Antarctica is the major continental source, with another mainly in winter 

over Australia. 

 

 

3.4.1.4 Air Mass Modification 

As an air mass moves away from its source region it is affected by different heat and 

moisture exchange with the ground surface and by dynamic processes in the 

atmosphere. Thus a barotropic air mass is gradually changed into a moderately 

baroclinic air stream in which isosteric and isobaric surface intersect one another. 

The presence of horizontal temperature gradients means that air can not travel as solid 

block maintaining an unchanging internal structure. The trajectory (i.e. actual path) 

followed by an air parcel in the middle or upper of a parcel near the surface, due to the 

increase of westerly wind velocity with height in the troposphere. The structure of an 

air stream at a given instant is largely determined by the past history of air mass 
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modification processes. In spite of these qualifications, the air mass concept retains 

practical value and is now used in air chemistry research. 

 

3.4.1.5 Mechanisms of modification 

The mechanisms by which air masses are modified are, for convenience, treated 

separately, although in practice they may operate together. 

 

a  Thermodynamic changes 

An air mass may be heated from below either by passing from a cold to a warm 

surface or by solar heating of the ground over which the air is located. Similarly, but 

in reverse, air can be cooled from below. Heating from below acts increase air mass 

instability, so the effect may be spread rapidly through a considerable thickness of air, 

whereas surface cooling produces a temperature inversion, which limits the vertical 

extent of the cooling. Thus, cooling tends to occur gradually through radiative heat 

loss by the air.  

Changes may also  occur through increase evaporated, the moisture being supplied 

either from the underlying surface or by precipitation from an overlying air mass 

layer. In reverse, the abstraction of moisture by condensation or precipitation can also 

cause changes. An associated, and most important, changes is the respective addition 

or loss of latent heat accompanying this condensation or evaporation. Annual values 

of latent and sensible heat transfers to the atmosphere. 

 

b Dynamic changes 

Dynamic (or mechanical) changes are superficially different from thermodynamic 

changes because they involve mixing or pressure changes associated with the actual 

movement of the air mass. The physical properties of air masses are considerably 

modified.  

This process is particularly important at low levels, where surface frictions intensifies 

natural turbulence, providing a ready mechanism for the upward transfer of heat and 

moisture. 

The radiative and advective exchanges discussed earlier are diabatic but the ascent or 

descent of air causes adiabatic changes of temperature. Large- scale lifting may result 

from forced ascent by a mountain barrier or from air stream convergence. Conversely, 
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sinking may occur when high-level convergence sets up subsidence or when stable 

air, that has been forced up over the high ground by the pressure gradient, descends in 

its lee. Dynamic processes in the middle and upper troposphere are in fact a major 

cause of air mass modification. The decrease in stability aloft, as air moves away from 

areas of subsidence, is a common example of this type of mechanism. 

 

3.4.1.6 The results of modification secondary air masses 

Study of the ways in which air masses change in character tells us a great deal about 

many common meteorological phenomena. 

 

a  Cold air 

Continental polar air frequently streams out from  Canada over the western Atlantic in 

winter, where it undergoes rapid transformation. Heating over the Gulf Stream drift 

makes the lower layers unstable, and evaporation into the air leads to sharp increase of 

moisture content and cloud formation. The turbulence associated with the convective 

instability is marked by gusty conditions. When the air reaches the central Atlantic, it 

becomes a cool, moist, maritime polar (mP) air mass. Analogous processes occur with 

out flow from Asia over the north Pacific. Over middle latitudes of the southern 

hemisphere, the circumpolar ocean gives rise to a continuous zone of mP air that, in 

summer, extends to the margin of Antarctica. In this season, however, a considerable 

gradient of ocean temperature associated with the Antarctic convergence makes the 

zone far from uniform in its physical properties. Bright periods and squally 

cumulonimbus, typify the weather in cP air streams. As mP air moves eastward 

towards Europe, the cooler sea surface may produce a neutral or even stable 

stratification near the surface, especially in summer, but subsequent heating over land 

will again regenerate unstable conditions. Similar conditions, but with temperature, 

arise when cA air crosses high-latitude oceans, producing maritime Arctic (mA) air. 

When cP air moves south ward in winter, over central North America, for example, it 

becomes more unstable, but there is little gain in moisture content. The cloud type is 

scattered shallow cumulus, which gives showers only rarely. Exceptions occur in 

early winter around the eastern and southern shores of Hundson Bay and the Great 

Lakes. Until these water bodies freeze over, cold air streams that cross them are 

warmed rapidly and supplied with moisture, leading to locally heavy snowfall.  
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Over Eurasia and North America, cP air may move southward and later recurve 

northward. Some schemes of air mass classification cater for such possibilities by 

specifying whether the air is colder (k), or warmer (w), than the surface over which it 

is passing. 

 In some parts of the world, the surface conditions and air circulation produce air 

masses with inter mediate characteristics. Northern Asia and northern Canada fall into 

this category in summer. In a general sense, the air has affinities with continental 

polar air mass but these land areas have extensive bog and water surface, so the air is 

moist and cloud amounts quite high. In a similar manner, melt-water pools and 

openings in the Arctic pack-ice make the area a source of maritime Arctic (mA) air 

summer (see Figure 63). This designation is also applied to air over the Antarctic 

pack-ice in winter than is much less cold in its lower levels than the air over the 

continent itself. 

 

b  Warm air 

The modification of warm air masses is usually a gradual process. Air moving pole 

ward over progressively cooler surfaces becomes increasingly stable in the lower 

layers. 

 

In the case of m T air high moisture content, surface cooling may produce advection 

fog, which is particularly common, for example, in the south western approaches to 

the English Channel during spring and early summer, when the sea is still cool. 

Similar development of advection for in m T air occurs along the South China coast in 

February to April, and also off New found land and over the coast of northern 

California in spring and summer. If the wind velocity is sufficient for vertical mixing, 

low-stratus cloud forms in the place of fog, and drizzle may result. In addition, forced 

ascent of the air by high ground, or by overriding of an adjacent air mass, can produce 

heavy rainfall. 

The cT air originating in those parts of the subtropical anticyclones situated over the 

arid subtropics in summer is extremely hot and dry. It is typically unstable at low 

levels and dust storms may occur, but the dryness and the subsidence of the upper air 

limit cloud development. In the case of North Africa, cT air may move out over the 

Mediterranean, rapidly acquiring moisture, with the consequent release of potential 

instability triggering off showers and thunderstorm activity. 
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Air masses in low latitudes present considerable problems of interpretation. The 

temperature contrasts found in middle and high latitudes are virtually absent and what 

difference do exist are due principally to moisture content and to the presence or 

absence of subsidence. Equatorial air is usually cooler than that subsiding  in the 

subtropical anticyclones. for example, on the equator ward sides of the subtropical 

anticyclones in summer, the air moves westward from areas with cool sea surfaces 

(e.g. off north west Africa and California) towards higher sea-surface temperature. 

 Moreover, the south western parts of the high-pressure cells are affected only by 

weak subsidence due to the vertical structure of the cells. As a result, the mT air 

moving west ward on the equator ward side of the subtropical highs becomes much 

less stable than that on their north eastern margin. Eventually, such air forms the very 

warm, moist, unstable „equatorial air‟ of the Intertropical Convergence Zone (see 

Figure 61 and 63). Monsoon air is indicated separately in these figures, although there 

is no basic difference between it and mT air. 

 

3.4.1.6 The age of the air masses 

Eventually, the mixing and modification that accompanies movement of an air mass 

away from its source cause rate of energy exchange with its surroundings to diminish, 

and the various associated weather phenomena tend to dissipate. This process leads to 

the loss of its original identity until, finally, its features merge with those of 

surrounding air streams and the air may time under the influence of a new source 

region.  

North west Europe is shown as an area of „mixed‟ air masses in (Figure 61 and 63).  

This is intended to refer to the variety of sources and directions from which air may 

invade the region. The same is also  true of the Medrerrannean Sea in winter, although 

the area does impart its own particular characteristics to polar and other air masses 

that stagnate over it. Such air is termed medrerranean. In winter, it is convectively 

unstable as a result of the moisture picked up overnice Mediterranean Sea. 

The length of time during which an air mass retains its original characteristics 

depends very much on the extern of the source area and the type of pressure pattern 

affording the area. In general, the lower air is changed much more rapidly than that at 

higher levels, although dynamic modifications aloft are no less significant in terms of 
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weather processes. Modern air mass concepts must therefore the flexible from the 

point of view of both symmetric and climatological studies.          

     

3.4.2 Atmospheric Disturbances 

The thermal and dynamic effects of general circulation, as represented by the zones 

and wind belts, give rise to secondary circulation which produce the most noticeable 

changes in weather. Even through the term „secondary circulation‟ include such 

atmospheric phenomena as monsoon circulations, air mass, fronts and upper level 

vortices, it is particularly applied to the traveling disturbance which originate in the 

middle and high latitudes as well as within the tropics. Extratropical cyclones, 

anticyclones and tropical cyclones offer some of the best examples of such 

disturbances. As a matter of fact, the general circulation pattern may be regarded as a 

background upon which atmospheric disturbance of varying magnitudes are super 

imposed. 

Besides the major feature of secondary circulation, the day-to-day weather of a 

locality is also controlled by such local phenomena as are included in the category of 

third-order circulations. They include gravity winds, fall winds, valley and mountain 

breezes, land and sea breezes, thunderstorms, and tornadoes etc. The effects of these 

local disturbances on weather are sometimes quite dramatic. 

 

The most interesting aspect of the second and third-order circulation is that sometimes 

they mask the general circulation. The general circulation is like the flow of a stream, 

and various types of atmospheric disturbances may be likened to the eddlies and 

cross- currents which characterize the same. 

If we look at the daily weather maps published regularly, various irregularities of flow 

will appear on them. The synoptic charts published in the countries of middle latitudes 

in particular are always full of such irregularities. It is to be pointed out that weather 

maps depicting the  weather condition of a particular day at a particular locality fail to 

show the seasonal wind-flow or isobaric patterns. On the contrary, annual charts or 

maps of pressure and winds cannot show the traveling atmospheric disturbance or any 

local weather phenomenon on them. 
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3.4.2.1 Climatic significance of atmospheric disturbances. The 

atmospheric disturbances play a vital role in the complex processes of exchange of 

heat between different latitude zones. True, the maximum control of these 

disturbances on the day-to-day weather is seen in the middle latitude zone. The 

traveling cyclones and anticyclones make the weather highly variable, because there 

is an element of uncertainty in their time of arrival as well as frequency. Various wave 

cyclones and vortices are superimposed on the general circulation and pressure system 

of the mid-latitude zone. 

Precipitation, an important climatic element, is also controlled by various atmospheric 

disturbance visiting the temperate lands. The convergent wind-system of the cyclones 

is helpful in the lifting and cooling of extensive air mass which results in 

precipitation. Extratropical cyclones that travel from the nearby oceans to the 

continents make the atmosphere humid. It is these cyclones which account for a major 

part of rainfall in different part of our globe. On the contrary, the anticyclones with 

their divergent wind system are produce of dry weather.  

 

In maintaining the latitudinal heat balance and in the transfer of heat across different 

latitudinal zone the atmospheric disturbance contribute a lot. Besides, in the 

transference of humidity from one part of the earth to another, these disturbances have 

no less important a part to play. 

An understanding of the atmospheric disturbance of various magnitudes enable the 

weather scientist to make prediction as regards their time and place of occurrence. In 

addition to this, storm warnings can be given well in advance so that protective 

measures are taken  to save life and property. Moreover, environmental protection as 

well as weather modification are directly related to our capacity to understand as 

completely as possible the natural environmental processes involved in these weather 

phenomena and to make use of this knowledge in a positive and constructive manner. 

(see cyclones and antivyclones in block 2, Unit 4). 

 

3.5 OCEAN ATMOSPHERIC INTERACTION EL.NINO 

EL NINO-LA phenomenon 

El Nino is considered a significant weather phenomenon event which occurs off the 

west coast of S. America mainly off the Peru Coast. The El Nino event was first 
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noticed in the year 1541. Since then more than a dozen events have occurred. La Nina 

event was identified and named as La Nina phenomenon in the year 1986 but its 

occurrence was recorded in 1950-51, 1954-56, 1964-65, 1970-72, 1973-74, 1974-76, 

1984-85, 1988-89, 1995-96 etc. 

The occurrence of La Nina event strengthens Southern Oscillation and Walker 

Circulation, the eastern Pacific Ocean off the Peru Coast is characterized by relatively 

colder water and dry condition while the western equatorial Pacific Ocean has warm 

water and more humid weather, trade winds become more vigorous, the south and 

south-east Asia receives more precipitation etc. 

A subsurface warm current, known as El Nino Current, flows from north to south 

between 3
0
 S and 36

0
 S latitudes at distance of about 180 kilometre from the Peruvian 

coast. The southward shifting of the counter equatorial warm current during southern 

winter gives birth to El Nino current. The temperature at Peruvian coast does not fall 

considerably because of this current. Though the amount of rainfall increase along the 

coasts due to this current but fishes die due to disappearance of planktons and 

occurrence of guano disease and pests caused by El Nino.  

It may be pointed out that El Nino also effects monsoons in the Indian Ocean, when 

El Nino is extended to the southern and of S America warm waters is pushed east 

ward to join the south Atlantic westerlies drift which brings warm. Water in the 

southern Indian Ocean during southern winters. Consequently, the high pressure in the 

Indian Ocean during southern winter is not intensified due to which the south-west 

summer monsoon is weakened.  

Presently, El Nino is considered as a weather event of phenomenon. El Nino is 

considered as Christ child while La Nina as younger sister of El Nino has been related 

to the increase of temperature of east Pacific Ocean off Peravean coast while La Nina 

is related to the warming the eastern Pacific Ocean. The strong El Nino bring heavy 

rainfall exceeding normal rainfall resulting into lush green other wise dry coastal land 

of Peru. The cold water mass near Peruvian coast becomes warm due to strong El 

Nino event resulting into heavy rainfall in the first half of the year (January to March).  

Earlier the people of Peru in the event of dry conditions while looking towards the sky 

prayed „Ye God‟ give us rain and keep drought away but when they came to know 

that copious heavy rainfall causing mass destruction of marine life (mainly death of 

fishes due to disappearance of planktons) was associated with strong El Nino event, 

they began to pray, „Ye God‟ give us rain and keep El Nino away.  
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The heavy rainfall associated with strong El Nino event makes coastal Peruvian 

deserts green and there is rich harvest of cotton, coconuts and bananas but there is 

oceanic biological disaster. It may be maintained that in the event of strong El Nino 

the tropical eastern Pacific receives four to six times more rainfall than normal 

amount but dry condition prevails in the tropical western Pacific resulting into severe 

drought in Indonesia, Bangladesh, India etc. The wide spread fire in the forest of 

Indonesia in 1997-98 was related to drought resulting from strong El Nino event. La 

Nino is counter ocean current which becomes effective in the tropical western Pacific 

when El Nino become  ineffective in the tropical eastern Pacific. The dry condition in 

the western Pacific is terminated and wet condition is introduced in the tropical 

western Pacific by La Nina.  

 

3.5.1 Effects of El Nino Events 

The occurrence of El Nino events brings far reaching impacts on weather conditions 

in the northern hemisphere in general and tropical and subtropical regions in 

particular, marine life, vegetation, agriculture and human health and wealth. Two El 

Nino events of 1982-83 and 1997-98 have proved more disastrous.  

The 1982-83 El Nino caused rise in normal temperature in the north-eastern parts of 

Canada and Alaska, rise in winter normal temperature in eastern part of the united 

states of America; serve drought condition and failure of monsoon in S.E. and South 

Asia mainly Indonesia and India, excessive rainfall and substantial fall in fish catch 

near the Peruvain coasts coral bleaching in the Pacific Ocean spread of encephalitis 

disease in the eastern united states of America droughts in Mexico. S.E., Africa, 

Australia and New Zealand etc.  

The 1997-98 El Nino event caused rise in normal sea surface temperature by S.E. in 

the Pacific Ocean and Indian Ocean (2,0) which resulted in coral bleaching and mass 

destruction of corals. About 95% of shallow water coral in Baharain, Maldives, Sri-

Lanka, Singapore and Tenjanta were killed due to tasphic bleaching while 50%-70% 

corals died due to severe bleaching in Kenya, Secheelles, Japan, Thailand, Vietnam, 

Andman and Nicobar Islands etc.  

The years of strong El Nino bring severe drough conditions in India, Indonesia, 

Australia, Mexico, South Africa, Philippines etc. which results in irreparable loss 

agricultural production, devastating forest fire in Indonesia. Through strong El Nino 
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brings copious rainfall in coastal deserts of Peru and Chile making the deserts lush 

green but it causes mass killing of fishes mainly anchovy species due to starvation 

because the presence of warm water stops the up welling of cold water and nutrients 

from below and hence the supply of planktons is substantially is further elaborated in 

(ENSO). 

 

3.5.2 (i) Walker Circulation and El-Nino Southern Osillation (ENSO) 

and Lanina 

Certain variations are found  from the atmospheric general circulation pattern e.g. 

surface trades, westerlies and polar winds circulation and tricellular meridional 

(monsoon) winds may be zonal circulation of tropical winds is an important variant 

from general atmospheric circulation. This typical east-west circulation of tropical 

wind is called circulation circulation walker circulation named after famous scientist 

G.T.Walker in 1922-23.  

In fact, Walker circulation is a zonal convective cell of air circulation, which is 

formed due to the development of pressure gradient front east to west in the equatorial 

Pacific ocean. After two- three this general condition of east-west pressure gradient 

reversed i.e., pressure gradient becomes from west to east (Refer Figure 66B). Thus, 

there are oscillations in pressure gradient and air circulation after the intervals of 2-3 

years. Walker called such oscillation as southern oscillation. 

Walker circulation and southern oscillations are driven by the sea surface pressure 

gradient from the equatorial eastern Pacific Ocean (near the western coastal areas of 

South America) to the equatorial western Pacific ocean (near S-E Asian coasts). In 

normal conditions high pressure development ops on the sea surface of the equatorial 

east Pacific ocean and the western coastal lands of South America (Refer Figure 66A) 

due to subsidence of air from above and up welling of cold oceanic water.  

On the other hand, low pressure is formed in the equatorial western Pacific  ocean due 

to rise of air form the warm sea surface. This pressure gradient from east to west 

generates east-west circulation of trade winds on the surface while there is reverse 

upper air circulation i.e. from west to east (See Refer Figure 66A) which completes a 

convective cell. This east-west air circulation drives the ocean water mass from the 

western coast of South America towards the west.  
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This phenomenon facilitates up welling of cold sea water near the coasts of Peru and 

Equador resulting if further cooling of air, high air pressure, atmospheric stability and 

dry weather condition. Contrary to this, east-west air circulation becomes warm north-

east trades in the equatorial west Pacific ocean where it, after being heated, rises 

upward, becomes stable and causes precipitation. After rising to certain height it turns 

eastward and descends in the equatorial eastern Pacific ocean to complete the 

convective cell (figure 66A). This is now evident that tropical eastern and western 

Pacific is characterized by dry and wet weather conditions respectively.  

 

By October-November the low air pressure of the tropical western Pacific is shifted to 

the tropical eastern Pacific causing weakening of trade winds. This reversal in 

pressure condition facilitates the return of warm sea water which was driven from the 

coasts of South America westward, towards the tropical east Pacific. Consequently, 

low air pressure is formed in the south-east Pacific mainly off the coasts of South 

America (Equador and Peru), upwelling of cold sea water is stopped, warm air rises 

upward and becomes unstable and ultimately yields rainfall after condensation has got 

reversed. This event is called El Nino Phenomenon. The rising air in the east Pacific 

cools above and turns west ward in the troposphere and ultimately descends in the 

tropical west Pacific giving birth to high pressure which drives warm air towards the 

coasts of South America. Thus, again a complete convective cell is formed. Such 

condition is called El Nino-Southern Oscillation Event (ENSO Event). In fact, 

changes in the positions of air pressure in the tropical eastern and western Pacific are 

called southern oscillations.  

During El Nino event Walker circulation is weakened due to the development 

of equatorial westerlies on sea surface (Figure 61B) but Hadley circulation is 

activated. This phenomenon again activates trade winds which again drive sea-water 

of the tropical eastern Pacific westward resulting in the up welling of cold water from 

below, weakening of El Nino event and re-establishment of normal condition (Figure 

61A). 
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It may be mentioned that the phases and strengths of the Southern Oscillation (spatio 

temporal shifting of pressure systems (high and low) between tropical eastern and 

western Pacific Ocean) are determined on the basis of differences of air pressure 

between these two areas, to be more specific, between Tahiti (eastern Pacific, 18
0
 S 

latitude and 150
0
 W longitude) and Darwind (Australia, western Pacific, 12

0
 S latitude 

and 130
0
 E longtitude).  

The phases of the SO are termed as Southern oscillation Index (SOI) wherein two 

phases are most significant, namely high phase and low phase. High phase of SO 
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indicates normal conditions or non-ENSO phase wherein tropical eastern and south-

eastern Pacific is characterized by strong high pressure system whereas low pressure 

system develops in the tropical western Pacific, strong easterly winds dominate over 

the surface, tropospheric subtropical westerly jet streams are weakend and shift 

poleward in both the hemisphere, La Nina effects set in, monsoon becomes strong and 

brings copious precipitation in the south and south-eastern Asian regions, tropical 

south America (i.e. Amazonia) and Africa (i.e. central Africa), and almost dry 

condition in the tropical eastern Pacific (i.e. western coastal areas of S. America 

mainly Peru and Chile). 

The low phase of so is indicative of reversal of non-ENSO phase as described above 

and on set of El Nino phase characterized by the development of high pressure system 

over tropical western Pacific and low pressure system over tropical eastern Pacific, 

dominance of El Nino event off the Peruvian and Chilean coasts and accentuated 

rainfall but disappearance of La Nina phenomenon from the tropical western Pacific 

and decreased precipitation in India and Indonesia resulting into drought condition. 

 

3.6 WESTERN DISTURBANCES 

The cyclones or depressions developed near the Meditterean Sea are termed as the 

western disturbance. They move towards India through Iran and Pakistan. They move 

towards India through Jaran and Pakistan. They come under the influence of westerly 

Jet stream which brings then to northern part of India in winter Season. They caused 

wide spreads rain in the north-west part of plain of India. This winter rain is very 

useful and beneficial to the rabicrops. 

The western disturbances originate near the Meditterean sea in the winter. They move 

eastward. The westely Jet Stream prevails over the the northern  plain of Indian In 

winter. Hence, these disturbances come under the influence of the westerly jet stream 

which brings them to the Indian sub-continent, They cause wide spread rainfall in this 

region. This winter rainfall is very use full and effective for the rabicrops. 

 

3.7 SUMMARY  

Ideal airmasses are defined in terms of barotropic conditions, where isobars and 

isotherms are assumed to be parallel to each other and to the surface. Seasonal 

changes in the ice landic low and the Azores high, together with variations in cyclones 
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activity control the climate of western Europe. The Arctic and Antarctic differ 

markedly because of the type of surface, a permeably ice-covered Arctic ocean 

surrounded by land areas and a high Antarctic ice plateau surrounded by a southern 

ocean and thin  seasonal sea ice. 

The equatorial Pacific ocean sector plays a major role in climate anamolies 

throughout much of the tropics. It irregular three of five year intervals the tropical 

easterly winds over the eastern central. Pacific weaken up welling  ceases off south 

America and the usual convection over Indonesia shifts east ward towards the central 

Pacific. Such made ENSO events which replace the normal La Nino made. Seasonal 

predictions snow some success for the evalution of the ENSO regime. Atlantic 

hurricane activity and west African rainfall. 

 

3.8 ACTIVITY 

(1) Maintain  a record of climatic phenomenon such as duststrom, 

thunderstorm thick fog, dew in your locality. At the end of the year you 

would be in a position to generate your data- the frequency and intensity of 

each type of phenomenon. Correlate your findings with climate of  your 

region. 

 

3.9 QUESTIONS  

(1) What is an air masses and on what basis are air masses classified. 

(2) What are western disturbances. 

(3) Discuss briefly the formation of temperate cyclones. 

(4) What do you understand by ocean atmospheric interaction El Nino and its effect  

(5) Compare and constrast tropical and temperature cyclones. 

(6) What is thermodynamic modification of air mass. 

(7) Write short notes:- 

 (1) Front (2) Occluded front 

 (3) Inter tropical convergence zone 

 (4) Dynamic modification of air mass 

 (5) The polar region 
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BLOCK-2: Monsoons and Classification 

Unit – 4 Monsoons 

  Structure 

4.1 Objective 

4.2 Introduction 

4.3 Monsoon winds 

4.4 Norwesters and Cyclones 

4.5 Tropical and Temperate Phenomena 

4.6 Climate of India and its Controls 

4.7 Summary 

4.8 Activity 

4.9 Questions 

4.10 References 

 

4.1 OBJECTIVE 

Understand the characteristics and significance of the Monsoons. 

Know some of the local effects that influence tropical and temperate phenomena. 

Know where and how tropical cyclones tend to occur. 

Understand basic characteristics of Climate of India. 

 

4.2 INTRODUCTION 

Although the atmospheric circulation has been outlined and the behaviour and origin 

of extra tropical cyclones examined. The direct distribution of pressure systems to the 

daily and seasonal variability of weather in the westerly wind belt is quite apparent to 

inhabitants of the temperate lands. Nevertheless, there are equally prominent contrasts 

of regional climate in mid latitudes that reflect the interaction of geographical and 

meteorological factors. The contrasts in temperature cause changes in air density 

which are responsible for variations cause horizontal movements of air called winds. 

Winds transport heat and moisture from one region to another and thus help in the 

occurrence of precipitation and affect both temperature and humidity. Moreover 

different types and regions are characterized by distinctive pressure and wind 

conditions. This unit concludes with brief overview of climate forecasting. 
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4.3 MONSOON WINDS. 

The word monsoon has been derived from the Arabic word „Mausim‟ which means 

season. The monsoon winds thus refer to wind systems that have a pronounced 

seasonal reversal of direction. (Refer 

Figure 62) Traditionally, monsoon winds 

were explained as land and sea breezes on 

a large scale. Thus, they were considered 

convectional circulation on a giant scale. 

 

 Unfortunately this explanation does 

not provide an adequate basis for 

understanding the working of the system. 

Among the current theories of origin of the 

monsoon, the one proposed by (Flohn 

1968) has the widest acceptance. 

Accordingly, the monsoon is a seasonal 

modification of the general planetary wind 

system. The Asiatic monsoon regime is a 

consequence of the interaction of both 

planetary and regional factors, both at the 

surface and in the upper troposphere. 

 During summer, the sub-tropical 

high pressure belt and the thermal equator 

are displaced northward in response to the changing pattern of solar heating of the 

earth. In Southern Asia this movement is magnified by the effects of the vast land 

mass. The equatorial westerlies embedded in tropical easterlies also move northward. 

From the ocean, they move towards the land mass and blow over the Asian continent. 

These are the south-westerly summer monsoon. During winter, the sub-tropical high 

pressure belt and the thermal equator retreat southward. The normal trade wind is re-

established. This is known as winter monsoon. 

 The monsoon winds blow over India, Pakistan, Bangladesh, Burma, Sri Lanka, 

Arabian Sea, Bay of Bengal, South-Eastern Asia, Northern Australia, China and 

Japan. 
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 The summer monsoon is characterized by highly variable weather with frequent 

spells of drought and heavy rains. The winter monsoon is a gentle drift of air in which 

the winds generally blow from the north-east. Retreating monsoon cause sporadic 

rainfall especially in the north-eastern parts and the Tamil Nadu coastal areas of India. 

Outside India, in the Asiatic countries such as China and Japan, the winter monsoon is 

stronger than the summer monsoon. Along the coast, the cold continental dry air 

masses and warm oceanic humid air masses clash and produce heavy cyclonic rains. 

 Monsoons are the winds which change their direction in different seasons. This 

is due to the fact that the surface of the earth, which consists of land and sea masses, 

acts differently to the insolation applied to it and accordingly the pressure is also 

different. The unequal heating of land and water areas causes the monsoons. During 

summer when the land has become quite hot, the contiguous ocean areas are relatively 

cooler. The air of the land rises up in the form of convection currents and to replace it 

would flow in the moist air of the oceans. During winter the conditions would be 

reverse or just the opposite and winds would blow from the land towards the oceans. 

 In lower latitudes the temperatures are uniformly high throughout the year while 

in the higher latitudes the temperature over the land is never so high as to disturb the 

prevailing pressure conditions. Hence, these types of circulation only take the form of 

land and sea breezes. But in the middle latitudes because of the vast range of 

temperature conditions, these land and sea breezes become semi-permanent and are 

known as the Monsoon Winds. 

 These monsoon 

winds are the most 

powerful on the 

subcontinents of India 

and China. During 

summer, (Refer Figure 

63) the interior of Asia 

and India become 

centres of great heat 

and a powerful low 

pressure develops 

there. Comparatively 

the water surface of the Indian Ocean is cooler and the pressure gradient is towards 
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the heated interior. This factor is so important that trade winds are substituted by 

monsoon winds blowing from the southwest. Since it moves from water to land the 

summer monsoon is moist and brings rain. 

 In the winter season the 

interior of Asia and India is 

very cold and a very high 

pressure area exists  there. In 

comparison, the contiguous 

areas of the Indian Ocean are 

warmer and the pressure 

gradient exists towards the 

outlying oceans. As such the 

wind begins to blow from the 

interior of the (Refer figure 

64) continent towards the ocean and is known as the northeast monsoon. Coming 

from the dry air interior it is cold and dry. It only brings rain when it reaches some 

portion after crossing the sea. 

 The Chinese monsoon is disturbed by cyclonic storms but the Indian monsoon is 

comparatively steadier. The southwest monsoon is stronger than the northeastern one 

and blows at a speed of 27 to 35 miles per hour. 

 

4.3.1 Southward Shift of the Monsoons. 

Several climatologists are now convinced that strange things have been happening to 

the weather around the world during  (Refer figure 65) the past few decades. Severe 

draughts have 

ravaged parts of 

Africa, south of 

the Sahara, and 

India for several 

successive years. 

They have struck 

Central America, 

too. On the other 
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hand, places as widely scattered as the Mild-western USA, the Philippines, North 

Africa and Italy have been submerged in some of their severest floods in centuries. 

Temperature  fell steeply in Siberia, killing the harvest, while European Russia and 

North-eastern USA enjoyed unprecedented warm winters. The very severe winter of 

1963 over large parts of Europe, the excessive amounts of ice in the polar seas in 

1968, the severe draughts in North Africa and India in 1973 – these are considered to 

be the most spectacular manifestations of a change in the global weather pattern. 

 Some scientists put the blame for these recurring draughts and floods on global 

cooling trend. “Global temperatures since 1945” says Lamb, “constitute the longest 

unbroken trends downward in hundreds of years”. The most dangerous effect of the 

cooling trend is in the alteration of the circulation pattern of the winds that swing 

about in the Earth‟s atmosphere – particularly in shifting Farther south the vital 

monsoon rain upon which large sections of Africa, Asia and Central America depend, 

resulting in droughts in these areas and severe floods and winter blizzards elsewhere 

in the world. 

 Cold period from AD 1500 to 1700 has earned the name „The Little Ice Age‟, 

since it was marked by exceptionally severe winters in western Europe. Since that 

time, particularly since the end of the nineteenth century, the swing had been towards 

higher winter temperatures. This lasted until 1940, after which the trend reversed 

again. In fact, the winter of 1962-63 was the coldest in Britain for the past 150 years. 

 As far as the atmosphere is concerned, Carl Gustav Rossby in 1941 derived from 

fundamental geophysical considerations a tricellular general circulation model 

consisting of (i) a trade wind cell also called the Hadley cell extending from the 

equator to about30
o
 latitude, (ii) a middle latitude cell (Ferrel cell) from 30

o
 to 60

o
 

latitude, and (iii) a polar front cell (the Rossby cell) from 60
o
 to 90

o
 latitude in in each 

hemisphere. This ingenious “vertical circulation” model, in association with other 

physical and dynamical principles governing the earth atmosphere system, has been 

able to explain quite satisfactorily the general meteorological features like pressure 

distribution, wind systems and precipitation patterns over the globe. 

 

4.3.2 Other Winds and Types of Winds. 

Due to horizontal differences in the air pressure, air flows from areas of high pressure 

to areas of low pressure. Horizontal movements of the air are called wind. It is 
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nature‟s attempt to balance in equalities in the air pressure. The vertical or nearly 

vertical movement of air is referred to as air current. Winds and air currents together 

comprise a system of circulation in the atmosphere. Since unequal heating of the 

earth‟s surface is one of the main reasons for the pressure differences, solar radiation 

may be called the ultimate driving force of wind. If the earth were stationary and had 

a uniform surface, air would flow directly from high pressure areas to low pressure 

areas. But none of these conditions exist and, therefore, direction and speed of wind 

are controlled by a combination of factors. These are: the pressure gradient force, 

gravity, the coriolis effect, the centripetal acceleration and fiction. 

 To get anything to change, its velocity requires a net imbalanced force in one 

direction. The force that drives the winds results from horizontal pressure differences 

which is produced from the region to higher pressure towards the areas of lower 

pressure between two points, the steeper is the pressure gradient and the higher to 

lower pressure area and perpendicular to the isobars the initial tendency of the winds 

is to blow parallel to the gradient and at right angles to the isobars. 

 Due to rotation of the earth, (Refer Figure 66) winds do not cross the isobars at 

right angles as the pressure gradient force directs but get deflected from there original 

path. 

 This deviation is the result of 

the earth‟s rotation and is called the 

Coriolis effect or coriolis force. 

Due to this effect winds in the 

Northern Hemisphere move to the 

left with respect to the rotating earth. 

It is known as the Ferrel’s Law. The 

coriolis force changes wind direction 

but not its speed. It is noteworthy 

that this deflection force does not 

seem to exist until the air is set in 

motion and it increases as the wind 

speed increases. Due to inward 

acceleration of air towards the centre 

of rotating on the earth, it is possible for the air to maintain a curved path (parallel to 

the isobars) about a local axis of high or low pressure. It is known as centripetal 
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acceleration. Along and near the earth‟s surface wind does not move freely in a 

horizontal plane due to irregularities in the earth‟s surface. The toughness of the 

terrain causes friction which determines the angles at which the air will flow across 

the isobars, as well as the speed at which it will move. It may also alter wind 

direction: over relatively smooth ocean surface, friction will be low and the air will 

move at comparatively lower angles to the isobars and hence at a greater speed. Over 

rugged terrain, friction will be high and therefore the angle of the airflow will also be 

high and speed much reduced. 

 

4.3.3 Types of Winds 

There are some winds which blow throughout the year from one latitude to the other 

in response to the latitudinal 

differences in air (Refer figure 67) 

pressure. These are known as 

prevailing winds or planetary 

winds. Certain winds reverse their 

direction periodically with season 

and are called periodic winds. There 

are certain winds in different parts 

of the world which flow in 

comparatively small area and have 

special characteristics. These are 

called local winds and their 

nomenclature is usually derived 

from the regional language. 

 

4.3.3.1 Planetary Winds 

These winds blow over the vast area of the continents and oceans. The two most well-

understood and significant winds for climate and human activities are the trade winds 

and the westerly winds. 
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4.3.3.2 The Trade Winds 

The winds blowing from the sub-tropical high pressure areas 30
0
N. and S towards the 

equatorial low pressure belt are the extremely steady winds known as the trade winds. 

The name trade comes from the German word trade meaning „track‟. To blow trade 

means „to blow steadily in the same direction and in a constant course‟. Its 

nomenclature has nothing to do with the English word trade, which means business or 

commerce. These winds should have blown from the north to the south in the 

Northern Hemisphere and from the south to the north in the Southern Hemisphere. 

But the Coriolis effect and the Ferrel‟s Law explain how these winds are deflected to 

the right in the Northern Hemisphere and to the left in the Southern Hemisphere. 

Thus, they flow as the north-eastern trades in the Northern Hemisphere and the south-

eastern trades in the Southern Hemisphere. 

 Trade winds have contrasting properties in different parts. In the area of their 

origin they are descending and stable. The poleward part is therefore dry. As they 

reach the equator, they become humid and warmer after picking up moisture in their 

way. They become unstable and produce rainfall. Near the equator, the two trades 

clash with each other and on the line of convergence they rise and cause heavy 

rainfall. The eastern parts of the trade winds associated with the cool ocean currents, 

are drier and more stable than the western parts of the ocean. 

 

4.3.3.3 The Westerlies 

The winds blowing from the sub-tropical high pressure belts towards the sub-polar 

low pressure belts are known as westerlies. They blow from south-west to north-east 

in the Northern Hemisphere and north-west to south-east in the Southern Hemisphere. 

 In the Northern Hemisphere, vast land masses with their irregular relief and 

changing seasonal patterns of pressure tend to obscure the general westerly airflow. 

The westerlies of the Southern Hemisphere are stronger and more constant in 

direction than those of the Northern Hemisphere, because of the vast expanse of 

water. The westerlies are best developed between 40
o
 and 65

o
S. latitudes. These 

latitudes are often called Roaring Forties, Furious Fifties and Shrieking Sixties, which 

are dreaded terms for navigators. 
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 The poleward boundary of the westerlies is highly fluctuating. There are many 

seasonal and short-term fluctuations. These winds produce spells and variabilities in 

weather. 

 

4.3.3.4 Periodic Winds 

The winds changing their direction periodically with change in season are called 

periodic winds. Monsoons are the best examples of large scale modification of the 

planetary wind system. Land and sea breeze, and mountain and valley breeze also 

come under this category. 

 

4.3.3.5 Land and Sea Breezes 

The land and sea breezes affect only a narrow strip along the coast. During day time, 

the land gets more heated than the adjacent sea and develops low air pressure. The sea 

being cool develops a comparatively higher pressure. The warm air of the land being 

lighter ascends and its place (Refer Figure 68) is taken by the cooler air coming from 

the sea, which is called sea breeze. At the higher elevation, warm air gets cooled and 

moves towards the sea. Hence, sea breezes blow during day at the lower level and 

moderate the weather of the coastal fringe. At night, rapid radiation makes the land 

cooler than the adjoining sea. This results in high pressure over the land and low 

pressure over the sea. Air starts blowing from land to sea and is known as land 

breeze. 
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4.3.3.5 Mountain and Valley Breezes 

A diurnal or daily wind similar to land and sea breezes occurs in most mountainous 

regions. During day time the slope of the mountain (Refer Figure 69) is heated more 

than the valley floor. As such the air from the valley flows up the slope. This is known 

as valley breeze. After sunset the pattern is reversed. Rapid lose of heat through 

terrestrial radiation along the mountain slopes results in sliding of cold dense air from 

higher elevations of valleys. This is called mountain breeze. 

 

4.3.3.6 Local winds 

Local winds develop as a result of local differences in temperature and pressure. They 

affect small areas and are restricted to the lowest levels of the troposphere. 

 

4.3.3.7 Loo 

In the plains of northern India and Pakistan, sometimes a very hot and dry wind blows 

from the west in the months of May and June, usually in the afternoons. It is known as 

loo. Its temperature invariably ranges between 45
o
C and 50

o
C. it may cause sunstroke 

to people. 
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4.3.3.8 Foehn and Chinook 

Foehn is a hot wind of local importance in the Alps. It is a strong, gusty, dry and 

warm wind which develops on the leeward side of a mountain range. Due to regional 

pressure gradient, stable air is forced to cross the barrier. Ascending air sometimes 

causes the precipitation on the mountains and descends on the leeside. It warms and 

becomes dry. The temperature of the wind is from 15
o
 to 20

o
C. the wind helps animal 

grazing by melting snow and hasten the ripening the grapes. Similar kind of winds in 

USA and Canada move down the west slopes of the Rockies and are known as 

Chinooks. The word Chinook literally means „snow eater‟. It is beneficial to ranchers 

east of the Rockies as it keeps the grasslands clear from snow during much of the 

winter. 

 

4.3.3.9 Mistral 

During winter, areas adjacent to highlands may experience a local cold wind which 

originates over the snow-capped mountains or highlands and blows down the valley. 

These winds have been given local names. The most famous is the mistral that blows 

from the Alps over France towards the Mediterranean Sea. It is channelled through 

the Rhone valley. It is a very cold and dry wind with high velocity. Even though the 

skies are clear, the mistral brings down the temperature below freezing point. Its 

speed is so great that orchards and gardens have to be protected from it by thick 

hedges of cypress trees. Many small houses have their doors and windows only on the 

south-eastern side. 

 

4.3.3.10 Upper Air Circulation 

In the mid-latitude, high speed winds known as jet streams blow from west to east in 

the upper troposphere near the tropopause. The jet streams are narrow meandering 

bands of swift winds which are embedded in the prevailing westerlies and encircle the 

globe. They may range from 40-160 kilometres in width and 2-3 kilometres in depth. 

Average wind speed are very high with a lower limit of about 120 kilometres per hour 

in winter and 50 kilometre per hour in summer. These jet streams also have cores 

where speed is much greater. 

There are two main jet streams. They are:  

(i) the sub-tropical jet stream and  
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(ii) the mid-latitude or polar front jet stream. The sub-tropical jet stream is located 

over the low latitude margins of the westerlies. It persists through most of the year. It 

is produced by the rotation of the earth. At the equator the rotation produces greatest 

velocity in the atmosphere. 

The mid-latitude or polar front jet is produced by a temperature difference and is 

closely related to the polar it has a more variable position than the sub-tropical jet. In 

summer its position shifts towards the poles and in winter towards the equator. They 

play important role in the possible formation, steering or intenstying weather 

phenomena such as, cyclones, anticyclones, hurricanes typhoons and other weather 

conditions. Generally there are severe storms where jet streams interfere with surface 

wind systems. Jet streams are also used by aviations if they have to fly in the direction 

of the flow of the jet stream. 

 

 

4.4 NOR’WESTERS AND CYCLONES 

For the occurrence of a nor‟wester, the lower level moisture flow from the Bay of 

Bengal is essential. In the summer months the atmosphere becomes unstable due to 

intense insolation. On such days if there is a suitable synoptic situation such as a 

surface low pressure area over Jharkhand and adjoining districts of Gangetic West 

Bengal, the cyclonic vorticity reaching up to 1.5 kilometres above sea level with dry 

air aloft and presence of a jet stream between the levels 300 mb and 200 mb in the 

vicinity of Gangetic West Bengal are extremely helpful for the occurrence of 

nor‟westers. 

 

4.4.1 Mechanism 

Any mechanism suggested to explain the occurrence of nor‟westers in Bengal during 

the summer months should satisfy the following important facts associated with them: 

(i) Thunderstorms approach most frequently from west to north-west and hence they 

are called nor’westers. The number of thunderstorms approaching from other 

directions is small. 

(ii) The majority of nor‟westers occur between 17-00 and 21-00 hrs, IST. 

(iii) Nor‟westers usually occur later over south-east than over southern West Bengal. 

(iv) Nor‟westers are usually more severe in south-east than in southern West Bengal. 
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(v) In the majority of nor‟westers air pressure rises and temperature falls. 

(vi) Nor‟westers start simultaneously or at different times over different places. Time 

sequence for some nor‟westers occurring on the same day at different places is 

also noticed. 

 Meteorological studies reveal that during the summer months, there is normally 

moist southerly air in the lower levels over Bengal and dry westerly or north westerly 

air in the upper levels. The depth of the moist current is greater in the southeast than 

in the south west Bengal. Between the moist and dry air mass there is an isothermal 

region or region of contrast. This distribution of air masses gives rise to latent 

instability conditions over Bengal in summer months. From the upper air observation 

it is seen that this instability is always manifested but may exist in a latent state and 

this only requires a further impulse for the energy to be released sometimes with great 

violence. This impulse is known „trigger action‟. In Bengal it is known as „Kal 

Baisakhi‟ or calamity of the month of Baisakh (April, 15 – May, 15). Apart from its 

destructive effects like sudden rise in wind speed, lightning, thunder and hail the 

rainfall associated with the storm although small in amount, is extremely helpful for 

the pre-Kharif crops like jute, Aus paddy, summer til and a large number of 

vegetables and fruits and the sudden drop in temperature gives relief after unbearable 

mid-day heat. 

 

4.4.2 General Characteristics 

The first sign of nor‟wester is a low bank of dark cloud in the north-west, the upper 

outline of which has the appearance of an arch. It approaches at first slowly, and then 

more and more rapidly with a strong gust or squall. There is frequent thunder and 

lightning followed by down pour of rain and sometimes accompanied with hail, which 

is driven by the strong wind. On some occasions the wind blows with almost 

hurricane force. 

 Nor‟wester in Bengal starts as early as February. The number gradually 

increases reaching maximum in April and May and decreases thereafter along with 

the onset of monsoon. On an average the hot weather season experiences about 15 

such thunder squalls of which March records 3, April and May 5 to 6 each. But the 

frequency is highly variable from one year to the next and one region to the other. 
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 Usually these thunder squalls occur in the afternoon and evening but they are 

also observed at other times of the day and night. A large number of these thunder 

squalls strike from north-west for which they are called nor‟westers. In a „Kal 

Baisakhi‟ wind speed from 55 to 80 kilometre per hour is common but in some cases 

the speed may exceed 140 kilometre per hour. On the approach of the squall, in 

general, the temperature drops and pressure rises suddenly due to descending cold air 

from aloft. Fall of temperature from 2
o
-4

o
C is very common but drop of temperature 

more than 12
o
C has also been recorded. 

 The amount of rainfall from such squalls is highly variable. The amount varies 

from place to place and between individual squalls. Over the Gangetic West Bengal 

the amount of rainfall from a thunder squall varies from less than a millimetre to more 

than 80 millimetre and increases from west-north-west to east-south direction. Over 

North Bengal the amount increases from west to east depending on the source of 

moisture supply. 

 Hail from the towering cumulonimbus cloud occurs during the early part of the 

season and decreases gradually along with the progress of the season due to gradual 

rise of the freezing level as a result of increasing surface heating. 

 All such thunder storms occur in association with cumulonimbus (cb) clouds. 

The bases of these clouds are as low as 450 to 600 metres from the ground surface 

while their tops frequently go above 12 to 15 kilometres. Duration of „Kal Baisakhi‟ 

over a station varies from a few minutes to about an hour. 

 

4.4.3 Tornado 

A pendant-shaped cloud resembling an elephant‟s trunk some times descends 

downwards from the base of Cb cloud and may ultimately touch the ground with a 

great suction-effect, tremendous pressure fall added to a violent whirl wind. These 

whirl winds are extremely destructive in nature and are called tornadoes, same as 

„twister‟ in USA. The tornadoes have a small diameter of a few hundred metres only 

while the length of their track may extend to only from 25 to 35 kilometres or even 

less. In case of a tornado the wind speed associated with the storm is much more. It 

may often go as high as 300 kilometre per hour or more. Instances are on record 

where heavy materials like a passenger bus had been lifted sodily from the road and 

thrown into an open field at a distance near Diamond Harbour on 21
st
 March, 1969. 
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due to the suction effect the whole quantity of water from a pond along with the fish is 

known to have been lifted up and was dropped at a distance showering fish and snake 

along with the rainwater in Cooch Bihar on 19
th

 April of 1963. on April 15
th

, 1977 a 

tornado lashed two villages „Bhaitgarh‟ and „Bagbheria‟ near Kanthi in Purba 

Medinipur. At least 10 people were killed, 50 injured and a large number of cattle 

heads destroyed. In the evening of 12
th

 April, 1983, about 21 villages were lashed and 

27 persons were killed in the Gaighata block of North 24-Parganas district due to 

tornado hit. In a tornado which occurred in the afternoon of 9
th

 April, 1993, five 

villages were completely destroyed, 57 persons were killed, about 300 persons were 

injured and thousands of people rendered homeless in Kandi and Khargram Police 

station of Murshidabad district; on 24
th

 March 1998 by 15-00 hours a violent tornado 

lashed 26 mouzas of dantan and Egra Police Stations of  this „trigger‟ or the impulse 

is supplied by one or more of the followings which help to rise the moist underlying 

air up to form cloud, rain and hail: (a) Insolation-which reaches its maximum in the 

afternoon and cause large convectional up draught of air from the lower to the higher 

levels of the atmosphere. As a result of this process, the nor‟wester or thunder squalls 

of Bengal mostly occur. 

 (b) Out-flow of relatively cold air in different directions from a parent 

thunderstorm. 

 (c) East ward passage of the cold front of a western disturbance generally in an 

occluded form. 

 (d) Convergence of air due to katabatic flow from the hills to the north and east. 

As a result of this process the thunder squalls of North Bengal i.e. Jalpaiguri and 

Cooch Bihar mostly occur during night. 

 (e) Inflow of moist wind from the Bay of Bengal due to the formation of a 

cyclonic storm. 

 

4.4.5 Classification 

Thunderstorms over Bengal have been classified as follows: 

(i) Those which occur with the passage of a cold front in connection with the western 

disturbances moving east wards. In this case the nor‟westers occur along a line 

and one finds a time sequence. Nor‟westers due to this mechanism can occur at 

any time of the day depending upon the time of the passage of the cold front. 
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(ii) Those which occur in connection with cyclonic storms or depressions in the Bay 

of Bengal approaching the coast. These thunderstorms can approach a place from 

any direction and can occur at any time of the day. 

(iii) Those which occur in the morning (after mid-night): These occur in the North 

Bengal plains and adjoining Assam when there is a flow of cold air from the 

adjoining hills. Cold air from these thunderstorms can start chains of fresh 

thunderstorms. 

(iv) Those which occur simultaneously over a large area and generally in the 

afternoon, evening or early part of night. These are associated with either the 

approach of the western disturbances or with the accentuation of the east west 

pressure gradient over Bengal. About 70% to 80% of the nor‟westers are of this 

type. The initial trigger for the release of energy of latent instability and starting 

the primary or parent thunderstorm is insulation. The released heated moist air 

goes higher up to form thick CB or thunder cloud. The descending air is 

generally from higher levels i.e. from regions where there is westerly to north 

westerly wind; being dry, it gets humidified and cooled due to evaporation of rain 

through which it passes and reaches the surface as cold air. The cold air rushed 

down with great violence gives rise to squall. Once a thunderstorm starts due to 

insolation acting as trigger, the cold air from primary or parent thunderstorm can 

spread easily in the direction of the descending current, i.e. generally from north 

westerly to south easterly direction, in the form of fingers spreading from the 

palm of the hand. 

 Secondary thunderstorms or nor‟westers can start at the tip of each finger as the 

cold air moves forward. Tertiary, quaternary etc. thunderstorms can also start due to 

the same mechanism as cold air spreading from the secondary or tertiary etc. 

thunderstorms can act as trigger. Thus a number of thunderstorms can take place 

simultaneously and there will be a time sequence in the occurrence of nor‟westers. 

 Nor‟westers are generally more severe in south east than in south west Bengal as 

the moist current is deeper there and hence more energy of latent instability can be 

released to increase the violence of the storm. 

 (v) Besides the above four types, one should also consider the thunderstorms 

which can start late in the night as a result of radiative cooling at the top of clouds, 

giving rise to sufficient instability of strong descending current. 
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4.4.6 Nor’wester forecasting 

Very specific forecasting of nor‟wester well ahead is not a very easy task. Apart from 

the analysis of surface synoptic charts, upper air charts, other charts and diagrams x-

band weather radars are capable of detecting these violent storms in their formative 

stage and subsequent maturity and regeneration. With judicious use of these 

informations received from such weather radars, the meteorologists can issue warning 

against such violent storms about three hours before the nor‟wester hits. 

 Using doplar radar, mobile van equipped with radar, data from automatic 

weather stations and satellite picture at one hour interval, attempts are being made to 

issue specific forecast about the time and area of occurrence of Kalbaisakhi 

considerably earlier. 

 

4.4.7 Cyclones:- 

(Cyclones and Anti-Cyclones) 

The general and regular winds of the world are disturbed by certain local 

interferences. Local conditions produce irregularities in the atmosphere which cause 

variations in the prevailing winds. These are known as variable winds. They are 

generally irregular whirl-winds which often assume the form of a terrific storm. Their 

direction, shape, extent and scope are uncertain. These originate due to certain 

extraordinary causes and their appearance is 

often quite sudden. These variable winds are 

known as the cyclones and anti-cyclones. 

These blow spirally either towards a low 

pressure centre (cyclone) or outwards from a 

high pressure centre (anticyclone). These 

variable winds tend to (Refer Figure 70) 

maintain general circulation. These winds 

level down the inequalities of pressure and 

wind movement on this earth. 

 When the wind is spirally moving in 

towards a low pressure centre, it is known as 

cyclone. A cyclone has a low pressure at the 
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centre and high pressure on the surrounding sides. The wind movement in a cyclone is 

anticlockwise in the northern hemisphere and clockwise in the southern hemisphere. 

 As the name suggests, anti-cyclones have an arrangement opposed to that found 

in the cyclones. It has a high pressure centre and the wind movement is clockwise in 

the northern hemisphere while anticlockwise in the southern hemisphere. The flow of 

wind is spirally outward. 

 Often it is seen that in between two cyclones exists an anti-cyclone and as they 

move with the prevailing winds in the same direction, they set up a sort of procession 

of highs and lows. These are common both in the torrid and the temperate zones but 

they dominate in the tropics during summer and in the temperate zone during winter. 

In accordance with the wind direction, they move from south to north in the tropics 

and from south to north in the temperate zone. They move with the trade winds in the 

tropics and blow with the westerlies in the temperate zone. As such they blow from 

east to west in the tropics and from west to east in the temperate region. 

 

4.4.8 Anti-Cyclones 

 As the name indicates, anti-cyclones 

are just the reverse of cyclones. It is a wind 

blowing spirally outwards from a high 

pressure centre. It is an oval or circular 

arrangement of Isobars, (Refer Figure 71) 

the highest being inside at the centre. The 

wind system is diverging from the centre 

and their general movement is clockwise in 

the northern hemisphere and anti-clockwise 

in the southern hemisphere. But the 

knowledge about the anti-cyclones is still 

incomplete and much of our knowledge 

about anti-cyclones is mere guess work. 

 The general characteristics of an anti-cyclone and its structure are as follows: 

(i) An anti-cyclone lies between two cyclones and has no definite direction. Its 

movement is also uncertain – sometimes it may move forwards or retreat while at 

others it is in a fixed position for a considerable time. 
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(ii) The isobars are far apart more especially towards the centre. Variations of 

temperature are also noticed. 

(iii) The winds are light and slow. They never grow violent and at the centre there is 

calm with variable winds. 

(iv) Due to the general light winds, local influences and local winds like the land and 

sea breezes become noticeable. 

(v) Often cold and heat waves accompany the anti-cyclone. 

(vi) Within an anti-cyclone there are local rains. 

(vii) It is extensive and its velocity ranges from 20 to 30 miles per hour. 

  

4.4.9 General weather in an anti-cyclone.  

The weather generally associated with an anti-cyclone is fine and dry but in its middle 

the weather experienced largely depends upon the season while the weather 

conditions on the margins depend upon the source from which the wind comes. 

 The middle or centre of the anti-cyclone is without cloud or wind. The air is 

largely drawn from the cold layers above. Being heated in their descent they can take 

more moisture but are unable to give rainfall. Hence, the sky remains clear except for 

some hazy appearance over the horizon. In summer the days are hot but during 

winters, the heat lost during the night by radiation causes foggy conditions; often so 

thick that it continues for the whole of the next day. In early autumn these mists and 

dews last for several hours after the sunrise although in middle summer they disappear 

immediately after the sunrises. 

 

 

4.4.11 Types of anticyclones. 

On the basis of his study of anticyclones in Europe, Hanzli discovered two distinct 

types: 

(1) Cold Anticyclone: 

 This is the counterpart of cyclone and originates on those land masses which are 

subject to very great cold. There due to could, a high pressure area develops. For Ex: 

Siberia and Central Asia are, where anticyclones develop and stay on permanently. 

(2) Warm Anticyclones: 
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 Develops near the subtropical highs because of the air descending from higher 

levels in the Stratosphere gets heated and dry and due to compression increases the 

pressure. But these anticyclones are transitory character and in their western sector 

fog is formed by contact with cold earth. 

Humphreys: 

Divides them according to their origin into the following three types, 

(i) Mechanical 

(ii) Radiational 

(iii) Thermal 

(i) Mechanical 

Because of the centrifugal force the west winds tend to climb up the bulge over to the 

equator and the trades tend to get over to the poles due to less gravitational force. The 

result is that the belt near 30
o
 – 35

o
 latitudes is subjected to a mechanical squeeze. As 

a result there is high pressure centre which is more prominent over the oceans 

although some of these anticyclones are of migratory character. 

(ii) Radiational 

An Antarctica and Greenland there is always a high pressure because of, (i) higher 

elevation and (ii) free radiation. These become the centre of anticyclones, which are 

permanent. But during winter due to the pressure of elevated and snow covered 

regions temporary anticyclones of radiational nature are likely to be formed. 

(iii) Thermal 

These are of semi permanent nature and result from low temperature including high 

pressure in ocean areas. The temperature of the surface water is reduced by the cold 

currents and there develops the high pressure centres of anticyclones. Except 

Bermudes and New-Zealand, the areas of mechanical anticyclones are also the areas 

of thermal anticyclones.  

 

4.5 TROPICAL PHENOMENA  AND  TEMPERATE. 

4.5.1 Tropical cyclone Origin.  

The cyclones of the Tropics are thermal in the origin and develop due to the local 

convection currents acquiring a whirling motion on (Refer Figure 76) account of the 

rotation of the earth. These develop at special seasons over the sea within the tropics. 

The conditions most suited to their origin and developments are: 
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 (i) quite air, (ii) highly saturated atmosphere, and  (iii) great heat. 

 These conditions are found in the doldrums or the equatorial calms especially 

over the sea. Due to the presence of trade winds, the atmosphere of the western 

margins of such ocean surfaces possesses the greatest capability for absorbing water-

vapour. 

 The cyclones, therefore, originate on the western margins of the oceanic area 

within the Doldrums but generally along the polar margins of the belt. The time they 

originate most is when the Doldrums are the farthest from the equator, especially 

during the Autumnal Equinox. At this position of the earth there are two advantages – 

the air over the sea is over heated and the sun is farthest from the equator. (On the 

equator, deviation due to rotation is nil and whirling motion cannot be started.) 

 After originating and developing they advance till they get a weak spot in the 

trade wind belt. The tropical cyclones are most dominant in the northern hemisphere 

and their two breeding grounds are the south-eastern Carribean Sea and near the 

Carolina Islands in the western Pacific. They occur during the months of August and 

September. These are, however, not experienced in the Southern Pacific and the 

Southern Atlantic. During the months of March and April, similar cyclones visit 

Mauritius and Mozambique. 

 

4.5.2 Shape and Size.  

The tropical cyclone is usually short in size and extent but its diameter varies in 

length. Near the places of their origin, they are only 80 kilometres in diameter. But 

well developed cyclones have their diameter ranging from 300 to 1,500 kilometres. 

The clouded area is still more extensive – 300 kilometres, if not more. 

 They are generally circular in form but resemble more an ellipse than a circle. 

The two lengths of the ellipse have a ratio of 2:3. 

 

4.5.3 Velocity and Speed.  

The pressure at the centre often falls below 25 inches and the velocity with which they 

travel varies from storm and from day to day, and sometimes even between different 

parts of the same storm. It may be zero in some cases while in others it may be as 

much as 800 miles an hour. Generally their speed is 10 to 15 miles an hour. They 
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move at a faster rate over the oceans than over the land because the irregularities of 

the surface retard their speed. 

At the centre the wind force is very light but as we proceed from the centre to the 

pole-ward side, wind force goes on increasing till the velocity becomes even 50 to 60 

metres per second. This change in velocity is seldom permanent and soon the 

moderate velocity of 50 to 60 kilometres per hour is reached. 

 

4.5.4 Track and Movement.  

Tropical cyclones move along a curved path. In the northern hemisphere they travel 

first to the west and then turn to northwest. At latitude 20
o
 or 25

o
 they turn towards 

due north and pass into the northeast direction. Thus the track of a tropical cyclone, 

(Refer Figure 72) as it passes into 

the extra tropical zone, is a 

parabola with its axis parallel to the 

equator and concavity facing the 

east. The following are some of the 

characteristics to the track of a 

tropical cyclone: 

 (1) Between the equator and 

15
o
 latitude, these storms turn 

towards the west with the trades. 

 (2) Between 15
o
 and 30

o
 latitude the path is very uncertain. But these travel 

towards the north in the northern hemisphere and towards the south in the south 

hemisphere. 

 (3) As these cross 30
o
 latitude they turn towards the east and take much of the 

character of the temperate cyclone. Their terrific energy also declines. 

 The chief area of activity for the tropical cyclone is the following. 

 (1) West Indies and the Coast of Florida. In that region these are known as 

Hurricanes. 

 (2) Philippine Islands, the coasts of China and Japan. They are known as 

Typhoons. 

 (3) Bay of Bengal and the Arabian Sea, where these are known as cyclones. 

 (4) Madagaskar and the coastal regions of East Africa. 
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 (5) Northeast and Northwestern (Refer Figure 73) coasts of Australia. 

 

 

 

 

 

 

 

 

 

 

  

4.5.5 Structure and Weather. 

The tropical cyclones have their isobars almost circular in pattern and the lowest 

isobars are always in the middle. The centre is known as the eye of the cyclone. 

Round this eye is the Barometric slope and pressure gradients are quite steep. 

 The eye of the cyclone is characterized by a small patch of blue sky. Here the air 

is descending and due to compression 

it gets warmed (Refer Figure 74) up. 

Hence, the sky is clear and there is an 

extent of calm and dry weather. Round 

the eye, there is a strong upward 

movement of air and this causes the 

cirrus clouds to spread over the sky 

like sheep. This central area is 

surrounded by heavy clouds and torrential rainfall accompanied with violent 

thunderstorms. These cyclones bring very destructive weather full of lightning and 

violent gusts of wind. The weather is generally dull and muggy. The rainfall is more 

in the front of the cyclone that in the rear. 

 Any place situated in the right hand back corner of the cyclone experiences 

violent squalls of wind and heavy showers of rain. In between these, there are short 

periods of lull when there is a swift change in wind direction. On the other hand, in 
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the left hand back corner, the rain stops as the trough passes and gradually the sky 

also clears away. 

 The following are the chief characteristics of the weather associated with the 

passage of a tropical cyclone: 

 (1) The approach of a cyclone is heralded by cirrus clouds of the eye of the 

cyclone. 

 (2) This is followed by gradually darkening clouds till dark nimbus clouds come 

and blot out the sun. 

 (3) Then there is a heavy downpour of rain which passes away as the tail is 

reached. 

 (4) The tail of the cyclone brings sleet and the weather once more is clear. 

 (5) But before the tail of the cyclone actually approaches there is thunder and 

lightning combined with an oppressive calm weather. 

 

4.5.6 Temperate Cyclone 

Temperate cyclones or extra-tropical cyclones are most dominant over the North-

Atlantic Ocean and especially during the winter season. They are much larger in 

diameter but possess weaker pressure gradients. The shape and arrangement of isobars 

is V-shaped and they are accompanied with anti-cyclones. The speed is also different 

and there is a marked temperature and rainfall difference between their front and 

back. They are, however, not born of convection and earth‟s rotation. 

 

4.5.7 Origin and Types. 

With regard on the origin of the temperate cyclone two theories are advanced: one is 

the Dynamic Theory of Lampert and Shaw; the other is the Polar Front Theory of V. 

Bjerkenes. 

 

4.5.7.1 Dynamic Theory was formulated on the basis of a study of North 

Atlantic disturbances. It holds that cyclones are developed due to the crowding of 

different currents of air against the high pressure belt. The difference in temperature 

of different masses of air provides the energy for cyclonic movement. According to 

this theory the cyclone originates at a height of 7,500 ft. just below the region of 

cirrus clouds. When the current of cold air meets the warm rising air, an eddy is 
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formed which begins to descend. Hence, the cyclone is cone shaped, with the narrow 

edge upwards. 

 

4.5.7.2. Polar Front Theory states that the depressions are formed due to the 

meeting of a warm sector consisting of light warm equatorial air (Refer Figure 75) 

with the heavy and colder 

polar air. The cold heavy 

air will try to force its way 

under the warm air and 

will raise it. This theory 

holds that there are two 

currents of air having 

different temperatures and 

velocities. They are 

following side by side and 

the surface of discontinuity separating the two is known as the Polar Front. 

 Such surfaces of discontinuity may come into being at any place provided the 

ideal conditions exist. But the following are the three surfaces of discontinuity, 

permanently available on the surface of the earth: 

 (1) Tropopause or the ceiling of the convection zone of the atmosphere. 

 (2) At the subtropical high pressure belt, the line of contact between the colder 

trade winds blowing towards the equator and the warmer westerlies blowing away 

from it. 

 (3) The boundary which separates the cold polar air blowing out from the poles 

and the warmer westerlies blowing towards them. 

 On the surface of polar fronts, due to the rotation of the earth, atmospheric 

disturbances develop and are pushed forward by the cold air pushing the warm one 

and the latter giving rise to squalls and rain when they get colder after expansion. 

 Due to the distribution of land and sea and their unequal heating this surface of 

discontinuity is always wavy or irregular. Over this irregular (Refer Figure 76) and 

highly changeable polar front, exist two sectors – warm and cold. The warm air 

pushes the cold air in front of it and being light rises above it. Simultaneously the cold 

air behind the warm sector pushes underneath. The result is that the warm air mass is 
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not only reduced in 

extent but is also lifted 

upwards. The pressure 

will be reduced and 

gradually the area of 

low pressure would 

increase. Consequent on this the winds would begin to move forcefully. 

 Sometimes within the depression, a local low pressure area develops on the cold 

front and round this another cyclone of smaller intensity develops. It is known as the 

secondary depression and consists of the remainder of the warm sector and the polar 

air which has been transposed from its original position. These secondary depressions 

are commonly accompanied by heavy local rainfall. The weather is similar to the 

thunderstorm and a lot of electrical disturbance take place. 

 The temperate cyclones have been divided by Humphreys into three distinct 

categories: 

 (1) Thermal cyclones are those depressions which are formed due to the 

inequalities of temperature and barometric pressure. An area, which is relatively 

warmer than the surrounding areas, comes to possess a comparatively lower 

barometric pressure. These are caused by relatively warm water. Southeast of 

Greenland and southwest of Iceland lie the most important areas of Thermal cyclones. 

Norwegian sea and the sea of Okhotosk are other minor areas. Ross sea and Wendell 

sea are in the Southern Hemisphere. Generally thermal cyclones are most active only 

during the winter season. 

 

4.5.7.3  Insolational Cyclones are caused by relatively warm land. The gulfs 

and seas surrounded by comparatively colder land produce thermal cyclones, the 

peninsular areas surrounded by relatively cold water surface give rise to insolational 

cyclones. Due to intense insolation a low pressure area is formed and the shape of the 

isobars becomes oval. The winds begin to move spirally and a cyclone develops. 

Iberian Peninsula, Alaska, Great Plains and North West Australia are important 

regions for such cyclones. These are semi-permanent in duration. 
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4.5.7.4 Migratory Cyclones are most temporary in duration and their origin is 

due to thermal convection. They are short-lived and during their short life, these are 

maintained by the latent heat released at the time of condensation. 

  

4.5.8 Shape and Size. A cyclone of an average size is usually three to four 

hundred miles across and has a height of five to seven miles. They are generally V-

shaped, looking like an inverted „V‟. The area covered by these is often as much as 

millions of square kilometres. In North America, there size is 2,500 kilometres. 

  

4.5.9 Velocity and Speed. The wind system of a tropical cyclone cannot be 

applied to the extra tropical cyclone unless the latter is of a violent nature and smaller 

in diameter. 

 At any place within the cyclonic area the wind does not move straight towards 

the centre but always keeps a little right of it. The forward moving wind is more in 

velocity than the storm itself and in consequence is left behind. Within the cyclone, 

the force of wind is different in different portions of the cyclone. Winds are the 

strongest, in the southern and eastern sections where their direction is identical with 

that of the cyclone. All the winds up to an altitude of 5 to 6 kilometres move almost 

parallel to the isobars. 

 Ordinarily the wind velocity increases with the approach of a cyclone but 

decreases after it has passed. Another fact about them is that slower the general 

movement of the cyclone, greater is the stay of winds and heavier is the rainfall. But 

the velocity of temperate cyclone is not fixed. It depends upon the season, location 

and varies with individual cyclones. These are the fastest in winter months and 

slowest during the summer season. They are faster in America than in Europe. 

4.5.10 Track and Movement. Normally these cyclones travel with the 

prevailing westerlies and their usual direction is from west to east. But in the northern 

hemisphere they dip to the south over the continents while they are deflected towards 

the north over the oceans. 

 These depressions may move in any direction but they always tend a little 

towards the east. The following three facts are worth considering: 
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 (1) If the direction of the 

polar front is west-east, the warm 

air from the south is continually 

lowering the pressure, (Refer 

Figure 77) towards the east and 

the centre shifts to the east. 

These can enter the continents to 

the farthest extent. 

 (2) If the direction of the polar front is towards the north, the centre of the 

cyclone is not able to move to a great distance. Within two or three days the 

difference in pressure vanished and the cyclone also disappears. 

 (3) Polar fronts having a southward dip are also quite permanent and they are 

able to move forward over quite an extensive surface. The Mediterranean cyclones are 

an example of this. 

 

4.5.11 Structure and Weather. The temperate cyclone is quite unsymmetrical 

in outline. It is formed like a spearhead and has the shape of an upturned „V‟. At the 

centre of this depression exists the low pressure area while to the northwest lies the 

cold sector and to the northeast is the warm sector. In the cold sector, cold winds 

prevail and the line towards which the cold air seems to be moving is known as the 

cold front. This is the ultimate limit or boundary of the cold air. In the northeast 

sector, prevail the warm winds and the line towards which they blow is known as the 

warm front. 

 In the north-eastern or warm sector, the warm 

(Refer Figure 78) air which is full of water vapour 

continually meets the cold air and overruns the latter. 

As it rises high, dense nimbus clouds are formed and 

are followed by heavy downpour of rain or snowfall. 

Above these nimbus clouds are the dark grey altro-

stratus clouds. As we proceed from the warm front in 

the direction of northeast, there are rain-giving nimbus clouds or nimbo-stratus clouds 

on the warm front. Next to these at higher levels are the dark grey altro-stratus clouds, 
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then are sirro-stratus clouds and finally at the front of the storm are the cirrus clouds 

spreading out as wisps and plumes. 

 In the north-western or cold sector, the cold air pushes the warm air front 

beneath and although clouds are formed, (Refer Figure 79) the extend of clouds and 

rainfall is very limited. Cumulo-nimbus clouds 

dominate here and bring heavy downpour. 

Accompanied with thunder and lightning there 

may be hail-storms as well. Due to cold winds 

the temperature is continually declining. 

 The approach of a temperate cyclone is 

heralded by, (1) the wisps and plums of cirrus 

clouds spread over the sky like a thin white 

veil, which spreading upwards from the western horizon give a milky appearance to 

the blue sky. 

 (2) The long streaks of thin white cloud run parallel to one another and spread 

like radii from some point in the horizon. 

 (3) Fall of mercury in the barometer. 

 (4) Shift in the direction of the wind. 

 (5) Formation of a halo round the sun or the moon. 

 As soon as the cyclone approaches, there is drizzle which turns into a heavy 

downpour. The force and velocity of the wind also increases. On the approach of the 

warm front the fall of mercury in the barometer stops and the rainfall ceases. The sky 

becomes clear and fine weather is ushered in. This shows that the centre of the 

cyclone is reached and the weather will remain clear till the warm sector has passed. 

Immediately after this, the temperature begins to fall, the sky becomes clouded and it 

begins to rain. This indicates the approach of the cold front. The rain brings hailstones 

and is accompanied with lightning and thunder but soon the rain stops and the sky 

begin to be clear. 

 For the purpose of the study of weather, the temperate cyclone can be studied 

into three sections as indicated by r1, r2 and r3 in the enclosed (Refer Figure 80) 

diagram. In the case of r1 the passage of warm air over the colder current produces 

fitful showers. In r2 the cool west wind passes beneath the warm south and displaces 

the warm south –west winds. This results in heavy showers. In r3, which extends from 
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the right front quarter to the left back quarter, the rainfall is steady and uniform 

because here the warm winds are converging from the south. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.5.12 Occlusion. The frontal depressions are generally short lived because the 

cold air coming from the west is all the time displacing the warm air and as a result 

the warm sector is continually getting reduced in size. Gradually a time comes when 

the cold front becomes identified with the warm front and the cyclone vanishes. This 

identification of warm and cold fronts is known as Occlusion and gives rise (See 

Refer Figure 80) to a third type of front – the Occluded Front. 

 This type of front has the following two characteristics: 

 (1) Due to the mixing of cold and warm air, there is usually rainfall near the 

occluded front. 

 (2) On the two sides of the occluded front there is always some difference 

between the temperatures. 

 In the development of an occluded front, three air masses – cold, cool and warm 

– are present. According as these are arranged, the occluded front is either of a warm 

type or of a cold type. 

 

4.5.12.1 A cold type occlusion results when a cold dense mass of air moves into 

the sector of warm air. This lifts both the warm air and the cool air that underlies the 
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warm air. The result is that cool and (See Refer Figure78) cold air-masses come in 

contact and the warm air is raised as in a trough between the two. 

 

4.5.12.2 A warm type occlusion results under absolutely reverse conditions. 

The warm air mass has ahead of it a cold air mass and the cool air approaches it. 

Being less dense, it does lift the warm air but rests it upon the front of the cold air. 

Thus the warm air is again left in a trough between the cold and cool air masses. The 

cool air pushes under the warm air and overrides the denser cold air. 

 

4.6 CLIMATE OF INDIA AND ITS CONTROLS. 

India is a meteorological unit in itself. Its climate is influenced from outside by two 

adjoining areas. On the north, the Himalayan ranges shut it from the cold winds of 

Central Asia and Siberia and give it a continental climate, the characteristics of which 

are the prevalence of land winds, great dryness of air, large diurnal range of 

temperature and little or no precipitation. In the south, the Indian Ocean gives it a hot 

monsoon climate more typical of the tropical than of the temperate zone. We always 

think of India as essentially a tropical country. And rightly so, for the whole of the 

area within mountain wall must be considered as a unit. With a common type of 

climate throughout that of tropical monsoon, the chief features of which are the great 

uniformity of temperature and small diurnal range of temperature, the great dampness 

of air and more or less frequent rains. India is par excellence, a tropical monsoon 

country. 

 

 

4.6.1 Monsoon Winds 

 The word “monsoon” owes its origin to the Arabic word meaning „season‟. But 

now with the development of meteorological observations, the term „monsoon‟ is 

applied to a wind regime above a level of 20 km. where three is a regular reversal of 

wind about the time of the Equinox. At these levels the winds are westerly in winter 

and easterly in summer, and they appear to have the same consistency as the Indian 

monsoon. In its generic sense, the monsoon system of winds has the following notable 

features: 
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 (1) It is a system, with marked seasonal shifts, caused by the differential heating 

of the land and sea. (2) It is a wind system that is largely confined to the Tropics, i.e., 

between 20
o
N and 20

o
S. (3) Summer monsoon over the northern hemisphere are 

south-east trades of the southern hemisphere which, on crossing the equator, are 

deflected to the right by earth‟s rotation and as a consequence a large part of the air 

acquires an anticyclonic (clockwise) circulation and approaches the west coast of 

India from a westerly or south-westerly direction. 

 The line of demarcation between the trade wind of the northern and southern 

hemisphere is often known as the “Inter Tropical Front” (I.T.F.). The most 

pronounced monsoon winds of the world are those that flow over the Indian sub-

continent between June and September each year. 

 

4.6.2 Seasons 

 Throughout most of the country, the year can be divided, as per the Indian 

Meteorological Department, into four distinct seasons: 

(i) The cold weather season (from mid-December to mid-March) or the 

season of land monsoons. 

 (ii) The hot dry weather season (from mid-March to end of May) or the 

transitional season. 

 (iii) The wet season (from June to September) or the season of the 

advancing south-west monsoon. 

  (iv) The season of retreating south-west monsoon (from October to mid-      

December). 

 

 

4.6.3 The Cold Weather or Winter Season 

 Cold weather sets in over north-west India in October and extends by the 

beginning of December over practically the whole country. In this season, very low 

temperatures prevail over the Asiatic continent and a belt of high pressure extents 

from Central Asia and north-east China to Persia, Arabia and West Pakistan and of 

much smaller intensity over the Deccan plateau, with a tongue of low pressure over 

the Indo-Gangetic lowland separating these two high pressure systems. With a fall in 

temperature, surface thermal low weakens and inter-tropical convergence dislodges 
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itself from the Ganga plain, giving rise to a high pressure area and is replaced by 

winter monsoons. 

 During this season, light westerly to north-westerly winds prevail in north India, 

while in the south, north-east winds hold sway. 

 

4.6.3.1 Temperature and Pressure. During this season, temperature increases 

from north to south and isotherms run across India (Refer Figure 81) nearly parallel to 

the latitudes. 20
o
C isotherm runs east-west through the middle part of India and passes 

through the Tapi estuary and the delta of Mahanadi. The mean maximum temperature 

is below 37
o
C; and the mean minimum temperature is below 10

o
C in November. In 

January the north-west India – Jammu and Kashmir, Punjab, Haryana, northern 

Rajasthan and west U.P. – has less than 15
o
C. But in south India, isotherms tend to 

bend to the south and run parallel to the coast. South of 20
o
 north latitudes, the mean 
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minimum temperature ranges between 15
o
C and 20

o
C. The western coast is warmer 

than the eastern coast by about 1.7
o
C. However, because of altitude, the Western 

Ghats and large parts of Karnataka plateau are relatively cooler than the adjoining 

plains. The diurnal range is 14
o
C to 17

o
C in north-west India, decreasing towards the 

east and south. The daily range is 8
o
C to 11

o
C in north-west India and in the coastal 

districts. Throughout the dry tract (to the west of Jamuna and the Aravallis) the range 

of temperature is greastest in October and November, when the diurnal variation is 

not less than 17
o
C and increases to 22

o
C in some places. In the north-west of the 

peninsula and areas around it, the greatest range (17
o
C to 19

o
C) occurs in February-

March. 

 

4.6.3.2 Rainfall. 

From about the middle of December, the settled conditions of weather in the north-

west India are broken at intervals by a series of shallow cyclonic disturbances, which 

travel eastwards across Persia, northern India and China. They are very frequent in 

December, January and February. The rainfall associated with them is very scanty. 

The total rainfall in Northern India is about 5 cm. in the western Himalaya, 

diminishing southwards and eastwards across the sub-montane districts to a smaller 

amount in the plains from 1.8cm. to 2.5cm. The rainfall from the disturbances is 

mostly confined to the northern India – Punjab and Haryana plains, northern 

Rajasthan, Kashmir and western U.P. Though winter rain is slight, it is more effective 

in the growth of vegetation, as the run-off is slight, evaporation and interception 

losses are low and a high proportion of it remains available in the root zone. In 

northern India it is very useful for rabi crops of wheat and gram. Sometimes, these 

disturbances with abrupt changes in temperature (as much as fall of 10
o
C to 11

o
C) 

result in heavy snowfall. The northerly cold winds, blowing persistently for a few 

days, develop cold waves over the plains so that severe frost may occur, crops 

destroyed and ground temperature even goes below the freezing points. 

 The relative humidity varies but little than in the hot weather period. The air is 

driest with relative humidity 40 p.c. to 50 p.c. in the west Deccan, Gujarat, and south-

west of Rajasthan. 
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 According to C.W.B. Normand, “clear skies, fine weather, low humidity and, 

therefore, absence of rainfall, low temperature (Refer Figure 82) and a large diurnal 

variation in it are the usual features of this season”. December and January are the 

coolest months. 

 

4.6.4 The Hot Dry Weather 

 Temperature and pressure. This is a period of continuous and rapid rise of 

temperature and decrease of pressure in northern India along with a continuous 

decrease of temperature in the south Indian Ocean, and the adjacentl and areas of 

Africa and Australia, and an intensification of southern anticyclone. With the steady 

northward movement of the sun in March, the mean maximum temperature exceeds 

35
o
C in the south of the Vindhyan range and over 37

o
C in parts of Deccan. In April, 

temperatures of 38
o
C to 43

o
C are found in (Refer Figure 83) Gujarat, south Madhya 

Pradesh, south-west Punjab to Chota Nagpur, and Orissa. In May, the mean maximum 
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temperature occurs in the northern India, in north-west desert, southern Punjab and 

Haryana, Delhi and west Uttar Pradesh., being 48
o
C. The pressure increases as one 

proceeds from north-west India toward eastern and southern India. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 It may be noted that the 30
o
C isotherm encloses most of India. From eastern 

Kutch it runs to the Gulf of Cambay, from where it turns to the south running to the 

east of the western Ghats and the Mysore plateau till it finally reaches the southern 

Andhra Pradesh. Thereafter it runs along the east coast and turns to the north-west 

from western Bihar. 

 

4.6.4.1 Rainfall.  

During the period of rising temperatures and diminishing pressure important changes 

take place in the surface air movement over India. In northern India, the winds are 

strong westerly during day and of weak variable direction during night. Violent local 
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storms often form in regions where deep humid winds from the sea meet the hot dry 

land winds. These originate in the Chota Nagpur hills and the neighbouring areas. 

 In West Bengal, they are north-westerns, on account of the accompanying squall 

from the north-west. 

About 10 centimetre. to 

50 centimetre. of rain is 

usually received from 

these storms. In 

Malabar, rainfall is 

moderate to large in 

May due to (Refer 

Figfure 84) widespread 

thunder showers on the 

western coast. Winds 

and rainfall is withheld 

till the end of the 

season when temporary 

incursions of monsoon 

winds give rise to the 

pre-monsoon 

thunderstorms. In south 

India, such summer rains are known as mango showers. Though the quantity of hot 

season rain is rather small, yet it is of considerable importance for tea, rice and jute 

crops in eastern India, and coffee, tea and fruit orchards in south India. Dust storms 

and dust raising winds (Loo) are very common in this season in the drier tracts of 

northern and north-western India, particularly western Rajasthan. 

 The total rainfall of the season is less than 2.5 centimetre in Rajasthan, Gujarat, 

Maharashtra and Madhya Pradesh, and varies between 5 centimetre and 15 centimetre 

in Bihar and Orissa in the sub-montane districts of U.P., Bihar, Rajasthan and Orissa 

and of the Punjab. It exceeds 25 centimetre in Malabar and in Assam, it is over 50 

centimetre 

 During this season, the air is very dry over most of the central parts of the 

country and the adjacent Deccan plateau, where the mean relative humidity is about 
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30% or less. In Bihar, Rajasthan and Punjab, humidity as low as 5% has often been 

recorded. 

 Thus, “during the hot season, the heat is terrific and all vegetation is withered 

and scorched by desiccating influences, all water is dried up and the rivers shrink to 

thin threads lost in a wilderness of dazzling, shimmering sand and stones. But on the 

coast excessive temperatures are not recorded and the air is moist. Storms are fairly 

frequent and widely distributed in the plains, but they do not bring rain everywhere, 

rather dust”. 

 

4.6.5 The West Season 

Temperature and Pressure. With the advance of summer, the heat accumulates and 

temperatures rise steadily. The season as a whole has a uniform temperature varying 

only slightly with the 

reaching of monsoons. 

Temperatures rise whene-

ver there is a break in the 

rains, but they are never so 

high as in May or June. In 

areas which are occasio-

nally overrun by the 

monsoon winds (such as 

the south-west Punjab and 

north-west Rajasthan) the 

temperature is at its 

highest throughout the 

season but steadily 

decreases from June to 

August. In June, the (Refer 

Figure 85) maximum 

temperatures continue to be as high as in May, being over 46
o
C in north-west India, 

and also in some low level areas in Central India, Uttar Pardesh and Punjab. In July, 

maximum temperatures exceed 37
o
C only in the Thar Desert. In August, there is a 

further general fall of temperature but with the cessation of rains in north-west India 
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about the middle of September, temperature rises once more and 40
o
C or more is 

recorded in the area west of the Aravallis. 

 

4.6.5.1 Mechanism of Monsoon 

 As a result of high temperatures in May and June, a surface thermal low, with 

very low atmospheric pressure is established in north-west India. This pressure 

decreases progressively till in July it is at it‟s lowest. The pressure increases towards 

the south, it being 1008 mb in Cochin, whereas it is 996 mb in north-west India. An 

elongated zone of low pressure is formed along the Indo-Gangetic plains of north 

India. The axis of this low pressure area is roughly oriented from the north-west to the 

south-east. It runs approximately parallel to the southern periphery of the Himalaya, 

and roughly stretches from Rajasthan, Saurashtra, Uttar Pradesh, Madhya Pradesh, to 

Orissa. This area of low pressure is known as the monsoon trough. The axis of the 

monsoon trough shows periodic movements to the north and south of the Indo-

Gangetic plain. Its movement have an important bearing on short period predictions of 

monsoon rain over north India. 

 Above the monsoon winds, the Indian sub-continent is dominated by an 

extensive anticyclone circulation (of the south-east of Malagasy). It is worth noticing 

that the geographic location of the thermal high appears to coincide fairly well with 

the position of an area of low barometric pressure. 

 Further, it has been found that over the Tibet plateau, with an average elevation 

of about 4 km, the temperature is about 2
o
C to 3

o
C warmer than the air over the 

adjoining regions, i.e., the equatorial atmosphere over southern India. Dr. P. 

Koteshwaram and Prof. H. Flohn suggest that because the Tibetan Plateau is a source 

of heat for the atmosphere, it generates an area of rising air motion. During its ascent 

the air spreads out southwards and gradually sinks over the equatorial regions of the 

Indian Ocean. At this stage, the ascending air is deflected to the right by the earth‟s 

rotation and eventually approaches the west coast of India as a return current from a 

southwesterly direction and is called equatorial westerlies. It picks up moisture by 

evaporation from the sea surface during its northward movement across the India 

Ocean. 
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4.6.5.2 Monsoon as a Thermal Engine 

 It is to be noted that the arrival of the Indian summer monsoon is intimately 

connected with the disintegration of the westerly sub-tropical Jet Stream over northern 

India (between 20
o
 and 40

o
 north latitudes). Its core is located at about 12 kilometre. 

In winter, it is located along the southern slopes of the Himalaya, but with the advent 

of the monsoon towards India, it moves northwards (towards Tibet) rather 

dramatically. When the monsoon establishes 

itself over India, (Refer Figure 86) its normal 

position moves far to the Himalaya. The 

periodic movements of the subtropical Jet 

Stream are often an indicator of the onset and 

subsequent withdrawal of the monsoon. The 

sub-tropical Jet-Stream is usually observed 

above a region of strong horizontal 

temperature gradient. Over India, the axis of 

the strongest winds in the easterly Jet may extend from the southern tip of the 

peninsula to about 20
o
N. some evidences suggest that the location of the Easterly Jet 

moves north and south in phase with the northward and southward movement of the 

axis of the monsoon trough. 

 It should be noted that when the monsoon arrives over India, the southward 

branch of the upper flow from the Tibetan plateau gains momentum. The southward 

flow from Tibet helps to strengthen (Refer Figur 87) the prevailing easterly winds  

 

 

 

 

 

 

 

 

over south India, so that we have a mechanism to explain the formation of an Easterly 

Jet. The appearance of the Easterly Jet at about the same time as the appearance of the 

Indian monsoons is a pointer in the right direction. 
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4.6.5.3 Onset of Monsoons 

 The intensified low pressure in the north-west India pulls the south-westerly 

winds towards India and since it comes over long water stretches it “bursts” in the 

Kerala state by the end of May. 

 The south-west monsoon is frequently (See Refer Figure 88) ushered in by a 

cyclonic storm 

associated with heavy 

rainfall. The monsoon 

enters India in the form 

of two branches viz., the 

Arabian Sea branch and 

the Bay of Bengal 

branch. The Arabian 

Sea branch advances 

northwards by 1
st
 June 

on the Kerala coast and 

reaches Mumbai by 

about June 10. by mid-

June it spreads over 

Saurashtra-Kutch and 

the central parts of the 

country. 

 But the progress of the Bay Branch is not so spectacular. It moves northwards 

into the central Bay of Bangal, and rapidly spreads over most of Assam by the first 

week of June. With the Himalayan barrier this Branch is deflected westwards and it 

moves towards the Ganga plain. Thereafter, the Bay and the Arabian Sea branch 

merge into a single current; and it visits the remaining parts of west Uttar Pradesh, 

Haryana, Punjab and the eastern half of Rajasthan. By the end of June the monsoon is 

usually established over most of the country. By middle July it extends into Kashmir, 

and the remaining parts of the country, but only as a feeble current because by this 

time its moisture is already shed during its long travel westwards. The normal 

duration of the monsoon varies from two to four months. The withdrawal of the 

monsoon is a far more gradual process than its onset. Normally, it withdraws from 
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north-west India by the beginning of October and from the remaining parts of the 

country by the end of November. 

Rainfall. The summer monsoon advances along the west coast, from the Arabian 

Sea and into the West Bengal and Assam in the north-east from the Bay of Bengal; 

and causes about 80% of the total rainfall of the country. Much of this rainfall is 

caused by the rather fortuitous orientation of the mountain barriers, and easterly 

depressions, although convective phenomena also play an important role. 

 It is interesting to note that during its passage over the Arabian Sea and the Bay 

of Bengal the monsoon current picks up (Refer Figure 89) copious moisture and 

deposits about 20% as rain over India. Orographic features play an important part 

including heavy rainfall. 

In the south-west monsoon 

season, temperature and the 

amount of water vapour 

vary but slightly over the 

greater part of the country. 

Hence, in this period, the 

air is very damp and the 

relative humidity ranges 

between 80 p.c. and 90 p.c. 

over the greater part of the 

country. It falls below 80 

p.c. in north-west India. 

 It is worth noting that 

the Arabian Sea branch is 

much more powerful due to 

two reasons. First, the Arabian Sea is a larger Sea than the Bay of Bengal. Second, the 

entire Arabian branch goes to India whereas only a part of the Bay of Bengal current 

enters it, the remainder going to Burma, Malasia and Thailand. 
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4.6.7 The Retreating Monsoon Weather 

 By about the second or third week of September, the south-west monsoon dies 

out as due to the southward migration of the sun, the high pressure begins to develop 

over the land and consequently the low pressure area (centred over the Central India) 

moves southwards. By the end of September, the south-west monsoon retreats from 

the Punjab and adjacent regions, after which clear cool weather sets in over that area. 

The fine weather conditions extend slowly eastwards and southwards, as the Arabian 

Sea current retreats through Rajasthan and Gujarat and the Bay current down the 

Ganga plain. By about the beginning of October, a low pressure area is centred over 

the northern parts of the Bay of Bengal and by the beginning of the November, it 

moves further south. The rainy area is, therefore at this time limited to the east coast 

of Tamil Nadu and the south of (Refer Figure 90) the Peninsula, where the rainiest 

period is between October 

and November. By the 

beginning of December, 

the low pressure area 

moves further south, and 

by its end it passes out of 

the Bay limits into the 

equatorial belt. Similar 

conditions obtain in the 

Arabian Sea. Thus, the 

change that begins in 

October is usually 

completed by mid-

December. In northern 

India, clear autumn 

weather, which sets in 

with the retreat of the monsoon persists till the third/fourth week of December. The 

retreat of monsoons is a slower process and lakes about three months. 

 

 Thus, it may be noted that the retreating south-west monsoon causes rain in the 

coastal tracts to the south of the Krishna delta and in the interior southern districts. 
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The coastal rainfall of this season exceeds 25 centimetre in the south Coromandel 

coast and south Malabar, 

and is below 12.5 

centimetre, roughly to 

(Refer Figure 91) the west 

of a line joining Manglore 

and Dibrugarh, and less than 

2.5 centimetre in north-west 

India. The total rainfall of 

November is 25 centimetre 

to 37.5 centimetre on the 

Coromandel coast but it 

rapidly decreases towards 

the interior of the Peninsula 

and less than 3 centimetre to 

the west of a line joining 

Mangalore and Dibrugarh. 

The length of the rainy 

seasons is the shortest in the north and longest in the south. 

 

4.6.8 Peculiar Features of Indian Rainfall 

 The average rainfall for India, as a whole is around 118 centimetre which 

appears to be quite satisfactory but there have been remarkable variations from this 

normal – as great as +30cm. and -20cm. (which occurred in 1917 and 1899 

respectively). Some of the important features of rainfall may be given below: 

 

(i) Variability. A very important aspect of rainfall is its variability. Variability from 

normal, (Refer Figure 92) when it is as low as 10 percent, is serious in areas of 

moderate precipitation where the rainfall is just enough for the crop production. This 

would be so, particularly, when it is on the negative side. It is in such areas that 

famines occur. 
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(ii) Delay in the Onset of Monsoon. The normal onset of monsoon may be 

considerably delayed or may come appreciably early over the entire country or over 

certain part of it. Late arrival of monsoons has now rather become a normal feature 

throughout India. In the years when the summer monsoon starts late, it frequently 

retreats early, thus affecting both the Kharif (summer) and Rabi (winter) crops. There 

may be prolonged breaks of rain lasting over the greater part of July or August, when 

the summer crops needing plenty of moisture are just growing. On the other hand, 

winter crops too are badly affected, since they rely upon the moisture left in the soil 

by the summer rains. 

(iii) Its persistence in one part. The rains may persist more than usual in one part of 

the country, consistently shunning another, a very common abnormality resulting in 

floods in one part and drought in another. A draught and a flood condition in the same 

state may follow in quick succession. 
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(iv) It is concentrated for a few months. Of the country‟s total rainfall, about 74% 

is received in the four monsoon months (June-September). Of the rest, 13% comes in 

the post-monsoon season; 3p.c. during (Refer Figure 93) the winter monsoon period 

and 10 p.c. in the pre-monsoon season. The duration of the rains varies from 2 to 4 

months, fluctuations in which as regards climate, distribution and timeliness bring 

misery or prosperity to the people. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

(v)  Erratic Nature. The rain sometime fall in torrents and heavy downpours, which 

are associated with cyclones. “The average rainfall per rainy day is 2.5cm, both in 

Assam and the west coast; 1.5cm. in West Bengal and Uttar Pradesh, icm. In 

Karnataka and parts of the Deccan Peninsula, and more than 1/2centimeter in the dry 

desert of Rajasthan. Cherrapunji gets its useul rain of 1087cm. in rainy days, Shri 

Ganganagar gets 12cm. in 10 to 12 days. Hence, it is said that “it pours, it never rains 

in India”. The heavy downpour results in excessive soil leaching and soil erosion. 
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(vi) Unequal Distribution. The rainfall is unevenly distributed over the country. 

The sharp transition from heavy rain to dire scarcity is testified by the old proverb, 

“One horn of the cow lies within the rainy zone and one without”. The normal annual 

rainfall varies from about 160cm. in Assam hills and 224-267cm. at suitably exposed 

portions on the crest of the Western Ghats to less than 25cm. in Rajasthan. Very high 

precipitation (over 300cm.) is experienced in the southern slopes of the Khasi, Jaintia 

Hills of Assam, the southern slopes of the Assam, Himalaya and the western slopes of 

the Sahyadri ranges in the western Peninsula. Very low precipitation (less than 40cm.) 

is experienced in Saurashtra, western Rajasthan and northern Kashmir. Between these 

extremes precipitation varies over the rest of India withinh 40cm. to 300cm. 

 

(vii) Rainfall occurs in every month In every month of the year, there is rainfall in 

some part of India. “In January and February north India gets rain from the winter 

depressions. In March thunderstorms begin to be frequent in Bengal and Assam, and 

continue to give heavy rainfall, till the monsoon starts in June. The general monsoonal 

rains continue till September and then during the retreat of the monsoon in November 

and December there is heavy rain on the Coromandel coast”. Thus, there is no month 

of the year in which rain does not fall in some part or other in India. 

 

4.6.9 Significance of Monsoon Rainfall 

 Life in India is primarily based on agriculture, which is dependent for its very 

existence on the south-west monsoons. This monsoon may be said to be the pivot 

upon which the whole economic life swings. In one season India is deluged with rain 

and is the scene of most wonderful and rapid growth of vegetation in another period 

the same tract becomes dreary, sun-burnt and waste. In the words of Dr. Vera Anstey, 

“if monsoon fails there is a lock-out in agriculture industry, a disaster which calls 

forth the virtues of patience, fortitude and charitableness”. The impact of monsoons 

on Indian economy is very well illustrated by the saying of a former Finance Minister 

of the Government of India that “the budget is largely a gamble on rain”. 

 The amount of rainfall strongly determines the cropping pattern. Areas with over 

200 centimetres of rainfall produce rice, sugarcane, jute, tea, coffee, rubber and 

spices, and evergreen forest is the natural vegetation. In areas with 100 centimetres to 

200 centimetres there is to be found a mixture of dry zone and wet zone crops, but 
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rice usually predominates. Monsoon forests occur in these areas. In areas between 50 

centimetre to 100centimetre of rainfall, dry zone crops – maize, barley, millets, 

pulses, oilseeds; and rice and wheat can be grown with the help of irrigation. In areas 

with rainfall below 50centimetre agriculture is almost impossible without irrigation. 

Thus, Creaesy has said that, “Nowhere else are so many people so intimately 

dependent upon rainfall rhythms; the whole prosperity is tied up with the 

eccentricities of its seasonal winds, that make India a truly monsoon country. 

It is worth noting that it is not the actual amount of the deficiency and the interval 

between two occurrences but the period during which it occurs, which is of critical 

importance. Even moderate deficiencies in the total rainfall can be disastrous during 

the critical periods of crop growth. It is the uncertainly born out of these factors which 

makes agriculture precarious and complicates planning for irrigation in areas of most 

uncertain rainfall as in Gujarat, Rajasthan, Haryana, Punjab and parts of Tamil Nadu. 

 

4.6.10 Climatic Regions of India 

 Classification of climatic regions of India has been attempted by prof. Kendrew, 

Dr. Stamp, Thornwaite, Koppen and Dr. Trewartha. We would, however, give here 

Trewartha‟s classification which has been considered somewhat more satisfactory 

than others. 

Dr. Trewartha has modified 

Koppen‟s classification, and based 

his division on temperature and 

vegetation. He also took into 

(Refer Figure 94) consideration 

the geographical regions of the 

country. Dr. Trewartha divided 

India into four major regions, viz., 

A,B,C, and H and these were 

further sub-divided into seven 

climatic types. 

 

 A Type stands for tropical 

rainy climate, where consistently 
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high temperatures prevail (i.e., over 18
o
C) even in the coolest month. Its subdivisions 

are: 

(i) Am Tropical Monsoon with short Dry season.  

(ii) Aw Tropical Savannah. 

 B Type indicates that it is a dry region where the temperatures are high and 

rainfall very scanty. Average temperature rises over 27
o
C, and rainfall is less than 

12.5centimetre Its sub-divisions are:  

(i) BS Tropical steppe or semiarid.  

(ii) Bsh Tropical and Sub-tropical Steppe.  

(iii) Bwh Tropical and Subtropical desert. 

 C Type refers to regions, where the temperature of the coldest month ranges 

between 0
o
C and 18

o
C, and the winters are dry. Its subdivision is:  

(i) Caw Humid Sub-Tropical with dry winter. 

 H Type represents the mountain climate. 

1. Tropical Rainy Climate region (or Am Type). It comprises the western coastal 

strip. Western Ghats south of Mombai, Meghalaya, western part of Nagaland and 

Tripura. This region is characterised by consistently high temperature, which does not 

fall below 18
o
C even in December. April and may are the hottest months; the 

temperature varing from 18
o
 to 27

o
C . July and August are the coolest months, when 

copius rainfall occurs. The average rainfall exceeds 250centimetre which encourages 

wet evergreen forests. 

2. Tropical Savannah Region (or Aw Type). This region encompasses within its fold 

practically a major part of the Deccan Peninsula, except the semiarid tract lying to the 

east of Western Ghats, north-eastern Gujarat, major parts of Madhya Pradesh, south 

Bihar, Orissa, northern Andhra Pradesh, eastern Maharashtra and eastern Tamil nadu 

coast. The chief feature of its climate is the long dry period, average monthly 

temperature rising over 18
o
C, though maximum summer temperature may even go up 

to 46
o
C to 48

o
C. In winter, the temperature does not go below 18

o
C. Rainfall, except 

in the south-eastern parts, comes in summer. The retreating monsoons bring sufficient 

rains to Andhra and Tamil Nadu coast. The average rainfall of the region is about 

100cm. 

3. Tropical Steppe Region (or BS Type). This region comprises the rain  shadow 

areas lying to the east of the western ghats and covers Karnataka, interior Tamil Nadu, 

western Andhra and central Maharastra. The average temperature is over 27
o
C, April 
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and May being the hottest months, when it may rise over 32
o
C. the temperature of the 

coolest month is about 23
o
C. the average rainfall is less than 75cm., and therefore, the 

region comprises the important famine zone of the country. The south-west monsoons 

bring rain to this region. 

4. Sub-Tropical Steppe Region (Bsh Type). This region comprises tracts stretching 

from the Punjab to Kutch and saurashtra encompassing the western Rajasthan and 

northern Gujarat. The average temperature rises over 27
o
C, although as high as 48

o
C 

has been recorded during summer. The rainfall averages between 50centimetre to 

75centimetre and is received from the south-west monsoon. It often falls leading to 

wide-spread scarcities. 

5. Tropical Desert Region (or Bwh Type). Under its fold come western Rajasthan 

and parts of Kutch – which are purely sandy plains. The summer temperature rises 

over 48
o
C, while in winter it goes down to 12

o
C. May and June are the hottest 

months. The average rainfall is 12.5centimetre and that is very unreliable. Excessive 

evaporation during summer and intense cold during winter hinder crop production 

except under irrigation. 

6. Humid Sub-Tropical Region (or Caw Type). This region is spread over the 

foothills of the Himalayas, eastern Rajasthan, plains of Uttar Pradesh. and Bihar, 

northern Bengal, part of Assam and Arunachal Pradesh. The maximum temperature is 

recorded in summer months, it being 46
o
C to 48

o
C. the average rainfall is about 

62.5centimetre, but it increases to over 250centimetre in the east. The rainfall is 

mostly received from summer monsoon, and winters are practically dry. 

7. Mountain Region (or H Type). This region covers the entire Himalayan region, 

both the Trans-Himalayan belt and the main Himalaya. The average temperature in 

June ranges between 15
o
C to 17

o
C, while in winter months, it goes below 8

o
C. On the 

northern slopes, the rainfall is scanty, about 8 to 10 centimetre, but western slopes 

enjoy heavy rainfall, of over 250centimetre 

 

4.6.11 Drought 

About 12% of the country‟s area receives less than 61centimetre of rainfall on 

average, and only 8% receives more than 250 cm. The erractic nature of the Indian 

monsoon with long dry spells accompanied by high temperature is responsible for 

creating drought conditions. 
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 In India, there are certain well defined tracts of drought. These are: 

(a) The desert and the semi-arid regions, with approximately 0.6 million sq. km, 

from a rectangle from Ahemdabad to Kanpur on one side and kanpur to Jullundur on 

the other. The rainfall in this region is less than 7.5centimetre, and at places less than 

4 centimetre Some of the areas, where irrigation is not provided, are among the worst 

famine tracts of the country. 

(b) Regions lying east of the Western Ghats, up to a width of 300kilometre. The 

region extends all along the Krishna river almost to within 80 kilometre. from the 

coast. The area of this region is 0.37 million Sqvare kilometre. 

 (c) Other pockets of drought lie in several parts of India, such as,  

(i) Tirunelveli district, south of vaigai river,  

(ii) Coimbatore area;  

(iii) Saurashtra and Kutch regions,  

(iv) Mirzapur plateau and Palamau regions,  

(v) Purulia district of west Bengal; and  

(vi) Kalahandi region of Orissa. These scattered pockets total to 0.1 million Sqvare 

kilometre. 

 The total area thus affected 

by inadequate (Refre Figure 95) 

rainfall is a little over one million 

sqvare kilometre of the total gross 

cultivated area of the country, 

about 56 million hectares are 

subjected to inadequate and highly 

variable rainfall. The Irrigation 

Commission (1962) has identified 

the drought affected areas as those 

areas with a rainfall of less than 10 

centimetre and even 75% of this 

rainfall is not received in 20% or 

more of the years and where 

irrigation is less than 30% of the 

cropped area. 
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4.6.12 Programmes for Drought areas 

 The main policy programmes for drought areas should be:  

(i) The conjective use of water from rainfall, surface and underground.  

(ii) The introduction of a crop pattern which would provide optimum protection from 

drought and at the same time ensures a reasonable and reliable income per 

hectare. There is to be found a great scarcity of perennial rivers and, therefore, 

great stress need be laid on developing irrigation in these areas through smaller 

works like anicuts, bandharas, tanks and dug wells.  

(iii) Lining of canals and distributaries should be undertaken to minimise water losses. 

(iv) Drip or trickle irrigation may be employed to reclaim some highly saline 

desert areas and to develop them for growing high-value, off-season crops.  

(v) Expeditious completion of the continuing projects should be given priority in 

future planning.  

(vi) Dry farming methods including conversation technology should be popularised so 

as to conserve as much natural moisture as possible. 

 

Floods 

 India has the worst distinction of being one of the worst affected tropical 

countries. Floods are usually the results of:  

(i) heavy precipitation (i.e., 15centimetre or more in a single day);  

(ii) cyclones accompanied by strong winds, tide bores, indiscriminate deforestation in 

the catchments and the upper reaches of the river basins;  

(iii) spilling of rivers over natural banks and the rising of the river beds;  

(iv) inadequate drainage arrangements in intensely cultivated and irrigated areas; and 

(v) changes in river courses through the formation and inundation of river meanders. 

 

 Nearly 60p.c. of the flood damage in the country occurs from river floods, while 

40p.c. is due to heavy rainfall (Refre Figure 96) and cyclones. Damage by Himalayan 

Rivers accounts for 60p.c. of the total damage in the country. In the peninsular river 

basins, most of the damage is due to cyclones whereas in the Himalayan rivers about 

66p.c. are due to floods and 34% by heavy rains. The damage is least in Central India 

rivers and is mostly due to floods in the rivers like Narmada and Tapi. 
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 About 27p.c. of the flood damage in the country is accounted for by Bihar, 33% 

by Uttar Pradesh and 15% by Punjab and Haryana. 

 It is roughly estimated that about 25 million hectares is prone to floods. The 

average area affected by floods annually is 7.4 million hectares, out of which 3.1 

million hectares is cropped area. 

 Flood occurrence in India is associated with the river system of the country. 

1. The basins of the Himalayan rivers (covering a part of the Punjab, Haryana, 

Himachal Pradesh, Delhi, Rajasthan, Uttar Prdesh, Bihar and West Bengal) subject to 

inundation, erosion and inadequate drainage, steep gradients of the river and change 

in the courses of rivers. The worst offenders are Kosi and Damodar, which have been 

notorious for devastating large areas. Brahmaputra basin is also subject to 

earthquakes and landslides which obstruct the free flow of water. In the Brahmaputra 

basin, floods are almost an annual feature and cause heavy damage by inundation 

and erosion. Assam valley is considered to be one of the worst flood affected areas of 
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India. Floods occur here mostly due to heavy rains during the rainy seasons, and 

silting of tributaries like Dihang and Luhit. 

2. The north-western river basin covering the States of Jammu and Kashmir, parts 

of Punjab, Haryana, West Uttar Pradesh and Himachal Pradesh, the Jhelum, the 

Sutlej, the Beas, the Ravi and the Chenab. In the Kashmir valley, the Jhelum is unable 

to carry the flood discharge. In the Punjab and Haryana plain the problem is mainly 

due to lack of adequate drainage. 

3. The Central India and Peninsular river basins, covering Madhya Pradesh, 

Orissa, Andhra Pradesh and Maharashtra, contain the Tapi, the Narmada and the 

Chambal. In there basins, at times the rainfall is excessive, causing floods in some of 

the rivers, but such floods do not occur every year, and when they do occur they are 

not of long duration. Heavy floods occur in the Godavari, the Krishna, the Pennar and 

the Cauvery at long intervals and the flood problem is said to be not generally serious. 

But when they occur they often exceed those in other regions and cause losses of 

crops by inundating the deltas. In Andhra Pradesh the Koleru lake submerges vast 

area along its fringes. 

 It may be observed that the proneness of various parts of the country to floods is 

mainly due to heavy rainfall over those areas in associated with tropical lows, 

depression and cyclones. While heavy monsoon rains cause major floods in the 

Himalayan Rivers, which affect the north and north-eastern states, the coastal areas 

suffer from heavy rainfall in associated with tropical cyclones and storm surges. 

 

4.6.13 Flood Control Programmes and Policy 

 The National Flood Control Policy comprises three phases: 

(1) Immediate phase, extending over a period of 2 years and comprising collection of 

basic hydrologic data, construction of embankments, urgent spurs, revetments, 

improvement of river channels, and raising of villages above flood level. 

(2) Short-term phase, covering next 4 to 5 years, consists of improvement of surface 

drainage, establishment of proper flood warning systems, shifting or raising of 

villages over flood level, construction of building channel diversions, more 

embankments and construction of raised platforms to be used during times of flood 

emergency. 
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(3) Long-term phase, which envisages schemes such as construction of dams or 

storage reservoirs for flood protection and soil conservation in the catchments of 

various rivers, detention basins, and digging larger channel diversions. 

 In addition to the above works, multipurpose reservoirs with specific storage for 

flood control have been constructed on the Mahanadi river, at Hirakund, and on the 

Damodar river at Konar, Maithan, Panchet and Tilaiya; Bhakra on Sutlej, Pong on 

Beas Ukai on river Tapi. These reservoirs constructed about a decade back have 

afforded considerable protection to the lower areas of these rivers. A number of the 

multipurpose reservoirs though not having any specific storage for flood moderation, 

like the Bhakra Nangal on Sutlej, the Nagarjun Sagar, and Tungbhadra on the 

Krishna, etc. have given incidental benefits of flood moderation in down-stream areas. 

In addition to this, a number of flood protection works including construction of about 

12,265 km. of embankments; 12,809 km. of drainage channels; 304 towns protection 

works and raising of about 4,700 villages have been completed during the last 30 

years (till March end, 1981). 

 Flood forecasting system has been set up at: 

 (1) Surat on the Tapi; (2) Baruch on the Narmada; (3) Varanasi, Buxer, 

Patana, Hthidah and Azambad – all on the Ganga; (4) Dibrugarh and Gauhati on the 

Brahmaputra: (5) Jalpaiguri on the Teesta; (6) Delhi on Yamuna; (7) Bhuveneshwar 

on Subernarekha, and Burba Balang, Brahmani in Orissa; and (8) The Sahibi (for 

Rajasthan and Gandhinagar on Chambal). 

 In the sixth plan, the outley proposed for flood control was Rs. 1045.10 crore as 

compared to Rs. 976 crore in the earlier plans. The area protected has been estimated 

to be 19 lakh hectares. 

 

4.7 SUMMARY 

 The tropical atmosphere differs significantly from that in middle latitudes. 

Temperature gradients are generally weak and weather systems are produced mainly 

by air stream convergence triggering convection in the moist surface layer. Strong 

longitudinal differences in climate exist as a result of the zone of subsidence (ascent) 

on the eastern (western) margin of the sub-tropical high pressure cells. Wave 

disturbances in tropical easterlies vary regionally in character. The monsoon seasonal 
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wind reversal of South Asia is the product of global and regional influences. The 

orographic barrier of the Himalayas and Tibetan plateau plays an important role. 

 Variability in tropical climates also occurs through diurnal effects, such as land-

sea breezes local topographic and coastal effects on air flow and the penetration of 

extra-tropical weather systems and airflow into lower latitudes. The equatorial pacific 

ocean sector plays a major role in climate anomalies throughout much in the tropics. 

 

4.8 ACTIVITY: 

 Find out information on some other famous local winds such as simoom, 

Karaburan and bora. 

 Study carefully and write brief about the temperature in your place. 

 

4.9 QUESTIONS 

 (1) How does the knowledge of air pressure help in forecasting weather? 

 (2) What are planetary winds? 

 (3) The Monsoon is a modification of the general planetary wind system. 

 (4) Briefly describe how the coriolis effect modifies the movement of air. 

 (5) Discuss the pressure belts and prevailing winds. 

 (6) Distinguish between current and wind. 

 (7) Write short notes. 

(i) Isobars, (ii) Loo, (iii) Jet Stream, (iv) Land and Sea breeze, (v) 

Westeries wind, (vi) Trade wind 

 (8) Explain Thournwaite‟s Climatic division of India 
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Unit – 5: Climatic Classification 

 Structure 

5.1 Objective 

5.2 Introduction 

5.3 KOPPEN and THORNTHWAITH 

5.4 Major Climates of the World and Climatic Changes. 

5.5 Global Warming 

5.6 Summary 

5.7 Activity 

5.8 Question. 

5.9 References. 

 

5.1: OBJECTIVE: 

 Be familiar with Key Concepts in Climatology. 

Know how these fields of study envolved and Contributions of leading 

individuals. 

 Understand the effects of climatic changes 

 Know the concept of global warming. 

 

5.2. INTRODUCTION 

The chief elements of atmosphere which are subject to change and which 

influence human life on the earth and wind, temperature, cloud, humidity and 

precipitation. The condition of these elements at any moment is called the 

weather. Because of these factors are always changing the weather is also 

unstable. But by observing the various conditions of weather at different places 

and at different hours an average is drawn. This average condition of the 

elements of atmosphere and weather is drawn after striking a mean of the 

conditions experienced over a number of years. This average conditions of wind, 

rainfall humidity and temperature is known as the climate. 
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5.3 KOPPEN AND THORNTHWAITE. 

5.3A Koeppen’s Classification 

Koeppen‟s classification is based upon temperature, precipitation and their seasonal 

characteristics. He aimed at providing a quantitative scheme which would relate 

climate to vegetation in an objective manner since he believed that the distribution of 

natural vegetation was the best expression of the totality of climate. Definite 

numerical values of temperature and precipitation have been established for 

delimiting the boundaries of different climatic types. However, these boundaries are 

not fixed and they should be regarded as a broad transition zone. Broadly, five 

principal groups have been recognized. Each group has been designated by a capital 

letter. These major groups are further sub-divided into a number of climatic types on 

the basis of temperature and precipitation differences. 

 Besides these five groups, the climate of highlands has been also included in this 

book as a separate category because altitudinal zonation of vegetation on the 

mountains also reveal similar pattern as one notices while going from the low 

latitudes to high latitudes. 

 

Climatic Groups Climatic Types 

A. Humid uopical climates (No cool 

season) 

(i)    Tropical rainforest 

(ii)    Savanna 

(iii) Monsoon 

B. Dry climates (Climates where 

evaporation exceeds precipitation 

and there is constant water 

deficiency) 

(iv) Desert climate 

(v)    Steppe 

C. Humid middle latitude climates 

(Mild winters) 

(vi) Mediterranean 

(vii) China 

(viii) West European climate 

D. Humid middle latitude climates 

(Severe winter) 

(ix) Taiga 

(x)    Cool east-coast 

(xi) The continental 

E. Polar climate (No warm season) (xii) Tundra 

(xiii) Ice-cap climate 

F. The climate of highlands  

 

A. Humid Tropical Climate 

The tropics having this kind of climate occupy almost half of the earth‟s surface, over 

20% of the land and 40% of the ocean surface. This climatic group is bounded by the 

mean annual isotherm of 20
o
C. The hot deserts of North Africa and Arabia lying 
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within this area are excluded from this group because of their extreme aridity. In this 

belt, temperature is more or less uniform. Principal climatic types within this group 

are identified basically on the basis of their seasonal distribution of rainfall. 

(i) The Tropical Rainforest or Equatorial Climate. 

This climate is found in the belt extending from equator to 10
o
N. and S. latitudes. 

Along the windward margin of the continents, this climate may extend upto 20
o
 North 

and South latitudes. The Amazon basin, the Congo basin and the south-east Asian 

Islands have this kind of climate. 

 This climate has uniformly high temperature throughout the year, the annual 

average being about 27
o
C. The daily range of temperature is in between 10

o
C and 

25
o
C. The annual range is, however, less than 5

o
C. Rainfall is heavy and is distributed 

throughout the year. The annual average rainfall is about 250 Centimeter. The 

constantly high temperature and all the year round rainfall help to produce the most 

luxurious vegetation in the region, which is known as the tropical rainfall or selva. 

(ii) The Savanna Climate 

This climate type is bounded by tropical rainforest climate toward the equator and by 

dry climates towards the poles. Areas having a savanna climate are the Sudan and 

Veld Plateau of Africa, the tropical grasslands of northern Australia, the Llanos of the 

Guiana Highlands of South America and the Campos of Brazil. It represents a 

transitional zone which gets convectional rainfall during the summer, whereas during 

rest of the year it remains dry under the dominating influence of the trade winds. 

 Temperature is high throughout the year, the annual average temperature being 

about 23
o
C. The annual range of temperature is 5

o
 to 6

o
C. The annual rainfall is about 

160 Centimeter. Wet summers alternate with dry winters. Floods and droughts are 

quite common. Duration of the rainy season and the average amount of annual rainfall 

decreases with the increasing distance from the equator. Similarly, annual range of 

temperature also increases away from the equator. Here the tropical rainforest gives 

way to the savanna, a tropical grassland with scattered deciduous trees. 

(iii) The Monsoon Climate 

The monsoon climate found in India, south-east Africa, northern Australia, the Guinea 

Coast of West Africa and the Pacific Coast of Columbia. The monsoon climate is 

characterized by seasonal reversal of wind direction associated with alternating 

periods of rainfall and drought. During the summer season, humid unstable air moves 

from the oceans towards the land. Conditions are, therefore, conductive to rainfall. In 
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winter, a dry wind originating over the land blows towards the sea. The monsoonal 

circulation system having reversal of wind direction develops in response to the 

differences in annual temperature variations between continents and oceans. During 

summer, the intense heating of Central Asia produces an area of very low pressure, 

whereas in Southern Hemisphere there exists the sub-tropical high pressure over the 

oceans. The south-east trades flow from the high pressure to low pressure area and are 

deflected to the right and reach India and south-east Asia as on-shore south and south-

westerly winds. These winds are laden with moisture and, therefore, cause heavy 

rainfall in these parts of the Asian Continent. 

 During winter, the excessive cooling in Central Asia intensifies the high 

pressure belt and the off-shore north-east trades blow over south-east Asia. Due to the 

presence of the Himalaya, these cold winds are prevented from descending into the 

Indian Peninsula. Temperatures are low during this season. 

 

B. The Dry Climates 

The dry climates have been sub-divided into the arid or desert type, and the semiarid 

or steppe type. These two climatic sub-divisions have many features in common. 

Their differences are primarily a matter of degree. 

(iv) The Desert Climate 

The chief feature of any desert climate is the scarcity of water. This results where 

evaporation exceeds precipitation. Aridity or dryness is not simply a matter of low 

precipitation, but of the „effective precipitation‟. For example, 25 Centimeter of 

precipitation may be sufficient to support the forest cover in Scandinavia where 

evaporation is less in the cool moist air. But the same amount of rainfall in Iran 

supports only a sparse vegetative cover because evaporation is very high in hot dry 

air. Hence, no specific amount of precipitation can serve as a universal boundary for 

dry climates. 

 In Koeppan‟s classification, three variables have been used in the formula to 

establish the boundary between dry and humid climates. These variables are (i) 

average annual temperature; (ii) average annual precipitation; and (iii) seasonal 

distribution of precipitation. With the increase in temperature, potential evaporation 

(evapotranspiration) also increases. 

 The arid deserts lie in the low-latitudes close to the Tropic of Cancer and the 

Tropic of Capricorn. The Sahara, the Arbia, the Thar, south-western USA, south-
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western Africa and Central Australia have this type of climate. This climate is 

dominated by the subsidence of air masses and marked stability of the sub-tropical 

anticyclones and hence, nearly rainless. Precipitation is not only scanty but is also 

very erratic. The cloudless sky and low humidity allow a great amount of solar 

radiation to reach the ground during the day and permit rapid terrestrial radiation at 

night. Consequently, low-latitude deserts in the interior of the continents have the 

greatest daily ranges of temperature on the earth, which is more than 15
o
C. Average 

annual temperature is about 38
o
C. 

 Tropical deserts located along the west coast of continents reveal marked 

influence of cold ocean currents on their climates. For example, Atacama in Peru and 

Chile and the Namib in south-west Africa have lower annual means as well as annual 

and diurnal ranges of temperature compared to other stations located at similar 

latitudes, but in other parts. However, these areas receive the lowest annual rainfall 

totals in the world despite their location adjacent to the oceans. In fact, the aridity in 

this part is intensified because of the cold off-shore water which chill the air and 

further stabilize it. 

(v) The Steppe 

Unlike the low-latitude deserts, the steppes are not controlled by the subsiding air 

masses of the sub-tropical anticyclones. Instead, these are dry lands principally 

because of their position in the deep interiors of large land masses away from the 

oceanic influences. In addition, presences of mountain barriers across the paths of the 

prevailing winds further restrict maritime influences. The middle latitude deserts 

having steppe climates are, therefore, most widespread in North America and Eurasia. 

 This climate type is characterized by meagre and unreliable precipitation like the 

tropical deserts. However, annual means (21
o
C) as well as annual range of 

temperatures (13
o
C) are comparatively lower. The annual rainfall is 30 Centimeter. 

Steppes located on the poleward side of the deserts receive maximum rainfall during 

the cool season, while those located towards the equator receive it during the warm 

season. 

 

C. Humid Mid-Latitude Climates 

This climatic group is sub-divided into the Mediterranean, China and West European 

climatic types. The coldest month is below 18
o
C, but temperature never goes below    

-3
o
C. The warmest month records temperature over 10

o
C. 



240 

 

(vi) The Mediterranean Climate 

This climate is found along the west coasts of continents between 30
o
 and 45

o
 

latitudes. It is bounded by the arid steppe on the equatorward side and the Marine 

West European climate on the ploeward side. Areas around the Mediterranean Sea , 

Central California, Central Chile, southern part of South Africa and south-eastern and 

south-western parts of Australia experience this climate. 

 As there is seasonal shift of pressure belts with the annual movements of the 

sun, these areas come under the influence of sub-tropical high-pressure conditions 

during summer, and cyclonic low-pressure conditions during winter. Summers are, 

therefore, warm and dry, temperature being in between 20
o
C and 27

o
C. Winters are 

mild with temperature ranging between 4
o
C and 10

o
C. The annual range of 

temperature is about 10
o
C to 17

o
C. Rainfall is moderate and varies between 440 and 

60 Centimeter. Most of it occurs in winter season. 

(vii) The Humid Sub-Tropical Climate or the China Type 

The humid sub-tropical climate is found along the eastern coasts of continents 

between 25
o
 and 45

o
 latitudes. It occurs in the south-eastern United States, Uruguay, 

Argentina, southern Brazil, eastern China, southern Japan and eastern coastal belt of 

Australia. 

 Summers are hot and humid. Winters are mild. The average annual temperature 

is 20
o
C and the average annual range of temperature is about 17

o
C. Yearly 

precipitation totals are usually more than 100 Centimeter. It is well distributed 

throughout the year. These areas experience dreaded hurricanes and typhoons, mostly 

in the late summer and autumn. 

(viii) The Marine West European Climate 

This climate is found along the western coasts of continents from about 40
o
 and 65

o
 

North and South latitudes. This climatic region is dominated by the on-shore flow of 

oceanic air. Under the influence of maritime air masses, these area experience mild 

winters, cool summer and ample amount of rainfall throughout the year. This climate 

is found most widely in Europe, where in the absence of any mountain barrier running 

north-south, the movement of cool maritime air is not restricted. In North and South 

Americas, this climate is found only in narrow belt along the coast, because of the 

presence of mountain barriers. Besides these areas, New Zealand and south-eastern tip 

of Australia also experience this climate. 
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 Whether remains highly variable and unpredictable throughout the year under 

the influence of cyclonic low pressure system. The average annual temperature is 

10
o
C. Total annual rainfall is about 140 Centimeter. The winters are rainier than the 

summer. 

 

D. Humid Mid-Latitude Climates 

Humid mid-latitude climates having low temperatures have been sub-divided into the 

taiga climate, the cool east coast, and the continental climates. 

(ix) The Taiga Climate 

This climate type has been named after the coniferous forest cover found in the 

region. This climatic region covers broad expanses from western Alaska to 

Newfoundland in North America and from Norway to the Kamchetka Peninsula in 

Eurasia. 

 The climate is dominated by continental polar air masses. The summers are 

short and the temperature varies between 10
o
C and 15

o
C. The winters are long and 

very cold. Minimum temperature may be as low as -50
o
C (recorded at Verkhoyansk in 

January). The precipitation is low and is concentrated in warmer months. Despite its 

small amount, it is sufficient for tree growth because evaporation is less. The 

vegetation associated with this climatic type is the soft-wood coniferous forest. 

(x) The Cool East Coast Climate 

This climate is found in areas located along the north-eastern coast of the United 

States, northern China, Japan, Korea and lower Danube Plains. 

 The summers are long, hot and humid under the influence of tropical maritime 

air masses. Average summer temperature is 25
o
C. The winters are cold and the 

average winter temperature ranges between -4
o
C and 0

o
C. Precipitation is variable. 

Summer rainfall is characteristic and is convectional in nature. In winter, precipitation 

is usually less than in summer, and falls mostly in the form of snow. 

(xi) The Continental Climate 

This climatic region is situated in the interior parts of the big continents between the 

Taiga and the mid-latitude deserts. In Eurasia, it spreads from Poland and Baltic 

States to the Central Russian Plain. Beyond the Ural mountains, the belt is narrow and 

runs along the 55
o
 parallel. In North America this climate is found in the northern 

states of the United States and the southern parts of the central states of Canada. 
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 Temperature is usually higher than those of the Tiaga type climate, but is lower 

than those of the cool east coast climate. Summers are short and warm, temperature 

being in between 10
o
C and 21

o
C. Winter is long. Temperature goes down below 

freezing point. Precipitation is variable and comes mostly in summer as rainfall. 

Winter precipitation is in the form of snow. 

 

E. The Polar Climates 

Polar climates are those in which the mean temperature of the warmest month is 

below 10
o
C. These are thus characterized by the absence of a warm period and by 

long cold conditions. This climatic group has been sub-divided into two types - The 

Tundra Climate in which warmest month has a temperature above freezing point but 

is less than 10
o
C; and the Ice-cap Climate in which the warmest month has 

temperature below 0
o
C. 

(xii) The Tundra Climate 

It is found almost exclusively in the Northern Hemisphere occupying the coastal 

fringes of the Arctic Ocean and many Arctic Islands and the ice-free shores of Iceland 

and Greenland. 

 Winters are severe but summers are cool. Annual temperature ranges are high. 

Precipitation is small. Temperature of warmest month does rise above 0
o
C, but never 

above 10
o
C. As such, the ground may be free from snow, but for a short period. The 

10
o
C summer isotherm thus marks the equatorward limit of the tundra as well as the 

poleward limit of tree growth. Only sparse vegetation is possible which comprises 

grasses, mosses and lichens. 

(xiii)  The Ice-cap Climate 

The Ice-cap climate does not have a single monthly mean above 0
o
C. Consequently, 

the growth of vegetation is prohibited and it is a region of permanent ice and snow. 

 

F. Climate of the Highlands 

In mountainous regions, altitude and aspect play important roles in controlling 

temperature and precipitation. On high mountains the effect of high altitude is almost 

the same as that of high latitudes on the globe. This may be revealed by altitudinal 

zonation of vegetation from the foot of the mountains to their tops. High insolation, 

low temperature, low air pressure, large diurnal ranges of temperature and relatively 
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large amount of precipitation at higher altitudes are common. This type of climate is 

found in the Alps, the Himalayas, the Tibetan Plateau, the Rockies and the Andes. 

 

5.3A.1 Climate and Man 

Since climate refers to the atmospheric conditions of the earth over a long period of 

time, it is one of the most important aspects of the natural environment. It represents 

the living atmosphere, with which hydrosphere, lithosphere and biosphere constitute 

the natural environment. It represents the living atmosphere, with which hydrosphere, 

lithosphere and biosphere constitute the natural environment. Climate affects and is 

also affected by the processes and the conditions of the other three components, i.e., 

hydrosphere, lithosphere and biosphere. 

 Climate sets limits to the distribution of different kinds of plant and animal 

lives. It has, therefore, a great significance for man. It influences human activities 

both directly and indirectly. Agriculture, irrigation, forestry, construction of houses, 

land use, transportation and other economic activities are greatly influenced by the 

climatic conditions. Indiscriminate cutting of trees by man in several parts of the 

world has led to decrease in the amount of precipitation and hence more frequent 

famine conditions. Similarly, increase in the burning of fossil fuels during past several 

decades has caused increase in the amount of carbon dioxide in the atmosphere. This 

has raised the temperature of the atmosphere to some extent. 

 

5.3B THORTHWAITE 

(See Unit 4: ) 

 

5.3B.1 Meteorology and Economic Development 

 Meteorology, the science earth‟s atmosphere is of vital importance and an 

understanding of it can mean the difference between life and death, prosperity and 

poverty. 

 Weather records, the result of years of observation and analysis, yield 

information on climate essential to economic planners, agricultural scientists and 

other technical specialists. For more immediate use, however, observations from a 

world-network of stations are exchanged between the countries of the world by high-

speed telecommunications systems. These reports are then plotted on weather charts, 
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which are the basic scientific instrument for the meteorologist‟s work and which 

enable him to make his forecasts. 

 Climate and weather are two fundamentals to be considered in any programme 

of economic development. 

 It is climate that, over the years, determines natural vegetation abundance or 

lack or fresh water, agricultural possibilities, and suitability of location for human 

habitation: 

 It is weather that, determines the most economic operation of a dam, the 

fluctuating demands for power for domestic heating, the best period for carrying out 

various farming operations, the comfort and safety of different types of transportation. 

 Economists now recognize that adequate meteorological information: 

 Reduces unnecessary expenditure 

 Helps to avoid waste of national resources: 

 It a must both at the planning and operational stages of many development 

programmes. 

 

5.4 MAJOR CLIMATES OF WORLD AND CLIMATIC CHANGES. 

 We have so far examined the spatial and seasonal variations of the major 

elements of weather and climate, such as temperature, pressure, winds, humidity, and 

precipitation. Whether is the sum total of the atmospheric conditions in a place or in 

an area in terms of these elements at a particular instant. Thus, it refers to specific 

atmospheric conditions. Climate, on the other hand, indicates a generalised and 

composite picture of the average weather conditions and prominent departures from 

the average spread over a long period, for a given larger area. The combined effects of 

the variations of the major climatic elements in different parts of the world and also 

the varied nature of the earth‟s surface give every location a distinctive climate. 

Hence, the number of different climate is extremely large. Such a variety poses 

problem in providing simple explanations. It is, therefore, essential to classify the 

different climates into few major groups having certain common important 

characteristics. In other words, it means systematic arrangements of information in a 

simplified and generalized manner. This would not only help in comprehension but 

would also facilitate analysis and explanations. 



245 

 

 Several attempts have been made to classify the climates of the world to 

describe and delimit the major types of climates in quantitative terms. It should, 

however, be remembered that no single classification (Refer Figure 97) can be perfect 

because climate stands for the generalized and composite weather conditions. The 

value of any particular classification is determined by its intended use. A system 

designed for one purpose may not necessarily be applicable to another. 

 

 Probably the first attempt to classify the world climates was made by the ancient 

Greeks. On the basis of temperature, they divided the earth into  

(i) Torrid (tropical);  

(ii) Temperate (mid-latitude); and  

(iii) Frigid (polar) zones. The boundaries of these zones were the four astronomically 

important parallels. The low latitudes bounded by the Tropic of Cancer and the Tropic 

of Capricorn having high temperature throughout the year were called the winterless 

torrid or tropical region. Bounded between the Tropic of Cancer and the Arctic Circle 

in the Northern Hemisphere, and the Tropic of Capricorn and the Antarctic Circle in 

the Southern Hemisphere, were the two zones of temperate climate. These zones 
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experienced marked seasonal contrast in temperature. Regions lying beyond the 

Arctic and the Antarctic circles, experienced low temperature throughout the year and 

hence, were designated as Frigid Zone. 

 Since, that time, many classifications of climate have been devised. However, 

among the modern classification schemes, two have gained wider acceptance and 

popularity. These schemes are those of W.Koeppen and C.W. Thornthwaite. These 

are quantitative in expression as they use numerical values for defining the boundaries 

of the climatic groups and types. Here, we will describe main types of climates based 

on the classification scheme of W.Koeppen, which has been the most, popular system 

used nowadays. 

 

5.4.1 Climatic Regions of the World 

 On the basis of temperature and insolation, the earth has been divided into five 

zones – Torrid zone, North and South Temperate zones, Arctic and Antarctic zones. 

On the basis of pressure and winds the earth has been again divided into a number of 

pressure belts – two high pressure areas and two high pressure belts separated by three 

belts of low pressure. These include within themselves an equal number of zones with 

different pressure and wind conditions. But these parallel zones are modified because 

of the effect of land and sea distribution, (Refer Table 3) elevation above sea level and 

due to the periodicals and variables in the atmosphere of the earth. 

 On the basis of climate the earth is divided into a number of regions, each region 

having approximately the same temperature, wind and rainfall conditions and as such 

capable of producing the same type of vegetation or supporting the same type of 

animals. The relative position of the various regions can be understood from the 

following table: 

 

5.4.2 Climatic Changes. 

In view of the profound influence of climate on every aspect of life at present, it can 

be appreciated that its influence on different life forms has been great in the past and 

is likely to be so in the future too. Plants, animals, human beings, all change with a 

change of climate. Now, it is an established fact that all living species thrive best 

under definite and limited conditions of various climatic elements. Any great 

deviation from the normal values means death and destruction for the species. 
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 Here an attempt made to briefly examine climates of the past. Besides, some of 

the techniques devised by scientists to reconstruct and interpret the climatic 

fluctuations have also been described. Lastly, a wide variety of theories that have been 

proposed as possible explanations of the causes of climatic changes have been 

reviewed. 

 

5.4.3 Reconstruction of Past Climates 

Instrumental records of climatic elements are available only for the last hundred years 

or so. The scientists, therefore, must reconstruct past climates from indirect evidences. 

These evidences are based on the findings of geology, geomorphology, botany, 

zoology, anthropology, glaciology, archaeology, geophysics, meteorology, 

oceanography, historical records and a host of other related disciplines. 

 Another important technique for deciphering the past climates is the study of 

ocean floor deposits and analysis of oxygen isotopes. Both these techniques have been 

recently developed. They help in reconstruction of temperature as they fluctuated in 

geologic past. Most of the ocean floor deposits contain fossilized remains of sea-

surface organisms. The most important aspect of these organisms is that their numbers 

and types change in response to temperature changes. This technique, however, 

analyzes the past climates on shorter time-scale of hundreds to thousands of years 

only. Oxygen isotope analysis determines the periods of glacial activity by measuring 

the ratio between two isotopes of oxygen, 
16

O (most common) and 
18

O (heavier). 

Heavier precipitation leaves a greater concentration of the heavier isotope. It is so 

because the lighter isotope evaporates more readily from the sea. 

 Still another technique to reconstruct the past climates is the analysis of the 

annual growth of tree rings. This, of course, reveals the history of local climate. 

Similarly the study of paleosols (buried soils) helps in exploring the past conditions of 

local climate. 

 Considerable helps is also taken from the study of historical records which 

contain valuable information about draughts, floods, severe storms and other climatic 

extremes. Records of large-scale migration of peoples from one region to another, and 

the nature of crops produced also give invaluable clues to past climatic conditions. 
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5.4.4 Climatic Changes through Geological Time 

Before describing the climatic changes that occurred during the Pleistocene or 

Quaternary Ice Age, it must be pointed out that the earth‟s geological history is 

divided into four main periods, Pre-Cambrian (Archaeozoic and Proterzoic); 

Paleozoic; Mesozoic; and Cenozoic (Tertiary and Quaternary). Refer Table 4 shows 

the form of life that existed in different periods of geological time. 

Refer Table-4 Geologic Time Chart 

System and Period Series and  Epoch Distinctive Records of 

life 

Duration 

(in 1000 years) 

Pre-Cambrian Time 

Archeozoic Era 

Proterzoic Era 

 Orifin of simplest life Age 

of invertebrate origins. 

Few fossils. 

35,00,000  

to  

40,00,000 

Paleozoic Era 

Cambrian  Marine Invertebrates 500,000 

Ordovician  First primitive fishes 400,000 

Silurian  Earliest Land Plants and 

animals 

350,000 

Devonlan  Amphibians appeared, 

fishes abundant 

320,000 

Carboniferous 

Lower (Mississippian)  Sharks abundant 285,000 

Upper (Pennsylvanian)  First reptiles and coal 

forests 

260,000 

Permian  Reptiles developed, 

conifers abundant 

235,000 

Mesozoic Era 

Triassic  Appearance of dinosaurs 200,000 

Jurassic  Dinosaur‟s zenith, 

primitive birds, first small 

mammals 

160,000 

Cretaceous  Extinction of dinosaurs 130,000 

Cenozoic Era 

Tertiary   70,000 

 Paleocene First placental mammals  

 Eocene Rise of flowering plants  

 Oligocene Large browsing mammals.  

 Miocene Whales, apes, grazing 

forms 

 

 Pliocene Large carnivores 

transformation of apelike 

animals into man 

 

Quaternary Pleistocene Early man. Last great ice-

age 

1,000 

 Recent Modern man 11 
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 A perusal of Table 4 makes it clear that the geological record opens with the 

Archaeozoic era. Before that period there had been no record that can be deciphered. 

However, there is evidence of many variations and fluctuations of climate. 

 

5.4.4.1 Quaternary Ice Age.  

The Quaternary or Pleistocene Ice Age witnessed the advance of huge glaciers or ice-

sheets from different centres. In North America, great Canada, New England, and 

much of the Middle West under a thick sheet of ice estimated to be one and a half 

kilometre thick. Other such centres were located in the Canadian Rockies and the 

Cordilleras in western North America. Glaciers spreading out from these centers 

covered Alaska, Western Canada, Washington, Idaho, and Montana. The most 

important ice centres in Europe were located in Scandinavia and the Alps. Glaciers 

from Scandinavia and Scotland engulfed most of Great Britain. 

 In all, the ice covered about 13 million square miles of land where there is no ice 

today. Of the total area occupied by land, ice, there were 5 million square miles in the 

Antarctic, 4,500,000 Square miles in North America, 1,250,000 Square miles in 

Europe and least as much in Asia, and more than 8,00,000 sq. miles in Greenland. At 

present 6,000,000 square miles of land is occupied by ice. In addition to glaciers and 

ice sheets encroaching upon the land, there were great extensions of ice sheets which 

floated in the North Atlantic and Antarctic. On the whole, about 10% of the earth‟s 

surface must have been covered with ice. The actual sea level must have lowered by 

about 260 feet. 

 (i) Pluvial periods. During the glacial periods the precipitation is estimated 

to be greater than during the inter-glaciel periods in tropical and subtropical regions. 

The lakes of the Great Basin in North America spread out to form large inland seas. In 

East Africa a large chain of lakes are correlated with the Alpine glaciation-its different 

phases: Kafuan is connected with Gunz and Mindel, Kamasian with the Riss, 

Gambian with the three maximums of the Wurm. The pluvial periods were separated 

by inter-pluvial periods when most of the lakes dried up. 

 (ii) Post-glacial period.  There were alternating periods of rainy and dry 

climates during post-glacial period. This is clearly indicated by alteration of rapid 

growth and drying up of trees, which phenomena are borne out in peat bog sections. 
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 To trace out the climatic history of the postglacial period, scientists have placed 

much reliance on varve analysis, pollen analysis, archaeological and historical 

records, and radio-carbon dating. Even the direct measurements of temperature and 

precipitation have been taken for the most recent centuries to work out the past 

climatic conditions. 

 It is now commonly agreed that the main dry periods are dated about 2200-1900, 

1200-1000 and 700-500 B.C. The last dry period was so developed that scientists 

prefer to describe it as a dry heat wave lasting for about two centuries. 

(iii) Climatic changes during the Christian era. Since, the beginning of the 

Christian era there has been an increasingly detailed and accurately dated knowledge 

of climatic variations. The level of the Caspian Sea provided an important clue to the 

past climatic conditions in Asia. Historical records in China and India also proved 

much helpful. In Europe scientists studied the peat bogs, changing the lack levels, and 

advances and retreats of glaciers as evidenced by the marks of glaciations on the 

earth‟s surface. Other valuable sources for the reconstruction of past climatic 

conditions were the location of settlements, literary records and old weather journals. 

 In north-east Africa the fluctuations in the levels of the Nile and the history of 

oases could speak volumes for the climatic conditions of the past years. In the western 

part of North America the study of the width of the annual tree rings could help in 

ascertaining accurately the amount of rainfall. 

 On the basis of varied lines of evidences, it has been established that the climatic 

conditions at the beginning of the Christian era were much the same as at present. In 

north-east Africa the climate was somewhat rainier. There began a period of relative 

warmth and dryness at about 400 A.D. The Caspian Sea was much below its present 

level. The peak of this dry period was reached at about 700 A.D. when the Alpine 

passes began to be greatly used by increased traffic. 

 After 1200 A.D. there was a period of great storminess in Western Europe. 

North Sea coasts of England were inundated many times. The ground was 

permanently frozen about 1400 A.D., and the colonies disappeared. 

 The next centuries were generally rainy. All over the world the glaciers 

readvanced. The period from 1550 to about 1850 A.D. has been called the Little Ice 

Age. By 1780-1800 the ice extended more than half way from Greenland to Norway. 

From about 1600 to 1650 the advance of the glaciers became very rapid. In the Alps 

and Iceland there was temporary halt. But at about 1750 – which marks the second 
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maximum – glaciers reached their maximum extension. Since the end of the 

Pleistocene Ice Age, the glaciers had never advanced so far. Since then their has been 

a general retreat. 

 The present era of instrumental records brings us to the last phase of the climatic 

changes that have been described so far. The barometer and the thermometer were 

invented in 1643, and the use of rain gauges began between 1676 and 1690s. In the 

eighteenth century various types of barometres, thermometres and rain gauges were 

made available. Despite the fact that different countries used different units, now, we 

have homogeneous records of temperature and other climatic elements for number of 

places in Europe and elsewhere over periods going back into the eighteenth century. 

 

5.4.5 Theories of Climatic Changes 

As possible explanations of the causes of climatic changes, a wide variety of theories 

have been advanced during the last century. There are theories which hold that the 

causes of the climatic variation are to be found outside the earth-atmosphere system. 

In other words, there are extra-terrestrial factors which bring about climatic changes. 

There are still other types of theories according to which the causes are to be sought in 

the earth itself. These are called the terrestrial causes. There are also theories which 

are related primarily to man-made climatic changes. These theories examine the 

effects of increasing carbon dioxide content caused by combustion processes, and also 

the influence of the rising level of dust in the atmosphere. 

 Here a number of theories as given below have been briefly discussed: 

Astronomical or orbital theories; theories involving the displacement of continents 

with respect to the poles or to each other; theories involving a change in the 

composition of the atmosphere; geographical theories; and theories involving a 

change in solar radiation. 

 

5.4.5.1 Astronomical or Orbital Theories 

As we know, the sun is the primary source of heat for earth. There are three periodic 

deviations in the relative position of earth and sun which affect the seasonal 

distribution of solar radiation on the earth. These include the eccentrically of the 

earth‟s orbit about the sun, changes in obliquity of the earth‟s axis, and the precession, 

i.e., the wobbling of the earth‟s axis. 
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 Although the effect of solar distance is of little significance in current seasonal 

temperature fluctuations, it plays an important role in producing large scale climatic 

changes (secular climatic variations). In perihelion the sun is nearest to the earth, 

while in aphelion it is farthest from the earth. The difference in distance is not more 

than 3%. This differences means that there is a variation of 6% of solar radiation 

received by the earth. But this is not always so. The earth‟s orbit undergoes a change 

of shape during a cycle of 90,000 and 100,000 years. Sometimes the orbit forms a 

longer ellipse, and then it returns to a more circular shape. At the time of the greater 

eccentricity of the earth‟s orbit, the amount of solar radiation received at the earth‟s 

surface at perihelion may be 20 to 30% greater than at aphelion. Variations of this 

magnitude in the solar radiation would mean different climate from what it is at 

present. 

 As a result of the variation in the angle between the earth‟s axis and the ecliptic, 

the Topics and Polar Circles are displaced. At present, the earth‟s axis is inclined by 

23.5
0
. But according to scientists, this angle undergoes a change. The inclination of 

the axis varies from 22.1
0
 to 24.5

0
 during a cycle of about 41,000 years. Smaller 

changes in the inclination of the angle bring about smaller temperature differences 

between winter and summer. On the other hand, cooler summer temperatures do not 

allow much snow to melt. This would lead to the growth of ice sheets. 

 Like a spinning top, the earth rotating on its axis wobbles. At present, the axis of 

the earth points towards the star Vegas which will then be called the North Star. 

Since, the period of precession is roughly about 26,000 years; Polaris will once again 

be the North Star by the year 27,000. Due to this cyclic wobbling of the axis, climatic 

change of great magnitude takes place. As a result of the tilt of the axis towards Vega 

in about 12,000 years, the northern hemisphere will experience winter when the sun is 

farthest from the earth (aphelion) and summer will occur when the earth is nearest to 

the sun (perihelion). In this way, summer will be warmer and winters colder than at 

present. 

 Recently the studies of deep-sea sediments have lent wide support to the 

astronomical theory. By applying the technique of oxygen isotope analysis, a 

chronology of temperature variations for the last 450,000 years was established. The 

astronomical calculations of the three orbital variables – eccentricity, obliquity and 

precession – were compared with the sequence of climatic changes to determine the 

correlation. It was found that the correlation did exist and the climatic variations were 
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closely linked with changes in obliquity, precession and eccentricity of the earth‟s 

orbit. It established that changes in the earth‟s orbital geometry are the main cause of 

the succession of Quaternary ice ages. The plate tectonic theory has lent further 

support to the astronomical theory of climatic changes. 

 

5.4.5.2 Theories Involving the Displacement of Continents 

These theories are based on the presumption that some 300 million years ago all the 

continents were joined together to form the super-continent Pangaea. It was located at 

high latitudes far to the south of their present positions. Although Pangaea was 

centred on the equator, its southern-most part included the South Pole. There was a 

rift in the Pangaea and gradually it broke up into the separate continents that we 

know at present. These continents drifted apart to occupy their present position. 

Antarctica separated from Australia and slowly moved southward into its present 

position around the South Pole. The continents of North America and Eurasia moved 

towards the North Pole. Brazil, Argentina, South Africa, India, Antarctica and 

Australia, where there are marks of glaciation, were then located in high latitudes of 

the southern hemisphere. This hypothesis, known as Wegener’s Continental Drift 

Theory, no doubt, solves many problems of geology, paleontology and climatology. 

 However, this theory could not stand the rigorous test of geology. Similarly, 

geologists fail to understand the force which could break apart the super-continent and 

move its component parts to their present positions. The amount of movement 

required to account for the four glacial and four inter-glacial stages of Pleistocene ice 

age is out of question. 

 With the emergency of the Plate Tectonic Theory, the hitherto misunderstood 

Continental Drift Theory has regained wide support. The plate tectonic theory 

explains that the outer portion of the earth consists of several individual pieces called 

plates. These plates move in relation to one another upon a partially molten zone 

below. Except the plate which covers the Pacific Ocean Basin, all other plates are 

made up of both continental and oceanic crust. It may be pointed out that the glacial 

features of present-day Africa, Australia, South America and India are not in harmony 

with the present climatic conditions. At present it is hard to believe that climates in 

these regions located mostly in tropical latitudes were like those found in Greenland 

and Antarctica. 
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 According to the plate tectonic theory, all these regions having glacial features 

were joined together to make one universal continent called Pangaea. This super 

continent was situated farther from the present positions of its component parts. 

 Now, the geologists and other scientists believe that during the geologic past the 

continental drift must have brought about many more climatic changes. It must have 

radically changed the pattern of oceanic circulation leading to a corresponding change 

in the transport of heat and moisture. 

 Therefore, large-scale climatic changes also happen in millions of years. 

However, for explaining the short-term climatic changes covering tens, hundreds or 

thousands of years, the plate tectonic theory is not helpful. Other explanations must be 

sought for explaining them. 

 

5.4.5.3 Theories Involving Change in Composition of Atmosphere 

These theories include the carbon dioxide and volcanic dust theories. An appreciable 

change in the carbon dioxide content of the atmosphere or the widespread distribution 

of volcanic dust changes the insulating effects of the atmosphere. 

  

5.4.5.3.1Carbon dioxide theory. This theory was advanced by T.C. 

Chamberlin in the last decade of the 19
th

 century. According to this theory variations 

in the carbon dioxide content of the atmosphere play dominant role in causing world-

wide climatic changes. This gas is transparent to incoming solar radiation, but absorbs 

outgoing long-wave terrestrial radiation. The absorbed terrestrial radiation is radiated 

back to the earth‟s surface. Carbon dioxide and water vapour contents of the 

atmosphere being the most important heat absorbers produce what is called the green 

house effect. Thus, it is clear that any appreciable change in the carbon dioxide 

content would bring about changes in temperature in the lower atmosphere. 

 According to the current estimates, the present carbon dioxide content of the 

atmosphere is 330 ppm (part per million). It is likely to reach 400ppm by the end of 

the 20
th

 century. If the present rate of increase of carbon dioxide continues, this 

atmospheric gas may double by the year 2040. Consequently the global temperature 

may increase by about 2
o
C by 2040 A.D. 

 Possibilities also exist that the increasing carbon dioxide content in the 

atmosphere may lead to lowering down of the temperature. Higher temperature means 
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increased evaporation and more clouds in the atmosphere. Greater cloudiness would 

naturally reduce the amount of insolation reaching the earth‟s surface resulting in 

reduced temperature. The atmosphere being a very complex interactive physical 

dioxide content. 

 According to Huntington and Visher 1992, keeping in view the complexities of 

the problem this hypothesis should be regarded as a tentative rather than a final 

explanation of glaciation. However, the carbon dioxide content of the atmosphere 

appears to be an important factor in producing the longer fluctuations of climate from 

one geographical era to another. 

 

5.4.5.3.2 Volcanic dust theory. Volcanic dust, because of the size of its 

particles, deflects light of short wavelengths coming from the sun. But long wave 

terrestrial radiation can easily pass through volcanic dust without any loss. It is, 

therefore, natural that large-scale volcanic dust may lower down the earth‟s 

temperature to a certain extent. The large amount of volcanic dust present in the 

atmosphere is possibly one of the causes of the „Little Ice Age‟. According to  this 

theory, the ice ages are supposed to be initiated during epochs of frequent volcanic 

eruptions. 

 

5.4.5.3.3 Geographical Theories. There is general agreement among 

climatologists that broad uplifts of continents and localized uplifts of mountain 

masses reduce temperature and create conditions for the formation of glaciers. This 

hypothesis, which usually applies to changes in oceanic circulation, was proposed 

before the fact of inter-glacial periods was ascertained. The sequence of glacial and 

interglacial periods demands that there should be frequently repeated topographic 

changes associated with extensive periods of mountain building and subsequent 

erosion. No independent evidence exists to prove it. 

 However, topographic changes of vast magnitude bring about changes in the 

oceanic and atmospheric circulation. Such changes may greatly affect the climate. “In 

Chamberlin‟s view, as in ours, the elevation of the land, the modification of the 

currents of the air and of the oceans, and all that goes with elevation as topographic 

agency constitutes a primary cause of climatic changes”. 
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5.4.5.3.4 Theories Involving a Change in Solar Radiation 

These theories are based on the premise that the output of solar energy is subject to a 

considerable variation. They state that terrestrial climatic fluctuations occur in 

accordance with variations in the absolute quantity of radiant energy emitted by the 

sun. 

 One of the most important theories in this group is called the Variable sun 

theory. This theory of climatic change is based on the idea that sun is a variable star 

and its radiant energy undergoes changes through time. It holds that increased output 

of solar radiation leads to the warming of the atmosphere, whereas its decline would 

result in reduction of atmospheric temperature. Even though satellite technology has 

made it possible to measure the solar output of energy, no use of this sophisticated 

technology has yet been made. At present scientists have to place their reliance on 

ground-based estimates of the radiant energy from the sun. 

 Sunspots. Sunspots are the most conspicuous features on the solar surface which 

appear as dark spots. The sunspots are simply the huge magnetic storms that occur on 

the sun‟s surface. There is a close relationship between the solar activity and the 

number of sunspots. The number of sunspots increases and decreases in a cyclic 

manner. It may be pointed out that sunspots are a sign of increased solar activity. 

According to Huntington and Visher, the sunspot maxima coincide with periods of 

increased storminess, greater precipitation, and hence ice accumulation. From various 

lines of evidence it appears probable that historic pulsation and glacial fluctuations are 

nothing more than sunspot cycles on a large scale. The sunspot cycle averages 11 

years in length, and has been called the 11-year cycle. There have been 23-year cycle 

or even cycles of greater lengths also. 

Variations in solar constant. Variations in the total output of thermal energy by sun 

seem to be one of the most significant causes of world-wide climatic change. Since 

the atmosphere contains numerous self regulating mechanisms, it is not necessary that 

a minor increase or decrease in solar radiation would cause a general rise or fall in 

global temperatures. 

 

5.5 GLOBALWARMING 

The most significant global environmental problem faced by the world community is 

related to global environmental changes (GEC) consequent upon global warming 
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resulting from a host of causal factors mainly anthropogenic factors such as changes 

in atmospheric chemistry, ozone depletion, emission of greenhouse gases at alarming 

increasing rate, urbanization, land use changes mainly deforestation etc. The probable 

net result of global warming and changes in atmospheric chemistry through air 

pollution and other natural sources would be climatic changes at local, regional and 

global levels including both short-term and long-term changes in weather and climate. 

 The international communities are scared of catastrophic adverse effects of 

future climatic changes on different spheres of man and nature e.g. deglaciation and 

sea level changes, submergences of island nations and major coastal lowlands, 

atmospheric dynamics including evaporation and precipitation, global radiation 

balance, photosynthesis and ecological productivity, plant and animal community, 

human health and wealth and many more. The major sources of global environmental 

problems have been identified as changes in atmospheric chemistry through air 

pollution (both gaseous and solid particulates pollution) through rapid rate of 

industrialization and urbanization, population growth at alarming rate, advances in 

productive technology, major land use changes mainly deforestation etc. and efforts 

are afoot for tackling the problem of global warming leading to climatic changes at 

international level. 

 It is, thus, necessary to discuss the evidences of global warming, trend of global 

warming, process of global warming including ozone depletion and emission of 

greenhouse gases, effects of global warming, air pollution leading to changes in 

atmospheric chemistry, and related environmental problems and international co 

operations to tackle the problems of global warming and climatic changes. 

 

5.5.1 Evidences of Global Warming 

 Global warming refers to gradual rise in atmospheric and ground surface air 

temperatures and consequent changes in global radiation balance caused mainly by 

anthropogenic processes (although natural processes also cause global warming and 

cooling) leading to climate changes at different levels (e.g. local, regional and global 

levels). It may be pointed out that the pattern of global rise in air temperatures has 

been studied and reported by different scientists and agencies, and a few computer 

models have been constructed, but their results are not uniform, rather a few are 

contrasting. The radiative forcing and global warming potential (GWP) are used by 
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the Intergovernmental Panel on Climatic Change (IPCC) to compare the relative 

warming effect of different gases. The radiative forcing as defined by the IPCC refers 

to the effects which greenhouse gases have in altering the energy balance of the earth-

atmosphere system. On the other hand, the global warming potential is used as a tool 

to compare the relative warming effect of various gases emitted from anthropogenic 

sources such as carbon dioxide, carbon monoxide, nitrogen oxides, methane, sulphur 

dioxide, chlorofluorocarbon etc. The following evidences support the theory of 

gradual rise in air temperature and consequent global warming: 

 i.     Temperature records, 

 ii.    Melting of mountain and continental glaciers, 

 iii.   Warming of ocean water at global level, 

 iv.   Rise in sea level, 

 v.    Thawing of permafrost areas, 

 vi.    Upward shifting of snow lines of the tropical and subtropical mountains, 

 vii.   Spreading of tropical diseases towards temperate and polar regions, 

viii. Shifting of seasonal weather phenomena and changes in precipitation 

patterns etc. 

 

5.5.2 Increase in Air Pressure. 

 Various models have been developed to predict global rise in air temperature. 

(Schneider 1950) has pointed out that the temperature could rise upto 1.5
o
C to 3

o
C if 

the concentration of atmospheric carbon dioxide could be doubled from the 300 ppmv 

level to 600 ppmv. The General Circulation Model developed by S. Manabe and R.T. 

Wetherald (1975) predicts that if the present (1975 level) amount of carbon dioxide of 

the atmosphere is doubled, the temperature of the earth‟s surface will increase by 

2.9
o
C. 

 The increase in the frequency of EI Nino events between 1970 and 2000 A.D. 

also denotes warming of the earth‟s surface and its atmosphere. On the basis of 

aforesaid trend of (Refer Table 5) temperatures in the past century it may be said that 

rising trend of temperatures denotes global warming.  
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Projection of temperature and sea level rise due to global warming 

 2025 2050 2100 

CO2 concentration  405-460ppmv 445-640ppmv 540-970ppmv 

Global mean temperature change from 

the year 1990 

0.4-1.1
0
C 0.8-2.6

0
C 1.4-5.8

0
C 

Global mean sea level rise from the year 

1990 

3-14 cm 5-32 cm 9-88 cm 

 

5.5.3 Melting of Ice Sheets and Glaciers 

 The recent evidences have shown that the ice sheets of Antarctica and Greenland 

are breaking, the permanent ice covers of the arctic regions are melting, and 

continental and mountain glaciers are shrinking in both size and length as evidenced 

by their regular retreat. It may be mentioned that the Antarctica is well instrumented 

continent in terms of the study of various aspects of the continent e.g. surface and air 

temperatures, ice core analysis, size and thickness of ice sheets and glaciers, 

contraction and shrinking rate of ice sheets etc. The regular monitoring of Antarctic 

ice sheets has shown about 100 m annual rate of their shrinking. A rise of temperature 

of winter season by 4
o
C has been reported since 1950 in the west Antarctic Peninsula. 

In other words, the icebergs are formed when the ice shelves are disintegrated, thus 

huge voluminous mass of ice known as iceberg measuring several hundred square 

kilometres in area, floats independently in the sea. (i) It is significant to reported to 

have shrunk in their length and volume by more than 50% in the past century, (ii) the 

rate of upward retreat of Andean glaciers in Peru increased seven times in the last 3 

decades of the 20
th

 century, more precisely between 1978 and 2000 A.D., (iii) the 

Russian Caucases mountain glaciers have been shortened in their length by about 50% 

due to melting since 1960, (iv) the glaciers of Chinese Tien Shan Mountains have lost 

their ice volume by 25% on melting since 1960, (v) the glaciers of Southern Alps of 

New Zealand have moved upward by about 100 metres due to their retreat caused by 

thermal melting  of ice, (vi) Mt. Kenya has lost its most extensive glacier in the past 

century etc. 

 Different studies have demonstrated faster rate of melting of the Himalayan 

glaciers in India, resulting into their upward retreat and negative mass balance. A 

recent study of 19 glaciers of the Baspa basin of Himachal Pradesh by the scientists of 

Marine and Water Resource Group of Space Application Centre (SAC), Ahmedabad 

during 2000-2002 on the basis of weekly satellite images and field data provided by 
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the Geological Survey of India (GSI) has revealed that their mass balance during 2001 

and 2002 registered negative trend (i.e. -90m
3
 in 2001 and -78m

3
 in 2002). 

 

5.5.4  Processes of Global Warming 

 Major sources and processes of global warming include ozone depletion and 

greenhouse effects. Thus, it is necessary to understand the mechanism of creation, 

destruction and maintenance of ozone layer and sources and processes of 

intensification of greenhouse effects by increasing emission of carbon dioxide and 

methane for evaluation of global warming. 

 

5.5.4.1 Ozone Depletion 

 The mechanism of ozone depletion includes the aspects of creation of ozone, 

destruction of ozone and recreation or maintenance of ozone layer in the stratosphere. 

It is desirable to understand the mechanism of formation of ozone layer first so that 

the processes of its destruction and its impacts on global warming can be properly 

understood. It may be mentioned that the thinning of stratospheric ozone layer allows 

more ultraviolet solar radiation to reach the earth‟s surface and thereby increases the 

temperature of the earth‟s surface. 

 The stratospheric ozone layer mostly concentrated between the altitudes of 

12km to 35km, considered as a protective shield and earth‟s umbrella because it 

prevents ultraviolet solar radiation from reaching the earth‟s surface. Thus, the 

presence of ozone layer in the stratosphere is of vital significance for all biota 

including plants, animals and man in the biosphere. In the absence of this layer no life 

is possible in the biosphere because all the ultraviolet rays of the sun will reach the 

earth‟s surface and consequently the temperature of the earth‟s surface and the lower 

atmosphere will rise to such an extent that the „biological furnace‟ of the biosphere 

will turn into a „blast furnace‟. It is, thus, desirable to study the various aspects or. 

 

5.5.4.2 Creation of Ozone Layer 

Ozone defined as „a three-atom isotope (one of a set of chemically identical species of 

atoms which have the same atomic number but different atomic weight is called 

isotope) of oxygen (O3)‟, or „merely a triatomic form of oxygen (O3) is a faintly blue 

irritating gas with a characteristic pungent odour. Ozone is a strong oxidising agent 
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which can at high concentrations decompose with an explosion‟. There are contrasting 

opinions about the altitudes of the concentration of ozone. It may be pointed out that 

ozone is present almost at all altitudes in the atmosphere but the bulk of its 

concentration is present in a layer from 10km to 50km up in the atmosphere and 

within this ozone the highest concentration of ozone is between the altitudes of 

12kilometre and 35kilometre in the stratosphere. This zone (12kilometre-35kilometre) 

of ozone is called ozonosphere or ozone layer or stratospheric ozone layer. 

 The ozone gas is unstable because it is created as well as destroyed or 

disintegrated. In other words, the creation and destruction of ozone gas is a gradual 

and continuous natural process. The oxygen molecules are broken up or separated in 

the atmospheric layer between the altitudes of 80 to 100kilometre by ultraviolet solar 

radiation or by an electric discharge in oxygen or air during a thunderstorm in the 

troposphere in the following manner. 

 O2  O + O 

(Oxygen breaks up into two separate oxygen molecules) 

 These separated oxygen atoms (O) are then combined with oxygen molecules 

(O2) and thus ozone (O3) is formed. 

   O2 + O + M    O3 + M 

     or 

   O2 + O ........................O3 (Ozone) 

 

 Where M denotes energy and momentum balance produced by the collision of 

oxygen molecules (O2) with another individual atom or molecule. It may be pointed 

out that the collisions of 3 atoms or molecules or the collisions of oxygen (O2) with 

the third atom are not very common feature of regular occurrence between the 

altitudes of 80 to 100km (though O2 is very frequently broken up into individual atom 

or molecule in this layer as referred to above) because of very low density of gases in 

this part of the atmosphere and such collisions are also very rare in the atmosphere 

below the altitude of 35km because most of the solar ultraviolet rays have already 

been absorbed above this height. Thus, it is obvious that the formation of ozone (O3) 

due to collision of 3 atoms (O2 + O) through the process of photomechanical 

reaction triggered by the sunlight is more active in the atmospheric zone of 30 to 60 

km height from the sea level. It is further important to note that the ozone mixing 

ratio (ozone mixing ratio = mass of ozone per unit mass of dry air) is maximum at the 
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height of about 35kilometre but the maximum ozone density (ozone density = mass 

of ozone per unit volume) is found between the height of 20kilometre to 25 kilometre. 

This is because of the fact that ozone is transported to lower height (upto 12 

kilometre) by some upper air atmospheric circulation mechanisms which allow the 

ozone gas to accumulate between the heights of 12 kilometre to 35 kilometre. 

 

5.5.4.3 Depletion of Ozone Layer: 

An Environmental Concern 

 The presence of ozone layer in the atmosphere is very crucial and significant for 

plants and animals in general and human beings in particular because it provides a 

protective cover, known as earth‟ umbrella, to all of the organisms (including plants, 

animals, micro-organisms and man) in the biospheric ecosystem against their 

exposure to ultraviolet solar radiation. Infact, the ozone layer filters the solar radiation 

by absorbing unwanted ultraviolet rays and allowing only those radiation waves to 

reach the earth‟s surface which are essential for the maintenance of life of the planet 

earth. Any change in the equilibrium level of ozone in the atmosphere will adversely 

affect the life in the biosphere. 

 The data of ozone level variations coming through satellite monitoring since 

1967 have revealed sharp depletion of ozone layer. The monitoring from NIMBUS 3, 

NIMBUS 4 satellites and EXPLORER 5 and TYROS 4 of the former U.S.S.R. 

indicated definite variations in the ozone level. The sharp decline in the ozone level 

during 1960‟s was attributed to the discharge and transport of nitrous oxides caused 

by numerous nuclear tests carried out by the developed nations like the Russia, the 

U.S.A., France etc. into the atmosphere. The original level of ozone was restored and 

the depleted ozone layer was gradually stabilized soon after the banning of nuclear 

tests in the atmosphere. 

 

5.5.4.4 Factors And Mechanisms of Ozone Depletion And Creation of 

Ozone Hole 

 Combining of atmospheric oxygen (O2) with individual oxygen molecule (O) 

results in the creations of ozone (O2 + O    O3) whereas the breaking of ozone (O3) 

into O2 and O or re-creation of oxygen due to collision of ozone (O3) with monatomic 

oxygen (O) results in the depletion or destruction of ozone (O3    O2 + O or O3 + O      
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O2 + O2). The collective process of constant metamorphosis of oxygen into ozone 

(ozone formation) and ozone back into oxygen (ozone destruction or ozone depletion) 

is triggered by photochemical processes. If this is true, there must be maximum 

formation of ozone during June near the equator but the distributional pattern of ozone 

denotes its maximum concentration in the high latitudes (beyond 50
o
 latitude in both 

the hemispheres) and minimum concentration over the equator. This anomalous 

distribution of ozone may be explained if we consider transport of ozone by the 

atmospheric circulation towards the polar areas. 

 The mechanisms of ozone depletion include both (i) the natural processes, and 

(ii) the anthropogenic process. The natural processes of ozone depletion involve the 

conversion of atmospheric nitrogen into nitrous oxides due to solar activity because of 

maximum sunspots at the end of every 11-year cycle. According to latest, the 

anthropogenic mechanisms of ozone depletion include a few processes on which the 

following hypotheses have been postulated viz. 

(1) Chlorine hypothesis: The chlorofluorocarbon and halogen gases are released 

during the maintenance or operation of several devices using these synthetic 

chemicals (such as refrigerators, air conditioners, spray-can dispensers etc.), 

shredding of foam insulation and fire fighting into the atmosphere. 

(2) Sulphate hypothesis: It is believed that the sulphate aerosols emitted through 

volcanic eruptions (natural) and numerous constantly active human volcanoes 

(chimneys of factories) accumulate in the atmosphere at all latitudes between the 

altitudes of 15 kilometre to 22 kilometre. It has been discovered that the concentration 

of sulphate aerosols is most prevalent over the populated and industrialized areas of 

the northern hemisphere. 

(3) The nitrogen oxides hypothesis states that nitrogen oxides emitted from 

supersonic jets in the higher altitudes deplete ozone. The supersonic transport aircrafts 

(SST) flying at the speed of more than twice the speed of sound at the altitude of 18 to 

20km release significant amount of nitrogen oxides from their exhausts. 

(4) Polar Stratospheric clouds hypothesis: It was believed by the scientists that after 

the implementation of Montreal Protocol there would be substantial decrease in ozone 

depletion but this could not happen. Now the scientists believe that the increase in the 

number of clouds in the Arctic stratosphere leads to reduction in the concentration of 

stratospheric ozone. The green house effect causes warming of lower atmosphere but 

there is cooling of stratosphere. The phenomenon causes formation of ice clouds at 
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the height of 14-26km in the stratosphere. It may be remembered that there is also 

maximum concentration of ozone within this zone of the atmosphere. There are fast 

chemical reactions due to such ice clouds in ozone zone which cause depletion of 

ozone layer.  

 

5.5.4.5 Ozone Depletion and Global Warming 

 According to one school of thought the net effect of ozone depletion mainly 

because of the impact of chlorofluorocarbons on thermal conditions of the earth‟s 

surface and the lower atmosphere would be highly complicated and unpredictable 

because of two facts arising out of ozone depletion viz. (i) Because of weakening of 

ozone layer there will be less absorption of ultraviolet solar radiation and hence more 

ultraviolet rays will reach the earth‟s surface and consequently the temperature of the 

earth‟s surface will be increased. (ii) On the other hand, the heating of the stratosphere 

will be reduced because of reduced absorption of ultraviolet rays. This phenomenon 

would result in cooling of the earth‟s surface because of less thermal radiation from 

stratosphere to the earth‟s surface. These two factors will certainly complicate the 

effects of ozone depletion due to the effect of chlorofluorocarbons. 

 

5.5.4.6 Protection and Maintenance of Ozone Layer 

 The depletion of ozone layer and consequent imminent danger to biological 

communities in general and human society in particular have become a matter of 

serious environmental concern to governments, scientific communities and general 

public at local, regional and global levels. The remedial measures of ozone depletion 

at international level are being taken at two levels viz. (i) to promote reduction in the 

production and consumption of emission of ozone depleting chemicals, and (ii) to 

make serious efforts to produce and propagate the use of alternative chemicals which 

do not deplete ozone in the stratosphere. 

 

5.5.5 Greenhouse Effects and Global Warming 

 A greenhouse is meant for plants mainly in the cold countries where total 

insolation at least during winter season is not sufficient enough to support plant 

growth. The glasses of greenhouse are such that these allow the visible sunlight to 

enter but prevent the long wave infrared rays to go out. A greenhouse also does not 
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have any provision for artificial heating. The greenhouse effect means „progressive 

warming-up of the earth‟s surface due to the blanketing effect of man-made carbon 

dioxide in the atmosphere‟ (Oxford Dictionary). 

 „In a greenhouse, visible sunlight passes through the glass and heats up the soil 

and warms the plants. The warm soils emit radiation in longer wavelengths (long 

wavelengths of infrared radiation waves), it absorbs and reflects the infrared 

(radiation waves)‟ (D.B. Botkin and E.A. Keller, 1982). This mechanism keeps the 

greenhouse warmer than the outside environment. In nut shell it may be summarized 

that a greenhouse is the body which allows the short wave incoming solar radiation to 

come in but does not allow the long wave outgoing terrestrial infrared radiation to 

escape. Carbon dioxide and water vapour act as a greenhouse in that these allow 

visible light of the sun to reach the surface of the earth but absorbs and reflect back 

the long wave outgoing terrestrial radiation mainly infrared rays back to the earth‟s 

surface and thus help in keeping the earth‟s surface warmer. The gases with the 

properties of greenhouse are called greenhouse gases such as carbon dioxide. 

Halogenated gases such as chlorofluorocarbons (Refer Table 5) are also greenhouse 

gases because these absorb long wave terrestrial radiation in the 8 – 13 microns band 

and thus help in enhancing the carbon dioxide greenhouse effect. It may be, thus,  

Table 5: Emission of Green House Gases (GHG) in million tonnes), 1995 

Developed Countries Developed Countries 

U.S.A. 

Russia 

Japan 

Germany 

U.K. 

Canada 

Italy 

Poland 

Ukraine 

France 

Australia 

Spain 

1,433 

414 

308 

241 

151 

115 

107 

95 

92 

91 

87 

60 

China 

India 

South Korea 

South Africa 

Mexico 

Iran 

Brazil 

Saudi Arabia 

Indonesia 

Kazakhastan 

Taiwan 

Turkey 

846 

250 

104 

95 

94 

76 

65 

63 

62 

48 

48 

38 

Source : Down to Earth, April 30, 1998 
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concluded that the net result of greenhouse effect of carbon dioxide, water vapour and 

halogenated gases is the increase in the temperature of the earth‟s surface and the 

lower atmosphere because these gases allow solar radiation to reach the earth‟s 

surface but absorb most of the long wave terrestrial radiation and reradiate back to the 

earth and thus regularly warm the earth‟s surface and its immediate atmosphere. 

 

5.5.5.1 Major Sources of Greenhouse Gases 

 The most significant greenhouse gas is carbon dioxide which is released to the 

atmosphere by burning of fossil fuels for different purpose in various ways e.g. (i) 

Electric power stations based on fossil fuels mainly coal and mineral oil emit huge 

amount of carbon dioxide which reaches the atmosphere every year. These power 

stations are the most significant and widespread major sources of man-induced carbon 

dioxide. (ii) Numerous factories spread all over the world burn immense quantity of 

coal, mineral oil and natural gas and spew huge amount of carbon dioxide together 

with other undesirable gases through their chimneys into the atmosphere. (iii) The 

third major source is the transport sector which includes various types of vehicles run 

on coal and petroleum. For example, railways are large consumers of coal mainly in 

the developing countries, in India coal operated locomotives have been phased out 

and many developing countries are trying to phase out coal operated rail engines. 

Similarly, large fleets of automobiles (truck, buses, cars and two wheeler motor 

cycles, scooters etc.), agricultural implements like tractors, combines etc. and aircrafts 

all over the world burn immense quantity of diesel and petroleum each year. (iv) The 

fourth major source of the production of carbon dioxide is deforestation and burning 

of fire woods. The people are acquainted with the first three major sources of carbon 

dioxide but the mechanisms of the release of carbon dioxide through deforestation are 

little understood by common man. 

 Minor greenhouse gases like halogenated gases (chlorofluorocarbons) and 

halons are released to the atmosphere during the operation and maintenance of 

appliances and equipments using chlorofluorocarbons as coolants and propellants (e.g. 

air conditioners, refrigerators, several cosmetic goods, plastic foam, fire extinguishers 

etc.). Besides, methane, nitrous oxides, and ozone are also green house gases. 
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5.5.5.2 Emissions of Carbon Dioxide 

 The climatic changes caused by global greenhouse effect due to higher 

concentration of carbon dioxide in the atmosphere are primarily related to the pattern 

of energy transfer and uses the world over. It may be pointed out that here only that 

part of climatic changes is being considered which is caused by greenhouse effect 

only. It is significant to note that the pre-industrial level of atmospheric content of 

carbon dioxide (CO2) was fixed at 280 to 290 p.p.m. (parts per million) or (0.028% to 

0.029%) by volume (the base year of the beginning of the industrial revolution in 

1860 A.D.). Thus, the atmospheric content of carbon dioxide increased from the pre-

industrial level of 280-290 p.p.m. (1860 A.D.) to 350-360 p.p.m. during 1988, 

registering an overall increase by 25% from the pre-industrial level. It is believed that 

the rate of increase of atmospheric carbon dioxide through anthropogenic sources as 

referred to above will be accelerated due to ientless march of developing countries 

towards industrial development and urbanisation. It is, therefore, necessary to 

examine the pattern of emission of carbon dioxide through the use and burning of 

fossil fuels (coal, petroleum and natural gas). The following trend of consumption of 

fossil fuels and emission of carbon dioxide may the high lighted. 

 (1) According to the report of the Oak Ridge National Laboratory (Tennessee, 

U.S.A.,) based on the analysis of the 37-year time series of emission, the total 

emission of carbon dioxide through the burning of fossil fuels were dominated by a 

few developed and highly industrialised countries by 1950 (e.g. U.S.A. former 

U.S.S.R., U.K., Germany, France etc.). Only the U.S.A. contributed about 42% of the 

total world emissions of carbon dioxide in the year 1950. The former U.S.S.R., U.K., 

Germany and France occupied 2
nd

, 3
rd

, 4
th

 and 5
th

 positions in the global output of 

carbon dioxide through the burning of fossil fuels. The contributions of the 

developing countries towards the total emissions of carbon dioxide upto 1950 were 

negligible because of exceedingly now pace of industrialization in such countries. For 

example, India stood only 13
th

 in the hierarchy of carbon dioxide emitting countries. 

 (2) The situation drastically changed by 1986 that is after a lapse of 36 years 

from 1950 base. The relative percentage of the contribution of carbon dioxide from 

the burning of fossil fuels by the developed and highly industrialized countries 

declined while the relative contribution of the emissions of carbon dioxide by the 

developing countries increased because of rapid rate of industrial development taking 
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place in the developing countries after 1950. The data of the emissions of carbon 

dioxide from the burning of fossil fuels during 1986 reveal that the U.S.A., and the 

former U.S.S.R. (first and second respectively) still remained the largest contributors 

of atmospheric carbon dioxide but a few developing countries like China (advanced to 

3
rd

 place from the 10
th

 place during 1950) and India (occupied 7
th

 place in comparison 

to its 13
th

 place in 1950) became major contributors of atmospheric carbon dioxide 

during 1986. Japan (4
th

 place) has also become a very significant contributor of 

carbon dioxide. It may be pointed out that South Korea, a fast developing country, has 

moved from its 53
rd

 position during 1950 to 20
th

 place during 1986 in the hierarchical 

order of carbon dioxide emitting nations. 

 (3) It is important to state that though the relative contributions of carbon 

dioxide from the combustion of hydrocarbons by developed and highly industrialized 

nations have declined because of the increase of carbon dioxide emissions from the 

developing nations but the total emissions based on per capita basis are still 

dominated by the developed nations. The per capita emission of carbon dioxide is 

highest in the U.S.A. (5 tonnes per person per year). If we compare this figure with 

the figure of a major developing nation, say India (occupying 7
th

 place among the 

carbon dioxide emitting nations and producing 0.2 tonnes of carbon dioxide per capita 

per year), the U.S.A. still emerges the main culprit followed by Russia. 

 (4) On the regional basis of the emission of carbon dioxide it is clear that the 

total emissions are steadily increasing in China, most of Asia and Latin America. 

 The IPCC (Intergovernmental Panel on Climate Change) constituted by the 

United Nations Environment Programme (UNEP) and World Meteorological 

Organisations (WMO) in 1988 has been assigned the main task on the study of 

climatic changes, and of presenting reports on the effects of greenhouse gases on the 

earth from time to time (the IPCC submits its reports after every four-year period). 

 For example, there is vast variation in the data of emission of greenhouse gases 

(16.1) in the developed and developing countries (for 1995) as released by Climate 

Action Report of the Framework Convention on Climate Change (FCCC), U.S.A. and 

the data of carbon dioxide emission in 1995 as reported in the Citizen‟s Fifth Report 

of the Centre for Science and Environment, New Delhi, based on Anon, 1998. 

Knowledge for Development, World Development Report, 1998-99 (Refer Table 6) 

(16.7) and hence it becomes very difficult for comparative analysis and understanding 

of real picture. 
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Table 6 : Emission of Carbon Dioxide during 1980 and 1995 

Country Total (Million tonnes) Per capita emission (tonnes) 

 1980 1995 1980 1995 

World 

U.S.A. 

China 

Canada 

India 

Australia 

 

Regions 

East Asia and Africa 

Europe and Central Africa 

Latin America and 

Caribbeam 

Middle East and North 

Africa 

South Africa 

Sub-Saharan Africa 

13,385.7 

4,515.3 

1476.8 

420.9 

347.3 

202.8 

 

 

1,832.7 

886.9 

 

850.5 

 

500.5 

392.4 

350.5 

22,702.2 

5,468.6 

3,192.5 

435.7 

908.7 

289.8 

 

 

4,140.0 

3,722.0 

 

1,219.8 

 

982.9 

1,024.1 

477.1 

3.4(w) 

19.9 

1.5 

17.1 

0.5 

13.8 

 

 

1.4 

- 

 

2.4 

 

2.9 

0.4 

0.9 

4.0(w) 

20.8 

2.7 

14.7 

1.0 

16.0 

 

 

2.5 

7.9 

 

2.6 

 

3.9 

0.8 

0.8 
Source : Anon, Knowledge for Devlopment Report, 1998-99, reported in the Citizen‟s Fifth Report, 

1999, Centre for Science and Environmental. new Delhi, Vol. 2, p. 239. w =weighted mean. 

 

 Methane is another significant greenhouse gas which is produced from the 

biodegradation of organic matter i.e. biomass. The animal excreta and paddy fields 

have been accepted as major sources of methane. It may be pointed out those 

developing countries of tropical region account for 90% of global rice production. 

Consequently, tropical developing (rice producing) countries have been held 

responsible for producing largest amount of global warming methane by the 

industrialized countries. 

 

5.5.5.3 Greenhouse Effect and Climatic Change 

 The carbon dioxide is, in fact, a natural constituent of the earth‟s atmosphere. It 

is not necessarily a pollutant at least in the lower atmosphere but its increased 

concentration in the atmosphere leaves adverse effects on biological communities 

through changes in the thermal conditions and global radiation and heat balance. As 

stated in the beginning the carbon dioxide, present in gaseous form in the atmosphere, 

has unique properties in that it allows the solar radiation to reach the surface of the 

earth but tends to prevent long wave terrestrial radiation (such as infrared heat 

radiation from the earth) from the earth‟s surface from escaping into outer space. This 

mechanism results in the increase of temperature of the surface of the earth and the 
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lower atmosphere. It may be pointed out that about 50% of the total carbon dioxide 

produced by anthropogenic sources (combustion of fossil fuels and burning of wood) 

is dissolved into the oceans and fixed by the plants in their biomass whereas the 

remaining 50% is stored in the atmospheric storage pool and thus the concentration of 

carbon dioxide in the atmosphere steadily increases. The trend of increasing 

atmospheric carbon dioxide increases the greenhouse effect which raises the 

temperature of the earth‟s surface. 

 

5.5.5.4 Impact of Climate Change in India 

 India, being a party of U.N. Framework Convention on Climate Change (FCCC) 

published its first official document on impact of emission of green house gases on 

present and future climate of the country on June 1, 2004. The total annual emission 

of GH gases amounted to one million tonnes giving per capita emission of 1.3 

tonnes/year. The over all global rise of temperature of 0.4
o
C has caused 10 to 12% 

increase in monsoon rain in the west coast, northwest regions and north Andhra 

Pradesh but 6-8% decline in Madhya Pradesh and adjoining areas, north-east regions 

and parts of Gujarat and Kerala. The temperature is likely to increase by 2-4
o
C from 

1994 level by 2040 AD. Minimum temperature will rise by 4
o
C across the country by 

2040. there will be decrease in rainy days by 15 days over major parts of the country. 

The rising temperature would dry up key river basins of India after 2040 AD (Down 

to Earth, July 31, 2004). 

 

5.5.6 Global Warming and International Co-Operations 

 The international communities are well aware and are seized of the global 

environmental and ecological problems and various efforts have been initiated to 

control global warming and halt probable climatic changes. There are several 

organizations, government agencies, intergovernmental agencies, non-governmental 

organizations (NGO) which have undertaken various action plans and projects to 

study the relationships between man and nature, the environmental problems resulting 

there from and remedial measures therefore. It is heartening to note that now 

international co-operationa are forthcoming for the amelioration of the environmental 

and ecological problems. Efforts are being made to control ozone depletion and 

greenhouse effects at global level. The formulation of Montreal Protocol in 



271 

 

September, 1987 under the leadership of UNO-sponsored United Nations 

Environment Programme (UNEP), the international conference on „depletion of 

ozone layer‟ in London, held from March 5 to 7, 1989, wherein government officials, 

scientists and industrialists of 180 countries participated, international conference on 

ozone depletion held in London in 1990 etc. for restricting the production and 

consumption of ozone depleting chlorofluorocarbons (CFCs) etc. are a few examples 

which reveal the seriousness of international communities for their active co-

operations in tackling the global environment. 

 

5.6 SUMMARY 

Since climate refers to the atmosphere conditions of the earth over a long period of 

time. It is one of the most important aspects of the natural environment. It represents 

the living atmosphere with which hydrosphere, lithosphere and biosphere constitute 

the natural environment. Climate sets limits to the distribution of different kinds of 

plants and animals lives. It has therefore, a great significance to man. Global warming 

influence human activities both directly and indirectly. Agriculture, irrigation, 

forestry, construction of houses, land use transportation and other economic activities 

are greatly influenced by the climatic conditions. Increase in burning of fossil fuels 

during past several decades has caused increase in the amount of carbon dioxide in the 

atmosphere. This has raised the temperature of the atmosphere to some extend. 

 

5.7 ACTIVITY 

 Distribution of natural vegetation is the best expression of the totality of climate 

collection information with regard to climate data and photographs pictures, depicting 

natural vegetation for each climatic type in support of this statement. 

 

5.8 QUESTIONS 

1. What climate data used in Koppen‟s Scheme of classifying climate? 

2. Explain the characteristics of Savanna climate. 

3. Discuss the main characteristics of the monsoon climate. 

4. Define Global Warming. 

5. Describe Thorthwaite climatic regions of India. 
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6. Compare the low latitude desert climate with steppe. 

7. Write short notes on: 

 (i) Major temperature zone of the world. 

 (ii) The Taiga climate 

 (iii) The climate of the Highlands 

 (iv) Climate and monsoon 
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Block – 3 : Oceanography and the Earth  

Unit 6 : History of Oceanography 

 

STRUCTURE  

6.1 Objective 

6.2 Introduction 

6.3 Nature and Scope of Oceanography 

6.4 Distribution of Land and Water 

6.5 Major features of Ocean basin  

6.6 Physical and Chemical Properties of Sea Water 

6.7 Summary 

6.8 Activity 

6.9 Questions 

6.10 References  

 

6.1 OBJECTIVE 

- Under Stand nature and Scope of oceanography. 

- Understand knowledge about the pattern of land and sea distribution. 

- Know about the physical and chemical properties of the sea water. 

- Know about the basic divisions of ocean. 

 

6.2 INTRODUCTION 

It is perhaps wrong to call the planet on which we live as earth. Many scientists are in 

clined to describe it as a watery planet; not because 70.8% of the earth surface is 

covered with water but because the latter‟s presence in an abundant Measure is a 

Unique feature of this planet in the entire solar system, it is a subject of modern 

growth through its foundations can be traced back to the earliest times. It is concerned 

with the elucidation of many intricate and complex problems of physical and 

biological nature and premedical problems of sea which form so large a part of the 

environment of mankind. 
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6.3 NATURE AND SCOPE OF OCEANOGRAPHY 

The „World Ocean‟ comprising the combined ocean bodies and seas of the 

earth covers about 71% of the global surface. If we combine the shallow seas with the 

deep ocean basins the average depth of the World Ocean is about 3800 metres. Its 

total volume is about 1.4 billion cubic kilometres. This represents about 97% of the 

world‟s free water. Besides, about 2% is held up in the ice sheets of Antarctica and 

Greenland and about 1% represents the fresh water of the land. 

 One of the characteristic feature of the land and water distribution on the 

global  surface is that the percentage of the area covered by water goes on increasing 

from 70
0
 N to 60

0
S latitude. Water covers 28.7% of the belt lying between 65

0
N and 

70
0
N, and 99.9% between 55

0
S and 60

0
S latitude. In the northern hemisphere a total 

of 60.7% of the surface is under water, while in the southern hemisphere 80.9% is 

water and covered. Because of the preponderance of oceanic area the southern 

hemisphere is called the water hemisphere, while the northern hemisphere is called 

the land hemisphere’.  

 

6.3.1 Boundaries and Name of The Oceans 

 The existence of continents and their is lands divide the World Ocean into 

three oceans, namely, the Atlantic Ocean, the Pacific, Ocean, and the Indian Ocean. 

However, there is a fourth ocean namely, the Arctic Ocean, which, according to many 

oceanographers, is actually a large sea. All the three oceans are considered to have 

their beginning at the southern tips of the three continents namely, South America, 

Africa, and Australia. The boundary between the Indian Ocean and the Atlantic Ocean 

is formed by the 20
0
E longitude. 

 The meridian of the south cape of Tasmania (147
0
E) has been chosen as the 

boundary between the Pacific Ocean and the Indian Ocean. 

 The Arctic Ocean is also called the North Polar Sea, which is considered by 

some to be a part of the Atlantic Ocean. In this case, the Bering Strait forms the 

boundary between the Atlantic and the Pacific Oceans in all (Refer Table 7) the three 

oceans the equator divides them in their hemispheric parts with their own names such 

as, the North and South Atlantic, the North and South Pacific, and the North and 

South Indian Ocean. 
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Table – 7 

Area of the ocean surface in million km
2 

S.No. Area In Million Km2 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Oceans, not including adjacent seas 

Atlantic 

Pacific 

Indian 

Mediterranean’s, intercontinental 

Arctic 

American 

European 

Austral – Asiatic 

Mediterraneans, intracontinental 

Baltic Sea 

Hudson Bay 

Red Sea 

Persian Gulf 

Marginal Seas 

North Sea 

Gulf of St. Lawrence 

Bering Sea 

Others 

Oceans including marginal seas 

Atlantic 

Pacific 

Indian 

320.91 

82.22 

165.25 

73.44 

29.48 

14.06 

4.31 

2.97 

9.14 

2.33 

0.42 

1.23 

0.44 

0.24 

8.08 

0.58 

0.24 

2.27 

4.99 

360.80 

106.20 

179.68 

74.92 

                                 After Gunter Dietrich 

 The marginal or adjacent seas are actually parts of the main oceans which have 

been separated from the open oceans by continents and island chains.  

 

As it is clear from the above refer table. The Pacific Ocean is the largest ocean 

followed by the Atlantic and Indian Oceans. The Atlantic Oceans is half the size of 

the Pacific Ocean. The Ocean vary in depth as well. The average depth of the Pacific  

Oceans is 4200 metre. Whereas the average depth of the Atlantic and the Indian 

Oceans are 3900 metres. However, these figures do not present a correct picture 

because the Ocean floors are far from being flat plains, rather they are characterized 

by having mountains, trenches, and deep basins that vary the depth considerably. 
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6.3.2 Importance of the Oceans 

Oceans constitute the most important part of our physical environment. Life on our 

planet has been made possible only because of the existence of the Oceans. It is a 

common belief that the first beginnings of life began in Oceans. “In the late 1920s the 

British biologist Haldane hypothesized that life began in a „hot dilute soup‟ of 

organic compounds such as sugars and amino acids, which are the building blocks of 

proteins. Scientists have since  met with some success in creating the conditions of 

primordial „soup‟ that  would allow for the development of life under certain 

conditions. 

 

The Ocean water never  remains static. The Ocean water is characterized by various 

types of movements such as, tides, waves, ocean currents etc. Due to these longer 

time than land areas. This characteristic of the Ocean water greatly influence the 

atmosphere temperature. Moreover, the origin of the Ocean basins and the water 

present therein are of immense help in understanding the distribution pattern of land 

and water on the global surface. 

 

Climatic variations and changes of the sea level are closely related. Moreover, any 

change in the sea level is directly related to the continental glaciers. Sea level is 

actually the base level which controls the subaerial erosion in areas drained by rivers 

flowing into the sea.  

The Oceans are full of various kinds of vegetation and organisms. Some of them are 

microscopically small. Despite the fact that phytoplanktons and zooplanktons  are 

very tiny organisms, even then they form the basis of the orgin and development of 

other marine animals. These planktons with help of various chemicals dissolved in sea 

water and the solar rays falling on the water surface, create other organisms. 

 

The Ocean water contains all the elements that are found in the rocks of the 

continental land masses. Economically, therefore, the Ocean are called treasure 

house of all the precious minerals. It is estimated that 40 pounds of gold and 200 

pounds of lead are present in dissolved form in every one cubic mile of ocean water. 
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It is well known fact that of the total amount of salts ( sodium chloride) consumed in 

the world today, the major portion is obtained from the saline water of the Oceans. 

 

According to our, scientists, the Ocean can supply the required amount of proteins for 

the entire humanity for many thousands of years. Presently, of the total consumption 

of protein about 3% is procured from the fish obtained from the oceans and seas. 

There exists a great possibility of getting proteins from various types of sea 

organisms. “It is , however, the living creatures of the Ocean which are materially 

more important; the Ocean house a vast store of food, which may well be needed to 

feed the growing world population”. 

 

Vast reserves of petroleum. Coal and natural gas etc. lie buried deep down the earth in 

the coastal areas of Ocean, seas and gulfs. Various developed and developing 

countries are engaged in the exploration of these substances. Thus, it is evident that 

vast reserves of minerals are present in the oceans.  

 

In order to establish their bases the powerful nations of the world compete with each 

other for their supremacy over the oceans. From the points of view of ever expanding 

international trade and commerce, and also from strategic view point the acquisition 

of more and more knowledge about the Ocean has become an inevitable necessity. 

 

It is with the above motives that all the developed and developing nations of the world 

concentrated on the scientific investigations of the Ocean. This attempt on the part of 

the nations has given birth to particular branch of science which has come to be 

known as „oceangraphy’. 

 

To those engage in the pursuit of pure science. It is intellectual curiosity and the 

challenge of a difficult task which motivate endeavours to understand the ocean.. 

 

6.3.4 Definition and Scope 

According to (Albert Defant 1961), “Oceanography is the branch of science 

concerned with the oceans and the phenomena occurring therein. It is a part of the 

sciences dealing with the Earth, and in so far as it gives a qualitative description of 
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phenomena it belongs to the geographical sciences”. Thus, Oceanography is that 

branch of science which studies the physical – chemical characteristics of ocean 

water, its depth, temperature, salinity, different motions (currents, waves and tides), 

and flora and fauna found on the bottom of the oceans. The study of marine organisms 

and vegetation is also included in it. Actually oceanography developed as a particular 

branch of physical geography. Its main aim is the scientific study of hydrosphere. 

However, with this end in view, different Oceanography have defined Oceanography 

in their own ways some of the definitions are being given as under: 

 

H.U.Sverdrup, M.W.Johnson and R.H.Fleming (1962) have defined Oceanography 

in the following ways: “Oceanography embraces all studies pertaining to the sea and 

integrates the knowledge gained in the marine science that deal with such subjects as 

the ocean boundaries and bottom topography, the physics and chemistry of sea water, 

the type of currents, and the many phases of marine biology”. In fact, Oceanography 

may regarded as the synthesis of our biological and hydrographic geological 

knowledge of the waters. 

 

J.Proudman (1953) defines Oceanography as the study of the fundamental principles 

of dynamics and thermodynamics in relation to the physical properties of the sea 

water and biological studies. 

 

According to Freeman (1951) “Oceanography like meteorology is a science which 

has grown from geographic soil. It is concerned with the hydrosphere, a very mobile 

part of the earth, and studies tides, currents physical properties of ocean water, 

configuration of the coasts and the ocean floor, and life in the ocean as well as its 

regional distribution. It is intimately associated with the exact sciences”. 

 

H.A.Marmer –“ Oceanography, the science of the sea, embraces primarily the study 

of the form and nature of the oceanic basins, the characteristics of the waters in these 

basins and the movements to which waters are subject to”. 

 

A perusal of the aforementioned definitions of Oceanography makes it amply clear 

that it is that branch of natural science which is related to the various phenomena 

occurring in the sea. In other words, Oceanography is one of the branches of science 
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which is concerned with the study of the earth. Since Oceanography described the 

various phenomena taking place in the ocean water. It has been recorgnised as a 

special branch of physical geography. 

 

6.3.5 Major Branches of Oceanography 

As geography has been divided into two major branches. 

(i) physical geography, and  

(ii) human geography, so Oceanography has also been divided into (i) physical 

Oceanography , and (ii) marine biology. However,in the modern age of 

specialization the study of a vast. Subject like Oceanography is done under the 

following branches keeping in view the characteristics of the oceans and other factors 

which influence them. However, despite the independent status of these branches they 

are closely related with each other. But the inter relationship is highly complex. The 

subject matter and the scope of the different branches of Oceanography have been 

shortly discussed as under. 

 

6.3.5.1 Physical Oceangraphy 

The physical Oceanography provides a solid and scientific base on which marine 

biology is specially dependent. The physical Oceanography is related to the study of 

the oceanic environment including the structure of ocean basins and various kinds of 

the motion of sea water such as, ocean current, waves and tides, etc. It also studies the 

physical characteristics of the ocean water, namely temperature, salinity, density and 

water masses. In addition to these characteristics, physical Oceanography also 

concerns itself with the study of the bottom relief of the oceans, various types of 

marine deposits, sub- surface water circulation, the transparency of ocean water, and 

the effect of light. Physical Oceanography is specially concerned with the scientific 

analysis of interchange and inter actions of energy transfer taking place all the time at 

the interface.  

 

The physical Oceanography lays greater emphasis on the physical processes operating 

at the interface of the atmosphere and the oceans. Since sinking and upwelling of 

oceanic water are closely related origin of ocean currents, these phenomena are 

naturally the subject matter of physical Oceanography.  
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6.3.5.2 Chemical Oceanography 

The ocean water contains various salts and other substance in dissolved form which 

affect the physical processes and biological cycles which are in operation in it. 

Besides these salts, there are many chemical factors which exercise some control over 

the organic, geological and other physical processes found in the sea water.  That is 

why greater importance is attached to the chemical analysis of sea water in the 

modern Oceanography. Samples of sea water collected from varying depths in water 

samplers are sent to the laboratory for their physicochemical analysis. Chemical 

Oceanography has for its subject matter various complex chemical problems 

pertaining to sea water. Hydrogen bonds of the molecules of surface water, their 

convalent bonds, surface tension, electrical conductivity, osmotic pressure, chemical 

determination of chlorides, isotopes etc. are some of the complex chemical problem 

which are the subject matter of chemical Oceanography. Actually the nutrient cycle is 

wholly dependent on the chemical composition of the sea water, and this nutrient 

cycle is directly related to the vast organic world of the oceans. 

 

Various motions of the ocean water are largely affected by its temperature salinity, 

and density etc. Chemical Oceanography also studies the problem of pollution of 

ocean water and tries to find out a solution. This branch of Oceanography also seeks a 

solution of the problem related to the dumping of radioactive industrial wastes, and 

the environmental pollution caused by petrochemicals.  

 

6.3.5.3 Marine ‘Biology 

Marine biology may be considered as a branch of zoology, though it is mainly 

concerned with the study of the sea as biological environment. Its subject matter 

encompasses the study of the chemical composition of the ocean water, planktonic life 

comprising zooplankton and phytoplanktons, different types of marine organism – 

from tiny organisms to large animals. 

 

6.3.5.4 Geological Oceanography 

This branch of Oceanography studies the geological structure of the ocean basins. It 

includes the study of the origin of ocean basins, their structure, the morphology of the 

sea floor, and various types of marine deposits. Besides, coral reefs, the origin and 
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formation of oceanic islands, the heat flow below the ocean bottom Marine 

earthquakes and magnetism are some of the subjects which are studied from 

geological points of view. 

 

6.3.5.5 Applied Oceanography 

Due to rapid development of science and technology, new dimensions have added to 

Oceanography. Now, oceans are becoming more and more important from strategic 

and geopolitical points of view. Besides, economically too oceans have assumed 

greater significance in the modern age. All the mineral reserves found on the 

continental land masses have reached a point of exhaustion. The vast reserves of 

petroleum and coal are on the verge of extinction. 

Under these circumstance  the only hope for the survival of humanity is the presence 

of vast oceans which might provide enough food for future generation. 

 

6.3.5.6 Marine Meteorology 

Oceanography and meteorology are so closely interrelated that marine meteorology 

has developed as an independent subject. Interactions between the ocean and the 

atmosphere that take place at the interface have far reaching impact both of them. For 

example, prevailing winds and the windstress produced by them influence the oceanic 

waves and ocean currents to a large extent. Moreover, warm and cold currents go a 

long way minimizing the latitudinal heat imbalance. The affect of atmosphere 

disturbances on tidal bores and tidal waves is well- known. The sea surface is greatly 

influence by the atmosphere pressure, temperature and atmosphere circulation etc. 

Marine meteorology studies the energy exchange, air pressure and air circulation at 

the interface between the ocean and the atmosphere. There is no denying the fact that 

weather and climate exert great influence on the oceans. 

 

6.3.5.6 Oceanography and other related subjects 

Oceanography draws largely from other science. They are geology, meteorology, 

biology, geophysics, physics, climatology, hydrodynamics etc. On the other hand, 

findings of Oceanography are also used by other science subjects.  
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Geological is the scientific study of composition, structure, and history of the origin of 

the earth. Geology has two main branches: (i) Dynamic geology, and (ii) Historical 

geology. In fact, in order to study the composition, structure, and origin of the ocean 

basins helps is taken from geological methods and techniques.  

The principles and laws of hydrodynamics and physics are applied to the study of the 

physical properties of ocean water, various movements of ocean water, and the effect 

of  Coriolis force of the earth on water movements. There are other aspects of 

Oceanography like formation of different water masses in the oceans momentum 

provided by winds, the effect of Ekman Spiral on water movements, and the 

interactions between the ocean surface and the solar rays etc. in the analysis of which 

help is received from the principles of mathematics, physics and hydrodynamics. 

 

6.4 DISTRIBUTION OF LAND AND WATER.      

 According to Enyclopaedia 1929, the detailed knowledge about the pattern of land 

and sea distribution brings forth the overwhelming importance and extent of oceans of 

the earth surface. “The hydrosphere covers nearly three- fourths of the earth‟s surface 

as a single and continuous expanse of water surrounding four great insular land 

masses known as continents thus, there is a total land area of 148,892,000 square 

kilometres and a total water area of 361,059,000 square kilometres, i.e.,, 29% of land 

and 71% water, or a ratio of 1:2.43”. 

 

The details about the various oceans and water bodies are given in (Refer Table 8) so 

that an exact knowledge about the expanse of sea water may be comprehended. 
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Refer Table 8: Mean area and volume of oceans and seas. 

 

Name      Area sq. kms.  Volume cu.kms. 

 

1. Atlantic Ocean    82,441,500  323,613,000 

2. Indian Ocean    73,442,700  291,030,000 

3. Pacific Ocean    165,246,200  707,555,000 

 

Ocean      321,130,400  1322,198,000 

            88.94%   96.50% 

 

4. Arctic Sea     14,090,100  16,980,000 

5. Malay Sea     8,143,100  9,873,000 

6. Central American Sea   4,319,500  9,573,000 

7. Mediterranean Sea    2,965,900  4,238,000 

 

Inter-continental Seas   29,518,600  40,664,000  

                     8.20%          2.96% 

 

8. Baltic Sea     422,300                   23,000  

9. Hudson Bay     1,232,300      158,000  

10. Red Sea     437,900                 215,000 

11. Persian Gulf    238,800          6,000 

 

Smaller enclosed Seas   2,331,300     402,000 

 

         0.64%   0.03% 

Smaller closed seas    2,331,300   402,000 

       0.64%    0.03% 

12. Bering Sea     2,268,200   3,259,000 

13. Okhotsk Sea    1,527,600   1,279,000

  

14. Japan Sea     1,007,700   1,361,000 

15. E.China Sea    1,249,200   235,000 

16. Andaman Sea    797,600   694,000 

17. Californian Sea     162,200   132,000

  

18. North Sea     575,300   54,000 

19. English Channel and lrish Seas  178,500   10,000 

20. Laurentian Sea    237,800   30,000  

21. Bass Sea     74,800    5,00 

 

 Fringing Seas    8,078,900   7,059,000 

           2.22%              0.51% 

 

Hydrosphere     361,059,200  137,032,500 
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Above this table, originally prepared by Kossinna (1921), gives striking contrast in area 

and volumes of various water bodies. Of the total expanse of water bodies, the oceans, 

viz., the Atlantic, the Indian and the Pacific, constitute 90% of the area out of which the 

Pacific covers the largest expanse of water. The Arctic Sea, stretching in the north of 

the three great continents of North America, Asia and Europe, covers about one – half 

of the total area of the internal continental seas. Hudson Bay and Bering Sea are ranked 

first among the smaller enclosed seas and the fringing seas respectively, so far as the 

area is concerned. 

The distribution of land and water in the northern hemisphere and southern hemisphere 

according to latitudes is very irregular. (Refer Table 9) In the northern hemisphere 

water covers only 60.7%, whereas in southern hemisphere it is 80.9% of the total area. 

It follows that out of the total water hemisphere 43% is in northern hemisphere and 57%  

Speaking in terms of water and land, we can divide the earth surface into water and land 

hemisphere. According to recent measurements, the centre of the land hemisphere is on 

the coast of France, near Croisic, at the mouth of the Loire (at 47.25
0
 N., and 2.5

0
 W). 

The centre of the water hemisphere lies in the Pacific Ocean, south – east of New 

Zealand (47.25
0
 S., and 177.5

0
 E). The boundary of land hemisphere is formed by the 

circumference of the circle which is drawn with a radius equal to the distance from the 

mouth of Loire to Singapore. The  circumference passes through Singapore, east of 

Japanese Islands, Peru and Southern Brazil, thus including whole of Africa and Asia 

(excluding East Indies), North America, Europe and part of South America- north of 

9 
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curved line joining Peru and Southern Brazil. The water hemisphere includes the area 

circumscribed with the circle having a radius equal to a distance from New Zealand to 

the north-west tip of Sumatra. Thus it covers the Atlantic, the Indian, the Pacific and the 

Antarctic oceans along with the land areas of Australia, East Indies and southern part of 

South America. 

 

The extent of land and water 

areas between the latitudes is 

given in refer Table 10 

according to Dr. Erwin 

Kossinna (1921), a German 

oceanographer. (Refer 

Figure 98) also shows the 

same results about the land 

and sea distribution in the 

southern and northern 

hemisphere. In between 80
0
 

and 90
0
 latitudes, in the 

southern hemisphere spheres 

the land dominates due to 

the presence of the 

Antarctica Continent, 

whereas in the northern 

hemisphere the water area is 

prominent, because of the 

Arctic Ocean. Further, 

equatorward upto 70
0
 north and south lat. Also the above pattern repeats itself. Between 

70
0
  N and S latitude the land and sea ratio changes and the arrangement is reversed due 

to predominance of the three great continents in the southern hemisphere. Thus, 

between 35
0
 and 65

0
 S latitudes the land amounts to 24% of the total area of earth 

surface in the southern hemisphere and 55.4 percent in the northern hemisphere in the 

same latitude. 

 



287 

 

Further, equator wards (35
0
N-0

0
S), due to the tapering of the continents, the land 

percentage diminishes in the northern hemisphere and the sea occupies a major 

percentage,. Whereas In the southern hemisphere, in the same latitude due to the 

broadening of South America and Africa and the presence of Australia, the land 

percentage increase. But still there is a Again, it is of to note that if we divide the globe 

into zones of 10
0
 latitudes, then out of 18 zones the sea dominates in 13 zones, through 

not to the same extent. The land and the sea ratio in the northern hemisphere is 1:1.5 

and in southern hemisphere 1:4.2. 

 

6.4.1 Water Bodies And Their Nomenclature 

It would  not be out of place here to deal with the classification of oceans and seas and 

the system of nomenclature used for different water bodies. At present, several systems 

for naming parts of the oceans are employed and the whole system becomes confusing 

and sometimes misleading, but because of long usage it is so firmly fixed that a change 

lead to further practical difficulties. The  classification of water bodies is based on the 

followings factor, viz., position, size, form, water-salinity tides, currents, and mode of 

origin. 

 

The constituent property of salinity of sea water also makes a basis for classification of 

different water bodies. The variation of this property depends upon the extent of the sea, 

and on the connecting passage between sea and the ocean.  

 

The classification based on the movements of water bodies has two main types: Oceans 

with independent tidal waves currents, and Seas with dependent systems. The factor of 

origin of water bodies gives two main types: Areas of deep oceanic basin like the Indian 

Ocean, the Atlantic Ocean, etc. and the Seas found at the edge of the continents formed 

by sinking of continent crust or by dislocation of the crust, like Hudson Bay and Red 

Sea respectively. 

 

6.5 MAJOR FEATURE OF OCEAN BASINS  

The Ocean floor can be divided into five major divisions: 

(1) The continental shelf 

(2) The continental slope and rise 
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(3) The Adyssal plain and  

(4) The Deeps 

 

(1) The continental Shelf 

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

towards the open sea. The shelf is formed by the drawning of he part of a continental 

with a relative rise in the sea level or marine deposition beneath the water. The seaward 

edge of the shelf is usually 150-200 metre deep. It varies in its width. It is almost absent 

of the eastern pacific, along the eastern coast of the united states. It is 120 kilometre 

wide. 

 

There are various types of shelves including glaciated shelf, coral reef, shelf, shelf of a 

large river, shelf with dendritic valleys, and the shelf along young mountain ranges. The 

shelves are of great value for man. Marine food comes almost entirely from them. They 

provide the richest fishing grounds. They are potential mining areas. About 20% of the 

world production of petroleum and gas comes from shelves. 

 

 

(2) The continental slope 

At the edge of the continental shelf, the seaward slope becomes considerably steep. The 

actual slope varies but is usually between 2
0
 and 15

0
. This steep slope descends to a 

depth of about 2000 fathoms 3660 metre from mean the sea level.  

 

The continental slope joins the shelf to the deep ocean floor. Along many coasts of the 

world the slope is followed by deep canyon like trenches terminating as fan shaped 

deposits at the base. 

 

There are five types of continental slopes: 

(i) fairly steep with the surface dissected by canyons 

(ii) gentle slope with elongated will and basins 

(iii) faulted slopes 

(iv) slopes with terraces and  

(v) slopes wind sea mounts  
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(3)  Abyssal Plains 

These are deep sea plains often called as abyssal floors. They are found a depth of 3000 

to 6000 metres, occupying about 40% of the ocean floor and are present uniquely in all 

the oceans of the world. They are almost flat with a gradient of less than 1:100. They 

are bounded by the wills on the sea ward side. The abyssal plains are covered by 

sediments. These are more common when land- derived sediments are in great supply. 

Occasionally volcanic peaks rise steeply from the plain, and some times reach the 

surface as isolated islands. 

 

(4) Submarine Trenches or Deep: 

These are the deepest part of the oceans with the bottoms for below the average level of 

the ocean floors. A long narrow and steep side depression on the ocean bottom is called 

Trench. They are usually 5,500 metre in depth and lie along the fringes of the deep, Sea 

plains. They are believed to have resulted from down faulting or down folding of the 

earth‟s crust and are therefore tectonic origin. The trenches usually run parallel to the 

bordering fold mountains or the island chains. Although trenches are found in all major 

oceans, they are most common in the pacific ocean. Trenches form on almost 

continuous ring along the eastern and western margins of the Pacific. Among the 

trenches of the Pacific oceans the marine of the Guan islands in the deepest, while the 

average depth of the oceans is four kilometres. It is as much as 11 kilometres deep. If 

the Mt Everest were to be submerged in this trench. Its peak would still remain two 

kilometres below the sea level.  

 

Successive survey ships have sought to locate and sound the deeps in the oceans. The 

Soundings made by the challenger expedition were taken by the using a fine hemp line 

with a weight on the end, and depths were believed to be correct to about 25 fathoms; 

The inaccuracy was due difficulty of obtaining a truly vertical sounding. then plano 

wire was used later attached to a sounding machine, which automatically checked the 

run-out of the wire as soon as the weight touched the bottom.A 400 – fathoms sounding 

was naturally a lengthy business. Today echo sounding is employed whereby either 

sonic or ultrasonic. Vibrations are transmitted down through the water to the ocean floor 

to return in the form of an echo which is electrically recorded : it is a very speedy and 

highly occurate method. For every accurate survey work the slip is anchored, but for 

normal purpose a continuous profile is obtained while the ship is under way. 
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Most of these deeps forms elongated a through of trenches, terms which tend to give a 

false impression of the steepness of their sides. Since they rarely exceed to coasts 

closely bordered by fold, mountains ranges, notably The Asiatic islands arcs. They are 

commonly asymmetrical; The slope nearer the land is generally steep than that on the 

side of the open ocean. 

 

6.6 PHYSICAL AND CHEMICAL PROPERTIES OF SEAWATER 

The physical properties  of seawater include heat and temperature (thermal conditions), 

density, color, odour etc. Heat present in oceans water is of vital significance as it 

determines the energy motions in marine environment. 

 

The temperature of seawater is directly very important for marine organism and is 

indirectly important for all the biota on this planet earth including both lithosphere and 

oceanic environments because of the following facts: 

 

- Oceans are great store house for heat energy, because they receive and store solar 

energy and thereafter release heat energy in various forms. 

 

- The solar energy received at the water surfaces of the oceans help in the process of 

photosynthesis by phytoplankton of marine environment.  

- The sea temperature plays vitals role Influencing global radiation balance and heat 

budget.  

- The thermal conditions of oceans water determine and control planetary wind belts, 

and surface currents in the oceans. 

- The temperature of seawater affects the weather and climate of coastal areas through 

diurnal rhythm of land and sea breezes, evaporation and moisture conditions. 

- The sea temperature plays vital role in making the global hydrological cycle 

functional. 

- The salinity and density of oceans water are closely related to sea temperature. 

- The Sea temperature determines evaporation process and precipitation. 

 

 



291 

 

6.6.1 Source of Head of the oceans. 

The major source of the heat and thus temperature of ocean water is the insolation 

received from the sun. The radiant energy transmitted from the outer surface of the 

sun, called as photosphere,  in the form of electromagnetic shortwaves and received 

at the ocean surface is called insolation. Besides, some energy, though insignificant, 

is also received from below the ocean bottoms as geothermal heat energy, and through 

the compression of seawater. 

 

Inspite of the longest length of day at the poles insolation becomes minimum because: 

(i) the sun‟s rays become more or less parallel to the ground surface, and (ii)  the ice 

cover reflects most of the solar radiation. It is apparent that the angle of the sun‟s rays 

controls the amount of insolation received more effectively than the length of day. 

 

6.6.1.1 Absorption: If the total amount of energy radiated from the sun towards 

the earth and its atmosphere (which is 1.2 billionth part of the sun) is taken to be 

100%, about 14% of this amount is absorbed by the atmosphere gasses (e.g. by zone 

in the stratosphere to larger extent and oxygen and carbon dioxide to very limited 

extent), water vapour, haze etc. The process of absorption is selective in nature. The 

shortest wavelengths ranging between 0.02 micron and 0.29 micron are absorbed by 

oxygen and ozone gases. Ozone also absorbs ultraviolet rays of the wavelengths 

varying from 1000 angstroms to 4000 angstroms and thus prevent these ultraviolet 

radiation waves from reaching the earth‟s surface. Water vapors absorbs the incoming 

solar radiation waves of the wavelengths ranging between 0.9 micron and 2.1 

microns. 

 

6.6.1.2 Scattering: Some portion of the incoming electromagnetic solar radiation 

(23%) is scattered in the atmosphere by dust particles and haze. Six percent of this 

scattered  energy is sent back to space while 17% reaches the earth‟s surface. The 

processes of scattering is selective in nature. Scattering becomes possible when the 

diameter of invisible dust particles suspended in the air and molecules of the 

atmosphere gases is shorter than the wave- lengths of the solar radiation  waves. Blue 

light of the incoming shorter wavelengths is more scattered than red light. This is the 

reason that the sky looks blue. 
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6.6.1.3 Reflection: The scattering of incoming solar radiation waves by dust 

particles and molecules of water vapour (clouds) when  the diameter of these particles 

is longer than the wavelength of which sends radiation is called diffuse reflection 

which sends some portion of incoming solar energy back to space while some portion 

remains in the lower atmosphere. The diffused and scattered solar energy present in 

the lower atmosphere enables us to see even the dark portion of the moon.  

 

The albedo of other planets has also been estimated e.g. Moon (7%), Merecury (6%), 

Mars (16%), Venus (76%) and the remaining outer planets (73% to 94%). 

 

6.6.2 Daily Range of Temperature of Seawater 

The difference of maximum and minimum temperature of a day (24 hours) is known 

as daily range of  temperature. The daily range of temperature of surface water of 

the oceans is almost insignificant as it is around 1
0
 C only. On an average, the 

maximum and minimum temperature of sea surface water are recorded at 2 P.M. and 

5 A.M. respectively. The daily range of temperature is usually 0.3
0
 C in high latitudes.  

 

Standard type of thermometer is used to measure the surface temperature of ocean 

water. Such thermometer record the temperature upto the accuracy 0.2
0
 centrigrade.  

 

6.6.3 Annual Range of Temperature of Seawater 

The maximum and minimum annual temperatures of ocean water are recorded in 

August and February respectively (in the northern hemisphere). Usually, the average 

annual range of temperature of ocean water is - 12
0
 C (10

0
 F) but there is a lot of 

regional variation which is due to regional variation in insolation of seas etc. Annual 

range of temperature is higher in the enclosed seas than in the open sea (Baltic Sea 

records annual range of temperature of 4.4
0
 C or 40

0
 F).  The size of the oceans and 

the seas also affects annual range of temperature e.g. bigger the size, lower the annual 

range and vice versa.  
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 6.6.4 Distribution of Temperature of seawater. 

The distribution pattern of temperature of ocean water is studied in two ways viz, (i) 

horizontal distribution (temperature of surface water), and (ii) vertical distribution 

(from surface water to the bottom).Since the ocean has three dimensional shape, the 

depth of oceans, besides latitudes, is also taken into account in the study of 

temperature distribution. The following factors affect the distribution of temperature 

of ocean water: 

 

6.6.4.1 Latitudes 

The temperature of surface water decreases from equator towards the poles because 

the sun‟s rays become more and more slanting and thus the amount of isolation 

decreases poleward accordingly. The temperature of surface water between 40
0
 N and 

40
0
 S is lower than air temperature but it becomes higher than air temperature 

between 40
th

 latitude, and the poles in both the hemisphere.  

 

6.6.4.2 Unequal Distribution of Land and Water 

The temperature of ocean water varies in the northern and the southern hemisphere 

because of the dominance of land in the farmer and water in the latter. The oceans in 

the northern hemisphere receive more heat due to their contact with larger extent of 

land and their counter- parts in the southern hemisphere and thus the temperature of 

surface water is comparatively higher in the former than the latter. The isotherms are 

regular and do not follow latitudes in the northern hemisphere because of the  

existence of both warm and cold landmasses whereas they (isotherms) are regular and 

follow latitudes in the southern hemisphere because of the dominance of water. The 

temperature in the enclosed seas in low latitudes becomes higher because of the 

influence of surrounding land areas than the open seas e.g. the average annual 

temperature of surface water at the equator is 26.7
0
 C (80

0
 F) whereas it is 37.8

0
 C 

(100
0
 F) in the Red Sea and 34.4

0
 C (94

0
 F) in the Persian Gulf.  

 

6.6.4.3 Nature of Land and Water 

The contrasting nature of land and water surfaces in relation to the incoming 

shortwave solar radiation largely affects the spatial and temporal distribution of 

temperature. It may be pointed out that land becomes warm and cold more quickly 
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than the water body. This is why even after receiving equal amount of insolation the 

temperature of land becomes more than the temperature of the water body. The 

following  

 

6.6.4.4 Prevailing winds 

Wind direction largely affects the distribution of temperature of ocean water. The 

winds blowing from the land towards the oceans and seas (e.g. offshore winds) drive 

warm surface water away from the coast resulting into upwelling of cold bottom water 

from below. Thus, the replacement of warm water by cold water introduces 

longitudinal variation in temperature. 

 

6.6.4.5 Ocean Currents 

Surface temperature of the oceans are controlled by warm and cold currents. Warm 

currents raise the temperature of the affected areas whereas cool currents lower down 

the temperature. 

 

6.6.4.6 Horizontal Distribution of 

Seawater Temperature 

The seasonal temperatures of the earth‟s 

surface including both land and ocean surface 

are shown through isotherms of January for 

winter season and July for summer season 

(Refer Figure 99 and 100) 

 

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 temperature 

temperatures of all places at sea level before drawing isotherms. 
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The months of maximum (June, northern hemisphere) and minimum (December, 

northern hemisphere) insolation do not coincide with 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 southern hemisphere) are taken as 

representatives to describe the seasonal (and also annual) distribution of average 

temperature. (Refer Figure 102 and 101) illustrate distribution of average temperature 

in july (representing temperature during summer season) and January (representing 

temperature during winter season). The two isotherm maps reveal the following 

trends: 

 

- 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. 

- Both the Figure (101 and 102) show latitudinal shifts of isotherms in accordance 

with seasonal shifting of overhead sun but this shifting of isotherms is more 

pronounced on the continents. 

- The maximum temperature in January and July are always recorded on the 

continents. Minimum temperature in January is observed in Asia and North 

America.  
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- January isotherms suddenly bend poleward while passing through warm portions of 

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

ocean 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 over- dominance of oceans. 

 

- Temperature gradient is more pronounced during winter than summer. 

- The January isotherms denote steep temperature gradient in the northern hemisphere 

as revealed by their closer spacings (Refer Figure 102) 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 
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eastern coast register steeper temperature gradient (1.5
0
 C per latitude) than western 

coastal areas (0.5
0
 C per latitude). 

 

The average annual temperature of all the oceans is 17.2
0
 C (63

0
F). The average 

annual temperature for the northern and southern hemisphere are 19.4
0
 C (67

0
F ) and 

16.1
0
 C (61

0
 F) respectively. The variation of  temperature in the northern and 

southern hemisphere is because of unequal distribution of land and ocean water. 

The decrease of temperature with increasing latitudes in the northern Atlantic 

Ocean (Refer figure 103 and 104) is very low pressure of warm oceancurrents. 

 

The average temperature between 50
0
 – 70

0
 N latitudes is recorded as 5

0
 C(41

0
 F), 

The decrease of temperature with increasing latitudes is more pronounced in the 

southern Atlantic Ocean. According to Krumel the highest temperature of surface 

water of the oceans is at 5
0
 N latitude whereas the lowest temperature is recorded 

between 80
0
 N and the north pole and between 75

0
 S and the south pole. The average 

annual temperature of the Pacific ocean is slightly higher than the Atlantic Ocean 

(16.91
0
 C or 60

0
 F) and the Indian Ocean (17

0
 C or 60.6

0
 F). 

The lowest (3.3 C or 35.94 F) and the bighest (32.2 C or 89.96 F) temperature 

of ocean are recorded near New Scottland and in the western Pacific Ocean 

respectively . The highest temperature of the Indian ocean (25 C or 82.4 F)  is 

recorded in the Arabian sea and Bay of Bengal but the enclosed seas of the Indian 

Ocean recorded still higher temperature (Red Sea =32 C or 90 F and Persian Gulf = 

3.4 C or 94 F). The average seasonal temperature (February and August) of surface 
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water of the oceans have been represented through isotherms (Refer figures 103, 104, 

105, 106, 107 and 108). 

 

The temperature of the surface water of the oceans is higher than the air temperature 

above the ocean surface which means oceans surface gives off heat to the atmosphere. 

This phenomenon influences the generation of oceanic circulation mainly sea waves 

and ocean currents.  
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6.6.5 Vertical Distribution of Temperature of Seawater 

It may be pointed out that maximum temperature of the oceans is always at their 

surface because it directly receives the insolation and the heat is transmitted to the 

lower sections of the oceans through the mechanism of conduction. In fact, the solar 

rays very effectively penetrate upto 20 metre depth and the seldom go beyond 200 

metre depth. The temperature falls very rapidly upto the depth of 200 metre and there 

of the rate of decrease of temperature is slowed down. From this stand point the 

oceans are vertically divided into zones. 

 

- Photic zone represents the upper surface upto the depth of 200 metre and is heated 

directly solar radiation. 

- Aphtic zone extends from 200 metre depth to the bottom of the oceans where solar 

radiation is unable to penetrate. 

 

The photic zone is biologically very important because marine plants, and called as 

marine phototrophs of phytoplanktons produce their food energy through the process 

of photosynthesis. 

 

These  phytoplanktons become rich marine pastures for marine animals of the category 

of zooplanktons. 

 

The following are the characteristic features (Refer Table 10) of vertical distribution of 

temperature of ocean water: 

Refer Table 10: Vertical Distribution of temperature in the oceans. 

Depth in fathoms  Depth is  Temperature     Temperature       

(fm)             meter(m)        
0
F   

0
C 

 

100    183   60.7   16 

200    366   50.1   10 

500    915   45.1   7.3 

1000    183   36.5   2.3 

1500    274   35.5   2.0 

2200    4026   35.2   1.7  
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- Though the sea temperature decreases with increasing  depth but the rate of decrease 

of temperature is not uniform. The changes in sea temperature below the depth of 

2000m is negligible. The trend of decrease in temperature with increase in depth has 

been reported by Murray during his challenger Expedition (table 4.2). It is apparent 

from table 4.3 that change in ocean water temperature beyond 500m depth is very 

slow. 

 

- Diurnal and annual ranges of temperature cease after the depth of 5 fathoms (30 

feet) and 100 (600 feet) respectively. 

 

- The rate of decrease of temperature with increasing depth from equator toward the 

poles is not uniform. Though the surface temperature of the seas decrease from 

equator towards the poles but the temperature at the ocean bottoms is uniform from 

the equator towards the pole, which means that the rate of decrease of temperature 

with increasing depth is  more rapid near the equator than towards the poles. The 

result of German Antarctic Expedition in 1911 revealed that temperature at the 

depth of 100m at 7.30
0
 N  latitude equaled the (Refer Table 11) surface temperature 

at 40
0
 N latitude. Similarly, the temperature at 200m depth at 7.30

0 
N latitude 

equaled the temperature  of sea surface at 50
0
 N latitude and the temperature at the 

depth of 700-800 m was the same as it was at the surface at 60
0
 N latitude. 

 

Refer Table 11 : Comprision of temperature at sea surface at different Depths 

S.No. Article Different Depths 

1 Latitude N 0-10 10-20 20-30 30-40 40-50 50-60 60-70 

2 Surface temperature (
o
C) 26.88 25.60 23.90 20.30 12.94 8.94 4.26 

3 Depth at 7.30
0
N (Metrers) 0 100 200 400 800 1000 - 

4 Temperahre (
0
C) 26.86 18.67 10.71 7.70 5.13 4.81 - 

 

- There is clear – cut leyered thermal structure of ocean water. Vertically oceans are 

divided into 3 layers from the stand point of thermal conditions of sea water, in the 

lower and middle latitudes as follows: 
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(1)The upper layer represents the top – layers of warm water mass with thickness of 500 

metres with average temperature ranging between 20
0
 C to 25

0
 C. This lighter ocean 

water mass floats over the thickest heavy water mass of the oceans extending upto the 

ocean bottoms . This layer is present within the tropics throughout the year but it 

develops in middle latitudes only during summer season. 

 

(2) The lower layer extends beyond 1000 metre depth upto the ocean bottoms. This 

layer is very cold and represents denser oceans water mass.  

 

(3) The upper and lower ocean water masses are separated by a transitional zone of 

rapid change of temperature with increasing depth. This zone of  ocean water mass is 

called thermocline which extends between 300 metre – 1000 metre depth.  

Besides, there are seasonal thermocliness between the depth of 40 metre and 100 metre.  

These seasonal  thermocliness are formed due to heating of water surface through solar 

radiation during summer season. There are also diurnal thermoclines which form in 

shallow water depth usually less than 10-15 metre. The polar seas have only one layer 

of cold water mass from the ocean surface (sea level) to the deep ocean floor. 

 

6.6.6 Chemical properties. 

Chemical perperties of ocean water are largely affected by its temperature salinity and 

density. 

 

6.6.6.1 Density of Oceans Meaning and Significance  

Density refers to the amount of mass per unit volume of substance. It is usually 

measured in gram (amount of mass) per cubic centimetre of volume and is expressed 

g/cm
3
. The density of pure (distilled) water is 1.00 g/cm at the temperature of 4 C. The 

density of pure water is taken as standard fro the measurement of density of other 

substances. Since the seawater carries a few dissolved substances such as salt in it, its 

density is slightly higher than that of pure water. In fact, the average density of seawater 

is 1.0278 g/cm (1.02677 g/cm) which is 2 to 3% higher than the density  of pure water 

(1.00 g/cm) at 4 C temperature. The density of seawater gradually increases with 

decreasing temperature and highest density is recorded at the temperature of – 1.3
0
 C. 
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It may be mentioned that it becomes cumbersome and unpractical to use density value 

up to 5 decimal points hence sigma t value is derived to simplify the density value as 

follows: 

 

 

1.02677 g/cm
3 

       =1.02677 

1.00000 g/cm
3
   

 

Thus, the units have been removed. In order to derive sigma value first I is substracted 

from 1.02677  and then the derived value is multiplied by 1000 as follows: 

 

    ot = (1.02677 – 1) X 1000 

        = 26.77 

 

The density is very important physical property of seawater because it determines the 

dynamics of oceans water i.e., whether the seawater will sink (subsidence and hence 

downward vertical movement of seawater), or will float (expansion and hence 

horizontal movement) depends upon its density. As per rule, relatively lighter seawater 

(less dense seawater) floats and moves horizontally, whereas heavier seawater (more 

dense water ) sinks (downward movement). This is the reason that a person floats over 

seawater having high salinity because salinity increase density of sea water. 

 

6.6.6.2 Controlling Factors of Density of Seawater 

The density of seawater is related to the following 3 factors in one way or the other: 

> temperature  > thermal expansion 

> pressure -> compressive effects 

> salinity -> addition of dissolved sub-stances 

 

6.6.6.2.1 Temperature is the most significant controlling factor of density of 

seawater. Temperature and density of sea water are, on an average , inversely related 

i.e. higher the Temperature, lower the density, and lower the Temperature, higher the 

density. In fact, seawater is heated through insolation when more insolation is received 
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on the sea surface and hence seawater expands. This phenomenon is called thermal 

expansion due to insolational heating resulting into low density.  On the other hand, 

low temperature causes cooling of seawater and hence thermal contraction resulting into 

decrease in volume and increase in density of seawater. Thus, warm water having large 

volume but low density and relatively more density. It is significant to point put that the 

role of temperature in controlling seawater density is more pronounced in low latitudes 

areas (tropical and subtropical oceans), whereas the importance of temperature in  

controlling seawater density decrease poleward. Thus, a change in temperature of warm, 

low-latitude water has about three times the effete on density of an equal change in 

temperature occurring in colder, high latitude water  (Thurman and Trujillo, 1999). 

 

It is also important to note that temperature of seawater below freezing point cannot 

increase seawater density because at 0 C temperature water starts freezing with the 

formation of ice to come closer and coalesce rather they are kept apart and hence few 

water molecules are present in per unit volume (one cubic centimetre) of seawater. 

Thus, the seawater becomes less dense. This is why ice floats in water. It is thus 

apparent that cooling effect on increase in the seawater density continuous up to 4
0
 C 

temperature only. Since there is less variation in temperature of seawater in polar 

areas, and hence the role of  temperature as controlling factor of seawater density is 

minimized. 

 

6.6.6.2.2 Salinity is directly positively related to sea water density i.e., on an 

average, seawater density increase with increasing salinity and decreases with 

decrease in salinity. This is because of the fact that dissolved salt in the seawater 

becomes more dense than pure water. It is also important to note that salinity factor is 

sometimes offset by temperature factor. Similarly, sometimes temperature factor is 

suppressed by salinity variable. As already described that density of pure water is 1.00 

g/cm whereas density of seawater of 4 C temperature and carrying 35% salinity is 

1.028 g/cm. This is why fresh water floats over saline water.  

Refer Table 12 : Relationship between temperature and density of ocean water. 

Temperature      0  10  20  25  30  (0C)

   

Density (g/cm)   1.0281     1.0270         1.0248        1.0234         1.0217  
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(3) Pressure is directly positively related to ocean water density through its 

compressive effects, seawater  density increase with increasing pressure, and decrease 

with decrease in pressure of seawater. It may be mentioned that unlike air seawater 

(even water) is not much compressible, rather it is nearly incompressible, and hence it 

exerts negligible control over seawater density. 

 

6.6.6.3 Relationships Between Density, Temperature and Salinity 

As stated above, density of 

seawater and temperature are 

inversely proportional i.e., if 

temperature of seawater increase, 

its density decrease and vice 

versa. It is apparent from (Refer 

figure 109) that temperature of 

seawater sharply declines from 

200metre depth to 1000 metre 

depth in low latitudes areas 

(tropical and subtropical 

regions), and thereafter there is 

no variation in seawater 

temperature with increasing depth (curve 

A in figure 109).  On the other hand, there 

is no change in seawater temperature with 

increasing depth in high latitudes areas 

(polar regions, curve B in figure 109). 

The zone of sharp change of seawater 

temperature (decrease in temperature with 

increasing depth up to 1000 metre) 

between 200 metre and 1000 metre is 

called thermocline. 
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Contrary to seawater temperature , the density of seawater increase sharply with 

increasing depth between 200 metre and 1000 metre in low latitudes areas (curve A in 

figure 110) but in high latitudes areas (polar regions) there is no change in seawater 

density (figure 110) as Is revealed by curve B. This zone of 200 metre to 1000 metre 

depth characterized by sharp change in density of seawater (increase in seawater 

density with increasing depth) in tropical and subtropical regionsis called pychocline 

(pycno means density, cline means slope or gradient). It is evident  from figure 109 

and  110 that the density of seawater and temperature are inversely proportional in 

tropical and sub-tropical oceans. It means zones of pycnocline and thermocline are 

confined to the depth zone of 200 metre – 1000 metre in tropical and subtropical 

oceans (figures 109 and 110). 

The coincidence of 

thermocline and pycnocline in the 

same depth zones denoting very 

close relationship between 

seawater density and temperature 

is clearly seen in (Refer figure 

111) wherein the same curve (A) 

denotes decrease in seawater 

temperature and increase in ocean 

water density with increasing 

depth from 200m to 1000m depth. 

 

Salinity decreases with increasing 

depth between the depth zone of 

200 metre -1000 metre in the low 

latitudes regions whereas it increase with increasing depth in high latitudes areas. 

Thus the depth zone of 200 metre -1000 metre of the oceans denotes sharp change in 

ocean salinity -> decrease in salinity with increase in depth in tropical and  subtropical 

pical regions. This zone of sharp decline of seawater salinity is called halocline (sharp 

salinity gradient). If we compare figures 109, 110, 111 and 112 it becomes evident 

that salinity factor has little control over seawater density atleast in the tropical and 

subtropical oceans whereas seawater temperature emerges as the most potent factor of 

seawater density. 
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6.6.6.4 Density Stratification of Oceans It is evident from the above 

discussion that there are 3 layered structure i.e. 3 strata of seawater columns from sea 

surface to the ocean bottoms as follows: 

 

- surface layer of lowest density,   

- pycnocline layer of sharp density gradient, and 

- deep or botttm layer of highest but uniform density. 

 

6.6.6.4 Surface layer represents the thin topmost layer of the oceans ranging in 

thickness of 100 to 200m This layer is also called  as photic zone which is directly 

penetrated by solar radiation and hence it is illuminated layer. 

6.6.6.4.2 Pycnocline layer represents 

a transition zone of rapidly changing 

seawater density between low density 

upper surface (sea surface) water layer 

(water mass) and high density deep 

seawater below. In fact, pycnocline 

consists of two words, namely pycno, 

which means density and cline, which 

means slope or gradient. The pycnocline 

layer is found between 300 metre -1000 

metre depth of ocean water. As already 

stated pycnocline thermocline (thermo, 

means heat, temperature, and cline, means 

slope or gradient, steep gradient of change of temperature of seawater), and halocline 

(sharp increase in salinity gradient) occupy almost the some depth zone of 300 metre -

1000 metre. Pycnocline layer is characterized by sharp increase in seawater density, 

thermocline layer denotes sharp decrease in seawater temperature, and halocline 

indicates sharp increase in salinity with increasing depth between 300 metre -1000 

metre in the tropical and subtropical oceans. 
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6.6.6.4.3 Deep layer represents high density water mass which extends from 1000 

metre depth to the ocean floor, and carries 80 percent of total volume of the ocean 

water. Extremely low temperature in the polar areas is responsible of contraction of 

water and hence increase in seawater density. This leads to sinking of high density 

water mass of polar regions and causes still high density seawater in high latitudes 

causes undersea flow of water towards low latitudes (tropical areas). Thus, the high 

density surface water reaches deep water masses in the tropical regions. 

 

6.7 SUMMARY: 

The volume of water in the hydrosphere is about 1250 million cubic kilometres. On 

the other hand, the volume of all land above sea level is only 1/18
th

 of the total 

volume of water in the world. If all the irregular of lithosphere, including the ocean 

basins are smothered out, the water in the oceans would cover the entire globe  to a 

depth of 3,650 metres that if three and half kilometres. One cubic kilometres of 

seawater on an average, contains 41 million tons of salt. It has been estimated that the 

entire hydrosphere contains enough salt to cover the continents with layer 150 metre 

thick. Restlessness is one of the basic R.traitss of the sea, Difference in water 

temperature and density. The effect of the rotation of the earth. The direction of the 

prevailing winds gravitational pull of the sun and the moon, are largely responsible 

for keeping the water of the oceans in the constant motion through currents, tides and 

waves.  

 

6.8 ACTIVITY: 

 

(1) Find out some of the important discoveries made as a result of the international 

Indian oceans expedition. 

 

(2) With the help latest edition of a standard atlas, mark and label the important sub 

marine features on the out line map of the Indian Ocean. 

 

6.9 QUESTIONS: 

(1) Define oceanography and its scope. 

(2) Discuss systematically the major feature of ocean basins. 
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(3) Why are the ocean deeps or trenches believed to be of  tectonic origin. 

(4) What are the main characteristics of distribution of land and water. 

(5) Explain various points of physical and chemical properties of Seawater. 

(6) Write short notes: 

    (i) Density stratification of oceans. 

    (ii) Salinity. 

    (iii) Applied oceanography  

     (iv) Geological oceanography 

     (v) Marine oceanography 

     (vi) The continent shelf 

     (vii) The Abyssal plain 

      (viii) The continent rise. 
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UNIT 7  STRUCTURE OF THE EARTH  

 

STRUCTURE 

7.1  Objective 

7.2  Introduction 

7.3 Plate tectonics 

7.4 Marine Sediment 

7.5 Into Interlink between atmospheric Circulation patterns in the ocean  

7.6 Surface currents: thermohaline Waves 

7.7 Tides 

7.8  Summary 

7.9 Activity 

7.10  Questions 

7.11  References 

 

 

7.1 OBJECTIVE 

 Understand the features of earth‟s relief 

 Know primary division into continents and ocean basins. 

 Know the significance into the present‟s distribution of hand and sea  

 Know the atmosphere oceans in tractions. Interactions 

 Know in brief about surface currents and tides 

 

 

7.2 INTRODUCTION 

The topographic features of the land areas of the globe and referable either to earth 

movement erosion, or in the commonest cases, to a combination of the two hills and 

valleys, plateaus and plains normally bear the stamp of their origin upon them. The 

major features of the earth‟s relief, however and particularly the primary division into 

continents and ocean basins, are clearly not the results of erosion, but reflect a deep 

seated and as we now realize an early established ground plan and cannot regarded as 

other than tectonic in broad sense. 
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7.3 PLATE TECTONICS 

The study of the formation of the major structure on the earth surface by the 

movement of the underlying plats. If they move together the colliding plates may 

cause earth quakes, volcanoes and folding but if they move apart, basaltic lava 

eruptions are the most likely result. 

 

The old theory of drifting continents is now related to the movement of the plates. 

Some of which carry continents as though they were passengers on a raft. Where 

plates are diverging that is, moving apart, as along the mid-Atlantic ridge especially in 

ice land. There are frequent extrusions of magma to form new basaltic rocks. 

Sea-floor spreading is occurring in these locations. At convergent boundaries one 

plate sinks below the other in Subduction Zone; this process is happening along the 

western edge of the pacific. The plates are reflected by the convection currents in the 

earth‟s mantle, and really belong to the field of geology. However because of their 

influence on mountain formation, they are also a very important part of geographies. 

The earth movements which bring about these vast changes are and concentration of 

great internal forces within the earth raise local areas upwards or cause them would be 

no difference in elevation on the earth‟s surface. 

 

7.3.1 Vertical Movements: 

These movements are responsible for a rise or a fall of a portion of the earth‟s 

surface when a  part of the earth‟s crust rises in relation to surrounding portions. It is 

known as uplift. Conversely, when the sinking of a part of the earth‟s crust relative to 

surrounding portions take place it is called subsidence. These earth movements on a 

large scale build up disturb the horizontality of the strata as they were originally laid 

down. At the most the strata may be only inclined or tilted. 

 

7.3.2 Horizontal Movements: 

           These movements are responsible for greatly disturbing the horizontal 

arrangement of layers of Rock. Theey involve both the ferces of compression as 

well as tension. Tension is pull force. Rocks have elashcity and can be pulled 

apart by force acting from the within earth. Compression is a force that pushes 

against a body from directly apposite sides. The rocks also change their shape 
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only when compressed or squeezed. As both these two forces apply horizontally to 

earth‟s spherical surface they are known as horizontal or tangential movements. 

The compression leads to the bending of horizontal layers of deep sediments into a 

shape known as a ‘fold’. The tension is responsible for breaking of rock layers 

with their subsequent sliding or displacement. It is termed as the formation of a 

„fruit‟. The pheromone is also named as folding and fauiting leading to the 

building up of mountains. 

 

Glaciers are moving masses of ice. Due to a large mass involved in the movement, 

they have a huge capacity to erode and transport rock materials. The major land 

forms made through glacier erosion include cirques, u-shaped voltage hanging 

valleys, cols saddles and passes. The depositional feature include the art wash 

plains aecumucations of rock debris transported by glaciers are called moraines. 

 

7.4 MARINE SEDIMENTS: 

     The term „marine deposits‟ refers to all the materials that are being deposited on 

the bottom of the sea or ocean. The great bulk of eroded materials from the continents 

are ultimately deposited on the ocean floor. The great bulk of sediments is brought 

down and poured into the ocean by the rivers. Besides, there are other agencies of 

erosion, transportation and deposition i.e. glaciers, wind, and waves, etc. 

 

7.4.1 Classification of Marine Sediments 

Marine sediments are derived from many sources. There are four basic sources of 

such sediments- rocks, organic materials, water, and the cosmos. In fact, the 

fundamental classification for marine sediments is based on their origin. The 

following classification of the marine sediments is, therefore, based on the basic 

sources: 

7.4.1.1 Lithogenous Sediment 

7.4.1.2 Biogenous Sediment 

7.4.1.3 Hydrogenous Sediment 

7.4.1.4 Cosmogenous Sediment 
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7.4.1.1 Lithogenous Sediment – The word „lithogenous‟ means derived from 

rocks. Thus, the sources lithogenous  sediments are the rocks of the earth‟s crust. 

There are two processes which are responsible for the weathering of the rocks, 

whether of igneous or sedimentary type. The two processes are disintegration and 

decomposition. Disintegration means the mechanical breakdown of existing rocks. 

However, in this processes there is no change in the composition of the breaking 

material. On the contrary, decomposition involves chemical changes in the rocks. The 

processes of weathering itself depends upon the composition of the rocks and various 

climatic conditions to which the rocks are exposed. 

 

7.4.1.2 Biogenous Sediment-  Biogenous sediment comprises the insoluble 

remains of organisms, for example, bones and teeth of animals and the protective 

shells of animals and coverings of plants that are deposited on the ocean bottom. 

Calcium carbonate (CaCo3) and silica (SiO2) are the most common chemical 

compounds found in this type of sediment. Calcarious sediments contain the most 

common particles of the protective coverings of foraminifera, coccolithophores, and 

pteropods. On the other hand, the siliceous sediment consist of diatom and radiolarian 

protective coverings. Biogenous sediments are, therefore, of organic origin. They are 

divided into two type: benthonic  and planktonic. Benthonic sediments comprise 

remains of animals and plants living on the ocean floor. Since the existence of bottom 

flora and fauna is rendered imposible on the floor of the dark deep ocean, these 

sediments are found only in coastal shallow water deposits. The planktonic sediments 

are formed on the floor of the deep ocean basins from the remains of animal and plant 

planktons which actually live in the subsurface layer of the ocean in which the sun 

light is able to penetrate. 

 

7.4.1.3 Hydrgenous Sediment-  The word „hydrogenous‟ means derived from 

water. This type of sediments results from the chemical reaction occurring within the 

seawater. Manganese deposits, phosphorite, and glauconite  are minerals that form by 

chemical precipitation from water. However, the rate of accumulation of this sediment 

is rather very slow. 
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7.4.1.4 Cosmogenous Sediment- Cosmogenous Sediment is derived from 

meteoric dust falling from the outer space. Magnetic spherules rich in iron and 

ranging in size from 10 to 640 micrometres are typical particles of cosmic origin 

present in marine sediments. These sediments are less important than the inorganic 

precipitates. 

   

7.4.2 Source of marine deposit 

Sediments constituting the marine deposits are derived from various sources. For the 

sake of convenience they are classified in the following six broad categories: 

7.4.2.1 Erogenous deposits 

7.4.2.2 Volcanic deposits 

7.4.2.3 Pelagic deposits 

7.4.2.4 Inorganic precipitates 

7.4.2.5 Deposits from the products of chemical transformation occurring in sea 

water 

7.4.2.6 Meteoric dust or Extraterrestrial materials 

 

7.4.2.1 Terrigenous deposits- The rivers flowing on the land surface erode 

different types of rocks- igneous, sedimentary and metamorphic- and the eroded 

material obtained from the disintegration and decomposition of these rocks are 

transported and dropped into the sea water. The mechanical disintegration does not 

bring about any changes in the chemical composition of the rocks. It simply breaks 

them into small pieces of different size. On the other hand, the decomposition 

involves chemical changes in the composition. Some of the sediments are soluble, 

While other are insoluble. However, the weathering of rocks is dependant on two 

factors, namely, the climatic conditions and the nature of the rocks. 

In the terrigenous deposits the disintegrated rock materials comprise quartz, mica 

feldspar, pyroxene, amphibole and many other heavy minerals. The heavy 

minerals, however, are concentrated on the beaches by the sorting action of waves. 

The common heavy  minerals include ilmenite, magnetite, garnet, zircom, 

monazite and olivine. Terrigenous deposits are coarser than those found in deeper 

parts of sea. Remember that the texture of these deposites is largely controlled by 
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the transporting agency and the character of the source material. On the basis of 

texture, Revelle  has classified the sediments into the following categories: 

 

(i) Sand. It consists of more that 80 percent of the material coarser than 62 

microns in diameter. 

(ii) Silty Sand. Between 50 percent and 80 percent coarser than 62 microns. 

(iii)Sandy silt. More than 50 percent coarser than 5 microns and more than 20 

percent coarser than 62 microns. 

(iv) Silty mud. More than 50 percent coarser than 5 microns and less than 20 

percent coarser than 62 microns. 

(v) Clayey mus. Less than 50 percent coarser than 5 microns. 

 

It should be borne in mind that the grain size of the bottom deposits varies over a wide 

range- from diametre of stones, more than 20 mm., the grain size of gravel (20-2mm), 

coarse sand (2-0.5mm), medium sand (0.5-0.2mm), fine sand (0.2-0.1mm),(2-0.1mm), 

very fine sand (0.1-0.02mm), silt (0.02-0.002mm), and to clay (Less than 0.002mm). 

On the floor of the continental shelf, particularly in areas which were formely 

glaciated, there is a great variation in the distribution of grain size in different 

localities. On the contrary, on the deep sea floor distribution is comparatively more 

uniform. 

 

7.4.2.1.1 Organic and Carbonic Deposits 

There are certain continental shelves on the bottom of which various kinds of 

vegetation and animals are found. So on the floor of these shelves are found the 

deposits of the remains of these vegetations and organisms. As we are aware, the 

tropical seas are characterized by the abundance of coral polyps and calcareous algae. 

After death their skeletal remains are broken down by the action of waves and 

converted into sand and silt which are very rich in calcium carbonate. On the contrary, 

the deposits formed by terrigenous substance and their sediements are deficient in 

calcium carbonate. On the floor of the seas near the West Indies the aforementioned 

organic deposits are found in abundance. 

Bahama Islands are formed by the sediment of the shells of marine animals and 

corals carried by the winds. The bottom of the nearby seas are covered by the deposits 
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of such sediments and muds. Such organic deposits have also been discovered on the 

floor of the Gulf of Mexico and the Caribbean Sea. 

 

7.4.2.2 Volcanic Deposits- There are two types of volcanoes- subaerial and 

submarine. But the same kinds of materials may be ejected from the above two types. 

However, in case of subaerial volcanism, the materials ejected are subjected to 

mechanical and chemical weathering before being deposited on the sea floor. If the 

volcanic materials are first deposited on the land, they are later transported to the sea 

by the rivers. But the lighter and more finely divided materials may be carried over 

the sea by the wind. Pumice, however, floats in the water for some time because it is 

very light. 

 

      Windborne volcanic materials are deposited in large amounts over a large. 

The particle size of the sediments controls the two processes i.e. the fall velocity and 

the transportation of the particles along the bottom by ocean currents. It means that 

the grain size controls the erosion and sedimentation and, therefore, the bottom 

topography. 

 

The mud being of different colours, Murry has classified them in the following 

categories: 

 

7.4.2.2.1 Blue Mud- The blue mud occupies the largest area on the sea floor. Most 

of this mud is found in deep seas in the vicinity of continents and the partially 

enclosed seas. Blue mud is formed from the sediments obtained from the 

disintegration and decomposition of such rocks which include iron sulphide as well as 

as organic substances. The deposits of this mud are mostly found on the floor of the 

Atlantic Ocean, the Mediterranean Sea and the Arctic Ocean. However, it is also 

present in certain parts of the Pacific and Indian Ocean. 

 

7.4.2.2.2 Red Mud- Because of the predominance of iron oxide certain type of 

mud is red in color. The area occupied by red mud is rather limited. The percentage of 

calcium carbonate in it is roughly about 32. However, this mud is conspicuous by the 

absence of siliceous organisms like the radiolarian and diatoms. The iron content 
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found in this group of mud is in the most oxidized form which accounts for its red 

color. Large areas in the Yellow Sea, the coastal sea of Brazil and the Atlantic Ocean 

are covered with this type of mud. 

 

 

7.4.2.2.3 Green Mud- The green mud color of this category of mud is mainly due 

to mud area. Volcanic materials can be distinguished by their physical or chemical 

character sticks provided they are not highly altered. The unaltered volcanic materials 

consist of lava fragments, pumice, volcanic glass and mineral grains. 

 

Most of the volcanic material is formed near the areas where volcanic activity has 

taken place. Volcanic material constitute a special type of sediment. Submarine 

volcanism is very common in certain areas. As we are aware, the pacific ocean is 

dotted with volcanic islands which form as a result of the accumulation of volcanic 

ejects up to the sea surface .  

As stated above, silt consist of very fine particles of rocks whose diameter, 

ranges from 3.9 to 3.12 microns. However, particles smaller than silt are called mud. 

Actually the mud include very fine particles of minerals forming different types of 

rocks out of these minerals quartz is the most important. The presence of particles of a 

mineral called  glauconite. In fact, glauconite is the silicate of iron which forms due to 

the decomposition of organic substances. This particular mineral is found in the outer 

coverings of foraminifera. After the shells  of these tiny organism get dissolved in sea 

water, the residua of very small round particles of glauconite are left out. Sometimes 

the abundance of the glauconite particles lends green color to the sand as well. This 

type of mud is found in abundance on the sea floor near the cape of Good Hope at the 

southern tip of Africa. It includes 7.8% glauconite and 0.56% calcium. 

 

The continental shelves of the Atlantic and Pacific Ocean around North America, and 

those of Australia and South Africa are well-known for the deposits of green mud 

   

 

7.4.3 Pelagic Deposits- By far the greater area is covered by deep-sea, pelagic 

sediments. It is pertinent to clarify at this point that the pelagic sediment will include 
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all the very fine grained material of lithogenous origin which is carried by suspension 

in the air or ocean water for long distances before setting out on the deep ocean floor 

after many years in transport. The pelagic sediment also include organics remains that 

settle slowly to the ocean floor, hydrogenous minerals such as Phillip site 

montmorillonite and fine grained meteoric dust found in sediment of the deep ocean 

basin. 

Pelagic sediments are classified into organic and inorganic deposit as follows: 

(i) Inorganic deposits. Less than 30% organic material is present in these 

deposits. These deposits are known as red clay. According to G.Steiger, the 

red deep sea clay, which consists of this inorganic component, contains 

54.48%  (SiO2) . 15.94%  (Al2 O3) and 8.66%  (FeO3). The iron oxide content 

is responsible for the sometimes reddish, sometimes brownish coloring of the 

clay. 

(ii) Organic deposit. These deposit contain more than 30% organic matter. The 

common term used for these deposit is ‘ooze’. These deposits are again 

classified on the basis of their chemical composition, and also on the basis of 

organisms which predominate in them. 

Organic deposits known as ‘oozes’ are further classified on the basis of the 

predominate of particular chemicals as well as the remains of certain marine 

plants and animals. The classification of oozes is as follows: 

 

7.4.3.1 Calcareous oozes- In these oozes more than 30% calcium carbonate 

(CaCo2) is present in the form of very minute skeletal remains of various planktonic 

animals and plants. These oozes are further subdivided into the following types: 

(i) Glabigerina ooze, in which the calcium carbonate is in the tests of 

pelagic foraminifera. 

(ii) Pteropod ooze contains protective shells of pelagic molluscs; 

(iii) Coccolith ooze contains large number of coccoliths and rhabdoliths 

that form the protective structures of the minute coccolithophoridae. 

Mean Chemical Composition of Pelagic Sediments in the Ocean. 
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7.4.3.2 Siliceous oozes: These pelage deposik one formed by a large perenlage of  

Siliceaus Skeletal material produced by planktonic plant and animals. These oozes are 

ferther sublivided in the following two types.  

(i) Diatam ooze: This type of ooze Contaivs large aneants of diatom frustules 

produced by planktouic plants. 

(ii) Radiolarian ooze: It centeins Large proportions of radiolanan skeletons formed by 

these lankton animals. 

 

Compounds             Red   Globigerina    Pteropod       Diatom    Rediolarion 

                      Deep-sea      ooze%      ooze%        ooze%       ooze% 

                        Clay% 

CaCo3. organic           10.4       64.7      73.9    2.7  4.0 

SiO2.organic              0.7         1.7        1.9           73.1           54.4 

Others. Organic         88.9       33.6      24.2           24.2           41.6 

 

1.According to R.Revelle (1944)  

 According to the above discussion of the pelagic deposits, they are classified as 

under- 

Pelagic Deposits 

 

      

Organic        Inorganic 

 

Calcareous  Siliceous 

           

Pteropod ooze   globigerina                 Red clay 

    

    

Radiolarian ooze  diatom ooze 

 

7.4.3.2. Pteropod ooze- This type of ooze is characterized by the predominance 

of the remains of the shells of pelagic molluscs. Pteropod is a molluse which is a 

floating marine animal. Its shell is soft and conical in shape. The shell is extremely 
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thin and contains more than 30% calcium carbonate. Pteropods are found in very large 

numbers in those seas where the temperatures are high and the annual range is low. 

Naturally, therefore, they are found in the tropical seas. They are found only in limited 

areas. Pteropods are found In large numbers only in the Atlantic Ocean. In different 

sections of the Mid-Atlantic Ridge they are found at a depth ranging from 800 to 1000 

fathoms. 

 

7.4.3.3 Globigerina ooze- This type of ooze is formed by the accumulation of the 

calcareous skeletons of foraminifera, mainly the planktonic form and globigerina, 

which consists of rounded calcareous tests. The average calcium carbonate content of 

this ooze varies from 75 to 89%. The shell of this animal is even smaller than the tip 

of a pin. These animals occupy large areas in different oceans. This type of ooze is 

found in large areas in the Atlantic, Pacific and Indian Oceans. 

 

7.4.3.4 Diatom ooze- It represents a type of siliceous ooze which forms in areas 

where the organic production of calcium carbonate is minimum, and where its 

solution exceeds production. Reduction in the salinity of sea water is one of the 

factors favouring the increase in number of diatoms. Near the mouths of large rivers, 

salinity is lower, and this factor alone strongly favours the increase in the population 

of this animal. 

 

Diatoms are siliceous algae and belong to the phytoplankton. These plants prefer to 

grow near the sea surface where nutrients necessary for their development are 

available. Diatoms are found in large number in the higher latitudes. The area to the 

south of the Antarctic convergence is a zone where nutrients are carried up from the 

depths to be converted into diatoms by photosynthesis, in the upper layers of the sea, 

through sunshine. The remains of the tiny organism sink to the depths to accumulate 

as diatom ooze.  

 

This type of ooze is found in a broad belt in the Southern Ocean. There is a narrow 

belt near the northern boundary of the Pacific Ocean  in which this type of ooze has 

been discovered.  
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7.4.3.5 Radiolarian ooze- Radiolarians are planktonic animals with very 

complex skeletons. These tiny animals secrete silica which is deposited on the sea 

floor. The lime component in this ooze is rather negligible, the percentage of calcium 

carbonate being than 20. On the other hand, the inorganic material is abundant, about 

67% of the ooze materials is made up by the tiny mineral particle less than 50 

microns. Its colors is somewhat similar to that of the inorganic red clay. 

 

7.4.3.6 Red Clay- The red clay is the most important inorganic deposits of the 

deep sea basins. The area 

occupied by this type of 

pelagic (Refer Figure 113) 

deposit is larger than  that 

occupied by any other type 

of deposit. Red clay 

contains hydrated silicate 

of aluminum and iron 

oxide. 

 

The red clay is formed by the chemical decomposition of submarines rocks and 

silicate of aluminum. Red clay is found only on  the floor of very deep sea basins. In 

the formation of this deposit, pumice floating in sea water and the volcanic ash 

transported to the ocean by the wind play very important role. That is why in the 

vicinity of submarine volcanoes this type of deposit is found in abundance. It also 

contains certain radioactive substance. Its sedimentation rate being very slow, the 

deposit may contain teeth of sharks and ear bone of whales. 

 

7.4.3.7 Inorganic Precipitates- According to Sverdrup 1942, inorganic 

precipitates are not found in large quantity in marine sediments. Even then they may 

form conspicuous and diagnostically important components. The inorganic 

precipitates comprise phosphorite, glauconite, carbonates, dolomite, amorphous silica, 

manganese iron oxide and barite nodules. It is to be remembered that inorganic 

precipitates are formed when, according to him, the solubility product of some 

substance is exceeded. The temperature changes in the sea water bring about certain 
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chemical changes in it as a result of which various types of inorganic substance such 

as minerals are deposited on the floor. The precipitation of inorganic substances may 

also be the result of the removal of carbon dioxide where photosynthesis occurs. It 

may also be caused by the changes in hydrogen- iron concentration or oxidation- 

reduction potential caused by the marine animals. These precipitates may also result 

from evaporation in shallow waters of the lagoons and seas. Examples of those 

substances resulting from such chemical changes are glauconite, feldspar, phillipsite, 

clay minerals, and phosphorite, etc. 

 

7.4.3.8 Extraterrestrial Materials- Murray and Renard were the 

pioneers in discovering the extraterrestrial materials in marine sediments. However, 

such substance are quite rare and never form an important part of the sediment. In red 

clay small black magnetic spherules and brown crystalline spherules represent the 

extraterrestrial substance. The black spherules composed of iron or iron alloy have 

diametres hardly exceeding 0.2 mm. In the brown type which is almost similar to the 

contrite variety of meteorite contains silicon. These substances have a metallic luster, 

and a diameter averaging about 0.5 mm. 

 

 From the foregoing discussion it is evident that the particles that originate in 

space occur in marine sediment as either nickel- iron spherules that are magnetic or as 

silicate chon rules composed of olivine and augite or pyroxenes. The overall size 

range of these cosmic particles falls between the limits of 10- 640 micrometres. 

 

7.4.4 Distribution of Pelagic Sediment 

 About three fourths of the ocean bottom is covered by pelagic sediments. 

About 48% of the pelagic sediments consists of calcareous oozes, while the red clay 

accounts for 38% and siliceous oozes 14% of the total area. In the Indian and Atlantic 

Oceans calcareous oozes cover larger area than any other ooze. In the Pacific Ocean it 

is the abyssal clay that claims to be the dominate pelagic sediment. It is due to the fact 

that the Pacific Ocean is deeper and the larger part of its floor lies beneath the calcium 

carbonate compensation depth. Here it is worthwhile to remember that calcium 

carbonate is dissolved below 4500metre, leaving only minor concentrations of 

biologically derived silica among the terrestrial and cosmogenic sediments. Since the 
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regions of high productivity of diatoms and radiolarians are limited in extend the 

siliceous oozes in all the oceans cover a relatively smaller percentage of the ocean 

floor. 

 

7.4.4.1 Pacific Ocean  

The vastness of the Pacific Ocean the sampling of bottom sediments has been 

incomplete. However, whatever sampling is available on the basis of which it is 

undoubtedly clear that the pelagic sediment covering nearly 50% of the Pacific 

bottom is red deep – sea clay. In the North Pacific this type of pelagic deposit covers 

about 80% of the deep ocean basin. Calcareous and siliceous ooze cover about 36% 

and 14% of the bottom of the Pacific Ocean respectively. The predominance of the 

clays in this  ocean is due to its greater 

depth (Refer figure 114) the pelagic 

deposit on the North Pacific Ocean floor 

are deficient in calcium carbonate 

because of its greater depth. Calcareous 

oozes are found in an area south of 10
0
 N 

latitude. However, there are local deposits 

in the North Pacific in relatively shallow 

ridges. Calcareous oozes in the east 

equatorial region contain about 75% 

calcium carbonate. In the South Pacific, 

the calcareous ooze contains nearly 90% 

calcium carbonate. This is so because the 

area is far from the sources of terrigenous sediments. Besides, siliceous remains are 

also limited in quantity. Calcareous oozes make up about 36% of the total pelagic 

deposits in the Pacific Ocean. 

 

As regards siliceous oozes, they form about  14.7% of the total pelagic 

deposits Diatom ooze covers the bottom of this ocean south of the Antarctic 

Convergence, while this ooze is also found in the extreme North Pacific because of 

low temperatures. However, it differs from the Antarctica ooze in so far as it lacks the 

high silica concentration.  
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 Radiolarian ooze is found in the areas of the North Equatorial Divergence. 

Local deposits of radiolarian ooze are found in the Southwest Pacific. 

 

7.4.4.2 Atlantic Ocean 

 More than two- thirds of the deep Atlantic Ocean basin is covered with 

calcareous oozes. The most widespread calcareous oozes in the Atlantic Ocean are 

composed of mostly planktonic foraminifera. The coccollithophoridae contribute a lot 

to the calcareous oozes in this oceans. The calcareous oozes contain the aragonite 

shells of pteropods to a certain extent. However, pteropod remains are found in 

limited shallow warm water areas where there is abundance of calcium carbonate. 

Calcarious ooze are found on the shallow plateau around the Azores in the North 

Atlantic, between Ascension Island and Tristan da Cunha Island on the Mid- Atlantic 

Ridge in the South Atlantic, and on the Ria Grade Rise between the South American 

mainland and the Mid- Atlantic Ridge. 

  Red deep- ocean clays cover the largest portion of the ocean bottom on the 

western side of the Mid- Atlantic Ridge. This is because of the difference in the 

calcium carbonate compensation depths on the two 

sides of the ridge. It is to be noted that the abyssal 

clays that form the pelagic deposits of the Atlantic 

Ocean are mainly lithogenous in origin, even 

though they are modified to a certain degree 

through interaction with the ocean water (Refer 

Figure 115) the Atlantic Ocean basins are deficient 

in siliceous oozes because the ocean water is never 

saturated with silica. Remember that siliceous 

oozes contain most of the skeletal remains of 

diatom and radiolarians. The diatom ooze is 

dominant south of the Antarctic Convergence 

because of the high diatom productivity of the 

region. Radiolarian oozes are found only in 

restricted areas in the Atlantic Ocean. The pelagic 

deposits containing the radiolarian oozes are found in the equatorial region of this 

ocean near the area of the diatom oozes are (Refer Table 13) stated above. 
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Refer Table 13 : The percentages of the total area of pelagic sediments in the three 

oceans. 

  

Pelagic sediment        Indian Ocean  Pacific Ocean    Atlantic Ocean 

 

Calcareous oozes   54.3   36.2   67.5 

Siliceous oozes  20.4   14.7   8.7 

Red clay   25.3   49.1   25.8 

 

    100.0           100.0        100.0 

     After Sverdrup, Johnsonand Fleming 

7.4.4.3 Indian Ocean 

In the Indian Ocean calcareous oozes cover the larger portion of the ocean bottom. It 

is estimated that about 54% of the total surface area of this ocean is covered by 

calcareous oozes. The percentage of red clays is about 25, while that of the siliceous 

oozes is about 20.5. Where the depth of the ocean is less than 5000 metres 

foraminifera oozes are the dominant pelagic sediment. This area of the Indian Ocean 

lies north of the Antarctic Convergence and west of the 5000 feet depth contour on the 

eastern side of the mid- ocean ridge. As regards the red clays, they are found only in 

local deep ocean basins within this region. Calcareous oozes are found in a narrow 

belt at the base of the continental rise along the western coast of Australia and the 

East Indian Archipelago. 

 Red clays are the dominant pelagic deposits east of the mid- ocean ridge at 

depths below 4500 metres in some localities and at all depths below 5000 metres 

where calcareous content of the pelagic sediment is much reduced. 

 In the category of siliceous oozes, the diatom ooze is found around the coast of 

Antarctica south of the Antarctic Convergence. Radiolarian ooze surrounded by 

calcareous ooze deposits is found south of the equator and between 90
0
 and 100

0 
East, 

longitude. 
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7.5 INTERLINK BETWEEN ATMOSPHERE CIRCULATION 

PATTERNS IN THE OCEANS 

The atmosphere ocean system is a mutually interacting system which affects life 

forms, both on the continents and in the oceans. Thus, the study of atmosphere- ocean 

interaction is of paramount significance because of the following characteristic 

features of interaction between the atmosphere and the oceans at local, regional and 

global levels: 

 The atmosphere – ocean syndrome is characterized by mutually interactive 

components of both, the atmosphere, and the oceans.  

 The atmosphere and the oceans are interlinked through various physical and 

chemical processes such as flow of heat energy. Atmospheric and oceanic 

circulations, precipitation process etc. 

 The atmosphere and the oceans are interlinked and operate through feedback 

mechanism. For example, the atmospheric circulation patterns (wind belts) 

generate surface currents in the oceans. On the other hand, atmosphere 

storms, mainly tropical cyclones, breed in the oceans.  

 The solar radiation energy is the prime source of motions in the atmosphere 

(temperature     air pressure    air circulation) and the oceans (   heat, 

temperature, air      surface currents). 

 The atmosphere plays a key role in the operation and maintenance of global 

hydrological cycle from the oceans    to the atmosphere    from the 

atmosphere to the continents and from the continents back to the oceans The 

solar heat causes evaporation of seawater, the atmosphere circulation (air 

circulation) transports  the moisture from overs the oceans to the continents 

and back to the ocean in the form of precipitation. 

 There is constant exchange of energy between the atmosphere and the oceans 

through physical processes, such as input of solar radiation from the sun 

through the atmosphere into the oceans, and input of moisture throught 

evaporation from seawater to the atmosphere, heating of surface of pressure 

of and wind belts etc. 

 

The interactions between the components of atmosphere- ocean system determine 

weather patterns. 
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  The periodic changes in the atmosphere and weather conditions giving 

birth to extreme weather events such as severe tropical cyclonic storms, 

floods, droughts etc. are directly related to periodic changes in the 

physical conditions of surface water of the oceans. The EI. Nino events 

are the direct result of periodic changes in the physical conditions of the 

ocean- atmosphere system. 

 The Walker circulation and the Southern Oscillation also validate the 

interdependence of the atmosphere and the oceans. 

 The seasonal variations in weather conditions in a specific region are also 

indicative of mutual interactions and interdependence of the atmosphere 

and the oceans.  

 The oceans are great sinks of atmosphere carbon dioxide. A substantial 

portion of increased carbon dioxide by anthropogenic sources, which 

causes, and is causing, global warming, is absorbed by the oceans during 

the photosynthesis by the phytoplankton‟s. 

 

Thus, there are ample evidences and examples to demonstrate the close 

interdependence of the atmosphere and the oceans in a number of 

ways. It is, therefore, desirable that the following aspects of 

atmosphere – ocean system should be briefly described: 

 

(i) Insolation and heating and cooling of the earth‟s surface  including both land 

and ocean surfaces.  

(ii)  Global air pressure and wind belts. 

(iii) General atmosphere circulation and its impacts on the ocean circulation.  

(iv) Periodic changes in the weather of the atmosphere- ocean system vis-a vis EI 

Nino Phenomenon, Walker circulation, and Southern Oscillation. 

(v) Seasonal variation in the regional weather conditions vis-a – vis monsoons. 

(vi) Tropical cyclones. 

  

7.5.1 Solar Radiation And Heating Of The Earth’s  Surface: The 

heating and cooling of the earth‟s surface including both land and ocean surfaces 
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determines the weather patterns over the globe The earth‟s surface receives energy 

from three sources, namely  

(1) solar radiation, (2) gravity, and (3) endogenetic forces coming from within the 

earth but the solar radiation is the most significant source of terrestrial heat energy. 

Solar energy received through solar radiation from the photosphere of the sun heats 

the earth‟s surface and the atmosphere and thus is responsible for the movement of air 

and currents, driving the surface currents in the oceans through changes in 

temperature, and pressure gradients, and driving the hydrological cycle through 

evaporation and precipitation.  

It may be pointed out that solar energy is responsible for the functioning and 

maintenance of the „earth- atmosphere system‟ and the solar energy is received 

through solar radiation. Different types of weather phenomena which occur on the 

earth‟s surface depend on the mode of transfer and exchange of solar energy between 

the earth‟s surface and the atmosphere. The energy transfer from place to place takes 

place through the processes of conduction, convection and radiation. 

 

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

decreases from equator towards the poles but there is temporal variation of insolation 

received at different latitudes at different times of the year. (Refer Table 14) 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. 

Refer Table 14: Average amount of direct solar radiation received at the outer 

boundary of the atmosphere and at the earth‟s surface(in cal/cm
2
/min) 

Date   Latitude (northern hemisphere) 

0-10    10-20 20-30      30-40 40-50             50-60             60-90 

                                            A-Received at the upper limit of the atmosphere 

December,22 0.549    0.465 0.373      0.274 0.173  0.079  0.006 

March, 21 0.619    0.601 0.563      0.509 0.441  0.358  0.211 

 June,21 0.579    0.629 0.664      0.684 0.689  0.683  0.703 

September,23 0.610    0.592 0.556      0.503 0.435  0.353  0.208 

           B-Received at the earth’s surface if cloudiness and turbidity are considered

  

December,22 0.164    0.161 0.134     0.082 0.036  0.013  0.001 

March, 21 0.191    0.221 0.206     0.161 0.116  0.096  0.055 

June,21 0.144    0.170 0.216     0.233 0.183  0.159  0.133  

September,23 0.170    0.162 0.201     0.183 0.131  0.079  0.028 
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It is apparent from table 16 that the amount of solar radiation reaching the outer limit 

of out atmosphere is significantly more at different latitudes than the amount of 

insolation received at the ground surface. This trend reveals the fact that a sizeable 

portion of incoming solar radiation is lost while passing through the atmosphere due 

to cloudiness, atmosphere turbidity (scattering), reflection, and absorption (through 

ozone). The data of insolation as portrayed in table 14A further show that maximum 

insolation reaches the outer limit of the atmosphere at north pole at the time of 

summer solstice while maximum insolation is received at the ground surface between 

latitudes 30
0
 – 40 

0
  N on 21

st
 June because of minimum amount of cloudiness due to 

the presence of subtropical high pressure belt and anticyclones conditions. 

 

Refer Table-15 Amount of insolation receiver at the earth‟s surface from equator 

towards the poles (in%).  

 

Latitudes  0      10      20      30      40      50     60      70      80       90  

Insolation in  

Percent   100   99      95      88      79      68     57      47      43       42 

 

 Table 15 shows the fact that total amount of insolation received at the earth‟s surface 

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

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

extending between the tropics of Cancer (23.5
0
 N) and Capricorn (23.5

0
 S) receives 

maximum insolation, Not only this, there is very little variation of  insolation during 

winter and summer seasons because every place experiences overhead sum 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. 

(i) Low latitude or tropical zone extends between the tropics of Cancer and 

Capricorn. All places experience overhead sun (sun‟s rays are vertical) twice 

during the course of a year due to northward and southward march of the sun. 

Consequently, every place maximum and minimum insolation twice a year. 

The region receive highest amount of insolation of all other zones and there is 

little seasonal variation. 

(ii) Middle latitude zone extends between 23.5
0
 and 66

0
 latitude in both the 

hemispheres. Within this zone every place receives maximum and minimum 
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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. 

(iii)Polar zone extends between 66
0
 and 90

0
 (poles) latitudes in both the 

hemispheres. Every place receive maximum and minimum insolation once 

during the course of a year but some times insolation becomes zero due to 

absence of direct solar rays. 

The atmosphere affects the amount of solar energy reaching the surfaces of the 

continents and the oceans through the processes of reflection, diffuse reflection, 

absorption, and scattering. The polar areas receive the least amount of the solar 

radiation because of the following factors: 

- The solar radiation waves have to pass through the thickest portion of the 

atmosphere and hence much of solar energy is lost in the transit. 

- The solar radiation wave reach the earth‟s surface at very low angles in the 

high latitudes and hence very little amount of solar radiation is transported to 

the polar regions. 

- The surfaces of the oceans are covered (Refer Table 16) with ice in the polar 

areas and hence most of the solar radiation is reflected back to space. 

Refer Table 16 : Albedo of flat surface of the oceans in relation to the angle of the 

sun’s rays 

Angle of the      90    60       50     30    15   10    5 0    (near the horizons) 

Sun‟s rays  (equator)     (poles) 

 

Reflected solar 

Radiation (percent) 2      3        3.5     6     20    35      40   99+  

Absorbed solar 

radiation (percent) 98    97       96.5   94   80    65     60    -1 

   

Since the ocean‟s surface covers more than 70 percent of total earth‟s surface and 

hence reflection and absorption of solar radiation is of great relevance for the 

differential heating and cooling of the land and sea surfaces, global patterns of air 

pressure and wind systems which in turn determine the motions in the oceans- sea 

waves, surface currents of the oceans, upwelling and down welling of oceans water 

and hence movement of oceans water masses. It is evident from table 18 that the 

albedo(reflection) of solar radiation from the oceans surface rapidly increase poleward 
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as it is only 2% at the equator and becomes more than 90% at the poles. On the other 

hand, absorption of solar radiation by the oceans rapidly decreases poleward. This 

situation of very low insolation in the low latitudes and very high insolation in the low 

latitude causes sinking (downwelling), and spreading and upwelling of ocean waters 

in the polar areas and low tropical regions respectively. The sinking of cold water in 

the high latitudes causes equatorward movement of undersea water masses while 

upwelling and spreading of warm ocean water causes poleward movement of surface 

water of the oceans but this poleward movement of surface ocean water is deflected 

westward in the tropical regions due to prevailing winds. 

The rotation of the earth along its inclined axis (23.5
0
) causes daily (daylight 

and night) variations in the amount of solar radiation at a place.  

 The revolution of the earth with its inclined axis around the sun causes 

seasonal and annual variations in solar radiation to be received at the ocean surfaces. 

  It may be mentioned that there is latitudinal imbalance in the net solar 

radiation between the tropical and polar regions in terms of energy surplus. 

The energy surplus and energy deficit areas may be identified and interpreted 

in two ways as follows, latitudinal base being common in both the cases: 

  -at the surface of the oceans 

  - in the atmosphere 

(1) The distribution of net solar radiation at the ocean surface from equator towards 

the poles shows the following trends: 

 (a) There is large energy surplus area between 30
0
 N and 40

0
 S  (due to larger 

proportion of ocean area) where energy gain from the incoming solar radiation is 

more than the loss of energy through outgoing long wave terrestrial radiation from the 

ocean surface. 

 (b) Net radiation rapidly decreases from the energy surplus areas of low 

latitudes to mid- latitude area. 

 (c ) Net radiation becomes zero at 70
0
  latitude in both the hemispheres. 

 (d) The polar areas are the zones of perennial energy deficit. 

(A.N. Strahler, 1978) The latitudinal distribution of net radiation in the atmosphere is 

it self a net loser of radiation at all latitudes. Thus, the atmosphere is the zone of 

perennial energy deficit because the deficit of energy always exceeds 60 kilo langleys 

per year. If the data of net radiation of both, the earth‟s surface and the atmosphere 

are combined together, the net radiation value, for the combined „earth‟s surface – 
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atmosphere system‟ may be calculated. Based on the combined data the following 

energy zones are identified: 

- Large region of surplus radiation extending between 30
0
N and 40

0
 S latitudes. 

-Northern high latitudes of deficit radiation and  

- Southern high latitudes of deficit radiation 

 

7.5.2 Meridional Transfer of Heat From Ocean Surface 

(J.E. Hobbs, 1980) One should not infer from the above discussion that the 

areas of energy surplus and deficit are always maintained. The nature tries to maintain 

balance in the heat budget of the land ocean- atmosphere system. It means that „there 

must exist a two way heat transfer from the earth‟s surface to the atmosphere, and 

from the equantor to the poles‟. This can be achieved if heat is transported from the 

earth‟s surface, and from tropical and subtropical areas of surplus radiation to polar 

areas of deficit radiation. The transport of heat from equatorial areas towards the poles 

is called meridional transport of heat. 

 The meridional transport of heat energy in the form sensible heat is 

accomplished by the atmosphere circulation and ocean currents which 

transport heat energy from „low latitudes surplus energy areas’ to „high 

latitudes deficit energy areas’ . The vertical transport of heat in the 

atmosphere is accomplished by ascending air in the form of sensible heat and 

latent heat. 

 

 

7.5.3 Heating and Cooling of Ground and Ocean Surfaces and The 

Atmosphere 

The solar energy received by the earth‟s surface including both ground surface and 

water surface is converted into heat energy in the form of sensible heat and is 

temporarily stored. This stored energy is radiated from the ground (land) and ocean 

surfaces in the form of longwaves into the atmosphere. The process of radiation of 

heat energy from the earth‟s surface is called ground radiation. The part of this 

radiation after being absorbed by the atmosphere is again radiated back to the earth‟s 

surface. This process of radiation  of terrestrial heat energy from the atmosphere back 

to the earth‟s surface is called counter – radiation or sky radiation. The counter- 
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radiation is effected mainly by water vapour and atmosphere carbon dioxide. The 

heating and cooling of the atmosphere, ground and oceans is absorption of solar 

radiation, conduction, terrestrial radiation, convection condensation, adiabatic 

mechanism etc. 

 

7.5.3.1 Heating of the Atmosphere by Direct Solar Insolation 

The heat energy is radiated from the outer surface of the sun (photosphere) in the form 

of incoming. The atmosphere absorbs 14% of incoming shortwave solar radiation 

through ozone, oxygen, water vapour, etc. present therein. Seven percent of this 

energy is spread in the lower atmosphere up to the height of 2 kilometre. It is apparent 

that this amount is too low to heat the atmosphere significantly. 

 

7.5.3.2 Conduction 

 The transfer of heat through themolecules of matter in any body is called 

conduction. The transfer of heat under the process of conduction may be 

accomplished in two ways viz. (i) from one part of a body to the other part of the 

same body, and (ii) from one body to the other touching body. Conduction may be 

effective only when there is difference in temperatures In different parts of a single 

body or in two bodies and the process continue till the temperature of all parts of a 

body or of two touching bodies becme same. It is clear that heat moves from warmer 

body to the cooler body through molecular movement. The rate of transfer of heat 

through molecular movement depends on the heat conductivity of the substance. The 

substance or a body which allows transfer of  heart through conductivity at a very fast 

rate is called bad or poor conductor of heat while the substance or a body which 

retards conduction of heat is called bad or poor conductor of heat. Metal is a good 

conductor of heat while air is very poor conductor of heat. The earth‟s land and ocean 

surface is heated during day – time after receiving solar radiation. 

 

7.5.3.3 Terrestrial Radiation 

 The process of transfer of heat from one body to the other body without the aid 

of a material medium (e.g. solid, liquid or gas) is called radiation. There are two 

basic laws which govern the nature of flow of heat energy through radiation. 
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(a) Wien’s displacement law „states that the wavelength of the radiation is 

inversely proportional to the absolute temperature of the emitting body‟.  

 (b) Stefan- Boltzmann law „states that flow, or flux of radiation is 

proportional to the fourth power of the absolute temperature of the radiating body‟. 

It may be remembered that the atmosphere is more or less transparent for incoming 

shortwave solar radiation but it absorbs more than 90% of outgoing longwave terrestrial 

radiation through water vapour, carbon dioxide, ozone etc. Thus, the terrestrial radiation 

is the most important source of heating of the atmosphere.The processes of radiation of 

heating of from the earth‟s ground and oceans surface is called ground radiation. The  

part  of this ground radiation after being absorbed by the atmosphere is radiated back to 

the earth‟s surface. This process of radiation of terrestrial heat energy from the 

atmosphere back to the earth‟s surface is called counter- radiation or sky radiation 

which is effected mainly by water vapour  and atmosphere carbon dioxide. This 

mechanism known as greenhouse effect keeps the lower atmosphere and the ground and 

ocean surface relatively warmer. Thus, the atmosphere acts as window glasspane which 

allows the shortwave solar radiation to come in and prevent the longwave terrestrial 

radiation to escape into space. 

  It is clear that the increase in the concentration of carbon dioxide in the 

atmosphere will increase the greenhouse effect and thus the temperature of the earth‟s 

surface would increase. It may be pointed out that carbon dioxide also absorbs 

longwave terrestrial radiation and helps in keeping the lower atmosphere and the ground 

and ocean surface warmer. Water vapour absorbs both the incoming shortwave solar 

radiation and outgoing longwave terrestrial radiation. Since most of water vapour is 

concentrated  in the lower atmosphere and hence both the incoming solar radiation and 

outgoing terrestrial radiation increase with height. This is the reason that high 

mountains are called radiation windows. 

 

7.5.4 Convection 

  The transfer of heat energy through the movement of a mass of substance from 

one place to another place is called convection. The processes of convection becomes 

effectives only in fluids or gases because their internal mass motion activates 

convection of heat energy. The earth‟s surface gets heated after receiving heat energy 

(insolation) from the sun. Consequently, the air coming in contact with the warmer 
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earth‟s surface also gets heated and expands in volume. Thus, warmer air becomes 

lighter and rises upwared and a vertical circulation of air is set in. Conversely, the 

relatively colder air aloft becomes heavier because of contraction in volume and thus 

descends to reach the earth‟s surface. The descending air is warmed because of dry 

adiabatic rate and warm ground and ocean surface. 

 

7.5.5 Adiabatic heating and Cooling 

  The adiabatic heating and cooling of the atmosphere takes place through the 

ascent and descent of a parcel of air respectively. It is a general trend that temperature 

decreases with or 3.6
0
 F per 1000 feet.  This rate of decrease of temperature with 

increasing height ascending air with given volume and temperature expands due to 

decrease in pressure and thus cools. For example, an air with the volume of one cubic 

foot and air pressure of 1016 mb at sea level if rises to the height of 17,500 feet, its 

volume is doubled because of expansion. On the other hand, a descending air contracts 

and thus its volume decreases but its temperature increases. It is apparent that there is 

change in temperature of air due to ascent or descent  but without addition or 

substraction of heat. Such types of changes of temperature of air due to contraction or 

expansion of air is called adiabatic change of atmosphere. 

  Adiabatic change of temperature is of two types viz. (i) dry adiabatic change, 

and (ii) moist adiabatic change. The temperature of unsaturated ascending air decrease 

with increasing height at the rate of 5.5
0
 F per 1000 feet or 10

0
 C per 1000 m. This type 

of change of temperature of unsaturated ascending or descending air is called dry 

adiabatic rate. It may be pointed out that if an air descends its temperature increases at 

the above mentioned rate. The rate of decrease of temperature of an ascending air 

beyond condensation level is lowered due to addition of latent heat of condensation of 

the air. 

  This is called moist adiabatic rate  wherein temperature of a parcel of 

ascending air beyond condensation level decreases at the rate of 3
0
 F per 1000 feet or 6 

C per 1000 metres. This is also called retarded adiabatic rate and cooling. Conversely, 

the descending parcel of air contracts in volume due to increase of pressure and hence is 

warmed at the rate of 10
0
 C per 1000 metres. 
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7.5.4 Differential Heating and Cooling of Land and Ocean Surfaces 

The contrasting nature of land and sea water surfaces in relation to the incoming 

shortwave solar radiation to the incoming shortwave solar radiation largely affects the 

spatial and temporal distribution of temperature. It may be pointed out that land 

becomes warm and cold more quickly than the sea water body. This is why even after 

receiving equal amount of insolation the temperature of land becomes more than the 

temperature of he ocean water body. The following reasons explain the differential 

rate of heating and cooling of land and sea water.  

- The sun‟s rays penetrate to a depth of only one metre in land because it is 

opaque but they penetrate to greater depth of several metres in sea water (up to 

200 metres) because it is transparent to solar radiation. The thin layer of soils 

and rocks of land, thus, gets heated quickly because of greater concentration of 

insolation in much smaller mass of material of ground surface. Similarly, the 

thin ground layer emlts and heat quickly and becomes colder. 

- The heat is concentrated at the place where insolation is received on the 

ground surface and there is very slow process of redistribution of heat by 

conduction because land surface is static. It may be noted that downward 

distribution of solar radiation and resultant heat energy in the land surface 

within a day is effective up to the depth of only 10 centimetres. Thus, the land 

surface becomes warm during day and cold during night very rapidly. 

- There is more evaporation from the seas and the oceans and hence more heat 

is spent in this processes with the result oceans get less insolation than the land 

surface.  

- The specific heat (the amount of heat needed to raise the temperature of one 

gram of asubstance by 1
0
C) of water is much greater (five times) than the land 

Specific heat of water and land Specific is 1.0 cal/g/
0
C and 0.19 Cal/g/

0
C 

respectively because the relative density of Water is much lower than that of 

land surface. It means more heat is required to raise the temperature of one 

gram of sea water by 1
0
 C than the gram of land. More specifically, the heat 

required to raise the temperature of one cubic foot of sea water by 1
0
 C  is two 

times greater than the heat required for the equal volume of land (one cubic 

foot).  



337 

 

It is apparent that same amount of insolation received by same mass of water and 

land would increase the temperature of land more than the temperature of land 

more than the temperature equal mass of water.  

 The reflection (albedo) of incoming solar radiation from the ocean water 

surface (refer table 16) is for more than from the land surface (of refer table 17) 

and thus water receives less insolation than land. 

Table – 17 Albedo of different types of earth surfaces to solar radiation (in 

percentage) 

  
 

              S.No    Types of surface    Percentage 

1.    Planet Earth     30 

2.    Snow cover 

   (a) fresh snow     75-95 

   (b) old snow     30- 40 

3.    Cloud cover 

   (a) cumulonimbus     70-80 

   (b) stratocumulus     25.50 

4.    Forest cover (average)   5-10 

   (a) decidous (average)    10-20 

   (b) coniferous forest    5-15 

5.    Dry earth (surface)    1-25 

6.    Water surface (angle of sun‟s inclination) 

   (a) wear the horizon (0
0
)    99 

   (b) 10
0
      35

 

   (c ) 30
0
      0.6 

   (d) 50
0
      2.5 

   (e) 90
0
      2. 

7.    Green field crops    3-15 

8.    Dry ploughed field    5-25 

9.    Desert areas (sounds)    25-30 

10.   Wet earth (surface)    10 

It may be mentioned that this is the generalized statement because the nature of grand 

surface varies from low latitudes to higher latitudes because the percentage of snow- 

covered surface increase beyond 60
0
 latitude and therefore the albedo also increase in 
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the same proportion oceanic areas are generally clouded and hence they receive less 

insolation than land radiation and counter – radiate heat back to the earth surface. This 

process retords  the loss of heat form the oceanic surfaces and hence slows down the 

mechanism of the air lying over the oceans. On the other hand land surfaces receive 

more insolation as faster rate because of less cloudiness and simultaneously les more 

heat through outgoing terrestrial radiation very quickly. 

 

7.6 SURFACE CURRENT: thermo haline waves. 

The ocean currents below the pycnocline layer which is a zone of rapid density 

change in the depth zone of zoom to 100 metre are called deep ocean current, which 

are generalized by density variations in ocean water since the density of ocean water 

is the function of its temperature and salinity and hence deep current are called 

thermohaline currents. Deep ocean currents are generated due to sinking or dwelling 

of denser sea water and hence they may also be called down welling ocean currents on 

the resistance the density of only matenal is defined as the mass per unit volome. The 

density of sea water depends upon temperature, salinty and pressure. In Case of 

liquids, it is the density that determines whether an object sinks or floats onit. 

However, the sinking rate depends on the recative density and also in the resistance it 

experience while moving through the water. 

 In Oceanography the density is expressed in terms of sigmat(Ot ) which refers 

to the density at atmosphere pressure and the temperature at which it was collected. 

The term sigmat is used for this value corrected to atmosphere pressure. While sigma0 

refers to the density the water would have at 0
0
C ; in this form the density is only a 

function of salimity. For most purposes sigmat is the most useful as both temperature 

and salinity are the controlling factors of the density. At the surface of the ocean, the 

density is always fairly close to 1 and varies according to the salinity, the temperature, 

and pressure. 

 However, the density of the sea water ranges from 1.02400 to 1.03000 g/cm
3
. 

The average density of the surface water in the oceans is about 1.02575. the density is 

expressed in the form (density -1 )x 1000 or (1.02575-1)x 1000=25.75. 

  

Besides the aforementioned major factors, the density of the sea water registers an 

increase as a result of cooling, evaporation. On the other hand, the density decrease 
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with the addition of fresh water from precipitation, melt – water or the run – off from 

the land areas. 

 Let us bear in mind that the density of the ocean water plays a very important 

role in determining the circulation pattern in the oceans because  of the fact the 

differences in it cause lateral displacement of water. 

  Since warm water is less dense and lighter than the cold water, it has a 

tendency to float on the colder and denser water. Similarly, cold or highly saline water 

at the sea surface tends to sink and be replaced by the warmer and less saine water. 

This tendency results in different patterns of the surface water movement that undergo 

seasonal changes. The difference in the densities of the surface and subsurface layers 

produces vertical convection in the ocean water. This process is called the 

thermohaline convection. 

Another characteristic feature of the density of ocean water is that even  

though a decrease in its temperature increases the density, after attaining the freezing 

point any further increase in density stops in the deeper layers. Thus, clear that at the 

constant temperature and the pressure, any change in the salinity results in density 

variation.  

The preceding discussion makes it amply clear that the temperature 

salinity and the pressure are the three variables that may be considered as the major 

controls of the density of ocean water. However, there are certain minor factors also 

that affect the density to some extend. 

 

7.6.1 Factors Controlling the Density of Ocean Water 

Temperature- Temperature is the most important of all the factors that has an 

important influence on the density of ocean water. In the open ocean, in general, it is 

the temperature   that determines the distribution (Refer Figure 116) pattern of the 

density. That is why the temperature    and density distribution in the open sea show 

similar characteristics. 

 There is gradual and regular increase in the density of sea water from the 

equator towards the poles. Inspite of the high surface salinities in the subtropical 

regions, there is no increase in the thermally produced low density of the sea water 

there. It is undoubtedly true that if there are large differences in the densities of 
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adjacent water masses they cannot remain in equilibrium. The horizontal variations in 

the surface salinities result in large – scale water movements in the oceans. 

 The densities of ocean water at the atmosphere pressure and 35% salinity have 

been shown at different temperature. 

 

7.6.2 Salinity- Salinity is another very important factor that influences the ocean 

water density. At a certain temperature the density increase with increasing salinity. 

This is due to he fact that the components of salinity have a greater density than the 

distilled water. It is a well – known fact that at 4
0
 C the density of pure water is 

1.00g/cm. But when some salt is dissolved in it, the salt water thus created will have 

higher density. This is so because the salt water Is heavier than the pure water. At the 

same temperature, therefore, the sea water will be denser than the pure water which 

always float upon it. Now it is clear that any further increase in its density, even 

though the temperature does affect the density. It is to be borne in mind that at 4
0
 C 

temperature  with 35% salinity the density of sea water is 1.0278g/cm. 
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7.6.3 Pressure- Pressure is another variable which controls the density of sea 

water, because the pressure and compressibility of sea water are very closely related. 

Any increase in the air pressure will bring the different layers of water closer together 

due to mutual pressure. Naturally it results in an increase in the density, since volume 

of the water decreases. It is worthwhile to remember that there exist a very close 

interrelationship between the temperature, the pressure, and the salinity of sea water. 

The higher the temperature, the lower is the air pressure. Similarly, the degree of 

salinity directly affects the density. However the density decreases with air pressure. 

On the contrary, in case of any decrease in air temperature and increase in air pressure 

the density is bound to be high. 

 If the density of the surface water is higher than that of the adjacent subsurface 

layer, vertical convection occurs leading to the formation of a layer of homogeneous 

water. In areas where intensive cooling occurs at the surface, the vertical surface to 

the bottom attains homogeneity. In case the increase in density at the surface stops 

before the convection currents have penetrated to the bottom, the process may result 

in the formation of water that spreads at an intermediate level. 

 

7.6.4 Convergence and Divergence-  The processes of convergence and 

divergence exert an important influence on the density distribution in the oceans. 

Vertical movement of water masses are due either to difference in the density at 

various depths as pointed out earlier or to the meeting of two types of currents 

converging upon one another, thus causing sinking which must be counter balanced 

else where by ascending currents. In areas where convergence moves down words. On 

the other hand, in area of divergence, the ascending motion of bottom water brings 

water of higher density and lower temperature towards the surface. This process is 

called upwelling. 

 

7.6.5 Distribution of Density 

 Since the temperature and the salinity of sea water are the major controlling 

factors of its density, all the processes that bring about a change in either temperature 

or salinity influence the density. In the open oceans the temperature of the surface 

water in the Torrid and Temperature zones is so high that the density of water remains 

low. This is true even in the subtropical regions where high salinities occur because of 
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excess of evaporation. In these regions convection currents are confined to a relatively 

thin layer near the surface of the oceans. Thus, they are not in a position to form deep 

or bottom water. It is, of course, in the high latitude that the formation of deep or 

bottom water takes place. However, in these latitude the excess of precipitation in 

some of the regions checks the development of convection currents that are strong 

enough to reach to great depths. There are only cases in which despite the excess of 

precipitation deep bottom water is formed : (1) If currents carry water of high salinity 

into high latitudes where it is cooled, and (2) If freezing of high salinity water occurs. 

To fulfill the first condition example may be cited of the Gulf Stream system which 

brings water of high salinity from the lower latitudes into the North Atlantic Ocean. 

This water is mixed with the cold water of low salinity in the Irminger Sea between 

Iceland and Greenland and in the Labrador Sea. When this mixed water with 

relatively high salinity   is cooled in the winter season, convection currents that may 

reach from the surface to the bottom develop before any freezing of ice takes place. 

Thus, deep and bottom water is produced that has high salinity   and a temperature 

several degrees above the freezing point of water. In the Arctic Ocean the second 

process is of little importance. In those regions where the freezing occurs, the surface 

layer is characterized by very low salinity because of the huge amount of fresh water 

carried into the sea by the Siberian rivers. 

 On the other hand, in the vicinity of the Antarctic continent freezing leads to 

the formation of very cold and dense bottom water. However, farther away from this 

continent the surface salinity  is low because of the large amount of precipitation, so 

that even the winter freezing fails to increase the salinity  to form bottom water. 

 

7.6.7 Horizontal Distribution of Density 

 In the tropical regions, the temperature are uniform ally high throughout the 

year so that the density of the surface water is very low. The result is that despite the 

intense convergence, water from the surface cannot sink to great depth, but spreads 

out at a short distance below the surface. Thus, there forms a sharp boundary between 

this less dense and lighter top layer and the denser water at some great depth. 

 In the tropical open ocean the surface water is characterized by low density 

because of its mixture with fresh water. However, in some isolated adjacent seas like 

the Mediterranean Sea, the Red Sea the evaporation is very intense. The result is that 
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even a moderate cooling in winter leads to the formation of bottom water with 

relatively higher temperature and salinity. So is the case in the inner part of the Gulf 

of California. If such seas communication of freely with the open oceans, deep  water 

returns to the open oceans as surface flow. Since Mediterranean Sea is the typical area 

having this type of circulation, it has been rightly called the Mediterranean 

circulation. 

In case of the Red Sea, sill depth at the straits of Bab-el-mandeb is only 125 metres. 

Across this shallow sill, the basic circulation is subject to the high rate of evaporation. 

Thus, the loss of surface water in the Red Sea must be compensated by India Ocean 

water this condition is present in the most developed form. Winter is the season when 

this condition is present in the most developed form. During winter south- 

southeasterly winds move across the southern Red Sea. As this surface water moves 

north, its density is increased as excessive evaporation increases salinity. This dense 

water sinks and flows out in the Gulf of Aden as a subsurface flow. This out flowing 

saline water ultimately spreads out into the Indian Ocean. 

 In the middle latitudes in the open oceans the density of water is low because 

of excess of precipitation and high temperature. The result is that the convection 

currents are confined to a relatively thin surface layer and do not lead to the formation 

of bottom water. Of course, the formation of deep water occurs mainly in high 

latitudes, where the excess of precipitation in some of the regions does not permit the 

formation of convection currents that are strong enough to penetrate to great depths. 

 The Gulf Stream carries water of high salinity into high latitudes. In the 

Irminger and the Labrador Seas this more saline water is party mixed with cold water 

of low salinity flowing out from the Polar Sea. In winter, when this mixed water with 

high salinity is cooled, convective currents develop before any freezing of ice begins. 

These convective currents are capable of entering from the surface to the bottom 

forming deep and bottom water that has a high salinity and a temperature much above 

the freezing point of water. 

 In the Arctic, wherever freezing occurs the salinity of the surface layer is very 

low because of the fact that huge quantity of fresh water is carried into the sea by the 

rivers originating in Siberia. 

Convergence also affects the density of the surface water. In the tropical regions the 

convergences do not increase. Even though the surface water sinks, it is not able to 

reach the deeper layers because of the presence of pycnocline.  Thus, the 
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development of denser water occurs at some distance below the layer of rapidly 

changing density, the pycnocline. 

 In the close vicinity of the Antarctic Continent formation of bottom water by 

winter freezing is very important. But farther away from the Antarctica the excess of 

precipitation brings about a low surface salinity, and in such areas winter freezing 

fails to increase the salinity to be able to form bottom water. However, on some parts 

of the continental shelf water of higher density is produced because of the rapid 

freezing in winter. This high density water flows down the continental slope to greater 

depths and mixes with the circumpolar water of relatively higher temperature and 

salinity, that is why the mixed water thus formed has a temperature slightly above the 

freezing point. 

 

 It should be borne in mind that the most powerful convergence is the 

Antarctic Convergence which takes place all around the Antarctic Continent. The 

sinking water at this convergence has a high density and spreads over the deep bottom 

water and can be traced in all the southern oceans at depths between 1200 and 800 

metres. On the contrary, the Arctic Convergence is not so conspicuous in the North 

Atlantic Ocean, where there is complete absence of an Atlantic- Artic Intermediate 

water. However, in the North Pacific, where Pacific –Arctic Intermediate water is 

present, the Arctic Convergence is more pronounced. 

  There are certain region where ascending motion prevails because the 

amount of water that rises towards the surface must balance the amount that sinks. 

Such ascending motion occurs in regions where diverging currents exist. Such 

divergences are more common along the western coasts of the continent where the 

trade winds drive the surface (Refer Figure 117) water away from the coast. It is 

worthwhile remembering that ascending motion or upwelling brings water of higher 

density and lower temperature towards the surface. 

Refer Figure 117 gives mean values of density for each latitude zones of 10
0
 width. 

The result as shown in the table is based on the investigation made by Bohnecke. 
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Latitude 0
0
 10

0
 20

0
 30

0
 40

0
 50

0
 60

0
 70

0
 

Nothern Hemisphere 23.50 23.28 24.48 25.44 25.90 26.69 27.25 26.61 

Southern Hemisphere 23.50 24.53 25.42 25.42 26.06 26.75 27.15 26.93 

    

 

 

 

 

 

 

 

 

 

 

 

From the above table it is clear that the increase in density lacks uniformity in all the 

zones. In the subtropical regions there are areas of convergence of different water 

masses. As we know, in areas of convergence the density is bound to have a lower 

value. Here the density gradient is smaller. However, near the oceanic polar fronts this 

gradient becomes larger. Polewards from the subpolar and polar areas of maximum 

density, once again there is a slight decrease in the surface density. 

 The surface density charts for the Indian and Pacific Oceans show the summer 

conditions only. It is clear from these charts that the density distribution (Refer Table 

21) at the surface of these oceans is almost similar to that of the Atlantic Ocean. 

 The Northern Indian Ocean is an exception because of the larger annual 

variations in salinity. In the Bay of Bengal the density varies from 18.0 to 22.0, 

whereas in the Arbian Sea the density value rises to 23.0 or even to 24.0. 

The horizontal density differences are caused by climatic influence of the 

atmosphere at the sea surface, and this results in large scale water motions in the 

oceans because water spreads along the shortest path to the layer in the oceans with a 

corresponding density. 
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7.6.8 Vertical Distribution of Density 

 The vertical distribution of the density of ocean water is very complicated 

because of certain process taking place there. Of all such processes the ocean currents 

influence the vertical distribution very strongly. Another controlling factor is the 

mixing together of different water masses. Besides, temperature, rate of evaporation, 

salinity etc also important role in this regard. 

 However, the density of ocean water generally increase with increasing depth 

of the oceans. In the tropical and subtropical regions this increase in density is 

characterized by a transition layer which begins beneath the top layer rising to a 

maximum gradient, and then gradually changing towards deeper layers to a relatively 

smaller gradient. 

 At this point it would be pertinent to throw light on what happens in the 

equatorial region in the vertical distribution of density. In this region, the surface layer 

which is rather shallow, is characterized by low density water. Below this layer lies a 

zone where the increase in density is very rapid. This zone is called the pycnocline. It 

is very stable and acts as strong barrier to the mixing of high density water below and 

the low density water above. This layer of rapidly changing density is marked by a 

high gravitational stability. This is so because to move a given mass water from some 

parts of the pychocline either upward to downward a greater amount of energy is 

required. On the other hand, in those regions where density changes very slowly with 

increasing depth less energy is required to move an equal mass of water the same 

distance as in case of a pycnocline. Let it be clear that the combined effects of zones 

of rapid vertical changes in temperature, the thermocline, and salinity, the halocline 

produce this zone of rapidly changing density, the pycnocline. In the high latitudes, on 

the contrary, there is complete absence of the pycnocline. In these areas the different 

in the density of the surface layer and that of the bottom waters is not greater with the 

result that these water columns are less stable than the water columns in the equatorial 

regions where the pycnocline is fully developed. The importance of the low stability 

columns of water in the high latitude regions in mixing the waters of the oceans of the 

world is very great.  Thus, in the polar and subpolar regions the density gradient from 

the surface layer down to the sea bottom becomes insignificant. 

  In both the hemispheres, in the subtropical regions the lighter and 

warmer water extends down to great depths, while in the equatorial zone the heavier 



347 

 

waters of the deeper layers extend higher upwards to the bottom of the pycnocline, the 

strongly developed density transition layer. This phenomenon is responsible for 

producing a horizontal density gradient from the equatorial regions towards two 

subtropical regions. It is just reverse of the surface gradient. However, this density 

gradient continues to be weaker down to 2000 metres. But below this level the 

meridional density difference is rather very small.   

 

7.7  TIDES 

   Sea water rises regularly twice a day at constant intervals this 

periodic pronoun of alternate rise and fall in the level of Sea is known as Tide. The 

tide are produced as a gravitational interaction of the earth. Moon and Sun. Tides can 

easily be measured. Tides are complex and they very from place to place because: 

(l) The movements of the moon in relation to the earth. 

(ll) Change in positions of the sun and the moon in relation to earth. 

(lll) Uneven distribution of water over the globe and. 

(lV) Irregularities in the configuration of the oceans. 

   

  The high of the tide of okha is about 2.5 metres, while the tides in Bay of 

Fondly between we Brunswick and mova schonia is highest ranging between 15 and 18 

metres. 

  The gravitational interaction of the moon, the sun and the earth is responsible 

for the occurrence of tides. The sun by wirtue of its bigger size should attract more; but 

owing to its greater distance from the earth it is moble to eoert  much influence. The 

moon on the other hand, though much smaller in size than the sun is relatively very 

close, to the earth, and is twos able attract more than the sun. Hence, the moon exert  the 

strongest influence on tides The tides producing force of the moon is twice as strong as 

that of the Sun. 

  Suppose the earth has a uniform 

(Refer figure 118) depth of ocean water 

covering it the attraction force of the moon is 

greatest at A being nearest to the moon  
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At B, the attraction of the moon is weaker and at C it is the weakest. Thus the 

gravitational attraction of the moon decrease from  A to C. The ocean water at A, 

pulls away from the earth. Since the water is fluid and free to move is produced a tidal 

bulge in the direction of moon is produced. The Solid part of the earth also bulges out 

but every slightly, a few centimetres at the most. 

 Note that a similar tidal bulge also develops in the oceans on the apposite side 

of the earth (See Figure 118 at C). This is because the water on the other side of the 

earth is more affected by its tendency to 

be thrown out by the earth‟s rotation and 

revolution or the centrifugal force. In 

fact (Refer Figure 119) on the side of 

the earth nearest to the moon the 

attraction force is greater than the 

centrifugal force. The bulging on the 

other Side is due to the excess of the 

centrifugal force over the attractive 

force tides do not rise to the same height every day. The relative position of the moon 

and the Sun with respect of the earth is responsible for the variation the height of 

tides. On the full moon and the new moon. The moon and Sun are almost in a line 

with the earth. Hence they combined pull on the earth, There on these two days tides 

are highest and are known as spring tides (Refer Figure 120) when the moon is at first 

and last quarter the sun and the moon 

make a right angle at the earth‟s centre. 

The attraction of the sun and the moon 

tend to balance each other. As a result, 

tides with lowest amplitude occur. 

These tides are termed as neap tides. 

Although tide occur twice a day. Their 

interval is not exactly 12 hours. Instead 

they occur of regular interval of 12 

hours and 25 minutes. The moon 

revolves round the earth from west to east and completes are revolution in 29 ½ days. 

Therefore, of any place on the earth‟s surface. The moon does not appear crossing the 

meridian at the same hour every day as it moves a little east ward in 24 hours. It takes 
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24 hour and 50 minutes for the rotating earth to bring the same meridian vertically 

below the moon every day. Hence, high tides follow at intervals of 12 hours and 25 

minutes (Refer figure 121). 

The earth would take another 48 

minutes and 48 second to bring the point. 

A exactly below M1. Actually, it requires 

an additional one minutes and 36 seconds 

for the earth to bring the point A exactly 

below the moon as it has further moved a 

little during thin small interval. This time 

lag of about 50 minutes thus explosions 

the tide interval of 12 hour and 25 minutes as tides out twice a day. Generally, tide 

occur twice day. But Southampton along the southern coast of England, experiences 

tide for times a day. This pearlier phenomenon of four tides instead of two is due to 

the fact that the tidal waters come through the English channel, as well as through the 

North Sea at different intervals. Tides also occur in arms of the seas known as gulf. 

Gulfs with fronts and narrow rears experience higher tides. The height of these tides 

may be ten metres or more. When a gulf is connected with the open sea by a narrow 

channel, water flows into a gulf at the time of high tide and comes out of water in 

ward and out ward is known as tidal current. When a tide enters the narrow and 

shallow estuary of a water, the front of the tidal wave appears to be vertical owing to 

the pilling up of the water of the river against the tidal wave and the function of the 

river bed. This steep- nosed tide crest looks like a vertical wall of water rushing 

upstream and is known as tidal bore. The favourable conditions of tidal bores include 

strength of the incoming tidal wave; slope and depth of the channel and the river flow. 

In India tidal bores are common in the hooghly river. Tide also clear away the 

sediments brought by the river and thus retard the process of delta formation. The 

tidal force may also be used as a source for generating electricity. For example: 

France and Japan have power stations which convert tidal energy into electricity. 

 

7.7.1 Theory of Ocean Tides 

 The preceding discussion as to how tides are generated in the oceans clearly 

suggests that to determine the exact tide- generating forces is in fact, an astronomical 
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problem. Very complex mathematical equations are involved in the solution of this 

problem. Scientists, in order to find a solution to this complicated problem have taken 

help from the laws of hydrodynamics, physics and astrophysics. However, the effect 

of tide- generating force on the waters of seas and oceans is determined by 

observations. The oceano – graphers and other scientists are making efforts to find an 

answer to such problems as the differences in the heights of tides generating in the 

oceans, their types and variations, and their movements in the oceans. The 

experimental verification on earth has been achieved by measurements with 

horizontal pendulum and gravimetres, with not as much of accuracy as has been 

obtained by computations on the basis of astronomical data. The situation is entirely 

different as regards out knowledge of the functioning of the system of tide- producing 

forces. The question of how the amplitudes and phases of tides at the coasts, which 

vary from one location to another, are generated and how they propagate in the open 

ocean, is still unanswered. Undoubtedly , the main problem of the theory of tides is 

the determination of how this system of forces works. In fact, this represents a 

hydrodynamic instead of an astronomical problem. 

 Since Newton, the theory of ocean tides has great mathematical like 

Bernoulli, Laplace, Airy, Poincare and many others. They have succeeded in 

elucidating the fundamental problems. However, in order to surmount the 

mathematical problems, they considered model oceanic areas of simple geometrical 

shapes. But their solutions are not applicable to such seas that are irregularly shaped. 

During the last few decades altogether fresh attempts have been made, and these have 

been based on geophysical considerations. Scientists who made valuable contributions 

to this new approach include A.Von Sterneck, Defant, Thorade, Proudman and 

W.Hansen etc. 

 

7.7.2 Equilibrim theory of Tides- The Equilibrium theory assumes that the 

entire earth is covered by a uniform layer of water, and that the waters yield, and are 

heaped up beneath the moon. This theory is based on the assumption that the rotation 

of the earth relative to the moon is such that the same side of the earth always; faces 

the moon.  According to this theory, the tide- producing forces would remain 

stationary relative to the earth. At the points of the earth closest to and farthest away 
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from the moon, there would be permanent reduction of the acceleration of gravity 

caused by the tide- generating forces. 

According to the Equilibrium theory, the moon causes the water to be drawn towards 

the part of the earth facing it, and also towards the opposite side. In this way, the high 

tide is produce, between 

two high tides, the sea 

level is lowered causing a 

low tide. As the earth 

rotates on its axis every 

meridian comes in turn 

beneath each of the high 

and low tides. Thus, in 

most places there are two 

high and two low tides each day (Refer figure 122) because the moon actually 

revolves around the earth once every 24 hours, 50 minutes, a high tide tends to occur 

once every 12 hours, 25 minutes. Thus, every lunar day,external forces tend to 

produce two high tide and two low tides approximately every 24 hours, 50 minutes. 

The time of consecutive high tides is , therefore, about 50 minutes late. It is also true 

that similar high tides and low tides are caused by the attractive force of the sun. 

 

 The equilibrium tide would be produced on an ideal earth covered with a layer 

of water of uniform depth, which is not the reality. Even then this tide is of great help 

in projecting a correct picture of the tide generating forces. The equilibrium tidal 

theory helps us to understand the periodicity of the tides. Despite many shortcomings 

the historical importance of this theory cannot be ignored. 

 

7.7.2.1 Demerits 

(i) The first and foremost objection raised against the equilibrium 

theory is that the assumption that the globe is completely covered 

by water is far from the reality. 

(ii) According to this theory, high water of a lunar tide at a particular 

place should occur when the moon passes through the meridian of 

that location. But observations have not established this theoretical 
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assumption. In fact, the high tide each day occur a little later than it 

was a day before. There is a lag of about 50 minutes. However this 

may vary from place to place. 

(iii) Due to the fast propagation of the equilibrium tide on earth, an 

enormous displacement of water would be necessary to establish 

the equilibrium position at any instant. Actually the equilibrium 

position is never achieved. 

(iv) The equilibrium theory completely neglects the effect of the 

continents and land masses which obstruct the free movement of 

the tidal bulges across the assumed unobstructed ocean surface. 

(v) The ocean basins formed between the continents have set up within 

each of them free oscillatory waves whose character modifies the 

forced astronomical tide waves developed in them. 

(vi) In certain areas two nearby locations experience high tides at 

different points of time, the difference being several hours. This 

fact alone does not prove the solidity of the equilibrium theory of 

tides. 

(vii) The difference in the tidal ranges occurring at places along the 

same meridian is one of the objections raised against this theory. 

(viii) The equilibrium theory in its zeal for oversimplification ignored a 

number of ground realities like the frictional force, the Coriolis, the 

bottom relief of the oceans, and the varying depth of ocean water, 

etc. which affect the movement of tidal waves considerably. 

 

The dynamical theory of Laplace is also based on the assumption that the earth is 

surrounded by water. But according to this theory, only the horizontal component of 

the tide- generating forces are of importance to the movement of water. This theory 

attaches little importance to the vertical tide- generating forces, because they have 

been considered as comprising very small periodical variations of the acceleration of 

gravity. The Coriolis force or the deflecting force of the earth‟s rotation has been 

completely neglected. The theory considers that frictional forces nullify the free 

oscillations. However, the most important contribution of Laplace to the problem to 

tides is his recognition of the fact that.  
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In constrast to the equilibrium theory, Laplace‟s dynamical theory explains the 

small diurnal tides observed on the coast of the Atlantic Ocean at Brest. However, the 

observation confirm this for the Atlantic Ocean only, but not for the Pacific and 

Indian Oceans. This is due to the peculiar bottom topography of the Atlantic Ocean 

which creates unfavorable resonance conditions in the entire ocean. According to the 

dynamical theory of Laplace, for the oceanic depth as it is actually found on earth, a 

wave through occurs at that point where the tide- producing heavenly body stands at 

the zenith or nadir, and not a wave crest. The dyanamical theory of Laplace has 

offered proof that every partial tide of the tide- generating potential produces an 

oscillation in the ocean, which has the period of the partial tide. These are the so – 

called astronomical tides. 

 

7.7.3 The Progressive Wave Theory: 

 W.Whewell, in 1833, advanced an altogether new theory based on observation 

of the progress of tides with time. As a 

matter of fact, this theory known as the 

Progressive Wave theory aimed at 

solving the various complexities and 

anomalies of oceanic tides. Following 

his recommendations tide observation 

were taken at 666 coastal points in June  

1835 along the North Atlantic Ocean 

(Refer figure 123). W.Whelwell  also 

prepared a map of the cotidal lines for 

the semi- diurnal tide. However, in 

1848, Whelwell, influenced by Airy’s 

channel theory developed in 1842, 

changed his original concept of tidal 

waves as pure progressive waves. 

Thereafter he revoked his map of the 

oceanic tide. The progressive wave 

means a wave in which the wave form progressively moves. Before going into the 

details of this theory, it is necessary to grasp the exact meaning of certain technical 
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terms that may be used in connection with this theory. A free standing wave is 

generated by the atmosphere, and its period is determined by the size and shape of the 

basin. A forced standing wave is generated by the tide- producing forces such as the 

sun and the moon. According to King C.A.M., a wave propagated in a channel of 

infinite length will have certain properties; it is known by the term „progressive 

wave’. Further, where the wave is long compared with the depth of water, the streams 

will extend uniformly from the top to the bottom of the water. The distance between 

two adjacent crests of the wave is called the length of the progressive wave. The 

time the progressive wave takes to move one wave length is called its period. The 

velocity of travel of the wave form, not of the water in the wave, is dependant on the 

depth of water. The waves of tidal length are very long compared with the depth of 

the ocean. The wave velocity is equal to the square root of depth multiplied by the 

force of gravity. Except in very shallow coastal waters, the variation in the height of 

the wave is small compared with the depth of the water. This is true over the oceans. 

Besides, the rate of propagation of the wave is dependant only on the depth of water 

and nothing else. The following formula gives the velocity of wave; (c=√gd   ; where 

c= velocity, g=force of gravity and d=depth). 

 

The essential characteristics of a progressive wave are that its velocity is dependant on 

depth, and that current flows in the direction of wave propagation and is at its 

maximum at the crest. At the mean water level, there is no current; at the trough the 

speed is at its maximum, but flows in the opposite direction.  

 

7.7.3.1 Salient of Features of The Theory- According to the progressive 

wave theory, in the Southern Ocean, where there is a complete absence of land, two 

gigantic tidal waves are produced by the tide- generating force i.e. the sun and moon. 

One of these tidal waves, due to the rotation of the earth, moves from east to west  

along with the moon, though lagging a little behind it. The other tidal wave on the 

other side of the earth also travels in the same way from east to west. These waves are 

known by the term „primary waves’.  The time taken by these tidal waves to make 

one round of earth is 24 hours, 50 minutes. Thus, half a round takes 12 hours, 25 

minutes. The crests of these waves are called ‘high tide’ and the troughs are known as 

‘Low tide’ .  
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All the tidal waves originally move northward from the Southern ocean. The 

crests of these waves produce high tides. The lines showing the occurrence of high 

tides at various places at the same time are called the co-tidal lines. When the crest of 

such a wave happens to be at the coast, the high tide is produced. But when the trough 

lies at the coast, it is known as the low tide. The figure 123 shows the progress of tide 

in the Atlantic Ocean by means of the co-tidal lines. From this map it is amply clear 

that the Atlantic tidal wave travels with higher velocity in the deep waters of the 

middle part of the ocean than in the shallower water along the shore. 

  As the tidal wave travels towards the north, its curvature increase. 

Another important point to remember is that with the onward movement of the wave 

towards the north, the so called age of the tide increase. 

 

7.7.3.2 Criticism of The Theory- According to the progressive wave theory, 

the tidal wave generated in the Southern Ocean travels from east to west and its 

different branches move towards the north in the Atlantic, Pacific and Indian Oceans. 

Thus, it is quite natural that farther they move towards the north, the more time they 

would take. Therefore on a particular meridian places situated farther north should 

experience high tide lather than the places situated to their south. But on the basis of 

observations it has been noted that Atlantic Ocean and that at Cape Farewell on the 

coast of Greenland is practically the same. This fact alone negatives the validity of 

this theory. Another point that goes against the progressive wave theory is that there is 

a difference in the characteristics of the same type of tides in different. 

 

7.7.4 Stationary Wave Theory  

 The stationary wave theory was advanced by R.A.Harris in 1904, which was 

based on an unobjectionable foundation of the harmonic constraints. Harris,  in 

contrast to Whewell, considered the tides as pure standing waves, and tried to find 

oscillating areas in the World Ocean,the free period  of which was in resonance with 

the period of the tide- generating force. The stationary wave theory aimed at solving 

the complexities and anomalies found in tides on the basis of observations and 

measurements. The progressive wave theory, in the opinion of Harris was purely 

theoretical, far from the realities, for the assumption of the  progressive wave was 

made in a channel of infinite length. 
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 Harris thought of another type of wave which according to him was very 

important to tidal analysis. This is the stationary wave or standing oscillation. 

Modern work considers the tides a regional or even local phenomena instead of a 

world phenomenon. Whereas the progressive wave was not possible on the earth, 

except the narrow belt of continuous water around the Antarctica, the stationary wave 

could easily develop in a basin of finite dimension. This is idea can be easily 

illustrated. 

 If a rectangular basin, partly filled with water, is tilted and then set down 

horizontally again, the water within it will move to and fro with an oscillatory motion, 

but will not leave the basin, hence the term standing oscillations is used. If one of the 

basins is slightly raised, the water in the basin will start oscillating as a result of which 

the water is high at one end and low at the other. But there would be no change in the 

water level in the middle of the basin. In fact, there is one line about which there is 

oscillation of water. This line is called the nodal line. This is known as the unimodal 

system (Refer figure 124) . On the other hand, in the bimodal system, the water 

oscillation along two lines (Refer figure 125). In this case, such a rocking is produced 

that water is high in the middle of the basin at the same time that it is low at both ends 

the period of oscillation is determined by the formula T=2L/√ gh, where L is the 

length of the tank, h represents the depth of the water, and g the acceleration of 

gravity. This shows that each basin has its natural period of oscillation which depends 

on its length and the depth of water only. If this natural period of oscillation coincides 

with the period of the tide- generating 

force, the response of the basin to the appropriate tidal period will be quick, and a 

state of resonance will be set up. 

 

 The underlying idea of the stationary wave theory is that in each and every 

ocean there are periods of oscillation which correspond to the periods of the tide – 

producing forces. Thus, the stationary waves are best developed in those areas of the 
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oceans which correspond exactly or approximately to the period of the tide generating 

forces. It should be borne in mind that as the width of the basin does not matter, so the 

width of the oceanic oscillating areas is of little significance. 

The stationary wave theory explains a number of tidal anomalies by 

considering the position of a particular place in relation to the nodal line of an 

oscillating system. If a place is near the nodal line the amplitude of the tide should be 

small. On the contrary, if the place is farther away from the nodal line, the tide is 

bound to be large. According to Marmer, “there is considerable evidence in favors of  

this new theory of the making of the ocean tide. The most valuable contribution of 

Harris to the problem of tides is that he postulated oscillating areas as the origin 

of the dominant tides of the various oceans and discarding the concept of tide as 

a single world phenomenon”. 

 

7.7.4.1 Criticisms of The Stationary Wave Theory 

 However, Harris‟ assumption that the two neighbouring oscillating areas to not 

react with one another has been proved to be erroneous. Besides, another weakness of 

the theory is that the effect of the deflective force produced by the rotation of the earth 

has been totally ignored. Nevertheless, “his emphasis on the importance of resonance 

was certainly a great step forward 

and paved the way for the modern 

ideas.” Moreover, in view of the 

fact that in the progressive wave 

theory there was no reasonable 

explanation as to why the type of 

tide varies in different localities, the 

stationary wave theory may be 

considered a great step forward. It is 

so because in this theory it is 

assumed that because of the (Refer 

Figure 126) varying shape and size 

of certain areas or portions of the 

oceans, they respond to one or the 

other of the lunar or solar forces in their own way. 
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  Each unit has node or a centre. In certain units there may be two nodes, 

which is known as „binodal system’. The shape, size and depth of the waters within 

one of these tidal units have considerable influence on the pattern of co – tidal lines. 

In each oscillating area, the amount of oscillation differs with changes in the relative 

positions of the sun, moon and earth together with a gyratory movement produced by 

the rotation of the earth. 

 

7.8 SUMMARY 

 The study of the temperature of the ocean is the subject – matter of marine 

meteorology that deals with that portion of the atmosphere and its interaction with the 

sea which overspread the greater water masses. The density of pure water depends 

upon temperature and pressure only, whereas that of sea water depends upon 

temperature, pressure and salinity atmosphere pressure and convergence, The tide act 

in response  to the mysterious force of the attraction of moon. “In every country the 

moon keeps ever the role of alliance with the sea which it once for all has agreed 

upon.” The ocean floor almost covered with the blanket of sediments. The marine 

deposits differ a great deal from one part of the ocean to another.  

 

7.9 ACTIVITY  

 (i) Find out how salt is obtained from the oceans, salt lakes and mines, if any 

in India. Collect also the relevant statistics. 

 (ii) Show cold currents and west coast tropical deserts confluence of warm and 

cold currents and fishing grounds.  

 

7.10 QUESTIONS 

 (1) Why does the salinity of sea water differ from place to place. 

 (2) Discuss the general characteristics of the ocean currents. 

 (3) Discuss salient feature of ocean current. 

 (4) How are tides caused and explain different theories of tide. 

 (5) How marine sediment are formed .  

 (6) Write short notes: 

      (i) Swell (ii) Serf (iii) Sceberg (iv) Spring tides (v) weap tide. 

 (7) What factors cannot horizontal and vertical distribution of temperature in 

the oceans. 
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UNIT – 8 OCEAN DEPOSIT 

 

STRUCTURE 

8.1 Objective 

8.2 Introduction 

8.3 Coral reef 

8.4 Marine biological environment bio- zones 

8.5 Types of organism 

 (1) Plankton 

 (2) Nekton 

 (3) Benthos      

8.6 Food and minerals resources of the sea 

8.7 Summary 

8.8 Activity 

8.9 Questions 

8.10 References 

 

8.1 OBJECTIVE 

 Known the important features of surface topography of ocean. 

 Known about the marine environment  

 Known about the marine vegetation 

 Known the chemical, biological and geological wealth of ocean 

 

8.2 INTRODUCTION  

The marine  environment and vegetation are characterized by a limited Varity. It 

consists mainly of primitive plant forms which include  various types of seaweed, 

Impressive in volume and area. The oceans are most important part of marine physical 

environment. The oceans along with their continent seas, sound and inlets influence 

man in various ways, from the climate he experience the oxygen, he breathes and the 

food he eats to the economic, social, political conditions under which he lives. 
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8.3 CORAL REEF 

   Coral reefs and atolls, one of the important features of surface topography, have 

deep connections with the bottom of the ocean. At certain places, they do not appear 

even above the sea level but remain attached to the submarine platforms and islands 

under the sea. Coral reefs are confined in a zone between 25
0
 N – 25

0
 S and form 

distinct relief feature of the tropical seas. They usually attach themselves either along 

an island or shore that is different from the corals, or they form separate islands into 

seas far removed from the land.  

These coral reefs are masses of limestone and dolomite accumulated by lime- 

secreting organisms known as coral polyps – a kind of fleshy anemone which are 

green, yellow, pink, violet and white in color. Each individual polyp consists of 

tentacles, mouth and stomach. In their tissues there live myriads of microscopic single 

celled plants which supply food to polyps. This association  between plant and animal 

is called symbiosis and helps in the formation  of  reefs  “Some of the corals live apart 

in their cup – shaped depressions; but their habit of forming colonies, among true 

reefs builders, results in growth with such luxuriance and abudance that neighboring 

colonies fill up all the available space and become welded together in a solid mass of 

coral rock”. 

The cementation and coalescence of corals is partially due to the solution and 

reprecipitation of the calcareous sand, but mostly due to the work of other   calcareous 

organisms and algae. The remains of calcareous organisms are mollusces, 

enchinoderms, foraminifera and other lime – secreting organisms and the algae are 

halimeda, lithothamnion, nullipores etc. They live in between the spaces of coral 

branches and thus also enter into the composition of the coral reefs. Sometimes 

broken coral material is also incorporated into the reefs, but the work of coral polyps 

remains most dominant. 

 

8.3.1 Conditions of Growth 

In spite of their profusion in tropical waters, coral polyps restrict themselves to certain 

areas because of their conditions of growth. 

8.3.1.1 Temperature sea water. One of the prime requisites for the 

development and occurrence of coral polyps is the temperature of the sea water. If 
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should be between 68
0
 – 70

0
 F, hence they avoid too cold and too hot waters of 

extreme regions of the oceans. 

 Corals usually do not live in water more than 200- 250 feet below sea level, because 

up to this depth bright and oxygenated matter help one photosynthesis of corals may 

spread below this depth. M.S. Ladd and J.E Hoffmeister (1936) estimated the depth 

between 200 -300 feet as the maximum up to which corals could grow. Gardiner has 

referred about some deep sea corals thriving at 150 or 170 fathoms but these do not 

have green plants in their tissues. 

 

8.3.1.2 Sediments – free water. The living corals also demand a sediments – 

free water, as turbidity appears to be the most important factor limiting their growth. 

This is because sediments clog the mouth of coral organism and cause opaqueness 

which inhibits symbiotic metabolism by which corals take their oxygen. Hence the 

coral reefs are also found in front of the debauchers of rivers which bring ample of 

sediments. 

In this connection P. Lake remarks that “a slow but more or less continuous 

supply of sediments is far less destructive than a sudden influx.” 

High saline water is also injurious and uncongenial for coral growth due to the 

lack of carbonate of lime in it which is the main food of these organism. Hence the 

average salinity should be between 27% and 40%. 

At the same time, there was torres rainstorm, the effect of which was completely to 

kill the corals, through, perhaps, some allowance must be made for the effect of 

exposure. However, Hedley, who examined the reef, concluded that the rainstorm had 

the chief effect.” 

The disturbed water and the currents of the oceans are not destructivity for coral 

growth as their hard surface is used to the wave attacks. On the contrary, waves bring 

food supply and oxygen for the polyps. The action of the wave has great effect in 

shaping the growth of the corals. In the calm sea waters they develop branches like 

the stag‟s horn. But violent wave action breaks off the tips of the branches and leaves 

rounded masses of coral reefs. 

 

8.3.1.3 Existence of submarine bench or platform. The last but not the 

least important condition for the growth of a coral reef is the existence of a submarine 
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bench or a platform on which corals start their colonies.  Observations show that coral 

reefs can originate on a strata as old as Cambrian, and in calm seas like Red Sea even 

on the unstable base of sand. These platforms must be within 50 fathoms depth either 

along the shore of the continent or along an island in an open sea. 

 

8.3.2 Types of CORAL REEFS 

All the coral reefs found in the ocean do not resemble in kind and shape. They can 

be divided into two broad categories: 

(i) According to their nature and mode of occurrence, and 

(ii) According to the location of coral reefs. 

 

8.3.2.1 According to Nature and Mode of Occurrence 

According to nature and mode of  Occurrence these are fringing reef, and atoll. 

1. Fringing reef. Under suitable condition in the sea the narrow belt of reef along the 

steep shores of the continent shelf is known as the fringing reef (Refer Figure 127). 

These may also develop around islands. 

Their growth is interrupted where big 

rivers flow into the sea. The width of the 

reef is comparatively narrower and the 

seaward edge is slightly higher than the 

landward portion. The surface of reef 

forms a rough and fissured platform 

about the level of the low water, where 

waves deposit the fragments of corals in the form of boulder zone, commonly known 

as the reef flat. Occasionally, the fringing reef is separated from the shore by a 

narrow and shallow lagoon with depth between 0.3 to 1.5 metre. known as boat 

channel. Fringing reefs are of two types: those which face the open ocean and those 

which are protected by a barrier.  Examples of fringing reefs are afforded by Sakau 

island of Maskelyne island in New Hebrides, Southern Florida reef, and Mehetia 

island. A young volcanic island cone having moderately developed cliffs around 

fringing reef helps to grow along it after subsidence has taken place. 
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8.3.2.2 Barrier reef. It is perhaps the largest and the most extensive of all the 

reefs, composed of myriads of coral of all 

sizes clustered over the coastal platform. 

The surface contains boulders, coral 

debris and sand deposits. The outward 

slope of the reef is 45
0
 but in a few cases 

it ranges only between 15- 25
0
. The  reef 

itself grows from the deep bottom and 

lies at a distance away from the coast. 

Hence a shallow and broad lagoon  developers between the reef and the shore as 

shown in (Refer Figure 128) the immense thickness of the coral found in a barrier reef 

presents difficulties regarding its origin, because the lower part of the coral base 

extends much below the necessary depth of 30 fathoms.  

 

8.3.2.2.1 Great Barrier Reef of Australia is the most famous and largest of 

all the barrier reefs.  It stretches on the eastern side of Australia 9
0
 to 22

0
 S for about 

1200 miles, thus covering two – third of the length of Queensland coast. The Barrier 

Reef is separated from the main land by a flat – bottom shallow lagoon. In northern 

half it is 80 miles away from the coast, and in south near Cape Melville, it is only at 7 

miles distance. Between these two the distance vary from 20 to 30 miles. South of 

Cairm, its distance from the shore increases. Off Townsville it is 50 miles away, 

whereas Swain Reefs (which are part of the great Barrier Reef, though considered 

separate from it) are nearly 100 miles off shore.  

The shallow lagoon of the barrier reef is nearly 40 fathoms deep and from 7 to 80 

miles in width. The width and the shape of the lagoon  varies with the nature of the 

surrounding reef. 

8.3.2.3 Atoll. It is a ring of 

narrow growing corals crowed 

with palm trees resembling 

horse shoe around an island or 

on submerged plateau and 

often hundreds of miles away from any continental land. It rises (Refer Figure 129) 

abruptly from the deep sea platform up to sea level. 
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In the middle of the coral ring, sometimes broken on the side, lies a shallow 

lagoon of open water ranging in depth from 40 to 70 fathoms. According to their 

nature, atolls can be divided into three types: (i) the true atoll with a circular reef 

enclosing a shallow lagoon and having no island in the middle; (ii) the atoll which 

possesses a central island in the lagoon, around which the reef is found, and (iii)  the 

last, known as coral island or atoll island, is, in fact, an atoll reef but the process of 

erosion and deposition of waves, island is formed on them. 

The shape of an atoll is oval, with the major axis oriented according to the wind 

direction. In Indonesian reefs, due to changing directions of the monsoon, the form of 

the reefs changes. The process of formation of coral island starts with the production 

of finer material by wave action which breaks down the living corals or the coral 

boulders. The fine sediment is transported and distributed on the other side of the 

ridge and the platform is formed. On this actually sand banks and sand cays take their 

origin. “The slacking of the currents on the reef flat, and the force of the waves on 

seaward side of the obstruction, cause the resulting island to be narrow and crescentic 

in form”. 

The development of island depends on the sand supply, otherwise they remain 

piles of broken corals and coral boulders. Sand is mostly carried to the leeward side 

where sand banks and low wooded islands are formed. The latter is the result of the 

deposition of various seeds in sand brought by the waves, This process continuously 

shallows the lagoon. When mangrove swamps grow the boulder zone, it is known as 

low wooded island. 

Various atoll, e.g., E.Fiji Atoll and Trunk Atoll of West Carolines, are found in 

the Pacific. Along  coral island, the cays are found in the Bay of Batavia, Jawa, and 

also along the Queensland coast, e.g., Sudbury Cay, Green island off Chairs, Bunker 

and Capricon island  and Bravel Cay; the low wooded island or island reefs are found 

in the northern part of the Barrier reef. 

 

8.3.2.4 Funafuti Atoll. It is considered to be one of the important atolls of Ellice 

island. It extends in north north-west and south sout-east direction along 176
0
 66 E 

long. From 11
0
 to 5

0
 30 S. The large island of Funafuti has 6 ½ miles  length and 600 

yards width at the maximum. And on the eastern side of the reef are island varying 
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from 50 to 300 yards in width. The shape of the atoll resembles the caricature of the 

human head. The enclosed lagoon is only 8 miles broad and 12 miles long. Its depth is  

20-25 fathoms though shoals are also recorded in the lagoon. „The reef around the 

lagoon is not continuous: the longest unbroken stretch runs from Pava Island in the 

north of Funamanu, on the south- 

easthern side of the lagoon‟. The 

atoll seems to arise from 2000 

fathoms depth and shape of the 

island is controlled by its rocky 

foundation, growth of plants, 

prevailing winds and currents 

(Refer Figure 130) apart from 

above major reef forms few minor 

features are also noted in the atoll. 

 

(i) Shallow lagoon reefs. These 

are annular, small atolls in 

which the lagoon is a small 

pool. This reef is absent from 

open seas, and is found in 

epi-continental seas around 

Indonesia. South China Sea, 

etc. because these are 

exposed to wind and swell, 

their major axis is usually 

oriented accordingly (in trade 

wind belt along Queensland it is north – south – east) with higher windward side. 

The outward slope here has live corals, with higher coral debris rampart behind. The 

shallow lagoon is found behind the ridge, whose bottom is covered by calcareous mud 

and sand. Mangrove cover grows  in thickness, at leeward end. Sandy  cay in found 

here, usually  wooded or with protruding beach rocks. 

(ii) Faros. These are chains of small atolls with lagoons of not much depth. 

The examples are illustrated in Maldives, S.E. New Guinea, and 

Mouccas. Faros about 10 kilometre long occur on the edge of large 
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atolls with less than 20 metre. deep lagoons, in S. Maldives. Several 

large atolls in Maldives- Ari, Nilandu – contain many faros in their 

lagoons on their outer edge. 

(iii) Coral Banks- These are isolated shapeless reefs. They can be found as 

a result of popped up form shallow lagoons (as in Gillbert Islands) or 

as a part of fringing reef isolated from main reef. 

(iv) Submerged and Raised reefs. These are old reefs which once formed in 

past are no longer being built up. In this class drowned atolls of west 

central Corolinas, and uplifted reefs of New Georgia (Soloman Islands) 

are mentionable. 

(v) Coral Pennacles. These are coral pinnacles of small size rising within 

the lagoons, and coming close to the lagoon surface. 

 

8.3.2.5 According to Locations 

According to locations they are tropical coral reefs and marginal belt coral reefs. 

 

8.3.2.5.1 Tropical Coral Reefs. The coral reefs in the warmer water grow in 

abundance and are confined within 25
0
 N-25

0
 S latitude. They are mostly circular 

in form, with 100 – 400 feet height above the sea level. Their shores are irregular 

and embayed. Most of the reefs are found on the eastern shores of the continents. 

Masses of coral may occur occasionally, but they do not form typical reefs on the 

western coasts of either America. Africa, or Australia. This is because it is the 

zone of the trade winds and the western side is the leeward side where an 

upwelling of cold water place. Probably this is the principal cause of the absence 

of reefs in the western part of tropical seas. But it cannot be the sole reason, for 

near the equator even on these shores, the surface water is warm enough for 

corals. 

Coral reefs are especially found in the central and western Pacific Ocean 

where the normal rate of growth of reefs is between 6 and 8 feet per century. 

Pacific reef according to A.G. Mayer, have grown in past 30000 years. Wake 

island is an important Pacific atoll, and the Great Barrier reef of Australia is a 

famous Barrier reef. Other coral reefs are in Indonesian seas. In the east Pacific 

small colonies occur between Gulf of California and 2
0
 S latitude.  
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Tropical reefs record an existence of all the varieties of coral reefs. Apart from 

barrier, fringing and atolls, shallow lagoon reefs, faros, coral banks, and raised 

common. They are found in Moluccas, on Tagula barrier to the  south – east of 

New Guinea, in Vanua Levu barrier in Fiji and in Maldives. 

The Maldives faros include the following: (a) The circular groups of atolls 260 

– 300 kilometre. long from north to south and  90-100 kilometre wide from east to 

west; (b) Each group contains seven or eight atolls, the lagoon is between 35-70 

metre. depth and the channel between the atoll is 400 metre. deep, (c) Elongated 

or circular faros about 10 kilometre wide are found on the edges of large atolls. 

The lagoon here is between 5-20 metre depth and the channel between faros is 25-

60 metre deep. 

The coral banks are shapeless, shallow lagoon reef. Such are found in 

Australia and south- east Gilbert islands. The examples of drowned reefs are 

found in Carolinas (drowned atoll), and Waigeo in New Guinea (barrier reef). The 

uplifted reefs occur in New Georgia in Soloman islands, Mangaia in Cook islands 

(all barrier reefs), in Poelore Dana reef west of Timon atoll and in Abulat reef in 

Red Sea (faulted). According to (W.M.Davis, 1970) Society group of island 

stretching for 200 miles east to west, exhibit all the three types of reef: the 

fringing in Mehetia, the barrier in Raiatea, and the atoll in other nearby islands. 

In true Coral seas, two types of islands exist, around which reefs are built. The 

stationary islands develop cliffed spurs- eithers by stationary sea level or due to 

the lowering of level in Pleistocene time – around which a narrow fringing reef 

develops. On the other hand, the subsiding island shows a variety of reef 

development. The coast does not show cliffs, because the land is subsiding and the 

shores are already protected by former reefs. Though the coast line is embayed, 

and broad barrier reef and atolls develop. 

 

8.3.2.5.2 Marginal belt coral reefs. The area extending between 25
0
 N-30

0
 

N and 25
0
 S-30

0
 S represents a belt of coral sea. Here the growth of the coral 

polyps is believed to be suspended during the glacial period, where the 

temperature of the sea became much below than requirement.  The reef was also 

exposed above the sea and the polyps were killed. The shores along the lands were 
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cliffed by intense wave erosion, which is evident by the formation of extensive 

marine platforms and banks – a character sticks of the marginal belt area. Thus all 

the traces of the old reefs were removed. North – west Hawaiian Islands exhibit 

the best example of Bank formation – bank atolls and bank barriers. Similar cases 

are found in the Bahama bank covered with white  calcareous mud, in lesser 

Antilles, Bermuda, the Indian ocean and in the south Atlantic. Near Bermuda 

sounding show two flat topped banks (Challenger and Plantagenet), 10 to 15 miles 

across, with summits 180 feet below sea level. At the edge of the bank the sea 

bottom drops 5000 feet. 

The subsiding islands of the marginal belt display following features regarding 

the reef development: (a) Subsidence of land revealed by  embayed coasts. (b) 

Reef growth in pre-glacial time during subsidence. (c) Cessation of reef growth 

during glacial time, with resulting low level abrasion producing cliffs and 

platforms. (d) Post – glacial up – growth and revival of reef. 

 

8.3.3 Structure of Coral Reef 

Every coral reef contains some peculiarity of its own inspite of a very definite 

shape. A detailed analysis would reveal certain common features of reef structure. 

 

8.3.3.1 Lagoon. It is the first related to the reef which is developed along the 

margins of the shore. One of the sides of the lagoon is formed by the island rock 

while the other one is made of dead corals. Due to the outward growth of the coral 

reef, the sea water is enclosed between the reef and the land. The declivity of the 

rock wall terminating abruptly in the lagoon floor is greater in the case of fringing 

reefs and atolls. In a barrier reef the sides of the lagoon have gentle slope. The 

bottom of the lagoon is formed by dead corals and is almost flat across the full 

width. Hence the water in the lagoon is nearly uniform in depth almost 

everywhere and yet due to local variations, the depth varies between 30-50 

fathoms. 

Further, the width of the lagoon also varies. In a fringing reef a lagoon is 

almost rare or very narrow, in the barrier reef it is wide with occasional islands in 

it, and in atolls the lagoon is quite wide and shallow. The shore of the lagoon is 

sandy and the proper reef itself is sometimes concealed beneath it. Occasional 



371 

 

break in the coral reef provide an easy communication between the lagoon and the 

open sea. 

The deposits on the lagoon floor consist of the calcareous sediment derived 

from the reef wall. The erosion of the dead coral is mostly done by the wave 

action. There are actually none or few living  corals in the lagoon. (There are near 

about. 2300 coral  polys live in Eniwetok lagoon in Marshall islands). Only some 

calcareous algae and foraminifera are abundant. Few lagoons have innumerable 

masses of coral which rise abruptly form its deep floor in the form of coral 

pinnacles, especially wherever they are not covered by debris. Some notable sea 

cucumbers are also, found which chew up the coral rock, and convert the 

limestone reef into sand and mud. Apart from this, another type of debris is 

derived from the erosion of the rock wall of the land, and by deposition of 

sediment brought by the rivers. This process continuously makes the lagoon 

shallower. 

Thus two activities working constantly in a lagoon can be detected: 

(a) the lateral enlargement of the lagoon by destruction of the inner side of the 

reef  wall : and 

(b) continuous steepening of the continental rock wall and falttening of the 

lagoon floor. 

 

2.Reef. On the outer side of the lagoon, the reef develops upto the low water tide 

line. Its surface is 

formed by dead 

corals and is often 

rugged, uneven 

and frequently 

crossed by many 

fissures. Near the 

margin of the reef they are numerous and through them sea water (Refer Figure 

131) advances on to it. Various other reef hollows thus are filled up with 

calcareous sand. A typical reef is only a few hundred yards wide, whose small 

portion is exposed above the sea level. Various deposition and erosion zones are 

recognized over the coral reef by oceanographers. They are: 
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1. Sand Belt. Just bordering the lagoon, sand deposits are found over the reef. 

The constituents of the sand are the fragments of corals, calcareous algae, 

foraminifera, sand from the lagoon floor, as well as the blown up sand from 

the nearby land. The dead corals are continuously being broken by the waves. 

If the reef is wide enough, the higher waves sweep the sand across the reef on 

the other side and debris is supplied to the boulder zone along the sea coast. If 

the reef is narrow, coral sand is swept back in the (Refer Figure 132) sea or in 

the lagoon,  or deposited in the reef hollows. Hence wide reefs have extensive 

sand mounds.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. Boulder Zone. Behind the sand belt a boulder zone is easily distinguished. The 

debris is rather big in size and quite loose but the material is just the same as in the 

sand belt. Broken coral boulders are pilled up by strong waves in this portion. The belt 

varies from 10-30 feet above sea level and is also known as beach conglomerate.    

 



373 

 

3. The Reef. It is actually in this portion of the coral reef that the true reef is visible. It 

is deeply fissured, flat ad only a few inches above the low water level. The open 

waves usually attack in this section which is exposed during the low tide. Hence the 

corals on the reef flat are often dead. The edge of the reef known as algae ridge is 

usually raised one foot above the surrounding area and is formed of calcareous algae 

porolithon rather than of corals. 

 

8.3.4 Theories of The Origin of Coral Reefs 

Various theories have been put forth to explain the mode of origin of coral reefs 

taking into account the fluctuation of the Pleistocene sea level and the stability of the 

land concerned. The latter fact analyses three conditions: a subsiding island,a 

stationary island and an emerging land with reefs along them. 

Out of the three types of reefs, fringing reef is perhaps the most simple and 

easiest to explain. Corals, in past, established themselves along suitable submarine of 

vast platforms within  30 fathoms of depth. Upward growth, however, ceased when 

the reef reached the low tide level because coral polyps cannot stand a long exposure 

to atmosphere, but the outward growth towards sea continued. The material eroded by 

waves was consequently deposited on its surface. The origin of other two reefs, the 

barrier and the atoll, is not so easy to explain. Hence there are different views stated 

for their origin.  

We now study the two main theories about the origin of coral reefs. They are: 

(1) Subsidence theory put forth by Charles Darwin and (2) non – subsidence or  

„stand-still‟ theories propounded by Murray, Gardiner, Agassiz and Daly. 

 

8.3.4.1 Subsidence Theory 

This theory was 

first put forth by Charles 

Darwin in 1837 and 

modified in 1842 during 

his voyage on the 

„Beagle‟, (Refer Figure 

133) when it became 

clear to him that coral 
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polyps could only grow in shallow waters. 

 

The main purpose of this theory is based upon the idea of confinement of coral 

polyps to smaller depth.  

Drawin assumes that along suitable platform coral, polyps flocked together 

and grew upward towards a low water  level. The resulting reef in this stable 

condition would be a fringing reef. But as the sea floor and the projecting land in coral 

seas start submerging, the living corals would find themselves in deeper waters. 

Hence an urge to grow upward and outward would be balanced by the subsidence of 

the land. The growth of the corals, as already pointed out, would be vigorous at the 

outer edge, while near the shore of the land it would be retarded. According, it would 

happen that the inner part would be flooded by sea water and the lagoon is formed 

between the land and the reef.  

The fundamental idea of 

subsidence, as proposed by 

Drawin, did not imply any 

sudden changes of the level but a 

gradual sinking of land, either by 

continuous process or by stages.  

Anyhow, this rate to supposed to 

be slower than the rate of upward 

growth of corals, otherwise  the  

coral polyps would find 

themselves in deep waters and 

would die. 

 

As Result of this, Drawin 

postulated that the fringing reef,, 

barrier reefs and atolls are only 

three stages in the evolutionary 

growth of a reef (Refer Figure 

134). As the land subsides, 

fringing reef would grow 
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upwards and outwards, resulting in the formation of a shallow lagoon. Further 

subsidence would convert it into barrier reef  with wide and comparatively deeper 

lagoon. 

The theory, though simple in its presentation, implies that the barrier reef and atoll 

can occur only in the areas of submergence and the great amount of vertical thickness 

of coral material, surpassing the depth upto which they would should be found, is 

primarily due to the subsidence of land and consequent upward growth of coral 

polyps. 

 

8.3.4.2 Arguments against the theory. The first objection against the concept 

of subsidence was raised  when further detailed observation were made regarding 

coral reefs. The presence of both fringing and barrier reefs along the same island (i.e., 

Narai Island, Fiji) was deemed anomalous. To explain this fact, it is assumed that the 

stability was maintained after a period of sinking and the lagoon was wide reef. If a 

slow continuous subsidence is to be accepted, then the difficulty remains. Subsidence, 

as needed in the theory by Drawin, would imply disappearance of vast land mass in 

the Pacific, which is not geologically possible. 

Murray criticized the borings at Funafuti and said, “The present reef of 

Funafuti has grown upon a talus of broken fragments, the boring has gone down 

through that talus and the corals in the core are not in situ but are pieces which have 

broken off from the edge of the reef and rolled down into deeper water.” 

Further, Semper‟s work in Pelew reefs has shown an area of recent elevation 

of 400-500 feet, which is only 60 miles away from the true atolls. Davis points out 

that the raised reefs of the island have suffered sub –aerial erosion before corals could 

grow. Later they have subsided to form reef along them. Again, after some time the 

island was uplifted. Neverthless, Darwin himself agrees in a letter to Semper (Oct. 2, 

1879) and to Agassiz (May 5, 1880) that the suitable submarine craters covered by 

reefs would no doubt resembles an atoll. Hence it is interpreted that atoll could also be 

found in areas where subsidence had no occurred. Practical observations of atolls 

rising from comparatively shallower platforms, and not from sunken deep peaks, also 

disprove this theory. 
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8.3.4.3 Non – Subsidence or ‘Stand Still’ Theories 

During a few expeditions it was observed that the thickness of corals in elevated reefs 

amounted only to 200 feet, as in Santa Anna (Soloman islands) and Christmas island 

(south of Java), whereas Darwin‟s subsidence theory requires 2000 feet of thickness 

of coral material. Thus a new school of thought  grew up which was opposed to the 

concept of subsidence. 

The non- subsidence theories fall into two groups : those believing that the 

coral grew upon suitable stable platforms with an unchanging level, and the others 

suggesting the reef building along the wave  cut platform due to the lowering of the 

sea level. Various scholars thus presented quite different views, e.g., Solution lagoon 

by Murray, up growth on still standing aggradede submarine banks by Rein, 

outgrowth on rising foundation by Guppy, growth on truncated foundation by 

Wharton, development on 

incompletely truncated platform 

by Tyerman and growth on sub- 

aerially submarine eroded 

platform by Agassiz (Refer 

Figure 135). 

 

Though the theory 

gained a wide  acceptance. Yet 

many objective were raised 

against it. In the first place, 

according to the theory the coral 

building requires the existence 

of the large number of 

submarine peaks which is not a 

feasible proposition. Again, two 

contradictory views i.e., erosion 

and deposition at the same time 

over different submarine peaks 

are explained in this theory 

which is difficult to explain. 
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Further, as conceived by a limit of 30 Fathoms cannot be put for the work of erosion 

or deposition by waves. (Davis W.M. 1970) that‟s the sea water has in fact a small 

dissolving action. If the dissolving action of the sea water is supposed to be sufficient 

on the submarine peaks. 

As the slopes of the atoll descend very at 75
0
 angle on their seaward side to the 

depths of thousands of fathoms, it seems difficult to conceive how the zones can rest 

on a base at such a steep angle. 

 

8.3.4.3.1. Gardiner. Gardiner has attributed the exceptional thickness of the coral 

reef to the work of the deep sea corals (between 40 fathoms to 170 fathoms) 

flourishing on the eroded platforms. The level upto which the ordinary corals survive 

deep sea corals and their detritus are deposited on the submarine plateaus. On top of 

this reef building polyps thrive upto sea level. 

Geologists are mostly against the fact that marine erosion can erode a platform 

at such depth. Furthermore, this theory does not explain why there should be an 

interval between the plantation of the  formation of the reef.  

 

8.3.4.3.2 Agassiz. Louis Agassiz, the father of Alexander Agassiz, made the most 

important investigation in 1851 in Florida reef where a succession of concentric reefs 

separated by deep channels was found. His other observation was that “one of the 

most remarkable peculiarities of the rocks in the reefs of the Tortugas consists in their 

compositon; they are chiefly made up of corallines, limestone algae, and to a small 

extent only of real corals”. 

On the basis of his father‟s work Alexander‟s expeditions were mainly 

devoted to the exploration of coral reef problem. While studying Murray‟s results of 

“Challenger” expedition he found the following record: “There was enormous number 

of pelagic calcareous algae, foraminifera… in the surface and surface waters 

everywhere within tropical and subtropical regions, but the dead calcareous shells… 

were not distributed with similar uniformity over the floor of the ocean… The 

calcareous shells were removed by the solvent action of seawater as they fell 

towards…. The bottom of the ocean. The explanation thus given to account for the 

phenomena of coral atolls.” Same results were observed by him in „Blake‟ expedition 

on the coast of Florida. 
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The theory advocated by Alexander Agassiz is similar to Murray‟s main idea 

and emphasize the formation of submarine platform due to the action of waves around 

islands and land masses. The depth of such platforms ranges between 30-50 is not 

much; and they are only thin veneers of corals. Due to the outward growth of the reef, 

“the lagoon between barriers and the adjacent shorelines or enclosed by atolls are 

formed and believed to be scoured out and depended by wave action. The inside 

margins of dead reefs of all types are believed to crumble and decay due to solution 

and boring by marine organism, the product of such disintegrating processes, are 

washed away by tides and currents.” 

During Agassiz‟s expeditions in various tropical waters he never found a 

single occurrence of the formation of coral reef by subsidence. Hence he totally 

rejected Darwin‟s theory of subsidence. 

According to John Murray, Agassiz showed the following facts: (1) The 

barrier or other reefs do not indicate that the shore line has subsided. (2) The platform 

under sea is leveled by a variety of ways in different coral regions. Each region has its 

special condition. (3) The shallow lagoon is formed by biological, chemical and 

mechanical activities, continuously in operation even at present time. (4) The coral 

atoll in reaching the surface would under special conditions advance seaward on a 

talus of its own debris. Hence the thickness of the reef seems great. A sounding in 

Funafuti reef showed that if a boring passed through such a talus, then the coral debris 

will be found between the actual reef and the tertiary base rocks. 

 

This theory faces the problem of explaining the thickness of the corals which should 

not exceed 180 feet.The action of 

cliffing and formation of submarine 

banks as advocated by Agassiz 

must positively remove all the 

islands found between the reef and 

the shore. Though such cases are 

found in marginal seas, yet a 

marked absence of cliffs and 

existence of islands in the lagoon is 

found in New Caledoniam Reef of 

Australia. 
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A strong objection to this theory is raised when cliffing along the shore lines is 

postulated even after its enclosue by a lagoon. As the stagnant water of the lagoon is 

not as active as the sea waves, cliffing would imply a long period of erosion and 

hence an interval in which coral reefs would be absent. 

 

8.3.4.3.3 Daly. Daly is also an advocate of stand- still theory but his central idea is 

the changes in the sea level during the Pleistocene period. The theory was put forth in 

1915 when he became sure that the coral reef are formed after the Pleistocene Ice 

Age. The traces of glaciation were found on Mauana Kea in 1909 which explained 

that during the glacial period the surface temperature in this area would have been 

much less for the growth of corals.  

As the result of imprisonment of sea water in the form of ice, the general level 

of the ocean sank some 33 to 38 fathoms. There (Refer Figure 136) was also a 

lowering of the Same island with reef at A, emerged by lowering of sea level.  

At B, followed by the cutting of strong mature cliffs and wide mature valleys. Normal 

ocean level again at C. Wide embayments with sloping sides: spurs I plunging cliffs 

temperature of the sea, hence the existing reefs were chilled and died. The new sea 

level was responsible for cut platforms or benches along the continental coasts and 

islands and for the removal of the traces of islands or dead reefs exposed above 30 

fathoms. 

When the ice age came to an end and sea regained its normal level the newly cut 

benches and platform were submerged to a depth of 30 fathoms or so. Those corals 

which were not killed during the glacial time or new coral polysps started to establish 

themselves on the seaward edge, thus building up fringing reef on narrow eroded 

platforms and barrier reef on broad eroded platform. Atolls would be formed on 

isolated submarine plateau eroded at the time of lowered sea level. A lagoon of 

uniform depth would be formed between the reef and land due to uniform lowering of 

sea level and comparatively rapid growth of corals on the margins. Daly doubts 

whether atolls and barrier reefs of today existed before the glacial period though rare 

atolls can survive locally where slight subsidence has also occurred. The thickness of 

the, under this theory, would also be equal to the lowering of the sea level. 

The flatness of the floor of the lagoon and the similar depths of all the lagoons 

behind the barrier reef and in the middle of the atoll are also explained by the theory. 
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This last fact is also due to the stability of the land, though occasional vertical 

movements are also taken into account. 

Daly states, “The glacial control theory emphasizes the Pleistocene as one 

period of inhibited coral growth, but the bulk of the erosion which has affected the 

oceanic plateau is clearly pre-glacial in date.” The force of the unhindered wave 

erosion, as examined by W.M. Davis, is more than the valley deepening and widening 

by weathering. Hence the erosion of cliffs during glacial period is possible to some 

extent. 

In the marginal seas the fall of the water level exposed the reefs and the 

cliffing process started. But due to lack of vigorous coral growth in this area, the cliffs 

are still visible and in most cases devoid of reefs. In cooler seas only cliffs formed, 

whereas in tropical seas cliffs were further enclosed by the reef development. 

In conclusion we can say that Daly‟s theory is fundamentally opposed to 

Darwin‟s idea though it is not inconsistent with  Murray‟s idea from which it differs 

in method of formation of platforms. 

 

8.3.4.4 Arguments Against The Theory. Leaving aside the slight variations, 

the depth of lagoons, according to this theory, should be uniform. However, actual 

observation made by Davis show that even in one single atoll the lagoon depth varies 

from 120 to 300 feet. In others it varies between 20 and 600 feet. Similarly, the lagoon 

depths on a drowned atoll or on a submarine bank varied considerably from the 

normal lowering of the sea level. 

Davis points out that he unstable areas of the Pacific in relation to the stable 

areas exhibits no particular differences with depth of the lagoon. Therefore, it seems 

that some other cause than the lowered sea level abrasion is responsible for the lagoon 

depths. 

No proof exists that coral were killed by cooler water during glacial age. In the 

tropical areas much lowering is needed to obtain critical temperature for reef growth. 

The increase in muddiness as a factor in killing the reefs is highly objectionable (Ladd 

and Moffmetstin.) 

The next argument against Daly‟s theory is based on the idea of supposed 

flatness of the lagoon floor, and embayments. At first sight the bottom of lagoon (30 

fathoms deep, which Davis thinks is not measured at their most seaward ends), 
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covered by dead coral reefs, may appear in favor of Daly‟s hypothesis. But closer 

observations reveal that the flatness is only due to the sedimentation on the submarine 

bench and no trace of rock is found on surface, while the actual floor of the lagoon 

remains hidden deep. Similarly, on casual observation the embayment between the 

spurs of the land mass may exhibit rock walls abruptly ending into the sea, with their 

bottom at 38 fathoms depth (the stability of the land and lowered sea level would 

produce 38 fathoms deep bays and embayment also). But detailed investigations have 

again pointed out that mistakes may occur in measurement of the depth due to the 

deposition in the bays because it may also have been shallowed by the excess of 

sediment brought by rivers. Nevertheless, V-shaped walls with steep slope of the 

embayment also  point towards subsidence. 

The occurrence of 200 feet deep and a few miles wide shallow banks is 

explained by this theory, but their greater extent in Macclesfield Bank (55 kilometre. 

wide and 55-60 fathoms deep) remains a problem. 

The question of cliffing found along the shores remains a controversial point. 

If post-glacial reefs developed after the formation of the cliffs along the land, they 

should still be visible in the lagoons. Side by side, where would probably be no island 

along the coast. In fact, not only are cliffs of any size absent behind coral reefs, but 

there are often rounded islands dotted in the lagoon as found in Great Barrier Reef. 

Minor cliffing may occur in the lagoon which is attributed to the erosion by waves. In 

marginal seas, cliffs are visible due to lack of vigorous coral growth along the shore. 

Their marked absence from coral seas gives strong reasons for not accepting Daly‟s 

theory in full. 

 

8.3.5 Davis’ Application of Physiographic to the Problem of 

Coralreefs 

Davis 1928 started his work on coral reefs between 1911-18, in order to revive and re-

establish the old idea of submergence as applied to the coral reef problem. In 1928 he 

attempted to give concrete physiographic evidence to explain various problems 

hitherto unsolved. 

Davis stressed that the indented and embayed coast lines found in the coral 

seas demonstrate the submergence of the land. If the land has been stable, cliffs must 

be visible in lagoons and the depth of the embayment should not exceed 38 fathoms. 
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But as these cases are rare, the evidence proves the validity of submergence. The 

bottom of the embayment on observation reveals great amount of subsidence and 

deposition. The flatness does not denote the true bottom of the lagoon according to 

Davis, but it is only due to the deposition of the debris. The shallowness of the lagoon 

may at first seem to go against the subsidence theory. But actually it illustrate the 

subsidence of the land, consequently depositing the eroded sediment in the lagoon, 

which makes it shallower. 

The disposal of the detritus of from the land under  standstill theory is not 

practicable. The sediment deposited in a stable lagoon would fill it up and the 

overflowing water would harm the living corals on the other side of the reef. Whereas 

in subsidence hypothesis any amount of sediment can be easily disposed of, as the 

bottom of the lagoon is supposed to be subsiding. Again, examples afforded by reefs 

showing unconformable contacts between reef and coral also favor the theory of 

subsidence. 

The combination of embayed shorelines and non-cliffed shores in the coral 

seas is explained with the aid of physiographic. In a standstill theory, as noted earlier, 

cliffing is inevitable along the shore of the lagoon and embayment would be absent, 

whereas on a subsiding island even if cliffs do occur, they would disappear by 

submergence. Only minor 

cliffing can be (Refer Figure 

137) found by wave erosion 

in the lagoon. Moreover, the 

embayed coast line created by 

submergence would be 

clearly visible. 

Davis has also taken 

into consideration the facts of 

changing sea level. According 

to him, lowered sea level on 

subsiding islands also would 

create cliffs and spurs but 

most of them would be 

protected by reefs along the shores from the wave attack, hence cliffs will not be seen. 



383 

 

Another evidence in support of the subsidence theory was put forth by 

Molengraaf and Gardiner that “the weight of a coral mass cause sinking of its 

foundation and isostatic readjustments in the substratum to take place.” The facts of 

sufficient uplifts found during the period of reef growth which raises reefs in some 

places to an elevation of 1000 feet above sea level, actually gives support to the 

subsidence theory. For, if great uplift can occur in these areas, obviously subsidence 

of similar measure may also have occurred. 

Thus, this theory advocates the old idea of subsidence with renewed 

application of physiographic. It is also comprehensive in its application as it includes 

the changes of the sea level as well as the tectonic changes of the land mass. No other 

theory can afford such a wide range of probabilities. Davis himself stated: “The main 

conclusion of my many pages is that Darwin‟s theory of up growing reefs on 

intermittently subsiding foundations extended by introducing the effects of glacial 

changes of sea level and temperature as proposed by Daly and by adding such minor 

modification as may be called for in special cases will deservedly regain in the  

present century the general acceptance which is enjoyed through the middle of the 

past century.” 

Inspite of the above evidences, one fact is rather left unexplained in this theory 

also and that is the assumed equal depth of the lagoons, The flat floor of the lagoon 

and its shallow depths may be attributed to the sedimentation, but this in no case 

proves that the original bottom of the lagoon concealed beneath may not be showing 

different depths. 

Various aspects of coral reef and numerous theories put forth to explain this 

origin has been a continuous problem since the last century. No single theory is all 

embracing to deal with all the possible explanations. Hence Steers has mentioned few 

points on which future investigators might throw light. 

First, Daly‟s idea of lowering of sea level during Pleistocene time should also 

take into account the repeated oscillations of sea level. Thus, the reactions of the coral 

reefs to this  may be explained in relation to raised benches. 

Secondly, examples of existing inter- relations between different parts in the 

land regarding the tectonic changes must be brought forth. The fact that a 

submergence in one part is equivalent to an emergence in the other part should be 

taken into account.  
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Thirdly, The changes in the climatic belts, during Quaternary glaciations, and 

their effects on the location of coral reefs, must also be explained fully. 

A new idea of the formation of coral reef has put forth by Dr. Leopold 

Faustino of the Philippine Bureau of Science, who states that corals do not need a 

rock foundation to grow. They grow from the loose material of the banks and the 

circular form of the atolls is caused solely by the conditions of wave and current.  

 

8.4 MARINE BIOLOGICAL ENVIRONMENT BIO-ZONES. 

An ecosystem becomes biome when all the plants, animals and physical environments 

i.e., sunlight, humidity, soils etc. are studied collectively. In other words, a biome 

include all plants, animals and soils and detritus of all those areas of the world, 

whether terrestrial or marine, where all the biota have minimum common 

characteristics and all the areas of biome are characterized by more or less uniform 

environmental conditions. 

World biomes are divided into two major groups i.e., terrestrial biomes and 

aquatic biomes. Aquatic biomes are further subdivided into two subcategories, 

namely, freshwater aquatic biomes, and saline marine biomes as follows: 

    terrestrial 

    biome 

World  

Biomes         freshwater 

          biomes 

    Aquatic 

    biome 

          marine 

          biomes 

 

         continental shelf biome 

       

    Warm water  

    biome 

         open sea biome

   

Marine       

biome 

         upwelling water biome 

    cold water 

    biome                 continental shelf biome 

 

         deep open ocean bioem 
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The following are the characteristic features of marine biomes: 

Marine biomes account for about two third of the total areas of all the biomes 

of the globe as sea water covers about 71% of the total geographical area of the world. 

The marine biomes have certain such typical characteristics (which are generally not 

possessed by terrestrial biomes) which affect the biological communities of the 

marine biomes as follows: 

(i) The marine biomes provide a wide range of habitats for the marine plants and 

animals as the marine organisms can live in the shallow seawater, deep sea water 

and even at the deepest bottoms; 

They can live in coldest  water near the polar zones but the terrestrial organisms 

cannot live beyond certain height and near the poles except a few species of 

penguins and other animals. 

(ii) The sea water is characteristic by more or less uniformity in the distribution of 

temperature and therefore marine organism have not be adapt to extreme 

temperature conditions. Various forms of sea movements such as sea waves, tidal 

waves, oceanic currents, upwelling and subsidence (vertical movements of waters) 

and horizontal movement of surface water help in even horizontal and vertical 

distribution of temperature. 

(iii) Sea water contains all the nutrients in solution form which are easily taken by sea 

organism (plants). 

(iv) The lfie-form and food chains and food webs in the marine biome depend on the 

availability of sunlight, water, carbon dioxide, oxygen etc. All of these elements 

are mostly confined to the upper zone of sea water and therefore most plant life is 

also confined to 200 metre thick zone of upper sea water  because sunlight 

decrease with increasing depths and it practically becomes absent beyond the 

depth of 200 metre from the water surface. This upper zone is called photic, zone 

which is full of primary producer green plants called as phytoplankton‟s because 

these of photosynthesis with the help of sunlight and zooplanktons which are 

primary consumer herbivorous hetero- trophic animals depending on 

phytoplankton‟s for their food. 

(v) Since sunlight becomes totally absent at greater depths in the seas and the oceans 

and hence photosynthesis is not possible at greater depths, consequently the 

organism depend on detritus (marine sediments) and called deterivores. 

 



386 

 

(vi) Sea water provides maximum mobility to the marine organisms. Nutrients are 

circulated more quickly and efficiently and marine organism are more rapidly 

dispersed than the terrestrial organisms. This is the reason that the distributions of 

marine plants and animals are more widespread and cosmopolitan than the 

distribution of terrestrial organisms. 

(vii) Sinking of cold water from the water surface transports oxygenated waters to the 

sea bottoms which make animal life possible even in the deep oceanic trenches 

whereas animal life is not possible beyond a critical limit over high mountains 

because of lack of oxygen at much higher altitude.  

 

8.4.1 Types of Marine Biomes 

1. Different types of habitats, are formed in the oceanic environment on the basis of 

various combinations of sunlight, availability of nutrients, carbon dioxide and oxygen 

and thermal conditions of sea water. These various habitats house different types of 

marine organisms (both, plants and animals). Based on salient environmental 

conditions of the marine environmental, marine biomes are classified into the 

following two major types: 

 

   Pelagic marine biome 

 

Marine  

biome 

   benthic marine biome 

 

photic or euphotic zone biome 

 

 

Marine  

Biomes  disphotic zone or twilight zone biome 

 

   Aphotic zone or dark zone bioke 
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2. Pelagic marine biome is further divided into two types on the basis of depths of 

ocean water and plant life as follows: 

   

   1.neritic pelagic biome 

 

 

Pelagic  

biome 

    2. open sea pelagic biome 

 

3. Based on availability of sunlight marine biomes are divided into     3 major 

divisions as follows: 

 

If all the characteristic features are considered together, pelagic biome may be 

classified into the following sub  types: 

 

1. Pelagic Biomes 

 

(1) Photic or euphotic pelagic biome or epipelagic biome 

     (illuminated zone biome) water depth= from sea surface to 200 metres  

 

(2) Aphotic or dark zone biome 

     Water depth = from 200 metres to the deepest ocean bottom 

 (i) disphotic or twilight mesopelagic biome 

      Water depth= 200 metres to 1000 metres 

  

 (ii) bathypelagic biome 

       Water depth= 1000 metres to 4000 metres  

 

 (iii) abyssal pelagic zone 

  Water depth= 4000 metres to 6000 metres 

 

 (iv) hadalpelagic biome  

         Water depth = from 6000 metres to the deepest sea bottoms 
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2. Benthic Biomes 

     Benthic marine biomes are also called  seafloor or seabottom biomes because 

they represent ocean floors. They are divided into 2 main types as follows: 

 

   Subnerthic benthic biome  

Benthic 

biome 

   sub oceanic benthic biome 

 

The subneritic benthic biome represents marine environment conditions of sea floors 

of continental shelves and are subdivided into 3 biomes follow: 

 

 

     1. Supra littoral biome 

 

      

Subneritic 

Benthic    2. littoral biome or mesolittoral biome 

biome 

 

 

 

     3. sublittoral biome 

 

Sublittoral biomes are further divided into two sub- types as given below: 

 Inner sub-littoral biome (up to 50 metre depth) 

 Outer sub-littoral biome(50 to 200 metre water depth) 

 

The sub-oceanic benthic biomes represent the ocean floors of open sea between the 

depth zone of sub oceanic benthic biome include the marine environmental conditions 

of ocean floors of continental slopes, deep sea plains and ocean trenches. These 

biomes are subdivided into the following 4 types: 
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(1) Archibenthal biome 

 (from 200 metre depth to 1000 metre depth) 

 

(2) Bathl suboceanic biome 

 (between 1000 metre depth to 4000 metre depth) 

 

(3) Abyssal suboceanic benthic biome 

 (between 4000 metre depth to 6000 metre depth) 

(4) Hadal suboceanic benthic biome 

 (from 6000 metre depth to the deepest ocean floors of ocean trenches) 

 

Based on temperature and nutrients of oceanic water marine biomes are classified 

into the following types: 

 

1. Warm water continental shelves biome 

    (surface temperature over 20
0
 C, it represent photic zone and richest biome in terms 

of large variety of organisms living in the warm waters of continental shelves)  

 

2. Cold water continental shelves biome 

 (surface temperature usually less than 20
0
 C).  

 

3. oceanic biome with upwelling nutrients  

 (sufficient nutrients are brought by upwelling of water). 

 4. cold open sea biome 

 (less number and variety of sea organism due to poor supply of nutrients) 

 

5. Warm open sea biome  

 (upper 200 metre is fully illuminated through out the year but there is general 

lack of nutrients and hence populations of marine organisms) 

 

Coastal Marine Biomes 

Coastal biomes are the admixture of coastal land coastal water and hence they are 

attached with the lands. There are 3 main kinds of coastal biomes as given below: 
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       Coastal plain estuary biome 

 

       Fjord estuary biome 

   1. esturine biome 

       Bar- built estuary biome 

       Tectonic estuary biome 

Coastal                mangrove biome 

Biome             2. wetland biome 

       Saltmarsh biome 

       Semi- enclosed lagoonal   

   3. lagoonal biome 

    

       Enclosed or isolated biome 

 

The characteristic features of various kinds of marine biomes as listed above. It may 

be mentioned that biomes and habitats are almost similar because both comprise 

physical or abiotic and biotic (biological ) components and environmental conditions.  

 

8.5 TYPES OF ORGANISM 

 The organisms inludes all Plants, Animals, Soils and detritus of all those areas of the 

world, whether terrestial or marine where, all the biota have minimum common 

characteristics and all the areas of biome are characterised by more or less uniform 

enviornmental conditions.  

 

8.5.1 Classification on the basis of Trophic levels  

Like terrestrial biological communities, marine organisms also comprise 4 

hierarchical order plants and animals as follows: 

1. Photosynthetic primary producer green plants of phytoplankton communities. 

2. Primary consumer herbivorous zooplankton communities. 

3. Secondary consumer carnivorous marine animals, and  

4. tertiary consumer omnivorous marine animal communities 
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8.5.2 Classification on the Basis marine of Taxonomic Hierarchies 

Like terrestrial organism marine organism are also classified from higher to lower 

orders into following 5 hierarchical orders: 

 

Kingdom 

 

Phylum 

 

Class 

 

Order 

 

Family 

 

Genus 

 

Species 

 

It is not advisable to discuss all the organism of marine environment of the aforesaid 

categories because the format and scope of this book an „introductory oceanography‟ 

do not allow such detailed micro- level description, and hence only broad categories 

of major kingdoms of marine organisms are presented below: 

 

8.5.2.1 Kingdom Monera 

    This category includes microscopic single celled marine organisms such as bacteria 

and blue- green algae. Bacteria belong to the category of decomposers. They 

breakdown and decompose dead plants and animals and change them into inorganic 

matters which serve as nutrients to large marine organism. The blue – green algae’s 

functions include (1) photosynthesis, (2) conversion of ammonia and nitrogen into 

nutrients to be taken up by marine plants, (3) colonization of such marine habitats 

which have inhospitable harsh environmental conditions. 
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8.5.2.2 Kingdom Protista 

The organisms of both plants and animals of this category are unicellular microscopic 

marine organism such as radiolarian, diatoms, foraminifera, cocolithophores, 

zooxanthellae ciliates, flagellates, dinoflagellates etc. It may be mentioned that marine 

organism of this kingdom include plants, animals and admixture of plants and animal 

and hence these microscopic marine organism comprise the following: 

  Microscopic plants 

 Microscopic animals 

 Intermediate common organisms including the functions of both plants and 

animals. 

The main functions of protista include (i) intake and release of chemicals, (ii) sources 

of food of large- size animals (iii) production of organic detritus which fall on the sea 

floors and are embedded in sea floor deposits. 

 

8.5.3 Kingdom Fungi  

 Fungi are found in the estuarine and intertidal mudflats and sandflats and in 

saltmarshes. The fungi protect algae when they are uncovered and exposed to 

atmospheric environment during low tide period. Fungi decompose dead organic 

matter and convert them into nutrients. Lichenes also belong to the mycophyta 

phylum of fungi kingdom. 

 

8.5.4 Kingdom Metaphytae  

Metaphytae are floral algae plants and also include grasses of different species in 

tropical and subtropical coastal saltmarshes, and different species of mangroves of the 

estuarine and intertidal environment. The metaphytae plants attached to the seafloors 

of shallow water where sunlight can easily reach, because these are photosynthetic 

plants. The algae group includes red algae, green, algae, and brown algae, which are 

immersed under saline seawater. On the other hand, grasses of saltmarshes and trees 

and plants of mangrove swamps are exposed to air during low tides but are flooded 

during high tides. The grasses and mangroves are flowering seed bearing benthic 

plants of photic zone of shallow water. 
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8.5.5 Kingdom Metazoa 

Metazoa  includes marine animals of different varieties as follows: 

Phylum Ctenophora  - cornb jellies 

Phylum Cnidaria   - hydras, jellyfishes, corals,  

                  sea anemones etc  

Phylum Porifera   - sponges  

Phylum Bryozoa   - moss animals 

Phylum Platyheminthes  - flatworms 

Phylum Chaetognatha  - arrow worms 

Phylum Annelida   - polychaete worms 

Phylum Brachiopoda   - lamb shells 

Phylum Mullisca                 - chitnos, snails, limpets, oystes, clams, mussels, scallops,  

tooth shells, octopus, squide etc 

Phylum Arthropoda  - horseshoe crabs, marine mites, sea spiders, copepods, 

barnacles, krill, shrimp, crabs, lobsters, isopods,  

amphipods etc. 

Phylum Echinodemata       - starfish, sea urchins sand dollars, sea cucumbers, brittle 

starts sea lilies,  acron worms. 

Phylum Protochordata  - tunicaters, salps etc. 

Phylum Chordata             - landcelets, bony and jewless fishes,   sea turtles, sea 

snakes, sea birds, seals , manatees, whales, porpoiss, 

dolphins, walruses etc. 

 

8.5.6 Classification on the Basis of Lifestye and Habitals 

The marine biota occupy the entire ocean realms comprising basically two major 

habitats i.e., pelagic habitats. Based on this, marine organisms are divided into the two 

major groups, namely (1) pelagic marine organism (both plants and animals), and (2) 

benthic marine organism of ocean floors  (both plants and animals). The marine biota 

of pelagic habitats are further subdivided into (1) neritic pelagic marine organism, and 

(2) open ocean pelagic organism. Similarly, benthic marine organism are divided into 

(1) sub-beritic benthic organism, and (2) suboceanic benthic organisms.  These are 

further subdivided into several categories as follows: 
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The depth zone of different marine habitats have already been elaborated with depths 

of ocean from sea surface.  

The marine organisms including plants and animals ranging from microscopic 

size to large mammals like, seals etc. are also classified on the basis of their lifestyles 

into 3 major groups. 

Namely (1) floater organisms, (2) swimmer animals, and (3) benthos 

organisms (both plants and animals), Planktons are floater organisms which include 

both plants and animals of microscopic size. Planktons are further divided into 2 

major categories e.g. (1) phytoplanktons, and (2) zooplanktons. It may be 

mentioned that plankton communities, though of very small size (microscopic size), 

make most of the biomass of the entire marine biome but their species are very few, 

while the bottom dweller organisms have low biomass but constitute 75% of species 

of organisms of entire marine biome. Phytoplankton are primary producer green 

plants which manufacture their food through the process of photosynthesis with the 

help of sunlight. Thus, they cannot survive in deeper ocean water exceeding 200 

metre depth. 

If we consider bacteria of upper sea surface as different from phyto and 

zooplanktons, but within the category communities may be divided in 3 categories (1) 

phytoplanktons, (2) zooplanktons, and (3) bacterioplanktons. 

As stated above, planktons greatly vary in size ranging from large animals 

such as jellyfish, and plants, such as Sargassum algae, to microscopic size much as 

bacterioplank measuring 0.2 to 2.0 microns in length. Thus, planktons are divided on 

the basis of their size into (1) macroplanktons, and (2) picoplanktons (pico= means 

small in size). 

It may be mentioned that though most of planktons spend their entire life span 

inn the 200 m zone of upper portion of the oceans, but there are some such planktons 

which spend their life spans in different life forms (young, adult and old) in different 

portions of the oceans. Some of the plankton communities after spending their time of 

larval and juvenile stage in plankton form become nektons (swimmers) and move to 

deeper portions of the oceans. There are certain species of nekton and benthos 

communities of marine organisms which spend their life span of larval and juvenile 

stages as planktons, and after becoming adult move to nekton and benthic 
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environement.  Based on this consideration, marine organisms are divided into 2 

different categories e.g. (1) holoplanktons (such planktons which spend  their entire 

life span as floating organisms or planktons), and (2) meroplanktons (such 

planktons, which after becoming adult from planktons stage become swimmers as 

nektons or sink to the bottom of oceans and become benthos, bottom dwellers). Thus, 

based on above discussion, marine organisms are divided in different categories on 

the basis of their lifestyles as follows: 

The nekton communities belong to swimming animal communities of a different 

species and have developed their skill and mechanism of swimming and freely 

moving without the help ocean currents. The nektons are exclusively animals because 

no plants can survive in deeper ocean water due to lack of sunlight. The nekton 

communities include most of adult fishes, marine mammals like whales, sharks, seals 

etc. and marine reptiles. A few of the nekton animals, such as salmon fishes, have 

developed the habit of moving upstream of freshwater at the time of laying eggs. On 

the other hand, some of the marine animals, such as eels, after becoming adult in 

freshwater bodies come to the oceans to join nekton communities. 

The bottom dwellers or benthos living either on or in the ocean floors at 

different depths are classified into (1) epifauna and epiflora (the animals-fauna, and 

the plants – flora living on the oceans floors), and (2) inflauna and inflora (living in 

the ocean floors i.e. within the substrate of the ocean floors. Some of the benthos 

animals (fauna) have also developed the habit of swimming and thus besides living on 

the seafloors, they also move to join nekton communities. Thus, a third category of 

benthos animals is also recognized viz, (3) nektobenthos. 

 

(1) Plankton 

 Plankton are floaters or wanderers which have no means of self- population. They are 

carried passively by currents. Most of them live in shallow water where they absorb 

sunlight and mineral nutrients. The majority of the plankton are microscopic in size 

but there are notable exceptions such as jelly- fish and brown algae or sargassum. 

Plankton are both phytoplankton (plant plankton) and zooplankton (animal Plankton). 

Diatoms make up a large percentage of Plankton. These are the most common single- 

celled microscopic plants usually covered with siliceous matter. They flourish rapidly 

in the cold water of the sub-Arctic and Antarctic regions. They are brought by cold 
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currents to the temperature zone, where they float on the surface of the open oceans. 

Diatoms form the chief food of the fish and many sea animals. Zooplankton are larger 

and more complex in character than phytoplankton. Telly-fish, arrowworms and small 

crustacean are notable zooplankton. They live under varying conditions of 

temperature, salinity, currents and light. 

 

(2) Benthos 

  Benthos are organisms that live in the ocean floor. Benthos comprise both the mobile 

and immobile.  Labsters, crabs, snails, burrowing  calms and the worms which crawl 

or bounce on the sea – floor are examples of mobile benthos. The immobile benthos 

include plants like seaweeds and eelgrasses and animals like corals, sponges, 

barnacles and oysters. 

They are firmly attached to the sea floor and permanently stationary or fixed. 

Most Benthos are found in shallow waters where sunlight reaches the bottom.  Only a 

few of them are found in the deep oceans 

 

 

(3) Nekton 

Nekton are the swimming organism and include fishes, whales, dolphins, 

porpoises and other animals. Nekton feed primarily and on zooplankton live below the 

surface where food is plentiful. Many plant-eating nekton come on the surface only at 

night to feed on plankton. Nekton always move from place to place and from one 

depth to another in search of food and for breeding. Some move in cold water and 

others either in warm water or in the entire ocean. Nekton are an  advanced and 

benthos. Dolphins and porpoises are among the most intelligent animals of the world. 

Dolphins have been successfully trained in some parts of world to carry message, mail 

and tools from one place to another. 

 

8.5.7 Marine Vegetation 

The marine vegetation is characterized by a limited variety. It consist chiefly of 

primitive plant forms which include various types of seaweed, technically known as 

algae. Advanced forms of plants are virtually absent from the ocean. 
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Algae are primitive plants in which the body shows little or no differentiation 

of vegetative organs. There is no true root, stem or leaf. Algae contain chlorophyII 

and are capable of photosynthesis. The larger algae occur on rocky reefs in bands. 

Some distance away from the shore. The  smaller algae  grow on other plants and 

animals. The algae growing on plants  is called the epiphytic and those growing on 

animals is known as epizoic. The algae are beautifully colored. Most common among 

them are blue- green, green, red and brown. 

Of these, the brown algae is the 

most advanced type of algae and include 

familiar forms such as kelp and 

sargassum. Some brown algae such as 

macrocystis and nereocystis grow over 

50 metres high. The Sargasso Sea of the 

North Atlantic Ocean derives its name 

from Sargasso. Brown algae are an 

important ocean resource for iodine and 

potash. Note some of the interest (Refer 

Figure 138) forms of marine vegetation 

below: 

 

8.5.8 Marine Animals 

The marine animals are more diversified 

than plants in terms of shapes, size, and 

form. They are also more (Refer Figure 

139) wide – spread in terms of depth. 

Many of them, however live 

together in limited specific areas. As the 

marine animals do not depend upon 

sunlight for their survival. They are able 

to live at great depths where there is 

permanent darkness. These are the major 

group of marine animals. 
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Sarcodina (radiolarians and forminifers). Poriferans (sea sponges), Coelenterates 

(corals and jelly-fish). Echnoderms (star- 

fish sea unchine and sea lilies). Mollusc  

(gastropod, calm and octopus), 

Brachiopods (lampshells), Bryozonsa 

(moss animals), Ctenophores (gooseberries 

and comb jellies). Marine (Refer Figure 

140) Worms may be classified into three 

groups: flat worms. Arthrpods group of 

animals include crabs, lobsters, shrimps 

and barnacles. Lastly, there are about 

25000 species of fish and 50 species of sea 

snakes. 

 

8.5.9 Marine Deposits 

The ocean floor is almost covered with a blanket of sediments. This 

unconsolidated material lies over the bottom like a heavy mantle covering the land 

surface of continents. The kinds of marine deposits differ a great deal from one part of 

the outcome of deposition of sediments due to continuous wearing of rocks along with 

the other material and plants. The study of marine deposits is very important for the 

understanding of the rocks exposed on the surface of the earth. These rocks were once 

laid down under the sea. 

The marine deposits can be broadly divided into two main groups on the basis 

of their location (i) the deposits of the continental shelf and slope, and (ii) the deposits 

of the deep sea plains and deeps. The former consist mainly of material derived from 

the land and are often called terrigenous deposits. The latter are formed largely of the 

shells and skeletons of marine animals and plants. Such  deposits are known as 

pelagic deposits. However, the distinction between the two groups is not absolute. The 

terrigenous deposits are not entirely composed of the rock material and the pelagic 

deposits are not entirely made up of the remains of animals and plants. By and large, 

the terrigenous deposits are found near the continents.  
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The pelagic deposits mainly predominate in mid- oceans away from the 

continents. However, with no sharp line of demarcation between them, the pelagic 

deposits may sometimes extend far up to the continental slope and the terrigenous 

deposits may be carried to the deep sea region. 

 

8.5.9.1 Terrigenous Deposit 

In general, the terrigenous deposits consist mainly of: 

(i) material derived from the wear and tear of the land. 

(ii) The remains of animals and plants that live on the bed of the sea; and 

(iii) Volcanic material.    

By far the greater part of the terrigenous deposits on the continental shelf and 

slope consist of the rock material. All kinds of rocks are continuously disintegrated 

into smaller fragments under the process of disintegration and decomposition. The 

loose material is carried down to the ocean by rivers. The process of disintegration 

and decomposition is not the same everywhere. It depends upon the character 

disintegration depends upon the time for which rocks deposited near the shore. 

Whereas, the finer materials are carried far into the open sea. Thus, from the shore 

outwards there is a gradual decrease in the coarseness of the material. However, their 
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outward extension is usually limited by the continental slope. The distance to which 

the rock material travels not only depends upon (Refer Figure 141) the size of the 

fragment but also on the strength of the waves and ocean currents. 

On the basis of the size of the rock   fragment, the sediments can be broadly 

classified into gravel, sand and mud. The finest material which is usually grouped 

under the general term mud, covers a large  part of the slope beyond. Muds are of 

finer texture than the sands. They consist to a large extent of minute particles of 

various rock forming minerals, quartz being the most abundant.  

 

8.5.9.2 Volcanic Deposits 

In volcanic regions, the deposits of the continental shelf and slope consist chiefly of 

product of volcanism. The volcanic material which is being thrown out from a 

volcano is subject to chemical and mechanical weathering. It is then transported to the 

ocean by the action of running water and wind. These deposits again differ from the 

ordinary terrigenous deposits in the sense that they consist of the fragments of lava 

instead of quartz. 

 

8.5.9.3 Organic Deposits 

A great number of animals and plants live and grow on many parts of the continental 

shelf. Their shells and skeletons settle down on the bottom and may form the greater 

part of the deposits. The organic shells and skeletons are changed into sand and mud 

by mechanical and chemical processes. These deposits contain only the calcium 

carbonate and thus they are different from the ordinary terrigenous deposits. 

 

8.5.9.4 Pelagic Deposits 

These deposits are most conspicuous on the deep sea plains and in the deeps covering 

about 75% of the oceanic dust, very little terrigenous material is carried beyond the 

continental slope. Wherever the supply of terrigenous mud is not much on the slopes. 

The deposits become more or less pelagic in type. The pelagic deposits are both 

organic and inorganic in nature. They consist partly of the remains of marine animals 

and plants and partly of the volcanic dust brought by the wind. 

The organic group is chiefly represented by a king of liquid mud which is 

known as ooze. The oozes contain shells of several kinds of organisms.  In some 
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oozes, the shell is made of calcium carbonate, while in others it is made of silica. 

Therefore, there are two main kinds of oozes; Calcareous ooze and the Siliceous ooze. 

These ooze are named after the predominant type of organisms.  

The calcareous ooze is either the pteroped ooze or the globigerina ooze. The 

siliceous ooze comprises the diatom ooze and the radiolarian ooze. 

In addition to the organic ooze, there is another type of deposit called the Red 

Clay. It consist mainly of inorganic material which is apparently of volcanic origin. 

Silicon and aluminium dioxide are the chief constituents. It also contains iron, 

manganese,phosphorus and radium. Red clay is the most widely spread pelagic 

deposits. It covers about 38% of the total oceanic area. It covers more than half of the 

Pacific Ocean. 

 

8.6 FOOD AND MINERAL RESOURCE OF THE SEA 

The marine environment has a large variety of flora and fauna. It is 

characterized by complete and intricately interdependent organic systems. The 

intensity of height depth, currents nutrients and dissolved gases are same important 

factors which control lite in the oceans.  

 The land carries vast amounts of mineral material to the oceans on its return 

journey. Oceans mining is far more expensive than land mining. It costs about twenty 

times more. 

8.6.1 Ocean and Food Resources 

The oceans are a great source of food and other products of value to man. Man 

consumer fish , molluscas, crustaceans and many other forms of animal life. He also 

uses certain kind of seaweeds to make foods. Beside food, many sea animals also 

provide oil, fur, leather, glue, cattle feed, and other useful products. Certain marine 

plants and animals are also used for making curative medicines. The most important 

factor about the marine biological resources is that they are easily available and 

inexhaustible. With the progress of human society, man has been increasingly 

depending on oceans for food and other useful things. Of all the marine resource, fish 

is the most abundant and widely used food. 

Fish form a rich source of food and nutrition to man. Fish has been caught and 

consumed by man since the prehistoric times. For the world as a whole, fish now 

make up more than 10 percent of the total animal protein food that man consumes. 
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Herring, anchovy, pilchard, sardine, cod, salmon, tuna, mackerel, hake, haddock 

constitute the bulk of the world fish catch. 

Today, fishing is a well developed industry in many parts of the world. 

Different fishing methods are used depending upon the behaviors of fish. The fishing 

methods range from primitive to most modern. Advanced fishing nations use more 

efficient methods including trawling and drifting. Today all kinds of modern devices 

are employed in the fishing industry. Echo-sounders are used not only to detect shoals 

of fish below the surface, but also indicate the depth at which they swim. Modern 

fishing ships are fitted with computer- controlled sensors for locating fishing grounds. 

In addition, the modern fishing ships have huge fish processing factories. 

Advancements in refrigeration have made it possible to store for a longer period the 

huge catches at sea.  

Important fishing areas of the world are concentrated in shallow waters of the 

continental shelves and over the banks in Northern Hemisphere. These areas provide 

the best supply of phytoplanktons- the food for fish. Five major commercial fishing 

regions have been identified: (i) North American Waters, (ii) North Western European 

Water (iii) South American Water, (iv) East Indian  Waters and (v) West Indian 

waters. 

Seaweed is being used for an increasing number of purposes as human and 

animal food, in cooking and textile industry. 

 

8.6.2 Ocean and Mineral Resources 

Oceans are the storehouses of a large number of useful metallic and non-metallic 

minerals. Minerals occur both in solution and is suspension. Dissolved salts that are 

common in sea water include common salt, magnesium and bromine. Other important 

minerals include petroleum, gas, manganese, phosphorite, sulphur, titanium, zircon, 

monazite, gold, platinum, diamonds, tin, iron, sand, gravel, and many others. Of all 

the minerals found in the oceans, petroleum and gas are the most important. Offshore 

petroleum gas exploration and production has now become a global phenomenon. The 

main source of various minerals in the sea water is the land. The precipitation that 

falls on the land carries vast amount of mineral materal to the oceans on its return 

Journey. Ocean mining is far more erepensive than veanel mining it costs about 

twenty times more. 
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8.6.3 Oceans and Petroleum 

The most important minerals produced from the sea are petroleum and gas, which 

alone accounts for more than 90% of the total value of minerals obtained from the 

oceans. In views of recent energy cristis. The production of petroleum from offshore 

waters has increase considerably in the past two decades: 

Petroleum is found mainly in the continental shelves and slopes and in small 

ocean basins. Some scientists estimate that about 20% of the world‟s total reserves are 

depositsed in offshore waters. At present the offshore waters of more than 75 

countries are being explored fro petroleum. The Mumbay High is now an important 

oil producer comes from areas within 150 kilometres of the coasts and from depths of 

2000 metres. It is estimated that by the end of this century about 40% of the world oil 

production will come from the oceans. 

 

8.6.4 Ocean and Energy 

The energy  resources of the oceans come in various forms: tidal force, geothermal 

energy and energy from ocean temperature difference. 

Tides are the source of great energy. This energy is due to the rise and fall of 

the sea-water due to tide generating forces. The powerful tidal waves release large 

amounts of energy when they strike against the shore. The piston-like movement of 

tides can be tapped to run a generator and subsequently to producer electricity. But 

there are difficulties in the use of tidal power because tides irregular. However, a few 

tidal power stations are working successfully in the Commonwealth of Independent 

States, France and Japan. 

The sea-water is capable of generating energy in another way. The principal 

underlying the generation of power from sea- water is based upon the difference in 

temperature of surfaces and the sub-surface water. The water at the bottom of the 

ocean is cold and at the surface of sea in tropical region may be 25
0
 C to 30

0
 C, while 

the deep waters in the same locality are 5
0
 C. This thermal gradient of 25

0
 C is  

powerful enough to run a generator that would ultimately produce electricity. Floating 

generators have been designed in recent years to produce power from the difference in 

ocean temperature. Such power plants are operating in Belguim and Cuba. 

Geothermal energy in the oceans is associated with fracture zones and active 

volcanoes. Geothermal energy is especially promising for the generation of electricity 
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in the coastal areas. At present the geothermal source of energy has already been 

developed in the U.S.A., Mexico and „New Zealand. 

 

8.6.5 Ocean Transportation and Trade 

The oceans provide the most important means of natural transport to the man. As the 

oceans cover about71% of the total area of the earth‟s surface. They have proved to be 

an invaluable link among the continents and the nations of the world. Oceans not only 

provide the easiest means of transport is cheap because the nature provides free 

highways and the water is buoyant, needing less motive power. There are no 

obstructions such as gradients, which the land and inland water transportation 

encounter. However, there are obstacle such as fog. Icebergs, submerged reefs  and 

storms. Moreover, oceans form a world highway which belongs to none and can be 

used by each and all. Therefore, the oceans as highway has proved a boon for the 

international trade. Oceans are no more considered as barriers separating continents 

but provide natural links between them. 

The Oceans routes of the world depend on various factors: the great circle 

route or the shortest distance between two points over the globe; the facility for 

refueling at intermediate stations; the quantity of cargo and the presence of icebergs, 

submerged reefs, fog, storms and Ocean currents. The North Atlantic Route which 

connects Eastern North America with Europe is the busiest  Oceans trade route in the 

world. 

 

8.6.6 Ocean and Politics 

An increasing importance of oceanic resources has been creating new grounds for 

disputes among nations. They have differed on territorial claims of sea- waters and on 

ownership of their resources. The politics has not left Oceans untouched and Laws of 

the sea are being perfected to avoid wars over the use of sea – water and all that if 

yields. High seas are to be kept free as common heritage of mankind. 

A number of Ocean highways, partially closed seas and islands are getting 

global importance among superpowers of the world on account of their strategic 

military importance. The ownership of such sites for constructing air and naval bases 

in the sea has become the aim for increasing the sea power of great countries of the 

present day world. Close to our countary, the need for keeping Indian Ocean free such 
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developments is being realized by all the countries along its boundaries. The small or 

developing countries around this ocean are valuing the marginal and mid-ocean 

islands for making naval bases for guarding out coastline from the greed of the big 

powers. Defence of the oceans has thus become equality important for maintaining 

peace and for use of their resources by the countries adjoining them. 

The future uses of the oceans will include desalination, deep sea oil 

exploration and production, deep sea mining of strategic minerals and production of 

power from the tides. One of the newer uses of oceans is to extract substance for 

vitamins for curing diseases. All the requires to keep oceans free from pollutions. The 

spilling of oil from large petroleum tankers, heavy concentration of toxic  metallic 

contents, and addition of radio-active waste from ships and nuclear explosions are to 

be checked to conserve rich marine life. 

 

8.7 SUMMARY: 

The marine environment has a large variety of flora and fauna. It is characterized by 

shallow depth, receive most of the light has low salinity. Less turbulent motion and 

more of plant nutrients. It is the natural habitat fish. The oceanic province has a depth 

of more than 200 metres. It has an upper lighted zone and a lower dark zone with their 

boundary at a depth of 200 metres. The oceanic province is characterized by great 

geographic distribution, unmatched range of depth and relative uniform temperature 

and salinity distribution. The most important minerals produced from the ocean are 

petroleum and gas which alone accounts for more than 90% of the total value of 

minerals obtained. 

 

8.8 ACTIVITY 

(1) Search for colored pictures and photographs of various kind of marine plants 

animals and coral formations. Only than would you realize how fascinating they are. 

 

(2) Find out what methods and tools are employed to collect Samples of marine 

deposits from the ocean floor. 
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8.9 QUESTIONS 

(1) Mention the chief characteristics of the neritic province. Why is it of greatest 

importance to marine life. 

(2) Why are marine animals able to live at great depths than marine plant. 

(3) How are marine deposits formed. Closely the marine deposits on the basis of their 

location and origin. 

(4)  Write a comprehensive essay on corals and coral deposits. Mention the essential 

conditions for their formation. 

(5) Explain the important characteristics of the fringing reef, barrier reef and atoll.  

(6) Discuss in detail the significance of oceans for man, with specific examples. 

(7) What important minerals are found in the ocean what is the main source of these 

minerals in the sea water. 

(8) Write short notes:  (1) Tidal energy  (2) Geotherma    (3) Terrigences deposits (4) 

Pelagci deposits  (5) Oceanic Province (6) Plankton (7) Nekton and (8) Benthos. 
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