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Course Outline  
  

• The principles, aims and scope of climatology and biogeography.   

  

• The elements and controls of climate and weather and the dynamics of the earth’s atmosphere.  

  

• Radiation and heating of the atmosphere systems.  

  

• Condensation and precipitation processes.   

  

• Seasonal variations in temperature, day length, radiation, rainfall and evapotranspiration.   

  

• Equipment and maintenance of standard meteorological stations.   

  

• The tropical climate; relation between agriculture and climate with reference to crops, 

livestock, irrigation, pests and diseases.   
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AGY 201: INTRODUCTION TO CLIMATOLOGY AND BIOGEOGRAPHY   

  

Definition of climatology   

Climatology is the scientific study of climate. The Climate of a place can be defined as the average 

weather conditions obtained through the synthesis of weather elements prevailing there for over a 

period of 30-35 years. The weather, on the other hand, is defined by the atmospheric condition of 

a place or a given location at a particular time. The weather elements at a particular place and time 

are sunshine, temperature, pressure, precipitation, humidity, evaporation, wind conditions etc  

Thus climatologists seeks the understanding of how the world’s climate system works, how it varies 

from time to time and space to space, and any use that can be made of resources provided by 

climate. Weather and climate are explained by the same element in combination but weather and 

climate are not one the same. The climate pertains to an area and a long period of time while 

weather pertains to a place and at a particular time. In other words weather is an instantaneous 

condition of the atmosphere and it keeps changing all the time but the climate of an area is fairly 

constant over a period of time.   

Weather and Climate   

Weather and climate are the two major physical components of the atmosphere that are closely 

related. Therefore in order to place the atmosphere within the scale of our understanding and also 

to have a better picture of the effects of its dynamic characteristics on the components of the 

terrestrial ecosystems, we need to study weather and climate more closely.   

Weather   

Weather is the atmospheric condition of a place or a given location at a particular time or for a short 

time and can be described in terms of the various elements such as sunshine, temperature, pressure, 

precipitation, fog/visibility, and humidity, evaporation, and wind conditions. Weather keeps 

changing all the time and the time-scale of such changes could vary from minute to minute, hour 

to hour, and day to day. Weather deals with specific and changing event at a given point in time 

and at a specific location. For instance, a period of bright sunshine can surface within few minutes 

and later change to complete cloud cover. Also, after a heavy downpour of rain, a bright sunshine 

may emerge. It is these sorts of changes in the atmosphere we call weather   
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Climate   

The word “climate” indicates a broad generalization of weather conditions. The Climate of a place 

is therefore the average weather conditions obtained through the synthesis of weather 

elements prevailing there for over a period of 30-35 years. Thus climate pertains to an area and 

a long period of time of repeated observation of climatic elements in that area. It is important to 

note that climate of an area is fairly constant over a period of time and it is the constancy of the 

occurrence of a dominant weather element over an area for a long period or time that characterizes 

the climate of that area. Thus the nature of climate is indicated by the same elements used to express 

weather condition. But from the earlier observation weather and climate are not identical.  

Some atmospheric scientists consider ‘average’ weather to be inadequate definition of 

climate; as it entails variations, patterns and extremes. Thus, climate is the sum of all 

statistical weather information that helps to describe a place or region i.e. Tropical climate. 

Climate describes the average atmospheric conditions expected at a specific place at a given time.  

A region’s climate is generated by the climate system, which has five components: atmosphere, 

hydrosphere, cryosphere, land surface and biosphere.  

 Weather and Climate Compared   

Weather and climate are explained by the same element in combination but weather and climate 

are not one and the same. Climate of a place can be defined as the average weather conditions 

obtained through the synthesis of weather elements prevailing there for over a period of 30-35 

years. The weather, on the other hand, is defined by the atmospheric condition of a place or a given 

location at a particular time. Thus climate pertains to an area and a long period of time while 

weather pertains to a particular place and at a specific time or for a short time. Weather keeps 

changing all the time and the time-scale of such changes could vary from minute to minute hour to 

hour and day to day. Generally the time scale of the variability in weather is considerably shorter 

than that of climate. The meteorologist studies weather conditions of the atmosphere by making 

use of the laws of classical physics and mathematical techniques.   
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In summary, the differences between climate and weather are tabulated below:  

  

Climate  Weather  

The scientific study of the climate is referred  The scientific study of the weather is referred  

to as Climatology  to as Metrology    

    

Climate is an average accumulative  Weather is an instantaneous atmospheric 

atmospheric report of a place over a period of  report of a place (Real- time measurement) 

time (usually 30 -35 years). It describes the average conditions expected at a specific place 

at a given time.  

    

Measured over a long period ; 30 -35 years  Measured for short term;  usually 24 hours  

    

Change in climate tends to be gradual    Weather may change from minute to minute, hour 

to hours, and season to season.  

  

PRINCIPLES AND CONCEPT OF BIOGEOGRAPHY   

  

Biogeography deals with the geography, ecology, and history of life—where it lives, how it lives 

there, and how it came to live there. It has three main branches—analytical biogeography, 

ecological biogeography, and historical biogeography.  

Historical biogeography considers the influence of continental drift, global climatic change, and 

other large-scale environmental factors on the long-term evolution of life. Ecological biogeography 

looks at the relations between life and the environmental complex. Analytical biogeography 

examines where organisms live today and how they spread. It may be considered as a division of 

ecological biogeography.  

  

Biogeography deals with the geographical aspects of the distribution of plants (phytogeography) 

and animal (zoogeography) life. The geographical distribution of plants is referred to as 

phytogeography, while the distribution of animals is referred to as zoogeography. Biogeography 

also provides explanation of the factors responsible for the distribution of plants and animals using 

the scientific principles of environmental studies. From this preamble, biogeography is defined as 

the study of distribution of plants and animals including microorganisms together with the 

geographical relationship with their environment   

Biogeography includes the study of all components of the physical environments that constitutes 

habitat or various species and organisms. Biogeography focuses on the Biological and 



 

6 

BAGIT DIGITAL SOLUTIONS…Where learning is digitizingly fun! 

Download More Course Materials on 

www.bagitds.wordpress.com 

Geographical components of the environment. Therefore biogeography as a subject is both 

biological and geographical. This is because it studies the spatial distribution of plants and animals 

and the biological process taking place in nature. Furthermore it tries to explain the biological 

factors of distribution and the implication of the pattern of distribution. Biogeography also studies 

the biotic complex of the environment. Biotic complex is the interacting complex of soil, plants, 

animals and the interaction of plants and animals with climate   

ECOLOGY  

Ecological explanations for the distribution of organisms involve several interrelated ideas. First is 

the idea of populations, which is the subject of analytical biogeography. Each species has a 

characteristic life history, reproduction rate, behaviour, means of dispersion, and so on. These traits 

affect a population’s response to the environment in which it lives. The second idea concerns this 

biological response to the environment and is the subject of ecological biogeography. A population 

responds to its physical surroundings (abiotic environment) and its living surroundings (biotic 

environment). Factors in the abiotic environment include such physical factors as temperature, 

light, soil, geology, topography, fire, water, water and air currents; and such chemical factors as 

oxygen levels, salt concentrations, the presence of toxins, and acidity. Factors in the biotic 

environment include competing species, parasites, diseases, predators, and humans. In short, each 

species can tolerate a range of environmental factors. It can only live where these factors lie 

within its tolerance limits.  

  

HISTORY AND GEOGRAPHY  

Historical-cum-geographical explanations for the distribution of organisms involve two basic ideas, 

both of which are the subject of historical biogeography. The first idea concerns centresof-origin 

and dispersal from one place to another. It argues that species originate in a particular place and 

then spread to other parts of the globe, if they should be able and willing to do so. The second idea 

considers the importance of geological and climatic changes splitting a single population into two 

or more isolated groups. This idea is known as vicariance biogeography. These two basic 

biogeographical processes are seen in the following case studies.  

  

Tapirs  

The tapirs are close relatives of the horses and rhinoceroses. They form a family—the Tapiridae.  

There are four living species, one of which dwells in Southeast Asia and three in Central and 

South America (Plate 1.1). Their present distribution is thus broken and poses a problem for 



 

7 

BAGIT DIGITAL SOLUTIONS…Where learning is digitizingly fun! 

Download More Course Materials on 

www.bagitds.wordpress.com 

biogeographers. How do such closely related species come to live in geographically distant parts 

of the world? Finds of fossil tapirs help to answer this puzzle. Members of the tapir family were 

once far more widely distributed than at present (Figure1.2). They are known to have lived in North 

America and Eurasia. The oldest fossils come from Europe. A logical conclusion is that the tapirs 

evolved in Europe, which was their centre of origin, and then dispersed east and west. The tapirs 

that went north-east reached North America and South America. The tapirs that chose a south-

easterly dispersal route moved into South-east Asia. Subsequently, probably owing to climatic 

change, the tapirs in North America and the Eurasian homeland went extinct. The survivors at the 

tropical edges of the distribution spawned the present species. This explanation is plausible, though 

it is not water-tight—it is always possible that somebody will dig up even older tapir remains from 

somewhere else. Historical biogeographers are dogged by the incompleteness of the fossil record, 

which means that they can never be fully confident about any hypothesis.  

  

 
Plate 1.1 Central American or Baird’s tapir (Tapirus bairdi), Belize  

Photograph by Pat Morris  
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Figure 1.2 Tapirs: Their origins, spread, and present distribution. Source: After Rodríguez de la Fuente (1975)  

  

Biogeographical regions  

By the nineteenth century, it was abundantly clear that the land surface could be divided into several 

large biogeographical regions, each of which supports a distinct set of animals and a distinct set of 

plants. Using bird distributions, Philip L.Sclater (1858) recognized two basic divisions—the Old 

World and the New World. The Old World he divided into Europe and northern Asia, Africa south 

of the Sahara, India and southern Asia, and Australia and New Guinea. The New World he divided 

into North America and South America.  

Sclater’s system was adopted by Alfred Russel Wallace (1876), with minor amendments, to provide 

a long-lasting nomenclature that survives today as the Sclater— Wallace scheme (Figure 1.3a). Six 

regions are recognized—Nearctic, Neotropical, Palaearctic, Ethiopian, Oriental, and Australian.  

Together, the Nearctic and Palaearctic form Neogaea (the New World), while other regions form 

Palaeogaea (The Old World). Wallace also recognized subregions, four per region (Table 1.1), 

which correspond largely to established plant regions.  

Modern methods of numerical classification produce similar regions to the Sclater—Wallace 

scheme, but there are differences. Figure 1.3b shows faunal regions of the world based on mammal 

distributions (C.H.Smith 1983). There are four regions—Holarctic, Latin American, Afro-Tethyan, 

and Island —and ten subregions. Each subregion is as unique as it can be compared with all other 

subregions.  
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Figure 1.3 (a) The Sclater and Wallace classification of faunal regions, (b) A numerical classification of mammal distributions 

showing four main regions and ten subregions.  
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Source: After C.H.Smith (1983)  
Rationale for studying both Climatology and Biogeography  

In recent years climate change and variability have become more obvious than ever before. There 

is therefore no doubt that the global climate change and the vulnerability of the bio-physical 

environment to the various climate-related hazards have significant implications to the components 

of terrestrial and aquatic ecosystems. It is therefore necessary to treat the environmental problems 

holistically. In other words problem solving in environmental issues has to adopt both 

interdisciplinary and multidisciplinary approach. Therefore this course titled climatology and 

biogeography will consider the characteristics of the environment and examined the influence of 

atmospheric processes particularly the climate on the biotic and abiotic components of the 

terrestrial and aquatic ecosystems. Generally climatic elements have significant influence on the 

ecological parameters studied in biogeography 

  

  

THE ATMOSPHERE  

The term atmosphere refers to the gaseous envelope surrounding the earth. The atmosphere is 

believed to have developed some millions of years ago and it is still maintaining its present form 

and composition as a result of chemical and photochemical processes combined with differential 

escape rates from the earth’s gravitational field,. Composed of a mixture of various gases, water 

vapour, and aerosols, the atmosphere is held to the earth by the gravitational attraction of the earth 

and it is densest at the sea level and thins rapidly upwards. Generally the atmosphere is highly 

oxidized and contains very little hydrogen. The most important constituents of the air in the earth’s 

atmosphere are nitrogen and oxygen. The atmosphere helps to shield and protect all life forms from 

the harmful radiation from the sun and its gaseous content sustains plants and animals.   

Composition of the Atmosphere   

The average composition of the atmosphere is presented in Table 1 below. Although some of the 

gases like water vapour and ozone are highly variable, the atmosphere is well mixed and is constant 

in composition in the lower layer referred to as the homosphere. At the higher levels, the 

heterosphere, there is little mixing and so diffusive separation tends to take place up to about 

100km. Generally the composition of the atmosphere changes with the height above the sea level. 

Water vapour is limited to10-12km while at higher levels oxygen and minor constituents such as 

carbon dioxide are dissociated by solar ultraviolet radiation.  

The non-gaseous constituents are concentrated in the lower layer of the atmosphere. The 

nongaseous constituents are the aerosols such as the particles of dust, smoke, organic matter, sea 

salt and the by-products of fire and industry such as carbon, sulphurdioxide, carbon monoxide and 
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lead. The aerosols are so light that even minor movements in air can sustain them. Dust, salt, 

carbon, sulphur, lead and aluminum compounds are the most abundant in the aerosols.  

Table 1 The Composition of the Atmosphere.   

Constituents   Chemical formula   Volume (%) dry air   

Nitrogen   N2   78.08   

Oxygen   O2   20.95   

Argon   Ar   0.93   

Carbon dioxide   CO2   0.03 (highly variable)   

Water Vapour   H2O   Highly variable   

Ozone   O3   0.02-10ppmv   

Neon   Ne   18ppmv   

Helium   He   5ppmv   

Hydrogen   H2   0.5ppmv   

Krypton   Kr   1ppmv   

Xenon   Xe   0.08ppmv   

Methane   CH4   2ppmv   

Nitrous oxide   N2O   0.3ppmv   

Ammonia   NH3   4ppb   

Nitrogen dioxide   NO2   1ppbv   

Sulphur dioxide   SO2   1ppbv   
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Hydrogen sulphide   H2S   0.05ppbv   

  

 ppmv and ppbv are parts per million and parts per billion by volume respectively   

The Layered structure of the Atmosphere   

According to temperature, the atmosphere contains four different layers. The first layer is called 

the troposphere. The depth of this layer varies from about 8 to 16 kilometers. Greatest depths 

occur at the tropics where warm temperature causes vertical expansion of the lower atmosphere. 

From the tropics to the Earth's Polar Regions the troposphere becomes gradually thinner. The depth 

of this layer at the poles is roughly half as thick when compared to the tropics. Average depth of 

the troposphere is approximately 11kilometers. About 80% of the total mass of the atmosphere is 

contained in troposphere. It is also the layer where the majority of our weather occurs (Figure 7b2). 

Maximum air temperature also occurs near the Earth's surface in this layer. With increasing height, 

air temperature drops uniformly with altitude at a rate of approximately 6.5° Celsius per 1000 

meters. This phenomenon is commonly called the Environmental Lapse Rate. At an average 

temperature of -56.5° Celsius, the top of the troposphere is reached. At the upper edge of the 

troposphere is a narrow transition zone known as the tropopause.  

Above the tropopause is the stratosphere. This layer extends from an average altitude of 11 to 50 

kilometers above the Earth's surface. This stratosphere contains about 19.9% of the total mass 

found in the atmosphere. Very little weather occurs in the stratosphere. Occasionally, the top 

portions of thunderstorms breach this layer. The lower portion of the stratosphere is also influenced 

by the polar jet stream and subtropical jet stream. In the first 9 kilometers of the stratosphere, 

temperature remains constant with height. A zone with constant temperature in the atmosphere is 

called an isothermal layer. From an altitude of 20 to 50 kilometers, temperature increases with an 

increase in altitude. The higher temperatures found in this region of the stratosphere occurs because 

of a localized concentration of ozone gas molecules. These molecules absorb ultraviolet sunlight 

creating heat energy that warms the stratosphere. Ozone is primarily found in the atmosphere at 

varying concentrations between the altitudes of 10 to 50 kilometers. This layer of ozone is also 

called the ozone layer. The ozone layer is important to organisms at the Earth's surface as it protects 

them from the harmful effects of the Sun's ultraviolet radiation. Without the ozone layer life could 

not exist on the Earth's surface.   

Separating the mesosphere from the stratosphere is transition zone called the stratopause. In the 

mesosphere, the atmosphere reaches its coldest temperatures (about -90° Celsius) at a height of 

approximately 80 kilometers. At the top of the mesosphere is another transition zone known as the 

mesopause.   
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The last atmospheric layer has an altitude greater than 80 kilometers and is called the thermosphere. 

Temperatures in this layer can be greater than 1200°C. These high temperatures are generated from 

the absorption of intense solar radiation by oxygen molecules (O2). While these temperatures seem 

extreme, the amount of heat energy involved is very small. The amount of heat stored in a 

substance is controlled in part by its mass. The air in the thermosphere is extremely thin with 

individual gas molecules being separated from each other by large distances. Consequently, 

measuring the temperature of thermosphere with a thermometer is a very difficult process.  

Thermometers measure the temperature of bodies via the movement of heat energy. Normally, this 

process takes a few minutes for the conductive transfer of kinetic energy from countless molecules 

in the body of a substance to the expanding liquid inside the thermometer. In the thermosphere, our 

thermometer would lose more heat energy from radiative emission then what it would gain from 

making occasional contact with extremely hot gas molecules.  
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ELEMENTS AND CONTROLS OF CLIMATE AND WEATHER: TEMPERATURE  AND 

SOLAR RADIATION  

Life is dependent on the atmosphere, and there would be no weather and climate without the 

atmosphere. To collect various data on climate certain elements are normally observed and 

measured using weather instruments. These elements include temperature, precipitation, 

pressure and winds, solar radiation, cloud cover and humidity. These elements and their spatial 

distribution are controlled by one or all the climatic factors (controls): latitude, altitude, 

continentality, ocean currents, insolation, prevailing winds, natural vegetation and soil. The 

characteristics of solar radiation and temperature and their control will be discussed in this unit  

Temperature  

The main source of the energy for the earth-atmosphere system is the solar radiation. It is absorbed 

by either the earth or the atmosphere and partly converted into sensible heat or other forms of 

energy. The degree of sensible heat generated represents what is known as temperature. 

Temperature is thus defined as the degree of hotness or coldness.  

o o 
 It is commonly measured in Celsius ( C) or Fahrenheit ( F). Temperature is a very important factor 

in determining the weather, because it influences other elements of the weather. However, here the 



 

16 

BAGIT DIGITAL SOLUTIONS…Where learning is digitizingly fun! 

Download More Course Materials on 

www.bagitds.wordpress.com 

term temperature refers to the heat in the lower part of the atmosphere and on the surface of the 

earth.  

  

 Factors Influencing Temperature    

  

The main categories of factors influencing temperature characteristics of a particular surface are climatic 

elements acting as factors. Such elements include solar radiation, net radiation, evaporation, winds, humidity 

and cloud cover. Non-climatic elements include type of surface, latitude and continentality.    

  

Climatic Elements    

  

Solar and Net Radiation    

Temperatures are substantially affected by the amount of solar or net radiation available on a particular 

surface. Temperatures are particularly higher during summer than during winter season because of the 

higher insolation received during summer. During a daily cycle, on a sunny day, temperatures are highest 

in the afternoons when values of solar radiation and consequently net radiation are highest.    

  

Cloud Cover    

Cloud cover is another climatic element that significantly influences the penetration of solar radiation. With 

cloud cover, the amount of solar energy received or absorbed at a particular surface is reduced. In turn this 

reduces temperatures at the surface making it lower than what would be if the skies were cloudless. This 

factor, for example in part accounts for the lower temperatures in the humid areas with a lot of clouds 

compared with the arid areas with little or no cloud cover. The effect of cloud cover however, also operates 

in reverse, since it serves to retain much of the heat that would otherwise be lost from the earth’s surface by 

radiation from a particular surface throughout the day or night (Greenhouse effect). The effects of cloud 

cover lessen the diurnal temperature ranges by preventing high maxima by day and low minima by night. 

This is usually the situation in the humid areas of the tropical rain forests of West Africa, compared with 

the arid areas such as in the Sahara Deserts where the ranges of temperatures are always high.    

    

 Non-Climatic Elements    

  

Types of Surfaces    

  

Various types of surfaces react differently to solar radiation incidence in terms of reflection, absorption, and 

transmission and this accounts for the variation in heating potentials.    

  

Vegetation surface: Both the reflectivity and transmission coefficient affect the amount of solar radiation 

over vegetated surfaces and consequently the amount of sensible heat generated. Also, part of the heat is 

lost through evaporation and transpiration. Surfaces with high evapotranspiration heat more slowly than 

surfaces with less evapotranspiration.    
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Land and water surface: Although the heating properties of the many kinds of land and vegetated surfaces 

vary considerably, the greatest contrasts are those between land and water surfaces, which react so 

differently to solar radiation. The surfaces of relatively deep bodies of water heat and cool slowly compared 

with land surfaces. The most important reason for this slowness of temperature change is that in water, a 

highly mobile matter, redistribution of heat occurs mainly through turbulence. In contrast to this medium of 

heat distribution, heat in the solid earth is distributed by molecular heat conduction, and so proceeds by 

moving from particle to particle. In water, on the other hand ocean currents, waves, tides and conventional 

overturning systems help dispersed to absorbed solar energy throughout a large mass of water. Because 

there is no such mixing on land, and assuming that equal amount of energy fall on both surfaces, water 

surfaces would heat up more slowly and have lower temperatures than land surfaces.    

  

Latitude:  As a result of the earth’s inclination, the midday sun is almost overhead within the tropics but 

the sun’s rays reach the earth at an angle outside the tropics. Thus there is a decrease in temperature from 

the equatorial regions to the poles. This is illustrated in Figure 1. Band R1 falls vertically over the equatorial 

latitudes on surface E. Band R2 falls obliquely over the temperate latitudes on surface T. R1 travels through 

a shorter distance and its concentrated solar insolation heats up a smaller surface  area; temperature is thus 

high. On the other hand, R2 travels through a longer distance and much of its heat is absorbed by clouds, 

water vapour and dust particles. Its oblique rays have to heat up a larger area; temperature is therefore low.   

  

  
  

Figure 1: Varying distance in the distribution of insolation    
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Continentality (Distance from the Sea)    

Continentality (or distance from the sea) is another factor which affects the characteristics of temperature in 

time and space. For example, near the ocean or water surface, daily temperature extremes are smaller than 

within the continental areas. Moreover, the variability of temperature is greater in areas far away from the 

sea than along the coastal areas. Thus maximum temperatures are higher and minimum temperatures are 

lower over continental climates than in oceanic or marine climates.    

  

Lapse rate and Temperature Inversion   

Lapse Rate   

The atmosphere gets most of the heat energy from the ground in the form of terrestrial radiation 

therefore the lower parts of the atmosphere are heated more than the upper part. The average rate 

of fall of temperature with height in the troposphere is about 6.5 degree per km of ascent. This is 

called the normal lapse rate.  

  

Inversion of Temperature  

Phenomenon of temperature inversion is one of the anomalies sometimes observed in the vertical 

distribution of temperature. The inversion of temperature refers to a condition of temperature 

increasing with increasing height in the atmosphere. Certain processes in the lower atmosphere may 

cause an actual increase in the temperature with increasing height. According to the processes that 

cause them and the relative heights from earth's surface at which they develop, the temperature 

inversions may be classified in the following types:-  

  

(1) Ground or surface inversions  

(a) Radiation inversion  

(b) Advection inversion  

(2) Upper-air inversions  

(a) Subsidence inversion  

(b) Turbulence and convective inversion  

(3) Frontal inversions.  
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Radiation inversion:   

The surface inversion produced by radiational cooling of lower air is called radiational inversion. 

The inversion layer develops at an altitude of about 90 meters. Nocturnal cooling produced by the 

terrestrial radiation is the principal factor for this type of temperature inversion.  

Since a land surface radiates more heat than the air, ground is cooled more rapidly than the air at 

great heights during night time. Consequently the coldest air lies at the ground and is overlaid by 

warmer air. The layers of air in close proximity to the earth's surface are cooled by the processes 

of radiation and conduction more quickly than the upper layers of air. Thus, at a certain height (90 

meters) the temperature increases with attitude, and this increase continues up to about 300 meters 

from the surface.  

Advection inversion:   

Advection of a thick layer of warm air over a cold surface produces an inversion of temperature in 

the lower layers of the atmosphere for the warm air is cooled by conduction.  

Of course, this type of inversion occurring at a certain height, i.e. the height of the warmer layer of 

air, is called advection inversion. This type of stable inversion occurs when the warm air passes 

over a cold water surface.  

Under these conditions, it may also occur over cold land surface or snow-covered ground. In the same 

way, during summer the oceans are cooler than the adjacent land masses.  

So when a cool mass of air is transported to the land, the presence of a warmer mass of air aloft 

produces the same type of advection inversion. Warm and moist air masses coming from the oceans 

produce stable inversion over the vast snow-covered lowland of northern Eurasia and northern 

Canada.  

Subsidence inversion:   

Subsidence inversion, as the name indicates, is produced well above the earth's surface on account 

of subsidence of air currents. This type of upper-air inversion occurs in an air mass when a thick 

mass of air subsides.  

The sinking air warms at the dry adiabatic rate of 10 /km. In certain cases, the subsidence 

continues to a particular level where the air diverges horizontally above a lower layer. Temperature 

inversion of this type generally develops in a layer separating the upper region of subsiding air and 

the lower region characterized by the absence of vertical motion. Subsidence inversions are of 

common occurrence in regions of high pressure that are characterized by sinking air.   

There are circumstances when during the night two inversion layers may develop in the high 

pressure regions, one at the ground produced by radiational cooling and the other at considerable 

altitudes produced by subsidence.  
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The subsidence inversion is of great environmental significance, for the pollutants from motor 

vehicles and other industrial sources become concentrated in the lower layers of the atmosphere 

and thus form a great environmental hazard to the inhabitants of industrial towns.  

Turbulence and convective inversion:   

This type of inversion is produced at altitudes above the surface by mechanical processes. Turbulence 

and convection are the contributory factors in causing this type of inversion.  

Because of the frictional forces eddies form in the lower layers of atmosphere which transport lower 

air to higher levels and bring back the upper air to the lower levels. Convectional currents set up in 

the air near the ground are mainly responsible for the exchange of air between upper and lower 

levels of the atmosphere.  

The phenomena of turbulence and convection cause a thorough mixing of the atmosphere in 

turbulent layers. However, the turbulent or convective mixing is limited to a certain height beyond 

which it does not and cannot penetrate.  

It is at this height that the convective inversion is formed. In the process of vertical mixing the air 

carried upward is cooled adiabatically. Similarly the air brought downwards heated at the same 

adiabatic rate. After a prolonged mixing in the atmosphere, the air at the maximum height of 

turbulent penetration becomes colder than what it was before, and that at the bottom of the 

turbulence layer will be warmer than what it originally was.  

The transition from this cold upper part of the turbulence zone to the air above with its temperature 

unaffected by adiabatic cooling comprises a temperature inversion.  

Clouds, if they ever form in this inversion layer, are of stratus or stratocumulus type. In certain 

situations, turbulence in association with heat from the ground leads to the formation of cumulus 

or cumulonimbus clouds. Turbulence inversion may occur at a low level or it may form at very 

high altitudes. In case the inversion has formed at lower levels, smoke, dust particles and other 

pollutants are carried up to the inversion where they spread beneath the inversion layer and form 

distinct smoke or haze lines in clear weather.  

Frontal inversion:   

The inverted lapse rate at the front is called frontal inversion, when differing air masses are brought 

together by converging movements; the warmer air being relatively higher tends to overlie the 

colder and denser air in a horizontal layer.  

However, because of the Coriolis force, the boundary zone between the air masses with contrasting 

physical properties are never horizontal; they are rather sloping. In fact, the frontal zone itself is 

converted into inversion layer in which the lapse rate is inverted.  
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In other words, at the frontal zone as one move up from the lower to upper layers of the atmosphere, 

there is an increase in temperature with increasing altitudes.  

The following characteristics distinguish frontal inversion from other types of inversion: - (a) The 

inversion layer associated with fronts is sloping, while in the other types of inversion it is 

horizontal, (b) In frontal inversion the moisture content shows a marked increase with elevation, 

while in other types the temperature increases and humidity decreases with the increasing elevation.  

That is why above the inversion layer clouds are generally seen. In other words, the frontal inversions 

show an increasing specific humidity in the inversion layer.  

It is generally seen that along the fronts the inversion, in the strictest sense of the term, is never 

found. What happens is that the actual lapse rate becomes very low in the inversion layer. The 

reason is quite simple. The warmer air masses ascend the retreating wedge of cold air and they cool 

by adiabatic expansion. Because of expansional cooling of the upward moving air at adiabatic rate, 

the frontal inversions are rarely observed beyond the height of 2 kilometers.  

At greater heights there is a marked decrease in the lapse rate in frontal zone, whereas just above 

the top of the clouds formed by the rising warm air currents the inversion is always present. Recent 

investigations attach special significance to frontal inversions in the origin of extra tropical 

cyclones.  

  

Solar Radiation  

Life depends substantially on solar radiation because all physical and biological processes taking 

place on the earth’s surface or in the atmosphere involve some form of energy transfer. Solar 

radiation is also a major requirement for other processes related to water, land, soil, vegetation and 

animals.   

The sun provides over 99 per cent of the heat energy required for the physical processes taking place in the 

earth – the atmospheric system. As the sun radiates its energy, the amount received at the outer boundary 

of the earth’s atmosphere, at normal incidence and at mean distance between the earth and the sun is 

known as the solar constant  

  

Also, solar radiation is the primary source of energy in the terrestrial ecosystems. Solar radiation from 

the sun is referred to as the incoming shortwave electromagnetic radiation.  

  

Interaction of the solar radiation with the atmosphere   
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The top of the earth’s atmosphere receives about 4.5 x 10-10 of the energy output from the centre of 

the sun (Photosphere). The amount is usually expressed in terms of the solar constant. Although 

numerous observations of the solar constant have been made, its value is not precisely known. The 

current best estimate is 1370W m-2.. Not all the solar energy that penetrates into the atmosphere that 

really gets to the earth surface. As solar energy impinges upon the top of the Earth’s atmosphere 

are sort of energy cascade begins. For instance as solar radiation starts to pass down from the 

atmosphere, scattering and absorption of the radiation commences. Ozone absorbs all ultraviolet 

radiation below 0.29μm and water vapour a less amount ranging from 0.9μm to  

2.1μm.On the average about 20% of the incident solar energy is absorbed by ozone, water vapour 

and aerosols. Absorption by ozone is about 3%, and by water vapour and aerosols is 17%. From 

satellite data 30% of the incident solar energy are reflected back to space as reflection by cloud 

tops (20%) earth surface (4%) and scattering by air (6%).by cloud. Eventually only about 45% 

reach the earth’s surface.  

  

Solar radiation at the Earth’s surface  

The final interaction as the solar radiation passes through the atmosphere is with the surface of the 

earth. Radiation incident on the earth’s surface is either absorbed or reflected. Usually a small 

amount is absorbed by the earth surface while the remaining is given off as the terrestrial long wave 

radiation. Carbon dioxide and water vapour in the atmosphere are able to absorb long wave 

radiation and there by producing the radiation blanket over the earth’s surface.  

However the amount of incident energy that is reflected by the earth’s surface back into the 

atmosphere depends on the reflective capacity of the receiving surface. Reflectivity of the short 

wave radiation at the earth’s surface is referred to as the albedo (∞). Typical values of albedo 

and emissivity of common surface types (Table 4.1), show that most natural land surfaces have 

albedos between 0.10 and 0.25   

Distribution of solar radiation-  

Solar radiation is unequally distributed over the earth. The unequal distribution of radiation is the 

primary cause of weather and climate. Not only does the distribution of solar energy control climate 

but it is itself a vital element of climate. It is directly responsible for photosynthesis and the varying 

lengths of day and night, have a major effect on the growth of plants. It also plays an important 

role in influencing evapotranspiration (i.e water loss) and therefore the water requirements of 

plants.  

Furthermore, human comfort, and to some degree his health, is dependent on the duration and 

intensity of sunlight. Generally the amount of energy received by the earth and its atmosphere in 

the form of insolation varies over space and time. Amount of insolation received by the earth, 

assuming no interference by the atmosphere, is influenced by the following four factors:  

• Solar constant   
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• Altitude of the sun  

• Distance from the sun  

• Length of the day  

  

Solar Input   

The solar constant, which is the basic amount of solar input, is a major factor of solar radiation received by the 

earth’s surface.   

   

Solar Altitude   The altitude of the sun (angle between the rays of the sun and at tangent to the earth’s 
surface at a point of observation) is an important factor which affects the amount of insolation received at 
the earth’s surface. It depends on the time of the day, the latitude of the location and the time of the year 
(session). When the sun’s altitude is great, the solar radiation intensity per unit area is highly concentrated 
at the earth’s surface (Fig. 2). For example at noon, the intensity of insolation is greatest, but in the morning 
and evening hours when the sun is at a low angle, the amount of insolation is small. The same principle has 
a broader application with respect to latitude and the seasons. In winter and at high latitudes even the noon 
sun’s angle is low. In summer and at low latitudes, it is more nearly vertical and the oblique rays of the low 
angle sun are spread over a greater surface than are vertical rays, thus less heating per unit areas is produced 
by the low-angle sun.   

   

   
Fig. 2: Sun’s Angle   

   

The angle at which the solar radiation strikes the earth’s surface however, also depends upon the surface 

configuration of the land. For example, in the middle and high latitudes of the northern hemisphere, southern 

slopes receive more direct rays while northern slopes may be entirely in the shade. Also the possible hours 

of sunshine in a deep valley may be greatly reduced by surrounding hills.   

   
The Length of Day   
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The longer the time of day during which the sun shines, the greater the quantity of radiation which a given 

portion of the earth will be able to receive. Table 2 shows the latitudinal variations of sunshine hours during 

the solstices and the equinoxes. Note that there are shorter days during winter solstice of every latitude to 

the north or south of the equator. During equinoxes the length of days and nights are equal for each latitude. 

Also note that there are six months of daylight hours during the summer solstice at the pole and zero hours 

of daylight hours (six months of darkness) during the winter solstice.   

   
The variation in the length of day is as a result of the revolution of the earth around the sun and its rotation 

on its axis. Whereas the earth’s rotation on its own axis causes day and night, its orbit round the sun explains 

the seasons. A complete rotation takes 24 hours resulting in the alternation of day and night, while a 

complete revolution takes 365 ¼ days at a variable speed which averages about 26km per second.   

   

The effect of the atmosphere slightly affects the radiation received on the earth’s surface. The atmosphere 

absorbs, reflects, scatters and reradiates solar energy. Among the atmospheric constituents involved in the 

absorption are water vapour, liquid water carbon dioxide and ozone. Part of the incoming solar radiation is 

also scattered or reflected back to space. About 80% of the incoming solar radiations are reflected by clouds; 

clouds are powerful reflectors of shortwave radiation.   

   

  

  

Table 2 Latitudinal variations of sunshine hours   

   

Latitude   Winter Solstice   

Vernal  or   Autumal  

Equinox   

Summer   

Solstice   
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90o   

80o   

70o   

60o   

50o   

40o   

30o   

20o   

10o   

0o   

0   

0   

0   

5 hours 33 min   

7 hours 42 min   

9 hours 8 min  
10 hours 4 min   

10 hours 48 
min   

11 hours 25 
min   

12 hours 0 min   

12 hours 0 min                   
12 hours 0 min                    

12 hours 0 min   

12 hours 0 min   

12 hours 0 min   

12 hours 0 min   

12 hours 0 min   

12 hours 0 min   

12 hours 0 min   

12 hours 0 min   

6 months                  

4 months   

2 months   

18 hours 27 min   

16 hours 18 min   

14 hours 52 min   

13 hours 56 min   

13 hours 12 min   

12 hours 38 min   

12 hours o min   

  

(Source: Ojo, 1977)   

  

Radiation Balance  

The average receipt of solar radiation over the earth is about 340 WM-2 and is balanced by a similar 

loss where radiation LW flux to space. The atmosphere is relatively transparent to SW radiation 

but it is almost opaque to LW radiation from earth due to strong absorption by water evaporation 

other gasses. The max for terrestrial radiation is near 9.6Nm, however, and an atmosphere with no 

LW radiation exists at 8-14NM. This radiation is an input route for LW Loss to space. The roles of 

Co2, water vapour, other gasses and clouds in maintains a warm earth are referred to as the  

GREENHOUSE  

  

Radiation Balance and Heat Budget  

The equilibrium condition which exists in average terms between radiations received from the sun 

(insolation) by the earth and the atmosphere and that re-radiated or reflected is referred to as the 

heat balance. The term radiation or heat budget refers to the accounting of the radiant/heat 

energy received by the earth and its atmosphere from the sun. In the long run, the amount of 

heat energy lost by the earth to space equals the amount of energy received by it from the sun. Thus 

the earth retains no energy. If the earth does not lose to space energy equal to that received from 

the sun, the temperature of the earth and its atmosphere will rise to an unbearable level. The figure 

below shows the global average short-ware and long-ware radiation fluxes and balances   
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-2  
At the top of the atmosphere 340-105-235 = 0W m the incoming and outgoing radiation fluxes 

balance at the surface of the atmosphere. If they fail to balance, Earth’s temperature would 

simply increase or decrease until they did (i.e. until they balance). On the surface of the earth, 

additional term must be included in the balance. One is the down ward flux of LW from the 

warm slay. SW incident -SW reflect + LW incident-LW reflect-LW emit = /-0   

  

  

  

  

  

  

  

  

ELEMENTS AND CONTROL OF CLIMATE AND WEATHER: PRECIPITATION AND  
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PRESSURE AND WINDS  

   

Precipitation, pressure and wind are some of the climatic elements that have substantial influence on 

weather and climate. They are equally affected by the climatic factors earlier mentioned.   

  

Precipitation  

 Precipitation is usually in liquid or solid form. The common precipitation forms include rain, 

drizzle, snow, sleet and hail. They are always preceded by condensation or sublimation or a 

combination of the two. Let us now look at both forms of condensation and precipitation   

   

Forms of Condensation   

The maximum capacity of air for holding moisture may be reached if a parcel of air is cooled at 

constant pressure. Thus, the saturation point can be reached at a particular temperature, even if the 

amount of the moisture content in it has not changed. Also the critical temperature at which 

saturation vapour pressure is reached is known as the dew point temperature, which may be 

defined as the temperature at which the quantity of water vapour in the air represents the maximum 

holding capacity of the air at that temperature.   

   

Further cooling beyond dew point results in condensation either in form of water if temperature is 

above 0oc or, ice if it is below 0oc. Thus if the air is cooled below the dew point, then the excess of 

water vapour over what the air can hold at that temperature is given off in the form of water or ice. 

In this regard, condensation has taken place. The main forms of condensation include dew, frost, 

fogs and cloud.   

   

Dew   

Dew is commonly formed on clear calm nights when rapid radiation reduces the temperature of the 

air in contact with the ground. When this layer of air is cooled sufficiently but at a temperature 

above 0ºC, condensation of water vapour occurs as dew on the ground.   

   

Frost   

Frost may be formed by a rapid radiation from ground surfaces at night when the dew point of the 

air is below 0ºC. As a result the water vapour condenses as ice crystals on the surface in form of 

hoar frost. When warm moist air, from which light rain is falling passes over land surfaces with a 

temperature well below freezing point, glazed frost results. The rain, on reaching the very cold 

ground, immediately turns to ice.   
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Fog   

Fog is the result of the condensation of water vapour near the ground (or over the sea) on to 

microscopic particles of dirt and dust in the air. Fog may be divided into two categories: (1) 

Radiation fog, (2) Advection fog.   

   

Radiation Fog: This is a feature of winter the conditions necessary for the formation are cold 

weather with clear skies and calm conditions. The skies allow radiation of heat away from the earth 

into the atmosphere, thus cooling the air in contact with the ground. The calm conditions keep the 

air in contact with the ground long enough to allow it to be cooled sufficiently. The fog is formed 

when the air has been cooled to its dew point. The dirtier the air, the thicker the fog. Indeed 

industrial regions, with their smoky atmospheres, are known for their dense smoky fog (smog). 

The warmth of the sun usually disperses the fog before midday, but if skies are overcast it may 

persist for days.   

 Advection Fog: The word advection implies a horizontal movement of air. If warm moist air 

passes over very cold land or over sea surfaces, then cooling of the lower layers of the warm air 

may result in condensation and the formation of fog. In West Africa, advection fogs are most 

common over the oceans, especially over cool currents. Sometimes, the term sea fog is used when 

fogs result from the movement of warm, moist air over such cold waters.   

   

Clouds   

Clouds are forms of condensation, formed when air is moved away from the land water surface. In 

particular, most clouds are condensation forms which have resulted from a lifting process away 

from the surface. Those associated with strong rising air currents have vertical development and a 

puffy appearance. Those resulting from a gentle lifting or other methods of cooling tend to spread 

into layers. Thus the method of their formation is largely accountable for their appearance. Clouds 

are classified on the basis of their height, general appearance and whether they are composed of 

water droplets or ice crystals. Four major cloud types and their variations can be recognised.   

   

1.  High Clouds: Mainly cirrus (ci) of feathery form at 610012, 200m above ground.    

a. Cirrus (ci). This looks fibrous and appears like wisps in the blue sky; it is often 

called “wares” tails. It indicates fair weather, and often gives a brilliant sunset.   

b. Cirrocumulus (Cc). This appears as white globular masses, forming ripples in a 

“mackerel sky”.   

c. Cirrostratus (Cs). This resembles a thin white sheet or veil; the sky looks milky 

and the sun or moon shines through it with a characteristic halo.   
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2.  Middle Clouds: Mainly alto (Alt) or middle height clouds at 2100-6000m.   

   

d. Altocumulus (Ac). These are wooly, bumpy clouds arranged in layers and 

appearing like waves in the blue sky. They normally indicate fine weather.   

e. Alto stratus (As). These are denser, grayish clouds with a “watery” look.  

They have a fibrous or striated structure through which the sun’s rays shine faintly.   

   

3.  Low Clouds: Mainly stratus or sheet clouds below 2100m.   

   

f. Stratocumulus (Sc). This is a rough, bumpy cloud with the waves more 

pronounced than in altocumulus. There is a great contrast between the bright and 

shaded parts.   

g. Stratus (St). This is a very low cloud, uniformly grey and thick, which appears 

like a low ceiling or highland fog. It brings dull weather with a light drizzle. It 

reduces visibility of aircraft and is thus a danger.   

h. Nimbo stratus (Ns). This is a dark dull cloud clearly layered and is also known 

as a “rain cloud”. It brings continuous rain, snow or sheet.   

   

4. Clouds of Vertical Development: Mainly cumulus or heaps of clouds not limited 

to any definite height (61009000m).   

   

i. Cumulus (Cu). This is a vertical cloud with a rounded top and horizontal base, 

typical of humid tropical regions, associated with up-rising convectional currents. Its 

great white globular masses may look grey against the sun but it is a fair weather cloud.   

j. Cumulonimbus (Cb). These are heavy masses of clouds with great vertical 

developments, smooth or flattened at the top, and frequently anvil   

k. . Thus their summits generally look like mountains or towers. They are normally 

accompanied by sharp showers, squally thunderstorms and sometimes hail.   

.   
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Forms of Precipitation   

The forms of precipitation include rain, drizzle, snow, sheet and hail.   

   

Drizzle   

Drizzle is a rather uniform precipitation of very numerous minute drops. It usually falls from fog, or 

thick layers of stratus.   

   

Rain   

Rain, which is the most common form of precipitation falls from rising air, when temperature at 

lower levels is above 0oc. The droplets, as a rule are larger in size than drizzle. The maximum size 

to which a rain drop can grow is about 5mm in diameter though occasionally rain drops may be as 

small in size as the drizzle drops.   

   

Snow   

 Snow is a precipitation of solid water mainly in the form of branched hexagonal crystals or stars.  

At temperatures not far from freezing point, they are usually malted together in large snows flakes.   

   

Sleet   

This is precipitation consisting of melting snow or a mixture of snow and rain. Snow and sleet may 

melt completely while falling through the air. They will then appear as rain on the ground.   

   

Hail   

Hail is a precipitation of balls or irregular lumps of ice of diameters ranging from 5-50mm or more. 

They are either transparent or composed of clear layers of ice alternating with opaque layers of 

snow-like structure. Hail falls almost exclusively in violent thunderstorms and is very rare at 

temperatures below freezing at the earth’s surface.   

   

Pressure and Winds  

 Pressure and winds are significant in climatology, first as elements of climate, but also very 

importantly as factors, especially of temperature and precipitation.   

   

Atmospheric pressure can be defined as the weight exerted upon the earth by the atmosphere. The 

average air pressure at sea-level is around 1013 millibars but it varies slightly according to latitude. 
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The air pressure decreases with altitude; at 4500 metres it is only 572 millibars. This is because at 

high altitude air is less dense.   

   

Temperature also affects pressure because a rise in temperature causes the air to expand, reducing 

the air pressure. The reverse is the case when temperature falls, the air contracts and becomes 

denser, causing increase in air pressure.   

   

There is a general variation in pressure over the earth’s surface. Air flow is from areas of high 

pressure towards areas of low pressure. However, because of the earth’s rotation, air flow is 

deflected. In the northern hemisphere it is deflected to the right; in the southern hemisphere it is 

deflected to the left. In conclusion, precipitation is preceded by condensation which occurs in 

various forms. Depending on temperature, precipitation may occur either in solid or liquid form. 

Pressure and wind also have significant effects on weather.   

  

DYNAMICS OF EARTH’S ATMOSPHERE  

   

As earlier mentioned there are variations in the net radiation over the earth’s surface and between 

the surface of the earth and the atmosphere. This situation is responsible for the dynamism 

experienced in the atmosphere. All atmospheric circulations or motions are caused by energy 

inequalities which produce temperature and pressure variations. This unit examines atmospheric 

circulations and some of the factors affecting them.   

   

Atmospheric Circulations   

Factors of the General Circulation of the Atmosphere   

   

The factors which influence the general circulation of the atmosphere include radiation balance, 

pressure gradient force, rotation of the earth etc.   

  

Radiation Balance   

   

Radiation balance is the difference between absorbed solar radiation and effective outgoing 

radiation. It adds up to zero for the earth’s atmospheric system over a period of a year. This prevents 

the earth from getting warmer or cooler. Over shorter periods or small areas, on the other hand, this 

equilibrium does not occur. There is an excess of radiation balance in the low latitudes and marked 

deficits in the high latitudes. These results in a pole ward temperatures gradient both at the surface 

and in the atmosphere. The tropics are thus belts serving as a heat source, while the poles serve as 

heat sinks. If there were no circulation to transport the excess from equatorial regions to the poles, 
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the tropics would be getting hotter and the high latitude getting colder. With the general circulation 

however, heat is transferred from the heat source to the heat sinks, so maintaining the average 

temperatures of the world. The leveling up of temperature is done mostly through the transfer of 

sensible heat and by the transportation of water vapour and its latent heat from the zones where 

evaporation is predominant to zones where precipitation is predominant and between the oceans, 

which provide 90 per cent of atmospheric water vapour and the continents.   

   

  

  

Pressure Gradient   

The atmosphere exerts pressure because air has weight or mass. The mass of a column of air over 

a given point determines the atmospheric pressure at the point. At sea level the average pressure is 

1013 mb.   

   

Horizontal pressure differences result primarily from temperature differences which produce air 

movements or winds. Thus, the underlying factors of most pressure differences at the bottom of 

the atmosphere are the same causes of horizontal distribution of temperature; latitude and landwater 

relationships being the most important. There are thus differences in the distribution of pressure 

due to thermal causes, and winds generally move from the areas with cold heavy air to areas with 

the lighter warm air. In addition there are also mechanical causes. The differences in the distribution 

of pressure between two adjacent areas in turn sets the air in motion and causes winds to blow from 

areas of high to areas of low pressure. The difference in relation to the slope of the two adjacent 

areas is called pressure gradient. A pressure gradient is thus the immediate cause of all air 

movement, the direction of air flow being from high pressure to low pressure, and the velocity of 

the air flow being directly related to the pressure gradient, that is the rate of change of pressure 

with distance. The pressure gradient is steep when the rate of change is great, and the steeper the 

gradient, the more rapid will be the flow of the air.   

   

Rotation of the Earth   

The rotation of the earth prevents direct meridional (longitudinal or meridian direction) circulation 

that would result from the imbalance of net radiation of the world. Coriolis force is the term given 

to the force resulting form the rotation of the earth. As mentioned earlier, the effect of the force is 

at maximum at the poles while at the equator the effect becomes zero. The deflective force causes 

the winds to be deflected to the right in a northern hemisphere and to the left in the southern 

hemisphere.   

   

Friction   



 

33 

BAGIT DIGITAL SOLUTIONS…Where learning is digitizingly fun! 

Download More Course Materials on 

www.bagitds.wordpress.com 

The frictional force affects both wind speed and wind direction. The movement of air is retarded by 

friction between the moving air and the surface of the earth. The frictional effect of the earth’s 

surface varies with height. It is of importance only below the frictional layer 1500 to 1000 metres 

although it tends to be deeper over rough terrain or under unstable conditions   

   

There is also internal friction within the air itself, although this is very small and varies with height. 

Because the force acts in the opposite direction to the wind direction, the flow of surface air is not 

essentially parallel to the isobars as is the air in the free atmosphere which increases with the 

frictional force.   

   

Atmospheric Circulation Systems.   

Let us now examine the categories of the atmospheric circulations systems.   

   

The General Circulation of the Atmosphere: The underlying cause of the general circulation is the 

unequal distribution of net radiation. These inequalities exist between the atmosphere and earth’s 

surface on one hand and between the tropics and extra tropical areas on the other. To balance these 

inequalities, the atmosphere transfers warm air pole-wards and cool air equator wards.   

   

If we assume a homogenous non-rotating earth the global wind systems would look much simpler 

than they are shown in Figure 3. However, with a homogenous rotating earth, the winds will be 

subjected to both the pressure gradient and coriolis forces. Winds moving from areas of high 

pressure to those of low pressure are deflected as explained, to the right of their path in the northern 

hemisphere and to the left of their path in the southern hemisphere. For a heterogeneous rotating 

earth, the pressure distribution patterns are more cellular than zonal owing to the differential 

heating of land and water surface. The global wind systems will then be as shown in Figure 3. If 

we impose the varied topography of the earth’s surface on this, the pattern of wind system will be 

more complex than that shown in Figure 3.    

   

    

  

  

  

  

Fig 3: Global wind system   
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Relief can influence the wind systems in various ways. First they can pose a barrier to air flow; 

secondly, they can have a channeling effect on air flow. Relief also reduces wind speed at low 

levels through frictional dragion air flow.   

   

The global pattern of general circulations is thus influenced by a change in any of the factors 

discussed above. The global wind systems discussed above are for the surface level only. Other 

wind systems like the Rossby waves, easterly waves and jet streams are also encountered at the 

middle and upper levels of the atmosphere.   

   

Other Circulations   

 The day-to-day weather activities over a given area are determined more by secondary and tertiary 

circulation systems which are embedded in the general circulation of the atmosphere. These include 

the monsoon, cyclones, anticyclones, land and sea breeze.   

   

The Monsoon   

The seasonal variation in the temperature between the land and sea result in the seasonal wind 

systems called monsoons. During summer, the continental land masses become warmer than the 

surrounding water surfaces, resulting in temperature induced low pressure centre over the land 

surface. The wind therefore blows from the sea to the land, bringing abundant moisture. (Fig. 3). 

During the winter however, the continental land masses are much colder than the seas. This 

consequently causes a shallow high pressure cell over land with a lower pressure over the adjacent 

water surface which leads to the development of a land to sea pressure gradient and wind. (Fig. 3). 

The cold dry air from the land is poor in moisture content and brings no precipitation.   

   

Monsoons are best developed in eastern and southern Asia, because of the size of the continent 

which intensifies the continental effect on weather. In areas such as West Africa and North 

America, the systems are not as well developed.   

   

Land and Sea Breezes   

These occur as a result of diurnal variation in the heating of land and water and they may be called 

daily monsoons. They differ from the large seasonal monsoons because they result from lesser 

changes in pressure. During the day, the air moves from the sea to the much heated land while at 

night, a reversed condition occurs, the wind blows from the much cooled land to the sea (Ayoade 

2002).   

   

CONCLUSION   
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The atmosphere is far from being stable at any time. It is highly dynamic and this is attributable to 

the variation in the amount of solar radiation received over the earth’s surface. Between the earth’s 

surface and the atmosphere the global atmospheric circulation system has the regional and local 

circulation embedded in it and it is these lower level circulation systems that are responsible for 

the day to day weather activities over any given area.   

  

  

Radiation and Heating of the Atmospheric System  The 

Sun   

   

The sun, which is a star of about medium mass, has a surface temperature of about 6000oK. It 

emits a form of energy known as electromagnetic radiation. This energy travels about 150 million 

kilometers to reach the earth’s surface and takes about 9 ½ minutes to complete the journey.   

The totality of wavelength is known as solar spectrum. The solar spectrum consists of both short 

and long wave radiation. A wavelength may be defined as the distance from crest to crest of 

succeeding waves. The conventional unit used in the measurement of wavelength is the micron (1 

micron = 0.000km or 10-4). The symbol used is µ. Another unit used which is smaller than the 

micron is angstrom =108 cm. The total bulk of all solar radiation occurs in the narrow range of 

wavelength from 0.30 µ to 0.74 µ, usually referred to as short wave radiation. Short wave radiation 

is visible as light to human eye. The colours of visible radiation are violet, indigo, blue, green, 

yellow, orange and red.   

The solar spectrum consists of:   

1. X-rays, gamma rays, alpha rays and ultraviolet rays consisting about 9% of the total 

energy.   

2. Visible light rays (0.4-0.74 µ) carrying 41%    

3. Invisible infrared (heat) rays (0.7-3000 µ) consisting 50%.   

The term short wave radiation is applied to the visible and ultraviolet portion of the spectrum  

(wavelengths less than 0.7 µ) as distinct from the infrared or long wave portion (longer than 0.7 

µ). Radiation is energy in transit. When it comes in contact with an object or substance it may be 

transmitted, reflected or absorbed in proportions which depend on the nature of the medium and 

wavelength of the radiation. It is the amount of the radiation absorbed by a medium that is 

effective in heating it.   

3.1.2 Disposition  of  Solar  Radiation  in  the  Earth’s Atmospheric  System   

The solar radiation intercepted by the earth is either absorbed or returned back to space by 

scattering or reflection. Mathematically the disposition of solar radiation is expressed by  Qs 

= Cr+Ar+Ca+Aa+(Q+q)(1- σ )+(Q+q) σ   
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From the expression, the solar radiation incident on top of the atmosphere can be scattered and 

reflected back to space by cloud (Cr), cloud cover blocks the penetration of insolation. About 

25% of incoming solar radiation is reflected back to space by clouds. Solar radiation can also be 

scattered or reflected by air molecules, dust particles and water vapour (Ar). Dust particles, air 

molecules and water vapour in the atmosphere are capable of scattering a lot of solar radiation. 

The scattering is either upward towards the space or downwards toward the earth’s surface. 

About 6% of the insolation reaching the top of the atmosphere is scattered downward and 

reaches the surface as diffuse radiation. Radiation is also reflected by the earth’s surface (CQ+q) 

σ), where Q and q are direct solar beam and diffuse solar radiation respectively and σ is the 

surface albedo.   

   

On the other hand, solar radiation can be absorbed by cloud (Ca). Clouds act as temporary 

thermal reservoirs for they absorb a part of the energy they intercept. Solar radiation is also 

absorbed by air molecules, dust and water vapour (Aa). About 18% of the insolation is absorbed 

directly by ozone and water vapour. Ozone absorbs it mainly in the ultraviolet region consisting 

Hartley band (0.20-0.33µ). Water vapour absorbs in the near infrared band centering at 0.93, 

1.13, 1.42 and 1.47 µ. Water vapour is a selective absorber of radiation. Carbon dioxide absorbs 

radiation with wavelengths greater than 4 µ. The earth’s surface represented by (CQ+q)(1- σ), 

also absorbs solar radiation. Land and water have different thermal properties and react 

differently to insolation. Land heats up rapidly and loses heat rapidly while water heats up slowly 

and releases heat slowly.   

   

  

Terrestrial and Atmospheric Radiation   

 The surface of the earth when heated, becomes a source of long wave radiation. Because the 

surface temperature of the earth is 285oK most of the radiation is emitted in infrared spectral range 

from 4 µ to 100 µ with a peak near 10 µ.   

   

Like the earth, the atmosphere absorbs and emits radiant energy. Although the atmosphere is 

nearly transparent to short wave radiation, it easily absorbs terrestrial radiation. The principal 

absorbers being water vapour (5.3-7.7 µ and beyond 20 µ), Ozone absorbs (9.4-9.8 µ), carbon 

dioxide (16.9 µ) (13.1-and clouds absorb radiation at all wavelengths. While the atmosphere 

absorbs only 24% of incoming solar radiation (short wave), 91% of infrared terrestrial radiation is 

absorbed.   
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The atmosphere in turn re-radiates the absorbed terrestrial radiation partly to space and partly back 

to the earth’s surface. This is known as conter-radiation and is represented symbolically by the 

following   

   

I   = I   (a) + I   (s) …………….. (i)   

I    =     I    +      I    a(s) ………...(ii)   

   

From these two equations the effective outgoing radiation can be specified   

I    =       I       -     I    ……. (iii)   

I  is the effective outgoing radiation   

   

3.1.4  Radiation Balance   

   

Radiation balance or net radiation is the difference between the absorbed solar radiation by a surface 

and the effective outgoing radiation from the surface.   

   

On the average, the earth’s surface absorbs about 124 kilolangleys of solar radiation each year and 

in turn effectively radiates 52 kilolangley yr-1.    

   

1.   The Planetary Radiation Balance   

   

Solar energy incident on outer edge of atmosphere     

   

   263  

Reflected by clouds                       63   

Reflected by molecules, dust, water vapour             15   

Total reflected by the atmosphere                  78   

Reflected from the earth’s surface                                               16   

Total reflected by surface and atmosphere              94   

Absorbed by clouds                                                                       7   

Absorbed by molecules, dust and water vapour              38   

Total absorbed by the atmosphere                 45   

Absorbed at the earth’s surface                   124   

Total absorbed by earth and atmosphere          

   

       169   

2. Infrared radiation emitted by the earth’s surface         258   

Loss of space                         20   
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Absorbed by the atmosphere ( a)                                               238   

Infrared radiation emitted by the atmosphere                   355   

Lost to space                         149   

Absorbed by the earth’s surface as counter-radiation       206   

Effective outgoing radiation from the earth’s surface                  52   

Effective outgoing radiation from the atmosphere        117   

Effective outgoing radiation from the earth and atmosphere     169   

  

Modified from Sellers (1965)   

   

This leaves the earth’s surface with a balance of 72 kilolangleys yr -1 usually designated by Rn and 

known as radiation balance. It is symbolically given as:    

   

Rn  = (Q+q) (1-σ) – I    

   

Where (Q+q) (1- σ) is the absorbed solar radiation, Q and q are direct and diffuse solar radiation 

respectively, σ is the albedo and I is the effective outgoing radiation.   

   

Similarly, radiation balance of the atmosphere (Rg) is defined. The atmosphere absorbs 45 

kilolangleys of solar energy per year and radiates 117 kilolangleys yr-1. Thus the atmosphere loses 

as much radiation in a year as the earth’s surface gains. The balance of the whole system, surface 

(Rn) and the atmosphere (Rg) is therefore zero.   

   

Although the global radiation balance is zero averaged over the year, it will not generally equal zero 

either seasonally or annually in any given latitude.   

   

CONCLUSION   

 Solar radiation is very important to human existence on the earth’s surface as it touches all spheres 

of man’s life, particularly agricultural activities.   

   

  

  

ATMOSPHERIC MOISTURE  

   

Water can exist in solid, liquid or gaseous states.  It is a highly important element for all living 

things and the environment.  Water in its gaseous state or “water vapour” forms the bulk of what 
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we refer to as atmospheric moisture.  Water vapour is of great significance in deciding weather and 

climate and so climatologists and meteorologists are interested in its amount and distribution over 

time and space.  This unit examines the nature, amount and distribution of atmospheric moisture.   

   

Atmospheric Moisture   

Evaporation and Evapotranspiration   

   

Atmospheric water vapour is derived from evaporation and transpiration. Evaporation is the 

process by which moisture in its liquid or solid form is converted into gaseous form –water vapour.  

Transpiration on the other hand refers to the loss of water from plants to the atmosphere. 

Evapotranspiration differs from evaporation because it describes water losses from surfaces where 

transpiration is a major contributor. Essentially, it combines evaporation and transpiration.   

   

Availability of moisture at evaporating surface and the ability of the atmosphere to vaporise the 

water, remove and transport the vapour upward are fundamental factors that determine the rate of 

evaporation and evapotranspiration over any given area. Evaporation and evapotranspiration will 

occur at the maximum level if moisture is always available at the evaporating surface. This has 

given rise to the concept of potential evapotranspiration. However, moisture is not always available 

at the evaporating surface, and evaporation and evapotranspiration have often occurred below 

maximum level. This has also given rise to the concept of actual evapotranspiration.   

   

Many factors including solar radiation, temperature, wind speed and humidity determine the ability 

of the atmosphere to vaporise the water, remove and transport the vapour upward. Energy is needed 

to vaporise water and in the absence of radiation data, energy is indicated by air temperature. Wind 

speed removes the moistened air lying over the evaporating surface and replaces it with dry air to 

maintain the evaporation process. The humidity of air determines the capacity of the air to hold 

moisture. It also affects the evaporation rate. The lower the humidity, the greater the capacity of 

air to hold moisture while the higher the humidity the lower the capacity of air to hold water.   

   

Condensation and precipitation which have been explained in an earlier unit help to remove water 

vapour from the atmosphere.  The most conspicuous aspects of the weather (e.g. rain, snow, hail, 

fog etc) result from the presence of water in the atmosphere.   

   

  

  

Humidity   
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Humidity is a measure of the amount of water in the atmosphere.  It does not cover the other forms 

of moisture in the atmosphere, i.e. liquid form (water droplets) and solid form (ice). Because of its 

origin (earth’s surface) atmospheric water vapour is concentrated in the lower layers of the 

atmosphere.  In fact, about half of the total water vapour in the atmosphere is found below 2000 

metres.  The amount of moisture in the atmosphere decreases steadily with increase in height.  

Water vapour is virtually absent after the tropopause.   

   

There are different ways of measuring the moisture content of the atmosphere.  The indices of 

humidity usually applied include the following:   

   

Absolute humidity: It is expressed in grams per cubic metres of air. It is the total mass of water in a 

given volume of air.   

   

Specific humidity: This is the mass of water vapour per kilogram of air including its moisture.   

   

Mass mixing ratio or humidity mixing ratio:  It is the mass of water vapour per kilogram of dry 

air.   

   

Relative humidity:  It is the ratio of the actual moisture content of a sample of air to that which 

the same volume of air can hold at the same temperature and pressure when saturated.  It is usually 

expressed in percentage.   

   

Dew-point temperature: This is the temperature at which saturation will occur if the air is cooled 

at constant pressure without addition or removal of vapour.   

   

Vapour pressure: It is the pressure exerted by the vapour content of the atmosphere in millibars.   

   

The relative humidity is the most popularly used index for measuring air humidity.  It is easily 

measured and indicates the degree of saturation of the air.  However, it is highly influenced by 

the air temperature.  A change in air temperature can change the value of relative humidity even 

though the moisture content remains constant. For instance, the relative humidity of the air 

varies inversely with temperature, being lower in the early afternoon and higher at night.  It is 

important to note that relative humidity does not tell us about the quantity of moisture in the air 

but tells us how close to saturation the air is.   

   

Unless they have been obtained at about the same hour of the day when air temperatures are not 

too different, relative humidity for different stations cannot be compared since the values are 
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dependent on air temperature. For the purpose of comparison other indicators of atmospheric 

moisture such as the vapour pressure or the absolute humidity should be used.  Unlike relative 

humidity these measures are not unduly influenced by air temperatures.   

  

Distribution of Humidity   

 Water vapour as earlier mentioned is the most important air component that has influence on 

weather and climate.  It is highly inconstant varying from nearly zero up to a maximum of about 

3% in the middle latitude, and 4% in the humid tropics.  This variability in both place and time is 

of outstanding importance for the following reasons.   

   

Water vapour is the source of all forms of condensation and precipitation.   

   

Water vapour is a principal absorber of solar and infrared radiation.  It therefore has an important 

influence on temperature. Because of its latent heat, the amount of vertical distribution of water 

vapour in the atmosphere indirectly affects the buoyancy of air and hence its tendency to ascend.  

This in turn is closely related to the formation of clouds and precipitation.   

   

The latent heat of water vapour is an important energy source for atmospheric circulations. 

Humidity is an important factor of evaporation, a process that is important for animal and plant 

life.   

   

Generally, relative humidity is greater over the ocean than over the continental areas.  This reflects 

the high rate of evaporation due to the fact that the supply of water is unlimited at the ocean surface 

while over many land areas; water is an important limiting factor of evaporation because it is scarce.  

Also relative humidity is high throughout in very humid climates and low in arid and semiarid 

climates.  In seasonally humid areas, relative humidity is higher during the rainy season than during 

the dry season   

  

The vapour pressure distributions have similar characteristics with relative humidity over the 

oceans and the very humid areas of the work; for instance, vapour pressures are almost at saturation 

level.  In the arid and semi-arid areas, vapour pressures are low, causing the saturation deficit of 

evaporability of air to be high.   

   

When vapour is continuously added to the atmosphere and the limit is reached, the air is said to be 

saturated.  The resulting vapour pressure of the upper limit of water holding capacity is termed 

saturation vapour pressure.  The saturation vapour pressure increases with higher temperatures 
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and reaches a maximum at 1013 mb at which point the introduction of more water vapour into the 

air results in condensation of an equivalent amount of water vapour.   

   

The saturation point can be reached at a particular temperature without the moisture content 

changing. The critical temperature at which the saturation vapour pressure is reached is known as 

the dew point temperature, which may be defined as the temperature at which the quantity of 

water vapour in the air represents the maximum holding capacity of the air at that temperature.  

This critical temperature may be attained by increasing the water vapour content of the air at a 

particular temperature, or decreasing the air temperature and consequently, reducing the relative 

moisture content of the air at a constant temperature.  Once the dew point is reached, any further 

cooling beyond it will result in condensation either in the form of minute particles of water if 

temperature is above 00C or ice if it is below 00C.  The dew point and relative humidity are closely 

related.  At high relative humidity, the air is close to saturation and only slight cooling will be 

required to attain the dew point.  On the other hand, when relative humidity is low, a large amount 

of cooling is required for the dew point to be attained.   

   

CONCLUSION   

 Atmospheric moisture is made up of water vapour, water droplets and ice.  They are derived from 

evaporation and removed by condensation and precipitation.   

   

   

THE DYNAMICS OF PRESSURE AND WIND SYSTEMS  

   

The movement of air in the atmospheric system may be vertical or horizontal; in the latter case it 

is commonly known as wind. Winds result from differences in air pressure which in turn may be 

caused by differences in temperature and the force exerted by gravity, as pressure decreases rapidly 

with height. An increase in temperature causes air to heat, expand, become less dense and rise, 

creating an area of low pressure below. Conversely, a drop in temperature produces an area of high 

pressure. In this unit, we will be looking at the global distribution of pressure and directions of 

winds.        

   

Pressure and Wind Systems  This refers to the circulation of air over the earth’s surface as a result 

of differences in pressure. Along the equator and within 5 degrees north and south, is the Equatorial 

low pressure belt, where the midday sun is never far from vertical. It is a belt of intense overheating 

which causes the air to expand, become lighter and rise. It is a zone of wind convergence and often 

called the Doldrums.   
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At about 300 north and south occur the sub-tropical high pressure belts where the air is 

comparatively dry and the winds are calm and light. It is a region of descending air currents or 

wind divergence and anticyclones. It is frequently called the horse latitude. Around the latitudes 

60o north and south are the two temperate low pressure belts which are also zones of convergence 

with cyclonic activity. The sub-polar low pressure areas are best developed over the oceans, where 

temperature variations between the summer and winter are negligible.   

   

At the north and south polar 90o north and south where temperatures are permanently low, are the 

polar high pressure belts. Unlike the water masses of the high latitude in the southern hemisphere, 

high pressures of corresponding latitude in the northern hemisphere are a little complicated by the 

presence of land mass. Some pressure differences between the summer and winter can be expected.   

   

   
   

 Pressure Belts and Planetary Winds   

   

From the global permanent pressure belts, winds tend to blow from the high pressure belts to low 

pressure belts as planetary winds. Figure 4 above shows the actual arrangement of the global 

pressure and wind belts. However, it is important to note that there are seasonal variations in both 

pressure and winds.   
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The winds blowing out from the sub-tropical high pressure belt in the northern hemisphere towards 

the equatorial low are called North East Trade Winds and those in the southern hemisphere are 

called South East Trade Winds. Winds are always named after the direction they come from. The 

trade winds are the most regular of all the planetary winds. They blow with great force and in a 

constant direction. They have great capacity for holding moisture because they blow from the 

cooler sub-tropical latitudes to the winter tropics.   

   

Winds blow from the sub-tropical high pressure belts towards the temperate low pressure belts as 

the variable westerlies. Under the effect of the coriolis force, they become the Northwesterlies 

in the southern hemisphere. They are more variable in the northern hemisphere, but they play an 

important role in carrying warm equatorial waters and winds to the western coasts of the 

temperate lands. They bring much precipitation to the western coasts of continents. The weather 

is damp and cloudy and the seas are stormy and violent.   

   

Finally, the polar easterlies blow out from the polar high pressure belts towards the temperate low 

pressure belts. They are extremely cold winds as they come from the tundra and ice- cap regions. 

They are more regular in the south than in the north.    

   

CONCLUSION   

   

There are areas of permanently high and low pressure on the globe. Winds originating from these 

pressure belts also have their direction influenced by corriolis force  

  

  

  THE CONDENSATION AND PRECIPITATION PROCESS  

Atmospheric moisture exists in the form of water vapour or ice. The condensation and precipitation 

process essentially act to remove water from the atmosphere. This unit examines the processes that 

result in both condensation and eventually precipitation.   

   

Condensation   

 Condensation can be defined as the formation of water droplets when air has been cooled beyond 

its dew point. Air may be cooled by direct radiation from the surface of the earth during a clear 

night; the horizontal movement of warm air over a cold surface, the mixing along of the margins 

of two air currents of marked different temperatures; the movement of air from warmer to cooler 

latitudes, and by far the most important, by ascent. Each form of cooling may produce condensation 

of different degrees and with different results.   
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For condensation to take place, it is necessary for some kind of nuclei to be present on which the 

droplets can form. These nuclei include particles of dust and smoke, salt from the ocean, pollen, 

and negative ions produced by the passage of radiation through the atmosphere.   

   

The condensed droplets when formed are so minute that they float in the air as fog or clouds.  

Larger drops form on leaves and grass as dew, or hoar-frost if temperature is below freezing point  

.When droplets coalesce in the air to a certain critical size, they may fall to earth as one or other of 

the forms of precipitation earlier discussed. The formation of raindrops is highly complex and it is 

not actually clear how droplets coalesce, though certain theories propose electrical attraction, 

supercooling followed by freezing into ice particles, and turbulence causing coalescence by collision.   

   

Drops may form and continue to exist in liquid form, even when the temperature is below freezing 

point, as long as air is undisturbed. This phenomenon is known as super cooling, and has a number 

of important meteorological effects. A good example is the accretion of ice on aircraft.  If an aircraft 

passes into a cloud consisting of large drops of super cooled water, with the air temperature at or 

below freezing point, a considerable thickness of clear ice may form as each drop freezes on contact 

with the leading edges of the wings. Similarly, glazed frost forms when super cooled water freezes 

on branches, telephone wires and road surfaces. As discussed earlier, the main forms of 

condensation include dew, frost, fogs and clouds.   

   

Precipitation   

   

Various rain drop formation theories are said to have been put forward in the past and virtually all 

have been rejected for various reasons. According to Ayoade (2004), the two theories currently 

accepted are the Bergeron-Findeisen and Coalescense theories.   

   

The Bergeron-Findeisen theory of rain drop formation submits that ice crystals within clouds tend 

to grow larger at the expense of the water droplets until they become too heavy to be supported 

within the cloud and consequently fall. These ice crystals will melt to form rain drops if they 

encounter warmer air as they descend. If not, they will fall as snow. When the temperature near the 

earth’s surface is about freezing level, the ice crystals will partially melt and fall as sleet, a mixture 

of rain and snow. The ice crystals grow larger at the expense of the water droplets because the 

saturation vapour pressure over ice is less than over water. This means that vapour which is only 

saturated with respect to water is super saturated with respect to ice. Condensation therefore occurs 

on the ice crystals at the expense of the super cooled water droplets.   
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The Bergeron-Findeisen theory is supported by observation and laboratory experiments. For 

instance, in extra tropical areas it is generally observed that significant precipitation always comes 

from clouds whose tops extend beyond the freezing level in the atmosphere whereas lower clouds 

yield no more than mist or drizzle. Also, radar experiments have confirmed the existence of both 

water droplets and ice crystals in clouds extending beyond the freezing level and that such cloud 

give significant precipitation. Finally, in cloud seeding experiments clouds have been made to 

produce rain by seeding with fine dry ice (solid form of Co2) or silver iodide which has crystal 

structure very similar to that of ice.   

   

Rain drop formations in tropical clouds are usually warm because they do not extend into the 

freezing level in the atmosphere. These clouds are therefore made up solely of water droplets. And 

yet these clouds produce heavy rainfall. Within such clouds, raindrops grow by the coalescence 

process. The larger water droplets within clouds fall at a faster rate than the smaller ones, overtaking 

and absorbing the smaller droplets along their paths. The larger droplets also drag or sweep the 

smaller ones and absorb them (Fig. 5).   
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Fig. 5: Processes of raindrop formation according to (a) BergeronFeideisen theory and (b) coalescence 

theory (Source:   

Ayoade, 2004)   

Experimental results show that the coalescence process allows a more rapid growth of raindrops than 

simple condensation although it is initially rather slow.   

   

For condensation and precipitation to occur naturally, the appreciable ascent of an air-mass is 

essential. This ascent is brought about in three main ways; hence there are three main types of 

precipitation:   

   

1. Convectional rainfall due to surface heating,   

2. Orographic or relief rainfall due to ascent over land, particularly over a high range of 

hills and   

3. Frontal or cyclonic rainfall, when either a mass of warm air over runs cold air or the 

latter undercuts the former.   

   

3.2.1 Types of Precipitation    

   

Precipitation types are classified on the basis of the processes which led to their formation. There are 

three types of precipitation.   

   

1. Convectional precipitation (Fig.6): This type of precipitation is common in the tropics. When 

the earth’s surface is heated up, moisture laden vapour rises because heated air always expands and 

becomes lighter. Air rises in a convection current after prolonged heating. In ascending, water 

vapour condenses into cumulonimbus cloud which reaches its maximum in the afternoon. Hot, 

rising air has great capacity for holding moisture. As air rises it cools and when saturation point is 

reached torrential down pours occur, often accompanied by thunder and lightening. These 

downpours may not be useful for agriculture because they are so intense that they do not sink into 

the soil but drain off almost immediately. In fact they may cause serious erosion in forms of slope 

wash and gullying   
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Fig. 6: Convectional rainfall   

   

2. Relief or orographic precipitation (Fig. 7): The second cause of air rising is associated with 

land form barriers such as mountains, hills, and other highlands. This type is known as orographic 

precipitation. In this case, the barriers lie across the paths of moisture bearing winds. Examples in 

West Africa include precipitation caused by the rising air along the Futa Jallon Highlands, the Jos 

Plateau and the Cameroon Mountains (rainfall in Jos Plateau is higher than the average for its 

latitude). As the air is forced to rise by the highlands, the air cools at the adiabatic rate. If cooling 

is sufficient, rain may fall. As the air passes over the highest point of the highlands, it begins to 

descend on the leeward side. As it descends, it undergoes warming and becomes drier. This belt of 

relatively drier climatic conditions, is usually called the “rain shadow”, and is characteristic of the 

leeward sides of the highland areas.   

   
Fig. 7: Relief Rainfall   

   

3. Frontal, convergence and disturbance precipitation (Fig. 8):This type of precipitation is 

caused through the convergence of air masses with contrasting characteristics. This type of 

precipitation is not common in West Africa and only occasionally occurs when influences of the 

mid latitude depressions extend as far south as they did for instance in 1960. The air ascending at 

the intertropical convergence zone (ITCZ) is dry and stable and consequently, not rain producing. 
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On the other hand, true fronts may be formed in many convergent areas, such as the midlatitudes 

where the air masses are of contrasting character in terms of temperature and humidity.   

   

                 
Fig. 8: Frontal rainfall   

   

What are the various forms of precipitation you have learnt? Using relevant diagrams, enumerate the 

types of precipitation   

  

  

Once the surface layer of the atmosphere is heated, the air becomes warm and rises. The rising or 

ascending air is referred to as convection current. The convection current carries heat and as it rises, 

cooler air is drawn in from below and this leads to cloud formation.   

Four conditions have been identified as necessary for the production of rainfall.  

1. The mechanism to produce cooling of the air  

2. The mechanism to produce condensation   

3. The mechanism to produce growth of cloud droplets   

4. The mechanism to produce accumulation of moisture of sufficient intensity to account for the 

observed rate of rainfall. The simultaneous occurrence of all these mechanisms is sufficient 

condition for heavy rainfall  

  

SEASONAL VARIATIONS IN RADIATION, DAYLIGHT AND TEMPERATURE  

Agriculture is the mainstay of most countries in the tropics. Unfortunately agriculture is highly 

vulnerable to climate variations. To improve food production in tropical countries, it is essential to 

know the value of climatic elements and their daily, monthly, seasonal and intensities values.   

 Seasonal Variations in Radiation   
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The sun is the main source of energy for the earth. It emits radiant energy which is received by the 

earth as solar radiation or insolation.   

 The amount of insolation received at any place on earth depends mainly on the length of day and 

the angle of midday sun. Other factors include distance from the sun, atmospheric absorption, 

reflection and scattering, latitude, the nature of the surface, elevation and aspect.   

 At the time of summer solstice (June 21st), the noon rays of the sun are vertical on the tropic of 

cancer (23 1/2oN) and the length of day increases from 66 1/2o (Antarctic Circle) in the winter 

hemisphere to the pole in the summer hemisphere. The northern hemisphere experiences maximum 

solar radiation. The northern hemisphere actually receives two to three times the amount of solar 

radiation received by the winter hemisphere. Neglecting, for the moment the effects of the 

atmosphere,  on June 21st, the zonal solar energy curve, beginning at zero at the Antarctic circle 

continues to rise steadily up to about latitude 40oN in spite of the fact that the sun’s rays are 

increasingly more oblique north of 231/2oN. North of this latitude, however there is a slight decline 

in solar radiation which continues to about latitude 62oN because the more oblique rays of the sun 

offset the increased length of day. But the solar energy curve again rises north of 62oN and reaches 

an absolute maximum at the North Pole. The conditions in the southern hemisphere on December 

22nd is the exact reverse of what obtains in the northern hemisphere on June 21st (Fig 9) Fig 9.1 

(Ayoade, 2002, pg 54, Fig 4a and b).   
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At the time of the equinoxes (about March 21 and September 23) when the sun’s noon rays are 

vertical at the equator and the tangent may reach the poles, latitudinal distribution of solar radiation 

resembles that for the year as a whole, since the maximum is at the equator with minima at the 
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poles. During these times both the northern and southern hemispheres receive approximately equal 

amounts of the solar radiation.   

 For the year as a whole, solar radiation reaches a maximum at the equator and diminishes gradually 

and regularly toward minimum at either pole. At the poles the total amount of solar radiation 

received for the entire year is about 40% of that received at the equator.   

 In West Africa, solar radiation values are less along the coastal areas than inland of the region 

because of cloud cover. The values of radiation are also less during the rainy season than during 

the dry season because of the relatively heavy cloud cover.   

   

Seasonal Variations in Day Light   

 The duration of insolation is indicated by length of day or day light and its variations depend largely 

on the earth’s revolution.   

 On June 21st (summer solstice), the earth is so located in its orbit that the north polar end of its axis 

tilts at the full 23½o towards the sun. At this position, the northern hemisphere is inclined towards 

the sun while the southern hemisphere tips away from the sun. On this day, the daylight increases 

from zero on 66½o (Antarctic circle) of the winter hemisphere towards the north pole until it is 24 

hours north of the Arctic circle (66½oN). On December 22nd (winter solstice), the earth is so 

positioned that the north polar axis again leans the full 23 ½ o directly away from the sun making 

the southern hemisphere to tip towards the sun and the northern hemisphere away. The conditions 

of daylight are exactly a reverse of that of June 21st. Daylight increases from zero on the (Arctic 

circle) in the winter hemisphere until it is 24 hours south of 66½oS (Antarctic circle). During the 

equinoxes (March 21st and Sept. 23rd) the earth’s axis makes a right angle with a line drawn to the 

sun, and neither the north nor South Pole is tipped towards the sun. On these days all places all 

over the world have equal day and equal night. In summary, places on the summer hemisphere 

enjoy longer days than those having winter but the total annual exposure to the sun is the same for 

all places on earth. The difference between summer and winter daylights increases from the equator 

reaching its extreme poles.   

   

Throughout the year the length of day is equal at the equator twelve hours and seven minutes. 

According to Nieuwolt (1977), astronomically the duration would be twelve hours exactly but it 

takes 3½ minutes for the upper half of the sun to disappear under the horizon at sunset and similarly, 



 

53 

BAGIT DIGITAL SOLUTIONS…Where learning is digitizingly fun! 

Download More Course Materials on 

www.bagitds.wordpress.com 

3½ minutes before the centre of the sun’s disc is at the horizon while the upper half of it already 

provides insolation at sunrise.   

   

The difference between the shortest and the longest day of the year grows with increasing latitude.  

In the low latitudes the increase is about 7 minutes per degree whole in higher latitudes (between 

50o and 60o); it amounts to about 28 minutes per degree of latitude. In conclusion, seasonal 

variations in daylight in the tropics are insignificant.   

   

Seasonal Variations in Temperature   

 Temperatures are largely controlled by incoming and outgoing radiation. However, a number of 

other factors also influence surface temperatures and their distributions both over time and place. 

Surface air temperatures also show a variation with latitude.   

 There is a general increase in seasonal variation of air temperature with latitude. In the tropics, the 

absence of a cold season indicates that temperature variations between the seasons are generally 

small. In short the tropics can be said to have seasonal temperature uniformity. The main reason 

for this seasonal temperature uniformity is the small differences in the amount of net radiation 

received in the different seasons. The temperature uniformity is strongest around the equator and 

decreased pole wards with increasing latitude. Towards the outer limits of the tropics thermal 

differences with place increase rapidly especially over the continental areas (Fig 10).    
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The variations are found to be more marked over the land than over the ocean. This is because land 

surfaces are rapidly and intensely heated by solar radiation, whereas under equal radiant energy 

water surfaces are heated more slowly during the summer. On the other hand land surfaces cool 

more rapidly and reach much lower temperatures than the water surfaces during the winter.   

Outside the tropics, temperatures vary widely between the seasons. Certain definite centres of high 

and low temperatures occur during the summer and winter respectively. These are found over land 

masses. In July, high temperature centres occur over Siberia (-46oC), northern most North America 

(-34oC) in January. A permanent centre of low temperature occurs in Greenland and Antarctica. 

These are two regions of massive ice sheets.  

 From about 6 degrees latitude, there is a temperature regime, in which the temperatures are higher 

in the spring (Feb, March, April) than in summer. This is as a result of cloudiness which 

characterises the rainy season (summer). The rainy season (summer) is characterised by heavy 

cloud overcast particularly in the day. This helps in reducing temperatures. This is not so in spring 

which is characterised by many days with a clear sky.   

 In Nigeria the highest air temperatures are normally in April in the northern parts and a little earlier 

in the south. Minimum temperatures in the north are usually recorded about December. In the south 

there is a little difference between the December temperatures and the relatively low temperatures 

of the rainy season, the lowest temperatures of the year may even be recorded during the rainy 

season.   

  

SEASONAL VARIATIONS IN EVAPORATION AND RAINFALL  

Evaporation is the sources of all atmospheric moisture including rainfall. It is the reverse of 

precipitation in the hydrological cycle. Food production in the tropics depends largely on the 

characteristics, amount and duration of rainfall. Productivity can be improved by adjusting planting 

dates so that crops can take advantage of rainfall conditions.   

Seasonal Variations in Evaporation   

Evaporation is the physical processes of molecular transfer involving a change of state of water 

from liquid or solid into gas. The process of evaporation requires energy to be expended in 

overcoming the intermolecular attractions of the water particles. This energy is largely provided by 

the removal of heat from the immediate surroundings causing apparent heat loses. Evaporation may 

occur either from free water surfaces such as rivers, ponds and lakes, from bare soil, or from water 

which has been intercepted by plant leaves or stems. Evaporation also occurs through transpiration 
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from plants. Water loss from transpiration in combination with evaporation is termed  

Evapotranspiration.   

If moisture is not limiting at the evaporating surface, evaporation and evapotranspiration occur at 

the maximum rate possible for the environment. This has given rise to the concept of potential 

evapotranspiration. Moisture is however; hardly always available in sufficient quantities at the 

evaporating surface, so that evaporation and evapotranspiration often occur at rates below those 

that would take place assuming water was always available. This is known as actual 

evapotranspiration.   

 Because of the problems involved in the study of actual evapotranspiration more attention has been 

paid to the study of potential evapotranspiration particularly for agricultural purposes. Budyko 

(1956) concluded that evaporation from field crops is close to the potential rate when the soil 

moisture is greater than or equal to 70-80% of the value of field capacity. Thornthwaite and Mather 

(1955) said that evaporation and evapotranspiration would continue at the potential rate as long as 

the soil was at field capacity.   

 The conditions of evaporation in the dry season in West Africa show a general increase in land 

from the coast in a zonal pattern although some substantial distortions occur along the coast and in 

the interior between 11oN and 18oN. South of latitude 9oN there is a remarkable decrease in 

evaporation probably because of the rapid change in cloudiness between areas to the north ad south 

of the latitude. The smallest values of evaporation are along the coast. The reason for this is that 

the air mass is still present in coastal areas and it is cloudier. This reduces the incoming radiation 

available for evaporation.   

 During the rainy season, the spread of cloud becomes more uniform and consequently there is a 

more regular distribution of evaporation, particularly over areas to the south of approximately 

latitude 15oN, where the values are less than 75 mm. The lowest values are along the coast. This 

again reflects the low value of net radiation available for evaporation because of higher cloud 

density and consequently a greater loss in incoming solar radiation. Evaporation is relatively low 

along the southern coastland and high near the desert. Values are generally higher in dry season 

than in rainy season particularly along the coast in the tropics. Generally, the evaporation rate is 

highest toward the end of the dry season, namely in March and April. The lowest values are 

recorded in the wet season namely July and August in Nigeria due to considerable increases in 

cloud and highly reduced amounts of insolation (Oguntoyinbo, 1978).   

   

Seasonal Variations in Rainfall   

 In general, high rainfall totals occur over the equatorial regions and the monsoon lands of southeast 

Asia, while the deserts receive the least amount of rainfall. With respect to seasonal variations in 
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rainfall the pattern is generally zonal for both seasons, especially in the low latitudes. In the middle 

latitudes, on the other hand, the pattern is non zonal. The continents have more of their rainfall 

during summer than during the winter months.   

   

In the tropics the seasonal variation is second in importance to the total amount of rainfall. It is the 

prime controlling factor of the farming calendar in most of the tropics – clearing, ploughing, 

ridging, planting, application of fertilizer, weeding and harvesting. In many parts of the tropics, the 

onset, duration and retreat of the rain are decisive in the agricultural production. Seasonal rainfall 

has a strong effect on the way of life of people particularly their outdoor activities.   

The major factor controlling the climate of West Africa is Inter Tropical Discontinuity (ITD). In 

West Africa, the ITD assumes its northernmost position around latitude 20oN in August. This marks 

the height of the rainy season in West Africa with virtually the whole region under the influence of 

the moist southwesterly air mass from the Atlantic Ocean (Fig. 11).   

   

Fig. 11: February rainfall over West Africa (inches) Source: Ayoade, 2002   

The ITD attains its southernmost position around latitude 6oN in January. This represents the peak 

of the dry season with the whole of West Africa except the coastlands coming under the influence 

of the dry north easterlies from the Sahara Desert (Fig 12).    
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Fig. 12: August rainfall over West Africa (inches)   

Source: Ayoade, 2002   

 The coastal region of West Africa (areas around Calabar) is a continuously rainy area, where there 

is some seasonal variation in rainfall but where no real dry season occurs. This is followed by a 

region where two rainy seasons and two dry periods alternate. The length and intensity of the two 

major rainy and two dry seasons are rarely the same. In the northern part of West Africa only a 

short rainy season and a long dry season occur.   

Rainfall decreases both in duration and amount from the coast to the interior except where 

altitudinal effects create islands of higher rainfall (e.g. Jos Plateau). The coastal areas receive over 

4000mm spread over 810 months while the extreme north receives less than 250mm spread over 3 

to 4 months.   

In conclusion, evaporation is the source of moisture in the atmosphere and eventually rainfall. Rainfall 

is the source of moisture for agricultural production particularly in the tropics.   
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 EQUIPMENT AND MAINTENANCE OF STANDARD METEOROLOGICAL STATIONS  

A weather station otherwise known as a meteorological station or meteorological enclosure is a 

place where all elements of weather are measured and recorded. In dimension, it measures 10 

metres by 6 metres. It should be located on a level ground covered with short grasses. Furthermore, 

the station should not be sited on or close to a hill, in a depression or on steep slope, near buildings 

or tall trees. The station is also usually fenced around with wire gauze for the security of the 

instruments and to ensure free air circulation. Based on the number of elements measured or 

observed and the frequency of observation of these elements, four categories of weather stations 

are recognised.   
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 Fig. 13: Layout of a Weather Station (Source: Ayoade, 2002)   

   

Categories of Weather Stations   

We have the following categories of weather stations:   

1. Rainfall stations: These are stations manned by part-time observers who take daily 

readings of rainfall only. In the strictest sense of the term these are not weather stations, as 

the only weather element measured is rainfall.   

2. Climatological stations: These stations are also manned by parttime observers but in 

addition to measuring daily rainfall, they make once or twice daily instrumental 

observations of air temperature and humidity.   

3. Agroclimatological stations: These are stations where daily instrumental observations 

of temperature and humidity, as well as soil temperatures of various depths are made once 

or twice. Other elements which are measured only once daily include rainfall, wind speed 

and direction, evaporation, sunshine duration and radiation. They are manned by part- time 

observers.   

4. Synoptic station: These are stations manned by full-time professional observers. 

Continuous weather monitoring and hourly instrumental observation are maintained here. 

The main climatic elements observed include temperature, humidity, pressure, rainfall, 

duration of sunshine, cloud amount and wind speed and direction.   

Weather Measurement   

Elements of weather are observed and measured by weather instruments which are kept within the 

confines of weather stations. Weather instruments may be manual or self-recording (autographic). 

The autographic instruments provide continuous measurements of weather elements over a period 

of time, usually 24 hours. Autographic instruments are more expensive than manual instruments. 

The general procedures for the measurements of the major weather elements are discussed here.   

  

Rainfall   

Rainfall is measured by a rain gauge. A rain gauge consists of a copper cylinder with a metal funnel 

which leads into a smaller copper container or a glass bottle. The hole in the funnel that leads down 

to the container is very small so that evaporation of the collected rain is minimised. The gauge 

should be at least 30cm above the ground and firmly fastened to avoid splashing. Rainfall falling 

in the funnel trickles into the jar below and at the end of a 24-hour period this is poured into a 

graduated measuring cylinder which is tapered at the bottom to enable very small amounts (such 
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as 0.25mm) to be measured accurately. The reading should be done at eye-level and to an accuracy 

of up to 0.1cm.   

   

Fig. 14: Rainguages   

   

Rainfall is generally stated in units of inches, millimeters and centimeters that fall per unit of time. 

For instance, 20mm of rainfall would cover the ground to a depth of 20mm, provided that none is 

lost by runoff evaporation or sinking into the ground. For meteorological recordings, a rain-day is 

reckoned by a period of 24 hours with at least 0.25mm of rain recorded.   

There are different types of autographic rain gauges, depending on the type of operating 

mechanism; they include the tilting siphon, the tipping bucket and the weighing collector system 

(W.M.O 1970). The most popular of these rain gauges is the tilting siphon autographic rain gauge. 

It contains a collecting chamber fitted with a float. When the chamber fills up as rain falls, the float 

rises and a pen attached to the top traces a graph on a chart fixed to a cylindrical drum driven by 

clock wave. After the chamber is filled, it tilts over on its pivot and the contents siphon out of the 

gauge. The float then returns to its original level and the pen rests on the base of the chart. The 

chamber fills up again as the rain continues to fall and the process is repeated until the rain stops. 

One complete cycle measures 5mm of rainfall.   
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Air Temperature   

Air temperature is measured manually with the aid of maximum and minimum thermometers and 

autographically by a thermograph.   

Each weather station has a Stevenson screen in which the thermometers are kept. They are 

maximum and minimum thermometers, wet bulb thermometer and dry bulb thermometer. The 

screen is built to provide shade under which the shade temperature of the air can be measured. It is 

a wooden box whose four sides are louvered to allow adequate ventilation. The roof is made of 

double boarding to prevent the sun’s heat from reaching the inside of the screen while the white 

paint further improves the insulation against solar radiation. It is placed on a stand, about 121cm 

(4ft) above the ground level.   

The maximum thermometer is a mercury-in-glass thermometer which contains a small glass index. 

When the temperature rises the mercury expands and pushes the index along the tube. When the 

temperature falls, the mercury contracts leaving behind the index. The maximum temperature is 

read on the scale at the end of the index nearer the mercury.   
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Fig. 15: Maximum and minimum thermometers   

   

The minimum thermometer is an alcohol in-glass thermometer in which when the temperature rises, 

the alcohol expands and flows past the index and when the temperature falls, the alcohol contracts 

and pulls the index along the tube. The end of the index nearer the meniscus shows the minimum 

temperature. The instrument is reset by tilting or by using a magnet to draw back the index to the 

mercury. The maximum and minimum thermometers are used at weather stations to measure the 

highest and lowest temperatures within the day respectively. The air temperature at any given time 

can be read off an ordinary mercury in glass thermometer with or without an index.   

Continuous measurement of air temperature can be done with the aid of a self-recording thermometer 

known as a thermograph.   

 Measurement of Humidity   

There are various measures of humidity (i.e. the water vapour content of the atmosphere). These 

include, as earlier discussed, relative humidity, absolute humidity, specific humidity, humidity 

mixing ratio, vapour pressure and dew point temperature. Relative humidity is however, the most 

commonly used measure of humidity, perhaps because it is easy to compute using the wet and dry 
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bulb thermometer. The instrument for measuring relative humidity is the hygrometer, which 

comprises wetand dry bulb thermometers placed side by side in the Stevenson screen. The dry bulb 

is in fact the ordinary thermometer that measures shade temperature (Td). The wet bulb 

thermometer has its bulb covered with muslin which is perpetually dipped in a reservoir of distilled 

water. When air is saturated, evaporation, which produces a cooling effect, takes place from the 

wet muslin. The wet bulb therefore always shows lower reading (Tw) than the dry bulb. The 

difference between the two readings (Td-Tw) is known as the wet bulb depression. The drier the 

atmosphere is the greater this difference. Psychometric tables are used to obtain values, vapour 

pressure, dew point and relative humidity from readings of dry and wet bulb thermometers. A 

simplified version of the psychometric tables is given below.   
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stations. Thermometers and dry and wet bulb thermometers are kept in the Stevenson screen which 

in turn is placed in a weather station.   

In conclusion, t here are four categories of weather stations. Weather equipment is kept in weather  

    

    
Fig. 16: Hygrometer (Dry an   d Wet bulb thermometer)       
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MEASUREMENT OF AIR PRESSURE, WIND SPEED, WIND DIRECTION, RADIATION 

AND SUNSHINE DURATION  

 Measurement of Air Pressure   

 Air has weight and the weight of the vertical column of air is measured by barometers. The 

instrument which measures air pressure is called a barometer. There are various types of 

barometers. They are the mercury barometer, the aneroid barometer, the barograph and altimeter.   

   

1. The mercury barometer: The principle which operates the mercury barometer 

is the balancing of the column of air against a column of mercury in a scaled glass 

tube. Fluctuations in air pressure produce corresponding differences in the height of 

the mercury and a graduated vanier is mounted along the tube to facilitate accurate 

reading to a thousandth of an inch. At sea level, the atmosphere balances a column 

of mercury 29.29 inches. In general the mercury barometer is large and cumbersome 

to carry about but it is very accurate and is used in many weather stations.   

   

2. The aneroid barometer measures pressure using the principle of sylphon cells, 

which is partially evacuated metal wefer. When pressure in the outside air increases, 

the cell tends to “collapse”; when pressure decreases, the cell expands. These 

fluctuations with pressure changes are mechanically linked to an indicator or a 

calibrated dial. The dial is commonly calibrated in inches of mercury. Although the 

aneroid barometer is less reliable, it is more compact, portable and convenient to 

use on the field.   

   

3. The altimeter is an altitude barometer. The principle is the same as that of the 

aneroid barometer. The chief difference lies in the fact that barometric scales are 

calibrated in terms of atmospheric pressure, whereas, altimeters are calibrated in 

feet or metric height units.   

   

4. The barograph: Atmospheric pressure can also be measured with the aid of a 

self-recording barometer known as a barograph. The most commonly used 
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barograph employs the sylphon cells. Sylphon cells activate pen arm which moves 

the ink record.   
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Measurement of Wind Speed   

   

Wind speed is measured by a cup anemometer which consists of three or four cups, conical or 

hemispherical in shape mounted symmetrically about vertical axis.    

      

Fig. 19: Wind aneometer   

   

The metal cups which are fixed to the ends of the arms rotate according to the prevailing wind 

speed. In the cup generator anemometer the rotating cups are made to generate voltage, which 

registers on a dial calibrated in knots, miles or kilometres per hour. In the cup-counter anemometer 

the integrated flow of the air in miles or kilometres is registered on a counter. In the latter case, 

wind speed is obtained by dividing in wind run between two observation times by the intervening 

period of time, usually 24 hours. A self-recording anemometer which produces a continuous record 

of wind velocity overtime is called an anemograph.   

   

Measurement of Wind Direction   

Wind direction is observed with the aid of a wind vane which consists of a rotating arm pivoted on 

a vertical shaft. The arrow of the wind vane always points in the direction from which the wind 

blows and the wind is named after the direction.   
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Fig. 20: Wind vanes   

   

Measurement of Insolation   

A number of instruments are available for measuring the different components of the earth’s radiation 

balance, the equation of which is in the form   

   

Rn = (Q+q) (1-σ) + I   -   I   

   

Where Rn is the net radiation, (Q+q) is the sum of the shortwave direct (Q) and diffuse (q), solar 

radiation incident on the earth’s surface, I     is the counter radiation from the atmosphere which is 

the long-wave (infrared) and     I   is the terrestrial radiation which is also a  long-wave or infrared. 

  

Instruments used for measuring radiation are generally expensive and therefore are not commonly 

used in many developing countries. The instruments fall into five basic types as follows:   

   

1. Net Radiometers – for measuring only the net radiation.   
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2. Pyranometers- for measuring the total short wave radiation from the sky incident on a 

horizontal surface at the ground.   

3. Pyrheliometers – for measuring the solar intensity or the direct beam solar radiation 

(Q) at normal incidence. These are the most accurate of all radiation instruments.   

4. Pyrradiometers – for measuring only the albedo of the surface   

5. Pyrgeometers – for measuring infrared long wave radiation from the earth’s surface or 

the atmosphere depending upon whether it is downward facing or upward facing.   

6. Albedometers – for measuring only the albedo of the surface.   

   

Measurements of some radiation components are described below.   

 Pyrheliometers are instruments designed for measuring the direct beam solar radiation at normal 

incidence, usually called solar intensity. It has a blackened  receiving surface oriented 

perpendicular to the solar beam and is either inserted in a  blackened tube or surrounded by a series 

of spaced diaphragms arranged in such a way that only radiation from the sun and a narrow annulus 

of sky is intercepted.   

   

   

Fig. 21: Pyranometer   



 

71 

BAGIT DIGITAL SOLUTIONS…Where learning is digitizingly fun! 

Download More Course Materials on 

www.bagitds.wordpress.com 

   

Pyronometers are more commonly used than pyrheliometers. They measure the total short wave 

radiation from the sun and sky incident on a horizontal surface of the ground (i.e. both direct and 

diffuse radiation). The receiver of the pyranometer is enclosed in a glass or quartz casing that must 

be kept clean and dry. To provide the best possible result, the pyranometer should be treated so that 

a shadow will not be cast on it at any time.   

   

   

Fig. 22: Star Pyranometer   

   

Measurement of Duration of Sunshine   

 The duration of sunshine is measured with the aid of Campbell-stokes sunshine recorder. It consists 

of a glass sphere which   
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Fig. 23: Campbell-Stokes Sunshine Recorder   

   

concentrates the sun’s rays on a sensitised card graduated in hours and minutes and held in a metal 

half-bowl with which the sphere is concentric. The instrument is installed on a concrete pillar in 

the open about 1-5m above the ground. Bright sunshine leaves a trace of burnt line along the 

sensitised card while cloudy periods are blank. To measure the total duration of sunshine for the 

day, the total length of the burnt traces on the card which is graduated in hours and minutes is 

calculated.   

   

Measurement of Soil Temperature   

Soil temperatures are measured at various depths – 5cm, 10cm, 20cm, 50cm and 100cm. The 

instrument used for measuring soil temperature is known as soil thermometer. It is a mercurial 

thermometer with bulbs embedded in paraffin wax. The thermometer is suspended in steel tubes 

and inserted into the soil at various depths.   



 

73 

BAGIT DIGITAL SOLUTIONS…Where learning is digitizingly fun! 

Download More Course Materials on 

www.bagitds.wordpress.com 

   

MEASUREMENT OF EVAPORATION AND EVAPOTRANSPIRATION AND THE 

MAINTENANCE OF A STANDARD METEOROLOGICAL STATION  

    

Measurement of Evaporation   

 The equipment for measuring evaporation are generally called evaporimeters.  There are two basic 

types of evaporimeters: those in which evaporation takes place from a continuously wetted porous 

surface of blotting-paper, fabric or ceramic material, an example of which is the piche 

evaporimeter; and those in which evaporation takes place from a free water surface in tanks or 

pans.   

   

The Piche Evaporimeter   

 The most common instrument for measuring evaporation in West Africa is the piche evaporimeter, 

a graduated measuring cylindrical tube   

22.5cm long with an internal diameter of 11mm and an external diameter of 14mm.  It has a closed 

and an open end.  At the open end of the tube is a wetted surface (a filter paper disc) held by a 

spring fitted with a disc and collar.  The total evaporating surface is given in centimeters.  Water is 

supplied to the paper at the open end by a wick inking it to a small water container normally 

graduated in millimeters.  The evaporation from the instrument is the difference between the 

readings of the container at the beginning and end of the period.  The Piche evaporimeter is not 

reliable and it has been criticised as measuring the drying power of air rather than the amount of 

water lost by evaporation to the atmosphere.  The piche evaporimeter is also kept in the Stevenson 

screen.   
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Fig. 24: Piche Evaporimeter   

   

There are different types of evaporation pans depending on their size, shape and manner of exposure.  

Only the three most common ones are described here.  These are the United States Weather Bureau 

(USWB) Class A pan, the raised tank and the sunken tank.  The USWB Class A pan has been 

recommended for worldwide use by the WMO.  It is circular with a diameter of 1206mm and 254mm 

deep.  It is made of galvanised iron and mounted on a wooden open frame platform about 150mm 

above the ground.  The pan is filled with water to within 51mm of the rim.     
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Fig. 25: Class A pan   

   

The sunken tank is about 1829mm2 with the water level at the ground level and a rim of 76mm 

protruding above the ground to prevent inflow of surface water when it rains.   

   

   

   



 

76 

BAGIT DIGITAL SOLUTIONS…Where learning is digitizingly fun! 

Download More Course Materials on 

www.bagitds.wordpress.com 

A third type, the raised tank, is a rectangular tank which is 915mm by 1270mm and 432mm deep.  

The depth of the water in the tank is about 350mm.  A wooden platform is used to raise the tank so 

that the water surface is about 457mm above the ground.   

   

Fig. 27: Raised Tank   

 The principle employed in all evaporation pans to measure evaporation rates is the same:  

Evaporation measurements are taken by refilling the water in the tanks to a fixed level.  After a 

period of time, which is usually 24 hours, the level of water in the pan is checked.  Unless some 

rain has fallen during the intervening period, the level of water in the pan would have fallen owing 

to evaporation.  The pan is reset by filling it back with water to the original level.  The amount of 

water added to reset the pan represents the evaporation that has occurred in the intervening period.  

Each pan has a cup specific to it and this is used to refill the pan.  When rain falls, the rain water is 

allowed for by adding the amount of rainfall measured in a nearby rain gauge to the amount of the 

apparent evaporation.   

 There are a number of disadvantages to pans and sunken tanks.  It is difficult to detect leakage.  

Because of their closeness to the ground, the tanks tend to get dirty, which influences the rate of 

evaporation.  Another problem is that rain water can splash into the tanks or overflow from them.  

The tanks and pans are difficult to clean.  The tanks and pans about ground level may be subject to 

radiation from the sides and bottom, so that readings may be higher.   
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 One other common problem with evaporation pans and tanks is the difficulty of preventing herds 

or stray animals from drinking water from the pan. However, tanks or pans have the advantage of 

being inexpensive to install and easy to handle.  They can be used throughout the life span of a 

crop.   

 Measuring of Evapotranspiration   

 Rates of evapotranspiration over a surface are measured by the cost of lysimeter.  There are two 

types of lysimeter; the weighing lysimeter and the drainage lysimeter.  Lysimeter are tanks buried 

in the ground to measure the percolation of water through the soils.  They provide the most reliable 

and accurate method for the direct measurement of evapotranspiration provided the necessary 

precautions in designing, operating and sitting are taken.  The installation of lysimeter in West 

Africa has been impossible; however, one of the reasons is that it is very expensive.   

 The weighing lysimeter is a rather sophisticated device consisting of a soil-filled tank, the 

evapotranspirometer tank, in which grass is planted.  Water enters through this tank and drains 

through an outlet pipe into an overflow chamber and supported by a weighing mechanism.   

   

   

Fig. 28: Evapotranspirometer   
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Evapotranspiration values are obtained directly by calculating changes in the weight of the 

soilvegetation system within the tank over a specified period of time, usually 24 hours, to obtain daily 

values of evapotranspiration.  If the experimental surface is surrounded by a buffer zone with the 

same type of vegetation and kept moist by watering. The values of evapotranspiration obtained would 

be those of potential evapotranspiration.  The buffer zone is necessary to ensure that energy and drier 

air are not advected over the experimental plot from the surrounding.  Weighing lysimeter are often 

used to measure actual evapotranspiration when the experimental surface and the surroundings are 

not kept at field capacity.   

 The drainage lysimeter which operates on a sample water balance basis is more widely used than 

the weighing lysimeter as it can be constructed.  The principle on which it operates is that 

evapotranspiration is the difference between water input in form of rainfall and irrigation if 

necessary and water output in form of percolation and runoff in a soil plant system. (Chang, 1964).  

The drainage lysimeter is normally used to measure rates of potential evapotranspiration.  There is 

therefore, the need to keep the tank and the surrounding area continuously moist by irrigation.   

   

Maintenance of a Standard Meteorological Station   

 To ensure that observations at the meteorological stations are accurate and comparable over time, the 

following should be observed:    

1. Buildings should not be located close to the meteorological station.   

2. Big trees should not be allowed to grow around the station.   

3. The grass of the meteorological station should be kept low at all times.   

4. Observation of the elements should be regular and prompt.   

5. Animals should not be allowed access to the station, particularly the pans and tanks; 

in drier areas birds and small animals use the tanks for bathing.   

6. Malfunctioning equipment should be replaced promptly.   

   

CLIMATE AND AGRICULTURE IN THE TROPICS I  
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 Of all primary economic activities pursued throughout the world agriculture is the most important 

and it is also highly dependent on the weather.  From the review of literature, it has been amply 

demonstrated that agriculture being an outdoor activity is very sensitive to weather conditions.  

There is obviously a need to study the relations between climate and agriculture in all climates, but 

it is particularly important in the tropics. Climatic conditions in the tropics are generally not as 

favourable for agriculture as is often assumed (Nieuwolt, 1977).  The luxuriant vegetation in many 

parts of the tropics and the rapid growth of plants have erroneously led to the belief that food can 

be produced with very little effort.  The general relationship between climate and agriculture will 

be discussed below.   

 General Effects of Radiation on Crop Growth   

 The relations between solar radiation and agriculture are primarily illustrated by two 

processes:photo-energy (photosynthesis) processes and photo-stimulus processes.   

 In general, photo-energy processes require higher radiation intensity than photo-stimulus 

processes.  In fact photo-stimulus processes resolve themselves into two: movement processes and 

formative processes.  Formative processes involve among other things stem elongation, leaf 

expansion, pigment formation, flowering in photo periodically sensitive plants which are 

determined by the relative length of light and dark periods to which plants are exposed.   

 Practically all the dry matter of higher plants originates from photosynthesis.  This is the process 

by which plants with the aid of chlorophyll pigment utilise the energy of solar radiation to produce 

carbon dioxide out of water and carbohydrate.  Photosynthesis is inherently an inefficient process 

in the utilisation of solar energy, partly because only the visible portion and spectrum is active and 

partly because the quantum requirement for photosynthesis is much higher than the theoretical 

minimum value.   

 The photosynthesis rate of most leaves increase with light intensity almost linearly over a narrow 

range.  At the same light intensity, the leaves become light saturated.  For a few plants, the 

photosynthetic rates may even decline slightly as light intensity increases beyond the saturation 

point.     

 At saturation light intensities and normal carbon dioxide concentration photosynthesis are affected 

by temperature because biochemical processes are limiting.  Crops in the field are usually below 

the optimum temperature for most of the season.  But the temperature of leaves in the sunlight is 

often higher than that of the air, sometimes by as much as 100C and during high sun periods, the 

leaf temperatures may very well exceed the optimum.  Gates (1965) has suggested that the midday 

depression in photosynthesis is often caused by the adverse effect of very high temperatures.   
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 Plant growth depends on the excess of dry matter increase by photosynthesis over the loss by 

respiration.  The net gain is known as net photosynthesis, or net assimilation rate.  Whereas 

photosynthesis takes place mainly in the leaves during the day, respiration proceeds throughout the 

plants for the entire 24-hour period.  Respiration rates increase with temperature up to a varying 

maximum for different plants.  For Alfalfa Thomas and Hill (1937) reported a fourfold increase in 

respiration rate by increasing temperature from 00 to 200C.     

    

  

Effects of Photoperiodism on Crop Growth   

The length of daily exposure to light is known as a photoperiod while the response of crop 

development to a photoperiod is called photoperiodism. The earliest work published on this 

phenomenon is that of Garner and Allard (1920).  Typically the photoperiod has an effect on the 

formation of flowers, fruits and seeds.  It also influences vegetative growth, the formation of 

buds, tuber, the character and extent of branching, leaf shape, pigment formation, root 

development dormancy and death.   

In their early work, Garner and Allard divided plants into three groups on the basis of their response 

to the photoperiod namely; long-day plants, short-day plants and day neutral plants.  Long -day 

crops flower only under day-light less than 14 hours.  Examples are wheat, mustard, oats, burkey, 

rye and clover.  In short day- crops flowering are induced by short photoperiods of less than 10 

hours.  Examples are cotton, millet, corn, beans, cucumber and sweet potatoes.  The day neutral 

crops can form the flower buds under any period of illumination.  Examples are tomato and carrot.  

Later Allard (1938) added the fourth group which is designated as intermediate.  The intermediate 

crops flower at a day length of 12-14 hours but are inhibited in reproduction by day lengths either 

above or below this duration.   

 Photoperiodism is an important factor in the natural distribution of plants.  In general plants that 

have originated in low latitude require short- day for flowering while those from high latitudes are 

long- day plants.  When the latter are moved to low latitudes they will not produce blossom.  When 

the low latitudes plants are grown in high latitudes they will continue to grow vegetatively until 

they are killed by frost.   

 General Effects of Water on Crop Growth   

 The three groups of plants have been distinguished on the basis of their water needs:   

 Hydrophytes – they normally grow in water or swamps, examples of which are mangrove and paddy 

rice.    
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Mesophytes – most field crops belong to the mesophyte group.  This group of plants can be further 

divided into true mesophyte – plants that will wilt after losing 25% of their water content and 

xerophytes mesophytes which include those that will wilt after losing 25-50% of their water 

content.   

 Xerophytes –they are capable of enduring even more severe drought.  They wilt permanently after 

loosing 50-75% of their water content.   

This classification provides a primary approximation of crops adaptation and distribution in various 

moisture regimes.  However it is too crude to serve as a useful guide for irrigation and other cultural 

practices.  For those purposes, it is essential to have an understanding of the various physiological 

plant responses to water.  Almost every process occurring in plant is affected by water.  Water is 

the major constituent of the physiologically active plant tissue; a reagent in photosynthesis and 

hydrolytic such as starch digestion; the solvent in which salt, sugar and other solutes move from 

cell to cell and organ to organ; and an essential element of the maintenance of plant turgidity 

necessary for cell enlargement and growth.   

 It is not, however, easy to establish a relationship between water stress and the various aspects of 

crop function.  The relationship varies with crop characteristics, stages of soil development, and 

climatic conditions.  Water deficiency not only reduces the yield but also changes the pattern of 

growth.  In general, effective rooting depth decreases as the soil moisture level increases.  Roots 

developed under limited moisture conditions are finer and have more and longer branches than 

roots developed under favourable moisture conditions.  The ratio of root to shoot usually is 

increased by water stress.  Leaf area is often reduced but leaf thickness is increased.   

 Water deficit in crop has a profound effect in the rate of photosynthesis because dehydrated 

protoplasm has lowered photosynthesis capacity.  Indirectly, once the leaf looses its turgidity, the 

stomata guard cell close, thus preventing any further intake of carbon dioxide for photosynthesis.   

In general the respiration rate of crops tends to increase as moisture decreases.  This change is 

however, much smaller than the accompanying changes in photosynthesis.   

 Soil moisture which is an important source of moisture to crops is determined by rainfall, 

evaporation rate and soil characteristics. The supply of soil moisture may vary from wilting point 

when no water is available for crop use to field capacity when the soil is fully saturated with 

moisture but is well drained.  In a water logged condition (i.e. when all the soil pores are completely 

filled with water), free movement of air within the soil is impeded and compounds toxic to the roots 

of crops may be formed.  At the opposite end is the condition of drought in which the amount of 

water required for evapotranspiration exceeds the amount available in the soil.  Drought condition 

makes crops wilt and eventually die.  Hence, too little or too much water is not good for agriculture.   
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 In the tropics where the temperatures are high throughout the year and the rates of 

evapotranspiration are constantly high, the role of moisture in crop production cannot be 

overemphasised.  Apart from this, over most of the tropics rainfall is highly seasonal and varies in 

amount from one year to another.   

 General Effects of Humidity on Crop Growth   

 Compared with most other climates, relative humidities are generally high in the tropics and this 

is the case during the rainy season.  High humidity of the air has been found to have some beneficial 

effects on plant growth, because many plants can absorb moisture directly from the air and the rate 

of photosynthesis generally increases with humidity (Baker, 1965).  High relative humidity also 

lowers the rate of transpiration thereby reducing the water requirements of crops while evaporation 

losses from the soil are also less than under dry conditions.  Generally, crop yields increase with 

increasing relative humidity (Arkley, 1963).   

  

CLIMATE AND AGRICULTURE IN THE TROPICS II  

 In this unit, we will examine the ways in which temperature influences crop growth and 

development.  We will also examine how climate indirectly influences crop growth through its 

effects on pest and diseases and water supply   

. General Effects of Temperature on Crop Growth   

 Temperatures are of course, closely correlated with insolation and it is therefore not always 

possible to separate the effects of these two factors on plant life.  It is however, certain that most 

physical and chemical processes in crops are strongly affected by temperature conditions.  Every 

species has an optimum temperature range of which growth and development proceed with 

maximum intensity and speed.  For most crops the cardinals range from 50C – 60C.  Temperatures 

below 60C are injurious to most crops while the upper limit for most crops ranges from 500C to 

600C.  Low temperatures kill or damage crops.  Prolonged temperatures above freezing retard crop 

growth and may even kill those crops adapted to warm conditions.  Low temperature may not kill 

plant cells directly, but indirectly by reducing the flow of water from roots and so interfere with 

plant transpiration and nourishment.  High temperatures are generally not as destructive to crops 

as low temperatures provided the moisture supply is adequate to prevent wilting and the crop is 

adapted to the climate zone.   

 The uniform temperature and its small seasonal variation characteristic of the tropics provide a 

wide range of choice of suitable crops in relation to temperature conditions; therefore temperatures 
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are rarely a critical factor in tropical agriculture (Nieuwolt, 1977).  As temperature conditions are 

frequently below optimum for most crops, there exists close a correlation between yields and 

temperature.  It is also expressed in the varit Hoff law which states that dry matter production 

doubles for every rise in temperature of about 100C.  Such correlations are however, not valid for 

many tropical crops.   

 Soil temperature is another significant control of crop growth and development.  At times, it is of 

greater ecological importance to crop life than air temperature.  Soil temperature affects the 

germination of seed and later influences root development and the growth of the entire crop.  Soil 

also affects the physical, chemical and biological processes in the soil that determine overall crop 

growth.  For instance, potatoes require air temperature of between 80C and 280C, the optimum 

being 180C.   

  

Agriculture, Pests and Diseases   

 The combination of high temperatures and high humidities characteristic of tropical lowlands, 

carries serious drawbacks for tropical agriculture.  For many tropical crops the yields are reduced 

both in quantity and quality by high temperatures, mainly because some diseases and pests thrive 

well under warm conditions.  High temperatures and humidities in the tropics also create highly 

favourable conditions for the proliferation and growth of numerous micro-organisms and insects, 

which spread diseases and pests.  They also encourage rapid and profuse growth of weeds and 

parasites which can drastically reduce yield.  Losses are not limited to crops on the field; they are 

equally serious after harvesting and during storage and transportation.   

 In Nigeria, crop losses due to pests have been estimated to be of the order of 50 to 60% of total 

crop production (Ayoade, 2002).  The periodic or seasonal nature of outbreaks of crop pests and 

diseases suggests that weather conditions play an important role.  Favourable temperature and 

humidity conditions encourage the growth and development of crop pests and disease causing 

germs.  Wind conditions control the transport and distribution of disease causing germs and spores.   

Locusts breed in the semi arid areas bordering the Sahara desert where there is enough moisture 

for breeding and for vegetative growth to feed the larva.  Thereafter, the mature locusts with the 

aid of northeasterly winds fly in swarms southwards during the day when air temperatures are 

between 200 and 400C.  The incidence of rosette and other diseases that attack groundnuts increases 

with increase in rainfall and humidity.  This is one of the reasons why large scale cultivation of 

groundnut is limited to the drier northern region of Nigeria.  Susceptibility to fungal diseases which 

thrive in warm, moist conditions has prevented cotton from being grown in southern Nigeria.  

Adejuwon (1962) demonstrated that too much rainfall reduces the number of cocoa pods per tree 

and increases the degree of infection by the black pod diseases in the cocoa growing areas of south- 
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western Nigeria.  The incidence of head mould that attacks sorghum has been attributed to high 

atmospheric humidity in Nigeria (Kassam et. al 1976).   

   

Agriculture and Irrigation   

Irrigation can be defined as the application of water to soil to provide moisture for crop growth. 

Irrigation is one of the oldest farm techniques used in supplying additional water in moisture 

deficient lands for crop production. This extends cultivations to the marginal lands. It also increases 

food production and increases yield. Irrigation is used in dry regions to which water can be  taken; 

regions where rainfall is highly seasonal; regions where the annual rainfall is too low or too variable 

from year to year to allow proper crop cultivation and regions of the world where rice is grown by 

the aid of irrigation.   

Large scale irrigation involves the construction of huge dams across rivers so that reservoirs are 

created to store water. Small scale irrigation involves the use of annual flooding of a river during 

the period of heavy rainfall in the upper parts of its valley (e.g. Nile valley, Ganges and Niger 

valley); the construction of tanks to store water directly from seasonal rainfall and digging 

boreholes from where water is pumped to wet crops or grasses or supply drinking water to animals.   

 In the dry tropics, a lot of water is required for irrigation. This is because the high temperature and 

low humidity of the areas increase the rate of transpiration, thereby increasing the water 

requirements of crop. Evaporation losses from soil are also high.   

  Crop Water Requirement   

 The water requirement of any given crop is determined by various factors, important amongst 

which are weather conditions (such as temperature, humidity, winds, sunshine) which determine 

the potential evapotranspiration of crops; crop water use which depends on the type of crops and 

the stage of development of the crops. The greater the leaf area of the crop and the more actively 

the crop is growing, the greater the amount of crop water requirement. The crop water requirement 

of crops can be determined in two major ways namely; by measuring lysimeter or evaporation pans, 

or by the use of formulae of which there are various types.   

 Crop Irrigation Requirement   

 Crop irrigation requirement is the portion of the water consumptive use of crops which must be 

supplied by irrigation to ensure optimal crop growth and development. It is the difference between 

crop water requirement and moisture available through precipitation and from soil moisture 

storage. Such crop irrigation requirement is actually the difference between potential 
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evapotranspiration (PE) and the actual evapotranspiration (AE). It is therefore, best estimated 

through water budgeting techniques such as those of Thornthwaite and Mather (1957) and Penman 

(1949).   

 Calculating irrigation water requirement will help to maximise irrigation water. This will also help 

in regulating the release of water to crops so as not to harm the soil (avoid leaching and salination).   

 Climate – Livestock Relationship   

 Weather and climate influence livestock directly or indirectly in three important ways. First, 

climate conditions affect the availability of water for animal consumption and determine the type, 

quantity and quality of pastures available for animal feed. Second, weather and climate have direct 

effects on animals and their body physiologic functions. Third, weather and climate affect livestock 

production indirectly by determining the type of animal pests and diseases that would be prevalent 

in a given area.   

The distribution of animals is affected by the availability and reliability of water supplies. The 

distribution of precipitation over a given area provides a rough guide to the availability of water in 

an area. Areas with little or no rainfall are deficient in water while areas of abundant rainfall have 

plenty of water, all things being equal. Humid climates are however not very favourable for most 

types of livestock because of the numerous pests and diseases such climatic breeds. Again, climates 

promote forest ecosystems, whereas livestock prefer grass ecosystems,  such grass ecosystems of 

the world as the African savanna the veldt of South of Africa, the steppes of Russia, the downs of 

Australia, the pampas of Argentina and the prairies of North America.   

 Moisture still determines the distribution of livestock within the grassland ecosystem. Areas with 

reliable sources of water, surface or underground, are usually well stocked with animals. In the dry 

savanna zone of West Africa, water is a major problem to livestock production. The problem of 

water shortages is most acute during the long dry season or in years of drought when the expected 

rain fails to fall. At such times water is provided for livestock from wells and boreholes. Watering 

points generally attract large numbers of animals.   

The West African pastoralists react to shortage of water and feed caused by the dry season or 

drought in years of low rainfall in two ways. Some dispose of their stock by selling them at very 

low prices to reduce the number of dead animals and alleviate rationing available food amongst 

fewer animals. Many migrate with their animals to more favourable climate zones where more feed 

and water are available for their animals. For instance the Fulani cattle breeders migrate at the 

beginning of the dry season from the Sudano-Sahelian savanna zone. At the onset of the rain they 

move back to the Sudan-Sahelian savanna belt. These movements immediately raise two problems. 
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First, the animals lose weight during the long trek southward and later northward; second, the 

animals are exposed to trypanosomiasis during their sojourn in the Guinea savanna zone.    

In years of rain failure in the north, a lot of livestock perish. Thousands of livestock perished during 

the West Africa Sahel drought of 19721974 as a result of lack of water and many more perished in 

the 19821984 drought. Drought is indeed a major problem to livestock production in the West 

African savanna.   

 It is not only the health of animals that is affected by climate; the reproductive capacities of animals 

are also affected. Temperature affects animals’ physiological functions and biochemical reactions 

within their various organs and tissues which may affect their productive capacity. It has been 

demonstrated that under hot conditions, diary cows tend to produce less milk while beef cattle 

produce less fats and flesh. This is partly because these animals tend to reduce their intake of food 

when it is hot. The effect of extreme cold on animals may also reduce production. Much of the 

body energy is used to combat cold. Long exposure of livestock to cold may cause frost bite or 

even death.   

Regional distribution of livestock is influenced indirectly by climate through pests and diseases. 

For instance, the southern part of Nigeria which has a more favourable climate and forage 

conditions for livestock has a lower population of livestock than the northern part. The reason is 

that the humid south is infested with tsetse fly that causes cattle trypanosomiasis responsible for 

high rates of morbidity and mortality among cattle. The drier north is free of this insect and hence 

free of the scourge of trypanosomiasis. In Nigeria, it has been argued that the humid southern parts 

of the country are as suitable as the drier northern parts for tropical cattle breed and more suitable 

for important temperate breed because of the lower heat on cattle in the south than in the north 

(Ojo, 1971).   

 Tsetse fly is found over most parts of Africa with the exception of the highland areas and relatively 

dry areas. The tsetse fly lives in the tree canopies where transpiration and shade maintain a 

combination of high humidity and moderately high temperatures necessary for its growth and 

development. Hence, only a few dwarf breeds of cattle that are resistant to trypanosomiasis thrive 

in humid and forested areas of Africa. However, most of Africa’s cattle populations are to be found 

in the tsetse fly free zones of the savanna  

  

   


