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Vice-Chancellor's Message

| congratulate you on being part of the historiolation of our Centre for
External Studies into a Distance Learning Centtee fleinvigorated Centre,
is building on a solid tradition of nearly twentyars of service to the
Nigerian community in providing higher educationth@se who had hitherto
been unable to benefit from it.

Distance Learning requires an environment in wieéanners themselves
actively participate in constructing their own kredge. They need to be
able to access and interpret existing knowledgeiartie process, become
autonomous learners.

Consequently, our major goal is to provide fulllthmmedia mode of
teaching/learning in which you will use not onlyintrbut also video, audio
and electronic learning materials.

To this end, we have run two intensive workshapgroduce a fresh
batch of course materials in order to increasetanbally the number of texts
available to you. The authors made great effortsinidude the latest
information, knowledge and skills in the differatisciplines and ensure that
the materials are user-friendly. It is our hope gt will put them to the best
use.

Professor Olufemi A. Bamiro, FNSE
Vice-Chancellor



Foreword

The University of Ibadan Distance Learning Programhas a vision of
providing lifelong education for Nigerian citizem$o for a variety of reasons
have opted for the Distance Learning mode. In th@y, it aims at
democratizing education by ensuring access andyequi

The U.l. experience in Distance Learning dateskliac1988 when the
Centre for External Studies was established ta cagenly for upgrading the
knowledge and skills of NCE teachers to a Bachell@gree in Education.
Since then, it has gathered considerable experiencgreparing and
producing course materials for its programmes. fHoent expansion of the
programme to cover Agriculture and the need toeng\the existing materials
have necessitated an accelerated process of cowat®gials production. To
this end, one major workshop was held in Decemi@62which have
resulted in a substantial increase in the numbecooirse materials. The
writing of the courses by a team of experts andrags peer review have
ensured the maintenance of the University’s higingards. The approach is
not only to emphasize cognitive knowledge but aldls and humane values
which are at the core of education, even in andge.

The materials have had the input of experiencetbrsdand illustrators
who have ensured that they are accurate, currehteamner friendly. They
are specially written with distance learners in anisince such people can
often feel isolated from the community of learnekdequate supplementary
reading materials as well as other information sesirare suggested in the
course materials.

The Distance Learning Centre also envisages tgular students of
tertiary institutions in Nigeria who are faced wighdearth of high quality
textbooks will find these books very useful. We #rerefore delighted to
present these new titles to both our Distance Lliegristudents and the
University's regular students. We are confiderdttthe books will be an
invaluable resource to them.

We would like to thank all our authors, reviewarsl production staff for
the high quality of work.

Best wishes.

gi%’k?( C//\M B

Professor Francis O. Egbokhare
Director
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LECTURE ONE

The Physical Environment

Introduction

The course, GEO 211, is an introduction to the jglay®nvironment. |
intend, therefore,

in this first lecture want to introduce you to thigysical environment.

Objectives
At the end of this lecture, you should be able to:

1. define 'physical environment' and distinguish @nfr the cultural
environment;

2. define 'energy' and be acquainted with the conadpéenergy
transformation; and

3. appreciate the various states of matter in theipalysnvironment.

Pre-Test

Take your dictionary and check the meaning of tleedwenvironment'.
Now, list the components of man's physical and aodgcultural)
environment.

CONTENT
Physical Environment

In a sense, the physical environment consistseoh#tural elements of the
earth with which man interacts in his day-to-dajsence. Such elements
include air (atmosphere) natural water bodies, saghivers, lakes and
seas, the ground, the rocks in the ground, soilthadlants and animals
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in the area. In a sense, the physical environnmeetiheé sum total of the
elements of the natural landscape, that is feasuel as hills, rivers, and
air etc. present in an area that were not madedyy m

You are aware that man has modified the naturaremwment and
created various features, such as towns, villagesls, railways, airports,
farms, plantation etc. These various features heerésults of human
effort and they form the elements of the cultusalcfal) environment. The
social environment is therefore the product of hanmeraction with the
physical (natural) environment. Usually, man's indirate surrounding is
the social environment. This is particularly sdarge urban centres where
the natural environment (especially the vegetatibay been greatly
modified and replaced by man-made features. Thaiphlyenvironment
provides water, air, food and various resources neguires in order to
survive on earth.

Realms of the Physical Environment

The physical environment consists of four main mealor main

subdivisions; namely: (1) atmosphere (2) lithosph@) biosphere and (4)
hydrosphere. The atmosphere is the layer of gasesusiding the earth
while the lithosphere consists mainly of rocks tfoatn the earth's crust.
The biosphere is the habitable part of the earthhich living organisms
are present. It comprises the top soil layer, tbeel layer of the

atmosphere and the water bodies. The hydrosphergst® of the water
bodies of the earth's surface in the form of stganvers, lakes and
oceans. These four main domains of the physicair@mwent are not
independent of one another. They influence onehanadnd are linked
together by the biosphere, which lies at the zdneoatact between the
atmosphere, hydrosphere and lithosphere. Besides, gtobal water
(hydrologic) cycle links all the four domains oktphysical environment.
The process of nutrient cycling also makes vitakdi between the main
realms of the physical environment. Both the hyalgal and nutrient
cycle and other processes operating in the physiceironment require
energy input and energy transformations.

Energy and Energy Transformation

Various physical processes operating in the enweort such as the flow
of air masses: vertical ascent of a mass air, we&thering, and even
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biological processes such as photosynthesis (treceps of food
manufacture by green plants) require energy inpo. bulk of energy for
powering biological, physical or chemical processeshe earth's surface
is solar energy that travels through space ancthesaitie earth in the form
of sunlight. When this energy reaches the eartlwfase, part of it is
transformed into heat for heating soil or waterfazes. The rest is re-
radiated back to the space as long-wave radiafart. of the light energy
from the sun is reflected directly back to the gpfiom the earth's surface
or from clouds while a part is fixed and storedgogen plants as chemical
energy.

| have been telling you about forms of energy authanswering the
basic question, 'what is energy?' Energy may bmelfas the capacity to
do work. There are various forms of energy, suchligist energy,
electrical energy, chemical energy, heat and kinetiergy. Energy can
not be created nor destroyed but can be transforfinoed one form to
another. Solar (light) energy can be transformed hreat energy. You
may have observed that on hot sunny days, thesadéce becomes hot
due to the conversion of solar energy into heatrgnat the ground
surface. Similarly, you should have observed thendformation of
electrical energy into light energy when you switchthe current and the
electric bulb glows with light.

The concept of energy and its transformation ait@l o an
understanding of physical, chemical and biologpmaicesses operating in
the natural environment. For instance, radiantg@né&om the sun can be
converted into kinetic energy (energy of movemdnt) powering the
flows of air masses, which partly determine thenaelies of the different
parts of the world. Besides, the pattern of flow af masses also
influences the surface circulation of water in dweans. The functioning
of the entire natural environment as a biophysioadium capable of
sustaining man and other living organisms depemdsonmtinuous energy
input and transformation.

Apart from solar energy, another form of energwilable in the
environment is geothermal energy, which originafiesn the inferior
layers of the earth. The interior of the earthesyvhot and the rocks in it
are in a liquid form. Occasionally, the hot liquidck moves into the
earth's crust where it forms various features fghills, dykes, laccolith,
volcanoes and lava cones. The energy for formimgyurious features
listed above is geothermal energy from the eairitésior.
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States of Matter

The physical environment consists of matter in edéht states. The
lithosphere consists of mainly of solid rocks, #tmosphere of gases, the-
hydrosphere of liquid and the biosphere of solidsiids and gases. Some
of the physical processes operating in the natemalronment involve a
change in the state of matter. In the hydrologideyor instance, water is
converted to the gaseous state (vapour) when wateneated and
subsequently evaporates. The vapour on coolings (hcurs when it
ascends) becomes liquid when it condenses. Ther vadatplets may
freeze if the air ascends to great heights in thsphere or may fall back
to the earth as rain. Thus, water can be transirmen the liquid state
into vapour or directly into solid (ice) and fromapour back to the liquid
state. The molecules of solids in the lithospheyendt usually undergo
marked alteration in their state as water moleculies However,
molecules of gases, such as carbon dioxide pres¢ime atmosphere, can
be fixed and stored by green plants and subsequérthsferred to
animals. Carbon stored in plant and animal tissieseased back into the
atmosphere or water when living organisms die awbohpose.

Post-Test

The energy originating from the interior of thetbas called:
interior energy;

geothermal energy;

solar energy;

thermal energy;

kinetic energy.

® 2 oo

Answer to Pre-Test

The components of man's physical environment aadfobrms, soil,
vegetation, air and water. The cultural environmeonsists of houses,
roads, parks, settlements, farms, etc.

References
Faniran, A. and Ojo, QMan's Physical Environment1980).
Strahler, A.N. and Strrahler, A.HEnvironmental Geoscience:
interaction between natural systems and n{aa73).

4



LECTURE TWO

The Structure and Composition of the
Atmosphere

Introduction

In the last lecture, you were introduced to the sit®l environment
comprising of the atmosphere, the lithosphere, tj@rosphere and the
biosphere. The next three lectures will be devatetthe discussion of the
energy systems of the atmosphere. In particularyillepay attention to
the consideration of the atmosphere as a systemobking at its
composition and structure, the energy balancearatmosphere as well as
a discussion of the important weather element®th the tropical and the
temperate climates. However, in this first lectanethe energy systems in
the atmosphere, we will investigate what the atrhesp itself looks like
by considering its composition and structure.

Pre-Test

Take out your dictionary and check the meaninghef atmosphere; and
list its major components.

CONTENT
The Atmosphere

The atmosphere can be described as a gaseous el to the earth
by gravitational forces. The composition of the asphere is fairly
homogeneous from the earth surface upward to @adatof about 80 km.
Take note of the fact that | used the term fairhmimgeneous because
there are internal variations in the compositioarewithin the range. This
fairly homogeneous portion of the atmosphere ierretl to as the
HOMOSPHERE. From an altitude of 80 km upward, tbemposition of
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the atmosphere is no longer uniform; hence; thisrlas referred to as the
HETEROSPHERE. However, in this course, you willrbere concerned
with the elements of weather in the homosphereusecd is here we have
the weather-making layer of the earth.

Components of the Homosphere

The homosphere consists of many gases that arecgigrfliffused among
one another to form the pure dry air. The comporgades include
Nitrogen (78.08 %) by volume; Oxygen (20.95%); Amngg0.93%);

Carbon-oxide (0.03%); Neon (0.002%); Helium (0.00)Las well as other
gases, such as Ozone, Xenon, hydrogen, metharmadxide and water
vapour. However, as stated earlier, the homospleeraot perfectly
uniform, therefore the above composition of the dnyvaries with the
factors of altitude, latitude, season of the yead #ime. We will now
consider how these factors influence the compaesttiche atmosphere.

Altitude : Generally, the dense gases are found at the Ilayers of the

homosphere, especially between the surface of #ndh eipwards to a
distance of about 15krn. The higher gases suchydoden and helium
are found at the upper layers. However, it is ingdrto note that the
atmosphere is not static, that is, it is a dynasystem. Therefore, turbu-
lence may bring the lighter gases downwards anetwéssa.

Latitude and Season‘Among the constituents of the atmosphere that vary
with latitudes and season are the ozone, wateruragood carbon-dioxide
contents of the atmosphere. For instance, ozontemrbis lower around
the equator and more concentrated over latitudésNo@nd S of the
equator. In the case of water vapour, its availghih the atmosphere is
closely related to high temperatures. Consequethté/highest amount of
water vapour is usually obtained during summeriariie lower latitudes.
However, there, are exceptions to this rule. FangXe, in the desert
region, where the temperature is constantly higbugphout the day, the
water vapour content of the atmosphere is still lmycause there is no
water to evaporate from the earth surface.

The carbon-dioxide content of the air is on therage, about 315
parts per million (ppm). However, the actual amoahtcarbon-dioxide
present in the atmosphere depends on the seasotat@#ndes. Thus,
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around latitude 500N, the concentration of carbmxide ranges from
310 ppm in late summer to about 318 ppm in sprifge lower value
obtained during summer is due to the absorptionsafe of the
atmospheric carbon-dioxide during this season.

Time: The amount of carbon-dioxide present in the aphese also varies
with time. Time here refers to the changes that occur betweepeteds
when a particular place is less urbanized and inidliged, to the time it
achieves a high level of urbanization and indulstation. For instance,
the carbon-dioxide content of the world's atmosphiecreased by 9%
between 1900 and 1935 as a result of the increasgbianization and
industrialization and has since then been on theease as more and more
places become highly industrialized all over therldioThe continuous
increase in the carbon-dioxide content of the aphese is partly
responsible for the higher temperatures experieneeently all over the
world.

Therefore, from the discussion of the factors ueficing the
composition of the atmosphere above, you will rtbt it is difficult to
state categorically that this is the exact compwsibf the atmosphere
because the composition varies with the seasoatitoc as well as the
time interval.

The next section will now focus on the structuréhaf atmosphere.

The Structure of the Atmosphere

The structure of the atmosphere refers to the idivisf the atmosphere
into temperature zones. The structure shows how tdrmperature
conditions at the different divisions or zones ezkated to the altitude.
The zones recognized include the troposphere, treosphere, the
mesosphere and the thermosphere. The differentrslagee shown
diagrammatically in Figure 2.1
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2.1 Diagram of the Structure of the Atmosphere

Thetropospheres the weather-making layer of the homosphere. The
layer lies between 0 and about 12.5km above thaiof the earth. In
this layer, temperature decreases with increasgighh above the sea
level at a rate of about 6.4°C per km. This rataeferred to as the
Environmental Lapse Raté addition, apart from the normal constituents
of the dry air, the troposphere also contains tiogt particles some of
which serve as condensation nuclei around whiclemapour condenses
to form clouds. Furthermore, the dust particlesasmmnally contribute to
the occurrence of twilight observed during sunasd sunset.

The level at which the troposphere gives way ® stratosphere is
known as theTropopauseas shown in Figure 2.1. The height of the
tropopause from the earth surface varies from al®ktm around the
poles to around 17km at the equator. Thus, theosphere layer starts
from between 10 and 17km above the earth surfadeexstends vertically
to a height of about 35km. At the stratosphereteamperature increases
gradually with increasing height which is the exapposite of what is
obtained in the troposphere.

Finally, the mesosphere gives way to the thermesphat the
boundary between the two layers referred to as ntlesopauseThe
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temperature within the thermosphere varies betvd@0° and 1650°C. In
this layer, there is an increase in temperaturk haight but the density of
air in this layer is the lowest because it consmtnly of the lighter
gases. Therefore, little heat is held or conduuatithin the layer.

Summary

The atmosphere is the gaseous envelope held &attie by the force o
gravitation. It consists of many gases which ineludtrogen 78.089
oxygen, 20.95%, carbon-dioxide 0.03% and argon%.93ther gase
include Neon, Helium, Ozone, Xenon, etc. The contipos of the
atmosphere is not static instead; it depends onattieide, latitude
season of the year and time. In terms of its strecfour major zones ¢
layer of the atmosphere can be recognized basettheomelationships
between temperature and altitude. The major zoreesha troposphere
the stratosphere, the mesosphere and the thermespbé the four
layers, the troposphere is the most important sauis the weather
making layer of the atmosphere.

—

U ©

=

Post-Test

List any ten major constituents of the atmosphenel @ive their
percentage composition

Which of the following is referred to as the weath®aking layer of the
atmosphere?

a. The lonosphere.
The Ozone layer.
The Troposphere.
The Thermosphere.
The Mesosphere.

®aoo

Answers to Pre-Test
Dictionary meaning
- Nitrogen, oxygen, carbon-dioxide, argon, xenaiium, ozone, etc.



Post-Test

1.

Nitrogen
Oxygen
Argon
Carbon-dioxide
Neon

Helium
Krypton
Xenon
Hydrogen
Methane
Nitrous Oxide
C

78.08%
20.95%
0.93%
0.03%
0.001 %
0.0005%
0.0001 %
0.00009%
0.00005%
0.00002%
0.00005 %
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LECTURE THREE

Solar Radiation: Nature, Distribution and Net
Radiation Balance

Introduction

This lecture will concentrate on the nature andiuwateon of the major
source of energy used on the earth's atmosphereadticular, | will
discuss those factors guiding the amount of enezggived at a point on
the earth’s surface as well as look at the gloisttidution of solar and net
radiation.

Pre-Test
What is the meaning of the term 'solar radiation'?
Differentiate between solar and net radiation.

CONTENT
The Solar Energy

As you might have known, the sun is the major sewfcenergy used on
the earth’s surface. Specifically, about 99.97%albthe energy used on
the earth’s surface is derived from the sun whike tremaining 0.03% is
mostly derived from decaying radio-active mineralghe earth's crust.

The average surface temperature of the sun ist&@000°C. The sun
emits radiant energy, which is received on thehé&arsurface as solar
radiation or insulation. The energy emitted by s travels about 150
million kms to reach the earth's surface in abdii @inutes. The solar
spectrum consists of both short-and longwave radiat The unit of
measurement of wavelengths is the micron (u), amel $hortwave
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radiation occurs within 0.39 u and 0.74 u. Radratioth wavelengths less
than 0.39 u is known as ultra-violent radiation khihose with
wavelengths more than 0.74 u are referred to asmtrered or longwave
radiation.

Factors determining the amount of Radiation receive at a place

Among the factors influencing the amount of insolatreceived on the
earth’s surface are the solar output, the soléudd, the length of day,
distance from the sun, latitude and the naturénefsurface receiving the
insulation.

1. The Solar Output:The sun emits about 56 x %€al/min, but most of
the energy is wasted in space. Only a very mintgpgrtion of only 2.55

x 10'cal/min or 4555 Million is intercepted by the earth. The teswlar

constantis used to describe the amount of energy recgreedinit area of
a surface held at the normal incidence, that iglea®0° at the earth-
atmosphere boundary. The value of the solar congabout 2 langleys.
1 langley is 1 cal. cf that is, the amount of radiant energy required to
raise the temperature of one gram of water By. Even though this
amount of energy is referred to as a constant,ndetgoes periodic
variation of about 1-2% in relation to the sun'srsgycle. The sun sport
cycle is the intensity of radiation emitted by then and it fluctuates
because of variations in ultraviolet rays accompamnyisturbances on the
sun's surface. Therefore, depending on the inten$itadiation emitted
by the sun, a persistent fluctuation of 1-2% in @meount of solar output
could change the effective temperature of the darths much as 1°€.

2. The Solar AltitudeThe second major factor influencing the amount of
energy received on the earth’s surface issthiar altitude The altitude of
the sun is, however, also determined by the latittide length of the day,
and the season of the year.

A variation in the amount of solar radiations isremprominent in the
middle and the upper latitudes. Generally, the mverécal the rays of the
sun, the more concentrated is the radiation intgmer unit area on the
earth’s surface. However, due to the fact that ghe rays are always
slanting in the temperature latitudes, less energgceived per unit area.
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3. The Length of the Days far as the length of the day is concerned, the
longer the day-time, the more the energy receiveti\ace-versa. Thus,
the tropical areas receive more solar radiatiom tthee upper latitudes
because the day-times are usually longer than maghtnost parts of the
year whereas day-times are only longer during sumimthe middle and
upper latitudes.

4. Distance from the Suilhe average distance of the earth from the sun
as noted earlier is about 150 million kms. Howewardifferent times of
the year, there are slight deviations from the nfegame. For instance, at
about the 3rd of January, when the earth is saidetan Perihelion, the
distance of the earth from the sun is 147 millidorketres and it is about
this period that the earth receives the greatéshsity of solar radiation of
2.01 langleys. By contrast, on the 4th of July, #daeth is ataphelion
which is the farthest distance of the earth froenghn (about 151 million
kms), a minimum solar radiation of only 1.88 langle received. This
difference could theoretically cause an increasealdut 4°C in the
effective surface temperature of the earth durhmg ggerihelion over the
aphelion period.

5. Latitude The latitudinal location of a place determinesthbahe
duration of daylight and the distance travelledsbyar radiation through
the atmosphere. Generally, the tropical areasveaeore insulation than
the middle and upper latitudes because the tropiess are passed over
twice during the year by the vertical rays of the svhereas the passage is
once in the upper latitudes.

6. Nature of the Surfac@he amount of insulation received at a place also
depends on whether the surface of that place impdf water or land.
Generally, land surfaces quickly return the heatodbed to the
atmosphere whereas water has a tendency to stermgblation that it
receives. The ability of a surface to reflect dure to the atmosphere the
energy it receives is referred toAlbeda Thus, land surfaces have greater
albedo or reflective capacity than water surfacHse albedo of land
surfaces varies between 8% and 40%, dependingeotyge of surface
whereas that of water is only 2 % to 3 %.
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Distribution of Solar Radiation

Now that you are familiar with the nature and fastguiding the amount
of solar radiation on the earth’s surface, let aw have a broad outlook
of the latitudinal distribution of solar radiatiomeceived at the earth’s
surface.

The highest insulation occurs in the sub-tropiegitudes, that is,
around the subtropical deserts of Sahara and Liljesert of North
Africa, the Arabian deserts of Saudi Arabia, thewtdeserts of Pakistan
and the Yuma deserts of North America. There iscerehse of value
towards the equator and the poles (See Figure 3.1).

200 200
L 1 1 1 7\
90°S 30°S 00 300N 90°N

Fig. 3.1 Mean latitudinal distribution of insulatian Kilolangley

You will notice that, despite the fact that thexmaum amount of
solar radiation is received at the equator, théndsg value is not at the
equator because of the following reasons:

1. the apparent migration of the vertical sureiatively rapid during
its passage over the equator, but its rate slowsdas it reaches
the sub-tropical latitudes;

2. the sun's rays remain almost vertically ovedhieas only 30 days
between latitudes °®5l and S of the equator, whereas it shines
almost vertically for 86 consecutive days in theb-swpical
latitudes; and

3 there is greater cloud cover at the equatooakzand this lowers
the effective amount of solar radiation receivedewltompared
with the desert areas where the skies are alwags.cl

Net Radiation or Energy Balance

The net radiation can be defined as the differdreteveen the absorbed
solar radiation by a surface and the effective oty radiation from that
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surface. The net radiation is expressed by theudtam

Ro= (Q+q)(1-x)—1where

Rn = Net radiation;

Q = Direct radiation;

g = Diffused radiation;

x = Albedo or reflection coefficient;
(Q +q) (1 + x) = Absorbed solar radiation;

| = Effective outgoing radiation.

On the global average, the amount of solar ramhatibsorbed by the
earth’s surface is 124 kilolangley per year and éfffective outgoing
radiation from the earth’s surface is 52 kilolarygteer year. Therefore, the
net radiation or the radiation balance of the éartburface is 72
kilolangley per year. By contrast, the total sokdiation absorbed by the
atmosphere is only 45 kilolangley per year, while effective outgoing
radiation amounts to 117 kilolangley per year. Efae, the net radiation
of the atmosphere is -72 kilolangley per year. Galhg the net radiation
balance is the sum of the values for earth’s sarfaed the atmosphere.
Therefore, for the earth as a whole, the net raxtias (+ 72 - 72) = 0. The
implication of this is that the earth-atmospherestayn as a whole is
prevented from getting warmer or cooler. Thereftmenaintain this state
of equilibrium, heat is normally transferred meoitially from the equator
which is constantly warm to higher latitudes. Youstrealize that, if this
heat transfer does not occur, the equator will &itirgg warmer and the
poles colder thus disrupting the equilibrium. Sarly, because the net
radiation balance of the earth’s surface is pasithat is, + 72 kilolangley,
while those of the atmosphere is negative (-72ailgley); heat is usually
carried from the earth's surface to the atmospliause preventing the
cooling of the atmosphere and the heating of tinih sarrface.

The positive net radiation of the earth surfacased for a number of
processes as shown in the equation below:

Rin=LE+H+G+f+P

R, = Net radiation;

LE = Latent heat of evaporation;

H = Sensible heat;

G = Energy for heating soil and water,

15



f = Net grain or loss from advection;
P = Energy for photosynthesis.

However, the effective use of the earth net ramhais given by the
equation R = IE + H because over a long period G, may becoomstant
andA f may equal to zero while P is always too smakegligible.

The highest value of latent heat of evaporatiorobsained in the
tropical ocean because temperature is high andrwstavailable for
evaporation. Generally, the latent heat of evapmratalue is highest in
the tropical areas, very low in the land massethefsub-tropics and the
value decreases generally towards the poles.

By contrast, the highest values of sensible heatoatained on the
land masses of the sub-tropical areas decreasigtlgl towards the
equator and towards the polar areas. However, #reréew anomalies in
the distribution. For example, in the North AtlantDcean, there is
relatively high value of sensible heat, which i® dnainly to the effect of
warm ocean currents.

Summary

The surface of the sun with a mean temperature boluta6000°C|
accounts for more than 99% of the total energy usedhe earth'’s
surface. Among the factors influencing the amouft irgsulation
received at a place on the earth-surface are tae sotput, the solar
altitude, distance from the sun, latitude and thture of the surfacg
receiving the energy. The solar radiation diffexanf the net radiation

"

U7

because the form is the total energy emitted bystire while the latte
is the difference between the absorbed solar iadiand the effective
outgoing radiation. The net radiation of the earthirface is used fg
such processes as evaporation, for heating soimater surfaces and
photosynthesis.

=

Post-Test

1. The unit of measurement of solar radiation Wevgth is:
a. centrigrade.
b. calories.
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C. micron.
d. kilolangley.
e. centimetres.
2.  When the earth is at the perihelion, whichheffollowing is true?

a. The distance of the earth from the sun is 1dlflomkms and the
amount of solar radiation received is about 2.04lkys.

b. The distance of the earth from the sun is 1dlfomkms and the
amount of solar radiation received is the solarstamt.

c. The distance of the earth from the sun is 180om kilometres
and solar radiation received is 2.01langleys.

d. The distance of the earth from the sun is 1%liom kms and
solar radiation received is 2.01langleys.

3. State any two uses of the net radiation oktimh’s surface?

Answers to Pre- Test and Post-Test
Pre-Test
1. Answer as in the main lecture;
2. Answer as in the main lecture.

Post-Test
1. C
2. A

3. Evaporation, sensible heat, photosynthesis, fotirgasoil and
water surfaces (Any 2).
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LECTURE FOUR

The Physical and Dynamic Bases of Wather
and Climate

Introduction

This lecture will focus on the major weather andmatic processes
occurring in the earth-atmosphere system. In pdaic we will examine
in detail, the processes of evaporation, air stglahd cloud formation, as
well as the general circulation of the atmosphere.

Objective

You will recall that in the last lecture, we empizad the fact that the net
radiation of the earth surface is used mainly fbe tprocesses of
evaporation and for warming the air or ground stefaHowever, it is
important to stress here that more of the energylable on the earth
surface is used to evaporate water. To be speabout 82% of the
available energy is used up during the evaporgiionesses.

Pre-Test
Check the dictionary meaning of the terevaporationandcondensation.

CONTENT

Evaporation: can be simply defined as the loss of water to the
atmosphere. During the process of evaporation,nstarned into vapour
and carried upward to the atmosphere. A consideralount of energy is
used in turning the water into vapour. In fact,ta®50 calories of energy

is required to evaporate one gramme of water.
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Nevertheless, the rate of evaporation depends estaiic climatic
factors. These include the availability of enertie nature of the surface
over which evaporation is taking place, the retmwmidity of the air as
well as the air turbulence or wind speed. We wdivnexamine briefly
how each of the factors listed above affects e\atpmor rate.

1. The available energy is usually dictated bytdraperature of the
air. Therefore, all other factors being equal, evapon occurs
more in a warm area than in a cold environment.

2. The nature of the surface affects rate of eratjmm, depending on
the actual amount of water available on the surkceavell as the
ease with which the moisture is released to th@spimere.

3. As far as the factor of humidity is concerngédnerally, if the
relative humidity of the prevailing air is tightftle evaporation
will take place because the air will not be ablehtwd more
moisture. By contrast, if the air is dry, that i§,the relative
humidity is low, the rate of evaporation will beghibecause the
air will be able to hold more moisture.

4. Finally, air turbulence or wind speed ensuhed the saturated air
is removed and replaced by relatively fresh ait tan hold more
moisture. But if the air is still, that is, if treefs no turbulence, the
overlying air will become saturated and hence rapevation will
take place.

It is necessary to differentiate between some dea® far as the
process of evaporation is concerned. These are deatagn and
Evapotranspiration; and the Actual and Potentigevation.

Evaporation is the water loss that occurs on bare or watdases while
evapotranspiration is the term used to describeptbeess of water loss
from vegetated surfaces where transpiration isabrimportance.

Potential Evaporation/Evapotranspiration is the amount of evaporation
or water loss that would occur assuming that wetealways available.
However, water is not always available becausesaéasnal variations in
rainfall. The concept of potential evaporation oragotranspiration
assumes that the soil is always at field capaatyhat there is always
water to evaporate. Thactual evaporation/evapotranspirationis the
amount of water loss that occurs under the prewgilveather conditions
at a particular time.
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Evaporation is an important process in the eartiegphere system
because apart from its role in hydrological cydlés also very crucial in
the energy exchange between the earth and the @leres on the one
hand, and between the low latitudes and uppeuths, on the other hand.
In addition, it is also important in agriculturedagise it gives an indication
of the water needs of plants. Finally, it also play significant role in
water resources management, especially in the magi@nd building of
dams and reservoirs for water supply purposes.

Air stability and instability

After evaporation has taken place, the vapouraissported upward to the
atmosphere by air currents. Certain conditions rbadulfilled before the
wind or air mass moves upwards. The concept ofstbility and
instability is fundamental to an understandinghaf origin of precipitation
and the relationships between air masses and pegiwp.

An air mass or air parcel is said to $table neutral or unstable if
when subjected to a disturbing impulse, it retum#s original position,
remains on its disturbed position or moves furdaeay from its original
position when the disturbing impulse is removede Tdisturbing impulse
could be caused by orographic effect, or solarihgat

In a stable air mass, the environmental lapse isafess than dry
adiabatic lapse rate; therefore, if the air is édr¢o rise, it will always be
cooler and denser than the surrounding air andfafilback to its original
position. By contrast, when the environmental lajade is greater than the
dry adiabatic lapse rate, the air will be warmed dighter than the
surrounding air; therefore the air will continue nwve away from its
original position once a disturbing impulse sets threrefore becoming
unstable

Two types of air instability can be recognizedeTinst is conditional
instability whereby an air parcel may be stablésriower layers but when
forced to rise either by convectional heating argoaphic effect becomes
warmer than the surrounding air and therefore rigpsfreely thus
becoming unstable. This type of instability is redd to as being
conditional because the instability is a functidrire relative humidity of
the air. Condition instability occurs more frequgriiecause the value of
the environmental lapse rate is always betweendilyeand saturated
adiabatic lapse rates.
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The second type is thBotential or Convective instability. This
occurs if after uplift, an air parcel becomes ctindally unstable; its
previous position is referred to as the conveativpotential instability.

Lastly, an air parcel is said to be neutral if widisturbed, that is,
forced up or down, it has a tendency to remaintsndisturbed position
once the disturbing impulse is removed. This typeitoation is observed
when the environmental and dry adiabatic lapsesgual.

Cloud Formation

Before condensation can occur, there must be aidrtpe temperature of
an air mass to theew point temperature The dew point temperature of
a given air mass is die temperature at which s@uraccurs if air is
cooled at constant pressure without addition ooneahof vapour.

In reality, condensation takes place under comaftithat involve a
drop in temperature of air mass. These conditiootide the passing of
warm moist air over a cool land surface; the mixwofgair masses of
different temperatures so that the temperaturbefrarmer air is lowered
as a result of the mixing, and finally; by the dyma process of adiabatic
cooling which involves an increase in the volumehaf air mass due to a
decrease in pressure. This eventually leads to veeriog of the
temperature of the air mass until the dew poinfemature is reached.

Generally, clouds result from condensation pracessl it is an
essential stage before precipitation can occuru@oare aggregates of
very minute water droplets and ice crystals witkirthhases well above the
earth's surface. They could be formed as a restheovertical motion of a
saturated air leading to convectional rain or imcéol ascent over a
mountain as in orogenic rainfall, or forced asadniarm air over cold air
as in frontal rain.

Clouds can be classified on the basisiptkape, structure and form
of appearance and ) the height of the cloud in the atmosphere. Asafar
the first criterion is concerned, the major typdsctouds recognized
include CIRRIFORM clouds, which have fibrous appsae;
STRATIFORM clouds which are in layers and CUMULIF@Rclouds
with a heaped appearance. With respect to the demdsrion, three types
of clouds; low, medium and high clouds could beoggtized. However,
the height of the cloud varies at different latgad
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Table 4.1: Classification of clouds according to hght

Types Symbol Description

Cirrus Ci High clouds of about 6000-12000m
Cirrostrastus | Cs
Cirrocumulus | Cc

Altrostratus As Medium clouds of about 2000-6000m
Altrocumulus | Ac
Stratus St Low clouds of about 0- 2000m

Stratocumulus| Sc
Nimbostratus | Ns

Cumulus Cu Clouds with vertical development

Cumulonimbus Cb whose
height may vary from 0-600m

Finally, before we round off our discussion of densation and cloud
formation, | would like to explain the process ain-drop formation. Two
major theories have been propounded to explairptbeess of rain-drop
formation. These are:

1. The Bergeron-Findeisen theory; and
2. The Coalescence theory.

The first theory applies to clouds, which extemydnd the freezing
level in the atmosphere. According to the thedryhere are clouds made
up of both water droplets and ice crystals, theciystals will grow larger
at the expense of the water droplets until theyobectoo heavy to be
supported within the cloud. The ice-crystals wiletefore start falling
down, but as they fall if they encounter warmerhgirthe time they reach
the ground surface, they will be melted to forrmrdiops. However, if the
air near the ground surface is very catd0(C), then the ice crystals will
fall as snow which is a common phenomenon in theédhai and upper
latitudes. The theory applies mainly to the temgelatitudes because the
clouds in the tropics are almost totally water detgp Note that ice
crystals grow larger at the expense of the watepldts because the
saturated vapour pressure over ice is less thdarotlea water, therefore,
vapour that is only saturated with respect to watgrour will be super-
saturated with respect to ice crystals.
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The second theory is applicable to the tropicsrevtiere clouds are
made up mainly of water droplets. However, the wdéposits making up
clouds in the tropics are of different sizes. Thane within the cloud, the
bigger droplets will fall faster than the smallenes because they are
heavier. Nevertheless, the bigger water dropletaatdall directly to the
ground, instead they create a vacuum to whichasvdrthe smaller water
droplets which then increase in velocity in orderovertake the bigger
ones and in the process collide with them and asmetheir sizes. The
bigger droplets therefore tend to grow bigger aiggjdr until they can no
longer be held in the cloud again and they evelytdal down as rain.

The General Circulation of the Atmosphere (GCA)

The last aspect of the physical aspect of weathdrdimate which we
will consider briefly in this lecture is the Genkr@irculation of the
Atmosphere (GCA). This is a very important aspédatlionate because its
characteristics, features and controlling factoetednine the global
climate. The GCA can be defined as the large sgattern of wind and
pressure which persists throughout the year o reeasonally The GCA
is sometimes referred to as the primary circulatddnthe atmosphere
because we have other types of circulation embedd&dThus, we also
have the secondary and tertiary circulations. $keeondary circulation
consists of depressions and anticyclones whiclec@remon features in the
temperature latitude as well as the various trépicsturbances such as
the hurricanes. Theertiary circulation pattern consists of the local wind
systems such as the land and sea breezes, as svéheakatabatic
(mountain) and anabatic (valley) winds. The katabatnds occur during
the night, while the anabatic winds are more freqqaering the day.

The major factors that determine the pattern & @CA are the
inequalities in the distribution of net radiatianomentum and moisture
between the lower and the upper latitudes, as agefluch other factors as
the relief, distribution of land and sea and thtion of the earth. Thus,
the main function of the GCA is to transfer energypmentum and
moisture from areas of surplus to areas of defitltis is to prevent
accumulation of surpluses in some areas and defigim other areas.
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Summary

This lecture has discussed the major weather anwatit processes i
the earth-atmosphere system. In particular, atentias focused on the
use of energy in the atmosphere for various presessid how th
energy is circulated within the system. We alscedahat most of th
energy available on the earth surface is used lfier grocess o
evaporation. However, after evaporation has takaoep the vapour i
transported upward by air-currents. Depending ersthbility of the aif
current, condensation, followed by cloud formatimay occur. Twa
theories of raindrop formation process were disedigs the lecture|
Finally, a brief description of the General Cirdida of the atmospher|
and the major factors determining its pattern ve¢se mentioned.

U

[

Post-Test
1. Give a brief definition of the following terms:
a. Evaporation.
Conditional instability.
Stable airmass.
Primary circulation of the atmosphere.
Tertiary circulation of the atmosphere.

®ao0o

Answers to Pre-Test and Post-Test
Pre-Test
Dictionary meaning oévaporationandcondensation

Post-Test
1. Evaporation is the loss of water to the atmosphédrereby water
in the liquid state is turned into vapour (gasestase).

2. This can be defined as a situation whereby stableasses at the
lower layers become unstable when forced to risedibiurbing
impulses.

3. A stable air-mass is an air-mass that returnsstoriginal position
after the disturbing impulse has been removed. Thipossible

24



when the environmental lapse rate is less thandtiieadiabatic
lapse rate that is, the rising air is colder andisde than the
surrounding air.

4. The primary circulation of the atmosphere is alsown as the
general circulation of the atmosphere and can metk as the
large scale pattern of wind and pressure whichigtettsroughout
the year or recur seasonally.

5. The tertiary circulation of the atmosphere is enasebin the GCA
and consists mainly of the local wind systems, sagthe land and
sea breezes.

Reference
Ayoade, J. Olntroduction to Climatology of the Tropics. John
Wiley & SondPublishers. (1983).
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LECTURE FIVE

Weather and Climate in the Temperate and
Tropical Latitudes

Introduction

This is the last lecture we will have on the enegypstem in the
atmosphere. Therefore, the lecture will be devatethe examination of
the weather and climatic systems of the tempenadetlae tropical zones
of the world. In addition, the lecture will conside control exercised by
climate on man and his activities and vice-versa.

Pre-Test
List the factors that determine the climate ofacpl

Which of the factors do you consider to be the nmogbrtant determinant
of the climate of a place and why?

CONTENT
Differences in Temperate and Tropical Climates

The temperate and tropical climates differ from cemeother in the
following respects:

1. The amount of insulation received in the trepgchigh throughout
the year with little seasonal variations while hre ttemperature
latitudes, the amount of insulation is low with @fer seasonal
variations.

2. The dominant air masses in the tropics are f@wand the major
distinguishing feature of the tropical air-massestheir relative
humidity. By contrast, there are numerous air-masse the
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temperate latitudes with several criteria to ddfdgrate between
them

3. As you know, precipitation in the tropics isimg in form of rain,
whereas precipitation in the temperate latitudesisbts of rain and
snow with the snow dominating the winter season.

With these differences between the tropical and thmperate
climates, we could realize that their weather systewill also differ
significantly from each other.

The Temperate Weather Systems

The most important weather system in the middle @mgker latitudes is
referred to as the FRONTAL DEPRESSION. The fromtapression is
usually formed where air-masses having differenpprties meet. An air-
mass by definition - is a large body of horizontaiform air coming from
either a tropical or polar region and travellingasecognizable entity
about the earth surface. The idea of an air-massfina introduced by a
man named Bergeron in 1928. There are differerdasyyf air-masses and
generally three main criteria are used in classgthem. These are origin,
properties and the geographical location of the@®tegion. Thus, an air-
mass that originates from the ocean - is refewegstamaritime air-mass
while those that originate from land are referredas continental. In
terms of properties, an air-mass could be warm o while the
geographical location could either be Tropical, apol Arctic etc.
Generally, the source region of an air-mass detegmits characteristics.
Thus, a tropical maritime air-mass is warm and hkumhile a tropical
continental air-mass is warm and dry. However,h&sdir-masses move
away from their source regions, they get modifigdh® characteristics of
the underlying surface over which they move.

The term FRONT is used to describe the comingthegeof two air-
masses of contrasting properties; and the procgswhich fronts are
formed is referred to as FRONTGENESIS. After thenfr has been
formed, it later disappears and the process bylwthie fronts decay or
disappear is known as FRONTOLYSIS.

Before Frontogenesis can occur, the two adjacennhasses must
have contrasting properties. In addition, the afshesic circulation in the
areas must be convergent in nature and strong &rtouging the two air-
masses towards one another. Finally, the corrfolise of the wind must
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be strong enough to ensure that the warm air-maes ot just lie on top

of the cold air. That is, the force must be strengugh to ensure that the
warm air is in between the modified cold air infft@nd the fresh non-

modified cold air in the rear.

The disappearance of the front that is, frontslysicurs whenever the
conditions stated above no longer hold. Thus, wiené¢he contrast
between the air-masses in terms

of their properties is weakened frontolysis setdnnaddition, fronts will
also disappear if there is no convergent flow.

There are two important temperate weather phenanassociated
with frontogenesis:

These are

1. the development of a low pressure system known as a
DEPRESSION; and

2. the development of ANTICYCLONES

Depressions are massive weather systems with ypeesscreasing
from the centre outward. The isobers of a deprassioweather map are
generally elliptical in form with the long axis ngaing up to 2000 km
and the short axis about 1000 km in a fully devetbfrontal depression.
The depression moves through the atmosphere aathef about 30 kph
to 50 kph in winter when the difference in temperat between the
temperate and tropical latitudes is more pronountetius now describe
some of the weather characteristics associated thighpassage of a
depression over a place. There are two types a@itdron a depression.
These are the Warm and the Cold fronts. A warmtfisrdefined as a
zone where there is an active upglide of lighternvair over cold dense
air. In a cold front, there is a forced ascent afw air over cold air. This
is as a result of the cold air actively undercgttand forcing or uplifting
the warm air.

The passage of a depression is characterized ffgredit types of
weather denoted as a, b, c, d, e and f as shofiguire 5.1 below.

28



/
~

o
o
>
s

—

Warm front

Cold front

Figure 5.1 The passage of depression

Generally, depressions move eastwards from thewitst life cycle of
three to four days before dissipating over landed&dhof the warm front,
that is at point (a) as shown in fig. 5.1, pres$alls steadily and there is a
slow rise in temperature coupled with continuous @ snow. At the
passage of the warm front, that is, at point (le) fld1 in pressure stops,
but temperature continues to rise. Although préeaifmn in form of rain or
snow stops visibility becomes poor. In the reathefwarm front that is, at
(c), there is little or no change in pressure ammhpterature is almost
steady. The weather is generally fair with somezei Visibility remains
poor and there may be mist or fog. As the coldtfapproaches, there is a
fall in pressure; temperature is fairly steady wainfall accompanied by
thunder. Visibility still remains poor. At the pasgg of the cold front, that
is, at (e), pressure rises rapidly and there igdalen fall in temperature.
Rain is heavy and sometimes accompanied by thuaderhailstones.
Visibility is still poor. Finally, at the rear ohe cold front, pressure rises
slowly and there is little change in temperaturdie Theavy rainfall
continues for sometime and then clears up leadirgpod visibility.

The second major weather phenomenon in the tetepkiitudes is
the development of Anticyclones. Anticyclones gefigr occur in
conjunction with depressions and are associatett Wigh pressures.
Generally, the weather in an anticyclone tendsetalty warm and sunny
in summer. In winter, the anticyclones may be assed with cloudy
conditions often accompanied by fog. In generaticgolones give fair
sunny weather while depressions are associated padibr weather
conditions.
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The Tropical Weather Systems

Even though the tropical weather is not as charigeab the temperate
weather described in the last section, it is ocredly associated with
violent disturbances. Actually, the term Tropicaktrbances is used to
denote the various violent weather phenomena expexd in the tropics.
Some of the weather phenomena include Hurrican&sapical Cyclones,

Tornadoes and Thunderstorms.

Hurricane or Tropical Cyclone

This is also known as the Typhone around JapanneClind the
Philippines, and also known as Willy-Willies offetrcoast of northern
Australia. A tropical cyclone is an almost circulatorm centre of
extremely low pressure into which winds are spagliwith great
velocities. A tropical cyclone is usually accomphby a very heavy rain.
The cyclone is a very destructive tropical stornthwdiameters of about
650 km travelling at the rate of about 20 km peaurhdts life span is about
a week. Some of the conditions favouring its foioratre:

1. A relatively large ocean with high surface tempamatof at least
27°C. This is to ensure that the air above the mégavarm and
humid.

2. A large volume of corriolis force to cause a vortasculation of
the air hence cyclones are not common near thet@owaere the
corriolis force is close to zero.

3. There must be a pre-existing tropical disturbance.

Generally, cyclones are prevalent in late summer early autumn even
though no season is entirely free from them. Theyenwestwards instead
of the eastwards movement of the depressions,anfalf in the tropical
cyclones are more torrential and more evenly thgted than in a
depression.

Tornadoes

The Tornado is the most violent of all the tropistrms. It consists of a
small funnel cloud generally less than 0.5 km ianteter with a wind
velocity of about 100 m/sec. The origin of tornaslée unknown but they
tend to occur usually along equal lines and caddtl. They are relatively
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an unimportant feature of the earth's climate. adaes are most common
in the states of lowa, Kansas, Oklahoma and Arlari3ae to the narrow
diameter of the tornadoes, the area over which taese destruction is
also narrow but everything in its path is destroyed

Thunderstorms

Thunderstorm is not peculiar to the tropics aloraher, it can also be
experienced in the mid-latitudes especially durs\gnmer when the
weather is warm. The most common type of thundersie that due to
solar heating; hence, it is known a&bBhermal Thunderstorm A
thunderstorm typically forms a cumulonimbus clotiie first stage in the
formation of a thunderstorm is lightning. Lightniiggthe spark discharges
taking place between area of positive and negafihages either within
the cloud, or between the cloud and the groundasarf The heat
generated by the lightning causes rapid expansioncantraction of the
air through which the discharge is passed, resultinto thunder.
Thunderstorms may be accompanied by heavy or tatlgall, depending
on the amount of moisture locked up in the clouds.

Climate and Man

We will round off this lecture by examining the \ars ways by which
climate influences man and vice-versa. Climatenigygportant component
of the natural environment because it influenced oaly other

environmental processes, such as geomorphologidind plant growth
as well as the development of man. In fact, theomagsentials of life for
mankind namely: air, water, food and shelter degendlimate.

Climate and climatic variations influence man'sltie agriculture,
commerce and siting of buildings.

1. Healthh Generally, human health, energy and comfort #ezizd
by climate. For instance, certain illnesses arenafie-induced,
while several diseases affecting human beings helsse
correlation with climatic conditions.

Also, human physical vigour is influenced by swtimatic elements
as temperature, humidity and wind. For instancgh hemperature and
humidity tend to decrease physical and mental vigbua similar way,
very dry air or extremely low temperatures may aleduce ability to
work. In addition, extremely high temperature megd to stroke or heat
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exhaustion while extremely low temperatures mayragge ailments
such as stiff joints, swollen sinuses and arthriiigthermore, climate may
also affect the resistance of the human body toesaliseases and
influences the growth and spread of some diseadbgio carriers.

Certain diseases are also prevalent in certainatiinzones or
during a particular season. For example, malari yllow fever are
tropical diseases because the germs causing th&séis are transmitted by
mosquitoes that survive in the tropical climatedyofPneumonia and
influenza depend on the season of the year andnare prevalent in
winter.

2. Agriculture As far as agriculture is concerned, climate iafices
agriculture, the first is through weather hazam<rops and, the
second’s through the control exercised by climatethe type of
agricultural activities that are viable in a givarea. Apart from
this, climate also influences nearly all the stageslved in
agricultural production such as land preparatiawisg method,
crop-growth and management, harvesting and storage.

3. Commerce In commerce, certain climatic conditions encoerag
people to go out for shopping while others suclextseme cold
tend to reduce sales as many would-be shopperpreiiér to stay
at home. Climate also influences, transport and ncomcation
systems by impairing visibility and usability resfieely. Outdoor
recreation activities can also be carried out itadle climatic
conditions prevail.

4. Siting of buildings Finally, weather and climate are important
factors in the efficient siting of buildings, cheio( materials and
whether to install air-conditioner in the buildingnot.

On the other hand, man may also influence clinostiberately or
inadvertently. The purposeful modification of weathis known as
weather control and it is usually undertaken amathegrs to:

a. reduce economic and social loss from severe weathEmomena,
such as hurricanes and thunderstorms;

b. to improve health as well as mental and physidatiefhcy; and

c. to augment the supply of certain elements thairaghort supply.
For instance, cloud seeding may be embarked upamctease or
augment the supply of water.
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Man can also influence climate inadvertently tlgiothe processes of
urbanization, industrialization, deforestationnfiamg activities or creation
of artificial lakes to provide water for variousess such as hydro-electric
power production.

Summary

The difference in the climate of the temperaturd &mopical zones is
caused by the differences in the amount of insmtateceived as well gs
the dominant air-masses in each zone. Two importasather
phenomena in the temperate latitude are depresaimhanticyclones.
Climate in the tropical latitude is not as chandeads that of the
temperate zone but there are occasional tropisturbances such as the
hurricanes, tornadoes and thunderstorms. The dinudt a place
influences such important human activities as agitice, commerce,
recreation as well as his health. In turn, man ailflaences climate by
purposefully and inadvertently modifying weathed atimate.

"4}

174

Post-Test
Write True or False.
1. Precipitation in the temperate latitudes is mainlform of rain.

2. An air-mass that originates from the land is reférto as a
marytime air-mass.

3. Frontogenesis is the decay or disappearance oha fr

In a depression, a warm front is the zone whereetigean active
upglide of warm air over cold, dense air.

Hurricane is a major weather phenomenon in the éeate zone.
The life-span of an hurricane is about 3 weeks.
The most violent tropical storm is the hurricane.

Anticyclones give fair sunny weather while depressi are
associated with good weather conditions.

9. Climate can influence the type of agriculture pissezt in a place.

10.The term 'front’ can be described as the comingthmy of two air-
masses of different properties.

»
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Answers to Pre-Test and Post-Test
Pre-Test

1. Among the factors are latitude, altitude, distafioen large water
bodies and the prevailing air-masses.

2. The single most important factor is latitude. Tlés because
latitude determines the amount of seasonal vanatfoinsulation
that will be received at a place.

Post-Test

1. False
False
False
True
False
False
False
False
. True
10.True

© 0N Ok WD
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LECTURE SIX

Energy Systems in the Hydrosphere

Introduction

This is the first of the three lectures on the gpesystems in the
hydrosphere. The hydrosphere, as we are awaresothd aqueous
envelope of the earth, which consists of the ocedalses, streams,
underground water, polar and mountain glacierd, moisture as well as
water vapour in the atmosphere. In this first lestwe will look at the
composition of the hydrosphere as well as discheshtydrologic cycle
and the water balance budget. Finally, the lectutealso consider the
circulation systems in the oceans.

Pre-Test
Define the ternhydrosphereand list its major components

CONTENT
Water

Water by its nature is an element, which occursegaly in all the three
states of matter. It can occur in solid form ergw, ice or hailstones; in
liquid form e.g. rain water; and in gaseous forgn &ater vapour. About
75% of the surface material of the earth’s crusiscsis of water and more
than 66% of the composition of most living mattemade up of water. In
addition, water is a universal solvent becausésgalves many substances
and the solubility of water increases as the teatpez of water is
increased. Furthermore, it is also an important nggphic agent
especially in the processes of weathering and foomaof various
landforms.

35



The Composition of the Hydrosphere

The hydrosphere, as noted in the introductory gectionsists of oceans,
lakes, underground water, etc. The compositionshefhydrosphere in
volumes and in percentages are as shown in tallle 6.

Table 3.11: Composition of the Hydrosphere

S/IN Components Volume in 000 su.km  Proportion in %

1. World Oceans 1,370,323 93,93

2. Underground water 60,000 4.12

3. Glaciers 24,000 1.65

4. Lakes 230 0.40

5. Soil moisture 8.3 0.40

6. Atmospheric 14 0.40
vapour

7. Rivers 1.2 0.4

As shown in Table 6. I, the world oceans make up Iblilk of the
hydrosphere. The: world oceans cover an area aft8888 million square
kilometres or 70.8% of the earth’s surface withotalt volume of mote
than 1,370 million cubic kilometres. The major ateaf the world and
their percentage Coverage are as shown in

Table 6.1. Table 6. 2: The Major Oceans

SIN Oceans Areas(million km) | % ocean surface
1. Pacific 179.7 49
2. Atlantic 93.4 26
3. Indian 76.0 21
4. Arctic 14.0 04

As far as the underground water is concerned, rti@e half of the
available volume is stored within a depth of ab830 m. The glaciers
contain about %4 million cubic kilometres of watand if all the ice on
earth were to melt, the level of the sea would bges4 meters and this
would increase the surface area of the sea by ab®®0,000 square
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kilometres and reducing the available land aregherearth by 1%. Even
though, the inland waters, that is, the lakes avets contain only about
230,000 cubic km of water, they are probably thestmmportant of all

water resources from the economic point of viewe Tdtal volume of soil

moisture is 83,000 cu. km but not much of the va@umuseful to plants
because of the way some of the water are helckisahi.

Finally, most of the water vapour lies within ttireposphere and the
total volume of the atmospheric water vapour isuahib4,000 cu. km.
However, as a result of the continuous interchangate hydrological
cycle, the water vapour produces precipitation alnforty times greater
than its volume. We will now go on to discuss thelrological cycle,
which is central to the study of the hydrosphere.

The hydrological cycle

The hydrologic cycle is the term used to descriteedndless interchange
of water between the ocean, air and land. The dyateneither beginning
nor an end. The hydrologic cycle (see Figure &dhsists of two phases,
the land and the ocean phases.

In the land phase of the cycle, water is evapdr&tem the oceans
and most of the moisture is adverted inland as wapy air-masses. The
vapour later condenses to give precipitation on ldred. The falling
precipitation is used in many ways, but the wateméually sinks into the
ground as underground water and soil-moisture offa into the oceans,
seas or inland lakes. Some of the water are alsocepted and stored
before being evaporated. The land phase of theolyglcal cycle is
subject to various types of interruption, thatiigs not always a smooth
cycle as described above. For example, the rain fdlls on the land
surface may be immediately evaporated back to th@sphere without
necessarily becoming involved in stream or undengadflow.

The ocean phase is a much shorter phase andsistoof the water
being evaporated from the ocean surface into theoshere, the
condensation of the vapour and finally the preatmn falling on the
ocean surface.
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Figure 6.1: The Hydrological cycle

The Water Balance Budget

The hydrological cycle is a world-wide concept loé twater cycle. For a
detailed and quantitative study of the hydrologicgtle, it could be

studied using a discrete and well defined portibthe earth surface such
as a drainage basin. The water balance equatids gimplest form is as
shown below:

Input (1) = Output (O A Storage (S)

The input in the equation is mainly in form of pptation and as far as
the drainage basin is concerned, some of the pratom falls on the soil
surface, some on plants, canopy, while some fallhensurface of water
bodies lying within the basin like streams, ponds lakes. The
precipitation falling on the leaf surfaces is saie intercepted and some
of the water will be evaporated while others floanah the branches and
trunks of trees to the ground. This type of wateat tdrains from the
intercepting surfaces together with the water dadls directly on the
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ground constitutes THE SURFACE STORAGE. The surfsitgage is
defined as the amount of water potentially avaddbl use by man.

The output in the water balance budget in a dggnaasin includes
evaporation, outflow from the catchment and theewwaithdrawn by man
from the basin. However, it is important to notattithe water balance
equation is applicable to a particular area andafperiod of time. In fact,
over a very long period of time, the input in thater balance equation is
approximately equal to the output as #h®, that is, change in storage
becomes negligible. This type of a steady statéyaamic equilibrium is
characteristic of an open system. An open systerryoa know, is an
organized state of matter open to the flow of epargd matter.

Circulation of Ocean

The oceans, as discussed earlier, form the bulkhef hydrosphere.
Therefore, this section will be devoted to the wimtion systems in the
ocean. First, let us differentiate between two tetimat are often used
interchangeably. These are theean currentsaand the ocean driftsThe
ocean drifts refer to the slow, relatively incorsmus transfer of water
which affects only the shallow depth or the surfacder of the ocean.
The ocean currents, on the other hand, describee®per and more rapid
transfer of water that attains velocity more thhre¢ times that of the
ocean drift. Generally, currents are less commahaar usually confined
to areas where water discharge takes place throesgfhicted channels
such a in a strait.

The general circulation of oceans is usually cdulg such factor as
the frictional effect on waters by winds such ttre current or drift tends
to move in the direction of the wind. This is usydahe major cause of
horizontal movement in oceans. The vertical movenwnthe ocean
occurs as a result of the contrast in density withe ocean water itself.
The difference in density is normally due to diffiece in both temperature
and salinity. Other causes of ocean movementsdedapography of the
sea floor, the shape of the coastline and theatlisrforce which id due to
the effective force of the graph’s rotation.

There are two types of currents, the warm ancctoe currents. The
characteristics of the currents are related teetheronment in which they
are found. For instance, if the current is warrhantthe environment, it is
referred to as a warm current and vice-versa. Hewevceanographers
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generally recognize three contrasting water ma3sesse are (1) the polar
waters characterized by low temperature, low satitent, greenish in
colour with high plankton content; (2) the tropieald sub-tropical warm
characterized by high temperature and high saltecwribut low in organic
or plankton content. They are usually blue; andtl(®) water masses that
are found between the two extremes and are usgallfined to the
middle latitudes having mixed characteristics.

Distribution of ocean currents

Generally, at the lower latitudes, that is, betwikitudes 0- 40°N and S
of the equator, warm currents occur on the easiei® of the continents
while cool currents are found to the western sidee reverse is the case
in the middle and upper latitudes where the wessaias of continents
generally have warm currents while cool currentstarthe eastern side.
Notable examples of warm currents are to the Nattantic drift, the
North Pacific drift, the Florida and the Brazillimurrents and the East-
Australian current among others. Examples of castents include the
Benguela current, the cool canaries current, tloé Beruvian current and
the cold Falkland current.

Effects of ocean currents on climate

Ocean currents influence the climate of adjacerd laasses both directly
and indirectly. Among the direct effects of ocearrents are:

1. that ocean currents, whether warm or cool, generalp in the
redistribution of energy over the earth’s surfdodact, up to 20%
of the energy on the earth’s surface is redistedudy the currents,
while the GCA discussed earlier, accounts for dst.r

2. West coasts that are washed by cool currents inothidatitudes
have relatively low average temperatures and saratiual and
diurnal ranges of temperature. The coastlands anerglly foggy
and arid because the prevailing air-mass, if cagynoisture, is
forced to condense because of low temperatures, sinde the
moisture it is carrying is not much the processamfi formation it
is not complete leading to a foggy condition. Ex&apof this
situation are easily obtained in the coastlanddNamibia and
Spanish Sahara.
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3. West coasts of middle and upper latitudes washedwhym
currents have marine climates with mild wintersd acool
summers.

4. East coasts in low latitudes affected by warm cusregenerally
have warm rainy climate due to the effect of thenwanoist on-
shore winds, and

5. The east coasts in the higher latitudes affectectdnt currents
usually experience cool summers and very cold and Winters.

Among the indirect influence of ocean currents thee formation of
fronts which has been linked to intense temperatpaglients on ocean
surfaces. Similarly, the occurrence of frontal zohas been linked with
the occurrence of warm currents where unusual atafienergy is being
supplied to the atmosphere. Finally, the formatérropical cyclones is
usually aided by ocean surfaces having warm cigrent

Summary

This lecture discussed in detail the major compmsitof the
hydrosphere and also examined the concept of arwgtée both on a
world wide basis and in detail, using the drainagsin. The drainage
basin was considered adequate in evaluating therlwatance budget of
an hydrological cycle. The lecture also discussedcirculation systems
in the oceans. In particular, the distinguishingtiees between ocean
currents and ocean drifts as well as those of wanch cool currents
were mentioned. Finally, the direct and indired¢eets of ocean currents
on adjacent coastlands in both the low and middtk @wpper latitudes
wee discussed.

Post-Test
1. Give a brief definition and characteristic loé following terms:
a. hydrologic cycle;
b. ocean drifts; and
c. polar waters

3. Write the water balance equation and explain thengein the
equation.

4. Draw a well annotated diagram to illustrate therbiabical cycle.
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Answers to Pre-Test and Post-Test

Pre-Test

Hydrosphere, as defined in the dictionary and theoduction to the
lecture, consists of

1.

No o h~N

ocean
lakes

streams

underground water

soil moisture

polar and mountain glaciers and
water vapour.

Post- Test
la. The hydrologic cycle describes the endlessréhainge of water

b.

3.

between the ocean, air and land.

Ocean drifts are slow, relatively inconspicudtansfer of water
affecting only the

shallow portion of the ocean.

The polar waters originate and are found arainedpoles. They
ate characterized by low temperature and salt otsiteThe
greenish colouration of the water is due to thehhpankton
context.

| = OxS
| = Inputs which is mainly in form of precipitatio

O = Output which include evaporation, outflow o&ter from
the catchment and withdrawal by man.

S = Change in water storage which becomes nelgligier
time
Diagram as in the text or references.
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LECTURE SEVEN

The Basin Hydrological Cycle

Introduction

You will recall that in the last lecture, we statédt it is possible to study
the hydrological cycle quantitatively within a drage basin. This is
because the drainage or river basin provides aeroent and natural unit
area within which hydro-meteorological data can d¢alected and
analyzed and the details of the hydrological cyatel other physical
processes meaningfully studied. This lecture wviiérefore focus on the
basin hydrological cycle with the aim of carryingtthe measurements of
some of the parameters of the water balance equiatiefly mentioned in
the last lecture within a drainage basin.

Pre- Test
Attempt a definition of a drainage basin.
Write and explain the terms of the water balanaeagqgn.

CONTENT

The Drainage Basin as a System

A river or drainage basin comprises the area ddailme a river and its
tributaries. It is sometimes referred to as a catft or a watershed. The
basin is usually bounded by a divide which separatdrom adjacent
basins. The boundary as you will learn in your maprk can be
accurately demarcated on a topographic map, amlaghotograph or
directly on the field.

The drainage basin is a very good example of aengphysical
system whose input includes precipitation, solaergy inter-basin
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transfer of sediments and water. The output cansissediments, run-off,
evapo-transpiration, Outgoing radiation and wabstracted by man from
the basin for his various, needs. In order to stti#y drainage basin in
detail, the use of models is usually employed. Alet@an be defined as a
simplified structuring of reality with the signiat feature or relationship
between the variables in the model presented ianerglized form. One
of the models that can be applied to the studyrafndge basin is the
parametric models Parametric models involve the development and
analysis of mathematical relationships between miwaley defined
characteristics of drainage basin form and procEssee approaches are
used to establish such a relationship and thus Imddenage basin
processes. These are the black-box, the grey-bak tha white-box
approaches.

The Black-box Approach In this approach, input is related to output
without taking into account, the internal functiogiof the drainage basin
system. For example, if one is interested onlyhm rielationship between
rainfall and run-off; or the relationship betweamfall and sediment yield
only. In both cases, the catchment can be heatetl ldack-box which
implies that the model cannot allow us to inveségm detail what is
happening in the basin.

The Grey-box Approach In this approach, the internal functioning of the
basin is included in the model by including moreiatales especially
those relating to the basic basin characteristicthe conditions of the
basin at a particular point in time. For instangeder this approach the
run-off may be modelled as a function of slopeaané the basin, soil
character, etc., using the multiple regressionrtegle. In the technique,
the dependent variable that is run-off, is regessm the basin
characteristics (independent variables).

The White-box Approach: In this approach, an attempt is made to model
the actual processes within the drainage basirs &pproach represents
the modelling of the complete hydrological cyclehin a drainage basin.
Thus, the use of the white-box approach helps evatuate, for instance,
the processes of evaporation and interceptioniofalaby vegetal cover
within a basin. A good example of a white-box médglof the drainage
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basin is the Stanford Watershed model. The modplesents the
processes in the hydrological cycle from preciptato run-off within a
catchment as a series of mathematical expressitreslimitations to the
use of the white-box approach include our limitetbwledge of the
analytical technique involved, as well as our irtpdge knowledge of
drainage basin dynamics.

Measurements within a Drainage Basin

Before we discuss how to measure some of the péeesnef the water
balance budget, let us re-write the equation inoaendetailed form. The
complete water balance equation can be writtert thus

P=Q+EtAS+AG where

P = Precipitation,

Q = run-off;

E = evapo-transpiration

AS = Change in soil moisture storage and
AG = Change in ground water storage.

The equation attempts to show the various wayswhych the
precipitation incident in a given area is disposédThus, precipitation
which is the gross or water resources in a givera & used as run-off,
evapo-transpiration, recharge of soil moisture anderground water. We
will now consider how each of the term of the eqpratan be measured
within a catchment.

Measurement of Precipitation The basic instrument for measuring
precipitation is the Rain gauge, which samplesitb&lent of rainfall at a
specific point. There, are two types of rain gaugkese are the Self-
Recording and the Non-Recording rain gauges. Thferessrding rain
gauge is simply a storage device to measure themelor weight of
rainfall reaching the gauge and at the same tiemrding the data on a
moving chart by means of a pen or magnetic taperelare three types,
these are the tilting siphon, the tipping bucked #re weighing collector
system. The non-recording rain gauge is the masinoen because of its
low cost. There are various types, for exampleBhg#sh Meteorological
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Office gauge and the United States Weather Buréand&rd gauge.

The use of rain gauges in measuring precipitasomowever, faced
with some problems. For instance, the higher the gauge above the
surface, the lower the amount of rainfall recordetause of the eddy
action of wind. Therefore, rain gauges exposedairgl surface actually
record the amount of rain incident on the grouner élrough; there is also
the problem of in-splashing of rain which may léachn exaggeration of
the amount of rainfall recorded.

With respect to the measurement of precipitatiothiw a drainage
basin, the average rainfall for the basin is olsdity calculating the
average rainfall recorded by all the rain gaugethiwithe catchment
provided:

a. the rain gauges are evenly distributed over thehoa¢nts; and
b. the terrain of the catchment is low and uniform.

Measurement of Evaporation The estimates of rates of evaporation can
be obtained

by using evaporation pans as discussed earli@isrcourse.

Measurement of Run-off Run-off or Discharge is a product of the cross-
sectional area of the river at the point we arergdted in and the mean
velocity of the river. It is given by the equation:

Q = AV where Q = Run-off
A = Cross-sectional area
V = Mean velocity

The cross-section area can be measured directlythen field by
multiplying the channel width by depth at the paftinterest. The mean
velocity can be measured by such methods as using:

a. A Float The float can be orange or plastic bag on aneroth
substance that can travel completely submergedhén stream
water. The float is dropped at one end of the straad using a
stop-watch, we find how long it takes the floatatoive at the end
of a selected straight stretch of the stream. Tkanmelocity is
calculated by dividing the length of the stretchthy time taken by
the float to travel the distance. The main disathga of the
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method is that it cannot be used to measure vglatih specific
point in the cross-section.

b. A Current Meter A current meter consists of a rotor or series of
cups, which rotates at a speed proportional tetifeam velocity at
the point where the instrument is submerged. Gépgekeelocity
decreases towards the sides and bottom of the ehbanause of
frictional forces. Therefore, the meter should ¢ ip a series of
points and the average velocity obtained.

Measurement of Soil Moisture
Among the various methods used are:

1. The Gravimetric Methad In this method, samples of soil are
collected within the catchment and first weighedha field. The
samples are then taken to the laboratory and ovied dt 108C
for 24 hours. The samples are then re weighed.dlfference in
weight between the two measurements gives the amotin
moisture loss which is then expressed as a pegemiathe wet -
soil.

Ww - W4
_ X
w
where M = % moisture

Ww = wet soil

Wd = oven dry soil

M= 100

2. The use of Tensiometer§ensiometers are instruments used to
measure soil moisture tension which is a reflectbbrhe suction
force with which moisture is held within the soilherefore, it is
closely related to soil moisture content. Generadlyil moisture
tension decreases with increasing moisture content.

3. The Use of Neutron Soil Moisture Prol@his method is based on
the measurement of the rate at which neutrons &dast neutron
source introduced into the soil are slowed dowrtdilisions with
hydrogen contained in the soil-water moleculese@tron probe is
made up of a fast neutron source and a slow negtvanter. The
counting rate of neutrons slowed down by the hyenoig the soll
moisture is an indirect measure of the soil moestontent.
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Summary

In this lecture, we have discussed the use of iaalya basin as an op4
physical system. In addition, the application afgmaetric models in th
study of drainage basin was also examined. Furtbermthe
measurements of some of the parameters of the wak@nce equatio
in a drainage basin were also described.

D
>

D

-

Post- Test

Give an example of an open physical system andhiesinput and output
in the system. Write a detailed water-balance eguand explain the
terms in the equation.

An example of a self-recording rain gauge is:
a. The British Meteorological gauge.
The Mark 2 gauge.
The United States Weather Bureau Standard gauge.
The tilting siphon gauge.
None of the above.

®aoo0o

Answers to Pre-Test and Post-Test

Pre-Test
1. Answer as in the main lecture.
2. Answer as in the answer to Post-Test (2) of LecBixe

Post-Test

1. The Drainage Basinnput includes solar energy, precipitation and
inter-basin transfer of water; output consists wf-off, evapo-
transpiration, outgoing radiation and withdrawairafter by man.

P=Q+ES+G

P = Precipitation

Q = Run-off

E = Evapo-transpiration

S = Change in soil moisture storage.
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G = Change in ground water storage.
3. D.
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LECTURE EIGHT

Water and Man

Introduction

This is our last lecture on the energy systems ha hydrosphere.
Therefore, the lecture will be devoted mainly t@ ttiscussion on the
relationship between man and water. In particwee, will focus our
attention on the consideration of the uses of thigous bodies of water
such as the oceans, rivers and lakes. In additrenyill also examine the
hydrologic effects of man's activities by expositite problems of
flooding and water-pollution.

Pre-Test
Attempt a definition of the term "river".
List the various types of lakes you know.

CONTENT
Resources of the Ocean

The resources of the ocean can be classified imth These are-the
Mineral and Biological resources. The mineral reses can be sub-
divided into three:

1. mineral resources that dissolve in-the water itsklf example
salts;

2. minerals which are in the sediments present atsd@ beds e.g.
Diamond, Tin etc.; and

3. minerals occurring on the sea floor, for exampledsaravel and
shells.
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However, of the various minerals present in theaog¢ only three are
at present being extracted in commercial quanjittbese are salt,
magnesium and bromide. Apart from the three tysted above, another
important mineral resource of the ocean is frestervdn most cases, the
sea-water is de-salinated to get fresh water; @lengh this is a very
expensive project. Nevertheless, the ocean coteditteservoir for our
future water needs. In fact countries like Israed &audi Arabia invest a
lot in desalinating plants.

Among the biological resources of the ocean armuws types of fish
as well as other marine life like the water-fowlherl ocean is not as
biologically productive as it is expected to be de®e of insufficient
supply of light and air as one goes deeper in tean. If the biological
productivity at different sections of the oceanc@npared, the greatest
productivity will be obtained around the reefs astiuaries decreasing as
one move away from the land. The biological prothtgtof the oceans is
today being threatened by two major factors. Thisgors are the
pollution of water and overexploitation of the resmes. The sources of
the pollution include oil leakages from the oil kers and the effluents
brought in by rivers from the land.

Rivers and their Uses

The term 'river' is used to describe water flowinga definite channel
towards the sea; another river; a lake or a désain. In terms of length,
the longest river is River Nile (6,649 km); folloddy River Amazon
(6,276 km); River Mississippi (6,111 km); River @570 km) and River
Yangtze (5,510 km.) In terms of volume or dischaRj@er Amazon has a
discharge of about 935,000°tsec; River Congo (425,000%sec); River
Yangtze 22,000 fitsec; and River Mississippi-Missouri (198,00&/sec).
In terms of the basin area, River Amazon is thgdsr in the world with
about 6,140 sq. km followed by River Congo with(&) &q.km

Among the uses of rivers are:
1. They are used by man for navigation.

2. Rivers and their flood plains attract many settleteghence big
cities are sometimes located in the flood plairaise the land can
be easily cultivated. In fact, the first civilizati started around the
flood plains of rivers Euphrates and Tigris.
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3. They can also be used to generate electricity.

4. They are used to provide water-supply for domestidustrial, as
well as agricultural (irrigation) purposes.

5. They can also be used for recreational activitieh @as swimming
and boating.

6. Finally, it is also important to note that riverg also used to carry
effluents from our homes and factories. The usevater for this
purpose, however, impairs the quality of water iegdto
Eutrophication of water bodies. Eutrophication cater bodies
occur when there is too much supply of nutrients, gxample,
nitrates and phosphates in water.

Lakes and their Uses

Lakes are fairly extensive water-filled hollows ¢ime earth’s surface.
They account for about 71% of the world's freshewatrface. Generally,
very few lakes are independent of rivers becausggiusually flow into,
from or through lakes. Lakes can be classified @ting to the mode of
origin of the hollows in which they lie. Thus, weaJe Erosional,
Depositional, Structural, Volcanic and Man-made ésakLakes are used
for water supply for domestic, industrial and agitigral (irrigation)
purposes. They can also be used for navigatiomeagon and wild-life
conservation.

Flooding

All streams are subject to flooding in the hydrabogense of rivers
overflowing their banks. In hydrology, once a rivetceeds its bankful
discharge, flood occurs. Floods are therefore ahtphenomena rather
than natural disasters. However, flood disastensoc@ur when man puts
himself at risk by developing and occupying areaislé¢ to flooding such
as the flood plains. Therefore, most floods in odyan centres are man--
made because they occur as a result of the aesiviti man in replacing
natural surfaces which have greater capacity tor@l®oisture by cultural
or man-made surfaces. The man-made surfaces hase dow capacity
to absorb moisture; hence, when rain falls, mogt isftranslated into run-
off thereby increasing water discharge in the city.

52



Flooding is a world-wide phenomenon. For instannethe tropics,
intense and heavy rains account for the majorittheffloods, whereas in
the temperate regions, sudden snow-melt in spmayaacombination of
rain and snow-melt in spring may lead to flooding.

In order to reduce the incidence of flooding, esé/ in our urban
centers, the following steps could be taken:

a. improving the infiltration capacity of the surfacéhis could be
achieved by creating open grounds with vegetatimwigg on
them to absorb moisture;

b. making sure that the channel of the river is nateached upon by
buildings and other structures;

c. by building small barrages or embankments to halcklwater and
regulate the Row of water, especially after heagwmpours of
rain; and

d. by carrying out a proper study of the water-shethefriver.

Water Pollution

This is also an important water-related problemmany parts of the
world. Water pollution is generally caused by arpiiaper or inefficient

disposal of domestic and industrial wastes. Watdtupon limits the

guantity of water available to man. In additionisitalso harmful to both
man and aquatic life on which man depends for sofmkis food. The

major sources of water pollution in most tropicaliotries are domestic
sewage and refuse, industrial effluents, agricaltactivities and mining
activities.

In most tropical countries, modern sewage systamaslacking or
inadequate. In addition, the sewage is usually eattd before
inefficiently disposed of. In a similar way, inddat effluents are also
discharged into water courses with little or ncatneent. The industrial
effluents not only affect the chemical characterssbf the water but also
affect its physical characteristics such as odoalpur and temperature.
Agricultural activities can contribute to water jpgion depending on the
agricultural systems practised in an area. For @@nthe washing away
of pesticides, herbicides as well as chemicalliestis from farms by run-
off generated during heavy storms contaminate wateaddition, where
pastoral farming is practised, animal wastes geeénmnaay be washed into
rivers. The worst water pollution is caused by g@etrm exploration
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which has rendered several hectares of land usejeg® pollution of the
soil by oil. Also, many fishing grounds have beeestdoyed by oll
spillage. In addition, quarrying activities and mig of minerals generate
a lot of sediments which, if washed into a rivem cause fish mortality as
a result of the clogging of the gills of the fislmsthe sediments.

Summary

The resources of the ocean can be broadly grougedwo. These are
the mineral and biological resources. Examplefhefrmineral resources
found in the ocean are salts, bromide and magnesium

The fishes constitute the major biological researof the ocean.
Rivers and lakes are important to man because @f thises for
domestic, irrigation, industrial and recreationatgoses. Finally, in thi
lecture, we considered the hydrologic effects ofniaactivities by
examining the problems of flooding and water padiit

Uy

Post-Test

Write True or False.
1. River Nile has the highest discharge/volume invtioeld.
2. River Amazon has the largest drained area in thédwo
3. An example of a man-made lake is Lake Kariba.
4. An example of a structural lake is Lake Victoria.

Answers to Pre-Test and Post-Test
Pre-Test
1. Answer as in the main lecture
2. Any of Erosional, Depositional, Structural or Maraae lake.

Post-Test
1. False
2. True
3. True
4. True
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LECTURE NINE

The Lithosphere

Introduction

The lithosphere is one or the four major realms tioé physical
environment. This lecture introduces you to thedtre and composition
of the lithosphere and the internal structure eféhrth.

Objectives

At the end of this lecture, you should be able to:
1. describe the composition and structure of the $igihere; and
2. describe the importance of the lithosphere to man.

Pre-Test

Name the two major layers of the lithosphere ardicate their average
density.

CONTENT
Definition of Lithosphere

The term 'lithosphere' refers to the outer layethefearth, which consists
of rocks. It means, the earth's crust, i.e. themubst covering or skin of
the earth. You are no doubt familiar with the crosbread, which is the

outer covering (usually brownish in colour) of bieaust as bread or
fruits such as oranges have outer coverings (Qrusisalso does the earth.
The lithosphere is sometimes also referred to @swlorld of rocks". This

is mainly because, as pointed out above, the [thee is made up of
rocks. The lithosphere is one of the four realmshef earth. These four
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realms are the hydrosphere (the "world" of waterscsiing of oceans, sea,
rivers, lakes etc.) the biosphere, which is theldvof living things, the
atmosphere, which is the layer of air surroundhrgearth i.e. world of air
and finally, the lithosphere, which is the worldrotks.

The thickness of the lithosphere varies considgralsually ranging
from about 60 kilometres.

It is thickest under the continents but thinnedbl the ocean basins
and ocean deep. On a global basis, the lithosphase an average
thickness of about 16 kilo metres.

Importance of the lithosphere

| shall briefly outline the importance of the ligghere on a point-by-point
basis.

1. The lithosphere forms the continents of the woflde dry land on
which we live is a part of the lithosphere.

2. The lithosphere provides a solid foundation forldings, roads,
airports, stadia etc. that we build for variousposes.

3. Various minerals such as coal, petroleum, silvelg,gcopper and
diamonds are present in the lithosphere. We miaeethminerals
for various purposes. For instance, coal and pairolare used for
generating electricity for industrial and domestises while
diamonds are used as jewels and also for indugtigloses.

4. Landforms such as hills, mountains and plateaus external
features of the lithosphere. Mountains and platesarmetimes
contain valuable minerals which are exploited byhnfalains and
plateaus are extensively used all over the world dowp and
animal farming.

5. Rocks present in the lithosphere are of various tweeus. Hard
rocks such as granite and gneiss are commonly fasdalilding
houses and for road construction. Sand is usethéing cement
blocks, clay for making bricks, ceramics and petteroducts
while rocks such as marble are commonly used fdimgailes for
decorating homes and also for making tombstones.

6. The lithosphere is not stable being occasionallpjexied to
various tensional and compressional forces whicly mnegult in
disasters such as earthquakes and violent volcaniption.
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Because earthquakes and volcanic eruptions ocguinnthe

lithosphere directly affect the welfare of man, tfithosphere is
important to us. At least, we cannot afford to ignd completely
as catastrophic events occurring within it diregilyse threats to
our existence on earth.

Internal Structure of the Earth and Lithosphere

| shall briefly examine the internal structure bétearth before looking at
the structure of the lithosphere. As | have saifbiee the lithosphere is
subjected to various stresses and tensions whidglyoriginate from the

interior of the earth. Volcanoes are formed on ¢aeth's surface when
magma originating from the earth's interior fintdsway to the surface.

All types of igneous rocks formed on the earthisfaxe or deep
within the crust as volcanic intrusive owe theirnf@tion to outflow of
magma from the interior layers of the earth tolith@sphere. One cannot
therefore gain a proper understanding of the Iphese without
considering the internal structure of the earthisTik particularly so as
what happens in the interior of the earth not affgcts the structure and
minera- logical composition of the lithosphere, higo its stability over
time. As we shall soon see, rocks in the lithosphesually change their
form and chemical composition when they come intacdnwith hot
molten magma from the earth’s interior.

The different parts of the crustal layers of tlaetle are in a state of
isostatic balance. The word ‘isostasy' is of Gia@din and it means equal
standing. Isostatic equilibrium implies that fovgn equal areas, the mass
of the high areas of the earth's crust (considess dense materials) are
balanced by that of the low-lying sections, whicbngist of denser
materials. This balance can be offset by long-temosion from the
continents and the deposition of removed mateoalthe ocean floor. The
balance is usually restored by outward flow of magim mantle layer
below the ocean towards the continent. Magma inrttezior layer of the
earth (mantle) is important for maintaining thesistic equilibrium of the
lithosphere.

The lithosphere or earth's crust lies above thetimavhich is one of
the interior layers of the earth. The upper layethe mantle consists of
soft plastic rocks as opposed to the hard britikks forming the earth's
crust. This soft upper layer of the mantle is chllee asthenosphere. The
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lithosphere literally floats on the denser asthphese. On the whole, the
mantle is about 2,900 kilometres across and itistnsf ultrabasic rocks
with specific gravity of 3.0 to 3.3 The lower limaf the mantle is the
Gutenberg discontinuity which separates it fromehgh's core.

The lithosphere consists of two layers namely @l sima. The sial
layer lies above the sima layer. The term sial s@ised from the two
dominant mineral constituents of the outer zonethw# earth's crust
(lithosphere) namely silica and alumina. The sialel forms the
continents. The sima layer consisting mainly atailand magnesia forms
the floors of the ocean basics. As the continen¢és separated by the
oceans, it follows therefore that the sial layena$ continuous. Rather, it
is broken into several blocks called lithospheiatgs by the intervening
bodies of ocean water. The lithospheric platesamttinental masses are
not absolutely stable as they can move gradualgrtapr towards one
another. The sial layer has an average densitpexifsc gravity of about
2.7 and it consists mainly of light rocks such eenge and sediments such
as sandstones and shales. The rocks are veryridhica with silica
usually accounting for 65-75% of their chemical stitnents. Alumina is
the next most abundant mineral present in thelaj@r. The sima layer
(lying below the sial) consists mainly of dark amed and heavy rocks
such, as basalt. It is denser than the overlyiag layer and it has an
average specific gravity of about 2.8 - 3.0. Silisastill the dominant
chemical constituent of rocks in the sima layer aragjnesia is usually the
second most abundant, although iron is also prebefdct, the term sima
is @ mnemonic term coined from the two dominantnabal constituents
of the layer; namely, silica and magnesia. The sasgointed out earlier,
lies above the upper mantle which is also refetoeas the asthenosphere.
The boundary between the sima and the upper mianivell-defined and
is called the Mohorovic discontinuity or simply MmhThe speed of
earthquake waves declines sharply from 8.1 kmfséiced mantle to about
7.2 km/sec on crossing the Moho into the crustabdayer.

Chemical Composition of the Lithosphere

The chemical composition of the lithosphere isleast, partly related to
the chemical and fertility status of soils, whiche alerived from the
weathering of lithospheric rock. We shall therefturgefly examine the
chemical composition of the lithosphere here. Oryds the most
abundant element in the lithosphere accountingnfearly 50% of the
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lithosphere by weight. Oxygen does not usually odcuthe free state in
lithospheric rocks but is chemically combined witirious other elements
to form oxide. Oxygen is usually chemically comlaneith silicon which

is the second most abundant element in the lithergphOxygen and
silicon together account for about 75% of the gbloere by weight.
Various metals are also present in the lithosphdieese include
aluminium, iron, calcium, potassium and sodium. ddsl where local
condition e.g. weathering and/or climatic condifomand geological
conditions favour their local accumulations, each tleese metallic
elements does not usually account for more than a0te lithosphere by
weight. On the average, aluminium accounts for 8.8t 5%, calcium

3.6% sodium 2.8%, potassium 2.6% and magnesium 20i%he

lithosphere by weight.

Post- Test

The boundary between the sima and the mantleledcal
Sial;

Moho;

Mesoline;

Asthenosphere; and

Sima mantle interphase,

o hrwnPeE

Answers to Pre-Test and Post-Tests

Pre-Test
Sial with an average density of 2.7 and sima wittrage density of 2.9.
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LECTURE TEN

Rocks

Introduction

This lecture introduces you to the composition rabteristics and types of
rocks which are the dominant constituent of tHeokiphere.

Objectives
At the end of this lecture, you should be able to:
1. define the terms ‘rock’ and ‘mineral’; and

2. describe the characteristics of igneous, sedimgntand
metamorphic rocks.

Pre-Test
Give two examples each of igneous and metamorploksr

CONTENT
Definition of Rocks

Rocks are mainly inorganic substances made up énalis and they form
the lithosphere. The solid earth we walk on is mafdecks. This implies
that rocks are not only the hard massive inorgaaith substance that we
commonly observe in quarries or use as grindstonebserve as outcrops
forming rocky hills and inselbergs but also the cmon ubiquitous
substance, sand, which consists of small graingoufexamine the grains
of sand, you will notice that they are hard andiacgganic. Sand grains
are mainly the particles of a finally broken rod®ther commonly
occurring substances such as clay and mud arerat&s although the
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layman in the street may not recognize them as.sAglwith sand, they
are the particles of finely broken-down rock. Irr d@efinition above, we
said that rocks are mainly inorganic substancegsould like to say here
that some types of rocks such as coal and limestom®f organic origin
i.e. they were formed from the remains of organis@wal is formed from
remains of dead plants buried in swamps, while store is formed from
the shells of Dead Sea organisms. A feature whlicltoeks share is that
they are made of minerals. Hence, rocks may baekfas aggregates of
minerals.

Minerals

When | talked about minerals, you may have beenkthg of metallic
minerals, such 's iron, copper, aluminum, diameandl, or of non-metallic
minerals, such as c:0al and petroleum. These arerabé quite alright but
they are not the only minerals. You may have beendsring whether
coal, petroleum, aluminum etc. are present in sarmacky hills found in
your locality. To avoid any confusion, | shall nodefine the term
'mineral." A mineral is an inorganic, naturally aoing substance with a
definite internal structure defined by a regularmagement of atoms or
ions within it and a specific chemical compositidviost minerals are
crystalline and have characteristic colours, cty$bams and definite
specific gravity. Minerals are the dominant conslitts of rocks. Most
rocks usually contain two or more minerals althoagfew rocks such as
qguartz stone are made up almost entirely of a singheral. Most rocks
contain silicate minerals, that is, compounds bé@n and oxygen. In the
previous lecture, | pointed out that silicon is tt@mminant constituent of
the lithosphere. The silicate minerals in most soalso contain one, two
or more metallic- elements such as iron aluminiwalcium, sodium,
potassium and magnesium. Rocks containing silicaieerals rich in
feldspar (an alumino-silicate mineral group contagnone or more of the
minerals potassium, sodium or calcium.) are cadsic rocks. They are
usually light gray or white in colour. Rocks comtiaig silicate minerals
rich in magnesium and iron are calle@fi rocks They are usually darker
in colour and denser than rocks consisting predantip of felsic
minerals.
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Type of Rocks

You are familiar, 1 hope, with the broad types otks namely: igneous,
sedimentary and metamorphic rocks. | shall nowflgrieell you the

characteristics, uses and mode of formation of sogkich | have just
listed.

Igneous Rocks These were most probably the first types of rockbe
formed in the earth's crust or lithosphere. Theyewlermed primarily
from hot molten rock that originated from the imerof the earth where
temperatures are very high and consequently, tblesrthere in are in a
molten or semi-liquid state. Such molten rock omaaly finds its way to
the earth's crust through cracks and fissures @ lithosphere that
penetrate deep into the interior layers of thehedrbe molten rock may
pour out at the surface through cracks or ventgot@fanoes. Whether the
molten rock eventually issues out at the surfaceody it eventually cools
and solidifies to form rocks called igneous rodigseous rocks may form
at the ground surface when lava (molten rock alated magma)
solidifies or may form below the ground when magroals and solidifies
at a depth below the surface on coming in contaitt the cooler crustal
earth layers. If igneous rocks form at the surfasea result of the
congealing of magma, they are called volcanic drusive rocks. When
they form below the surface, they are called plitoncks of intrusive
rocks. A common well-known example of volcanic attrasive lock is
basalt which frequently forms extensive plateausalhg covering several
thousand square kilometres such as in the Decedaa®l of India and the
Snake Columbia Plateau in United States of Amefi¢8A). The Biu
plateau in Bomo State of Nigeria is also a basktepu. Granite is a
common intrusive or plutonic rock. Diorite and gablare also plutonic
tocks.

Igneous rocks have the following general charasters:

1. They ate usually hard and very resistant to erogr@hweathering.
Consequently, they have been widely used as morsnadter
polishing. Granite is commonly quarried in this oty for road-
construction and for building houses.

2. They usually consist of crystals. Hence, igneowksare said to
be crystalline.
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3. They do not usually contain fossils nor are theyallg formed in
layers as sedimentary rocks, which we shall nowdam.

Sedimentary Rocks

The rocks that initially formed the lithosphere wegradually broken
down into fine particles as a result of contacthwtite atmosphere. The
broken down rock particles were subsequently trarieg by running
water, such as rivers and streams and by othertsageh erosion,
especially, wind and glaciers and subsequently sigggbin layers in still
bodies of water (e.g. lakes and the sea) of thd kurface. Such rocks
consisting of small particles that are formed iryels are called
sedimentary rocks. You may have observed runnirtgmfgun off) wash
sand off the surface of steep slopes and subsdguagosit them at the
foot of the slope. This simple process illustratbe formation of
sedimentary rocks. You will notice that after eaein, a new layer of
sand is deposited at the foot slope, usually ahkwee previous layer
deposited when the rain last fell. Sedimentary $oafte usually deposited
in layers, with one layer lying above the other.isThmplies that
sedimentary rocks are not deposited in a haphamarther but according
to a certain sequence determined by two laws. ireelaw is called the
Law of Original Horizontality. This law states thaater-laid sedimentary
rocks (.i.e. sediments deposited by or laid in wWadee usually deposited
in strata (layer) that are horizontal; and pardiéelthe surface in which
they are deposited. The second law, called the bawbuperposition,
states that if sedimentary layers have not beetursd by folding or
overturned since deposition, the oldest layer gllat the bottom and the
youngest at the top. What this law states, in otherds, is that the
sequence of deposition of sedimentary rocks is fitzgrbottom to the top.

Characteristics of Sedimentary Rocks
1. Sedimentary rocks are usually laid down in tay&hey are said to
exhibit stratification, layering or bedding.
2. They usually contain fossils.

3. They are usually non-crystalline. A few seditaey rocks e.g. salt
deposits that precipitate from solutions (i.e. cloamsediments)
consist of crystals.

4. They usually consist of small grains or paesdhat are sometimes
63



sorted. Wind blows off silt and clay particles, Veey behind the
coarser sand grains. Consequently, wind-deposigsliimentary
rocks are well sorted i.e. consist of grains ofudltbe same size.
Sediments deposited by wave but less well sortesh twind-

deposited sediment. In contrast, sediments dejlobyeglaciers
are poorly sorted consisting of large boulders amall particles
such as sand and clay.

Classification of sedimentary Rocks
Sedimentary rocks can be classified on the basisiaile of formation
into:

1. mechanically-formed;

2. organically-formed; and

3. chemically-formed sedimentary rocks.

1. Mechanically-formed sedimentary rocksare those sedimentary
rocks formed from broken down grains/fragments tbieo rocks
that were subsequently accumulated as sedimentemented
together. Examples of sedimentary rocks formedhleycementing
together of rock fragments include:

a. sandstone formed by the cementing together of geaids;

b. mudstone and siltstone formed by the cementingthegeof
mud and silt respectively;

c. conglomerate by rounded pebbles; and

d. breccia by angular rock fragments cemented togethghall
now give examples of unconsolidated (uncemented)
mechanically-formed sedimentary rocks.

i. Glacier-deposited on land e.g. sand. Clays, tilgvgls,
boulder clay and moraines.

ii. Wind-deposited e.g. loess.
iii. River-deposited e.g. sand, clays, gravels andiathiyv
iv. Sea-deposited e.g. sand, clays and pebbles.
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2. Organically-formed sedimentary rocks These were formed
from the shells of sea organisms that have becoemented
together (e.g. chalk and limestone) or from theaiesh of plants
buried in swamp' and bog. (e.g. peat. lignite aval)c

3. Chemically-formed sedimentary rocks These are sediments of
chemical precipitates from sea water or salt dépdsalt flats)
formed on land by the drying up of saline lakes amdord
conditions. e.g. carbonates rock salt (halite) gftond nitrates.

Metamorphic Rocks

As their name suggests, these are rocks whosetwstuor chemical
composition have become altered usually as a restite application of
intense heat (as a result of magma intrusion) eatgpressure and stress
resulting from earth’s movement or weight of thesibying rocks. They
were originally igneous or sedimentary rocks butehbecome altered. In
most metamorphic rocks, the characteristic featafeise original igneous
or sedimentary rocks are either totally lackinghave become obscure
and hardly recognizable. Metamorphic rocks are lisuzarder than
igneous or sedimentary rocks from which they weneved. As a result of
metamorphism, clay may be transformed into slasmdstone into
guartzite, granite into gneiss, limestone into rfeadémd coal into graphite.

Post- Test

The law which states that water-laid sedimentamgksoare usually laid
parallel to the surface in which they arc deposisechlled:

1. Law of sediment deposition.
Law of superposition.

Law of original horizontality.
Law of sedimentation.

None of the above.

o wnN

Answers to Pre-Test and Post-Test
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Pre-Test

Igneous rocks - granite, basalt, gabbro, doleatajesite, rhyolite and
obsidian. Metamorphic rocks - marble, slate, gneigsartzite and
graphite.

Post-Test
C
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LECTURE ELEVEN

Weathering

Introduction

This lecture introduces you to types, processesiambrtance of rock
weathering.

Objectives
At the end of this lecture, you should be able to:

1. distinguish between physical, chemical and biolalgigeathering;
and

2. indicate the importance of weathering to man.

Pre-Test
State a major difference between physical and otemieathering.

Definition of Weathering

The process of rock break down or disintegratidso(aalled rock decay)
is called weathering. If you examine some roadmgst you may be lucky
to find samples of hard rocks such as quartzitecvlirumble when
squeezed in-between the fingers. Ordinarily, swdks are very hard and
resistant. What happens is that when rocks conee dgonhtact with the
atmosphere and the biosphere (the sphere of lierggnisms), they are
chemically and physically altered and rocks whiatrevpreviously very
hard become soft and crumble when a slight pressusgplied to them.
Such rocks are said to be undergoing weatheringt i@y have seen
rocky inselbergs and rocky outcrops gradually ugdiergy weathering,
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although the rate of weathering (disintegrationy@th hard rocks is very
slow compared with the life span of man.

Importance of Weathering

| shall briefly tell you the importance of weathegibefore discussing the
main types of weathering. First, weathering mustuodefore soil can

form. Without weathering, the ground surface wdwdde been composed
of hard, massive rocks.

The implication of this is that higher land plamtdl not be able to
grow in the ground as there would have been notsgitovide anchorage
for their roots. One obvious fact that can be detifrom this statement is
that agriculture would not have been possible ang doubtful whether
the earth would have supported the types and lang®ers of plants and
animals that thrive on its surface today.

Secondly, weathering products such as clays, saddgravels are
valuable industrial raw materials. Clays, for im&t@ are used for making
pottery products, bricks and ceramics. Thirdly, theang usually
precedes erosion. A rock must first be weatherddrbat can be worn
away by forces of denudation. Generally rocks amtforms that are
easily weathered are more susceptible to erosions€juently, parts of
the earth's surface consisting of hard rocks @uartzite) that cannot be
easily weathered usually form distinctive and same$ prominent
landforms, such as hills and ridges that rise atlbgeeneral land surface.
In contrast, areas consisting of 'soft' rocks sashshale that are more
readily weathered usually form plains. The degreeveather ability of
rocks partly determines the physiographic structared pattern of
distribution of landforms in an area.

Types of Weathering
There are three main types of weathering; namely:

1. physical;
2. chemical; and
3. biological.

Physical weathering results in the disintegrat@inrocks without
effecting any change in the chemical compositiothefrock. This implies
that the chemical composition of the products ofsital weathering is
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identical with that of the original rock prior tasthtegration. Chemical
weathering involves both rock disintegration andraes in the chemical
composition of the weathered products. Biologicaathering is rock
disintegration induced by living things, plants aaimals inclusive. In
the case of plants, biological weathering involuesth physical and
chemical processes. However, in the case of man weather rocks
through quarrying, mining, excavation, etc.) andréwing animals such
as rodents, the process is almost entirely mecabwithout any attendant
rock chemical composition alteration. The predomingpe of weathering
operating in an environment depends on climate niited weathering is
predominant in the humid tropics and physical (na@otal) weathering in
the hot deserts where lack of moisture reduces daénactivities
operating on rocks to the minimum. Solar energyésultimate source of
energy for rock weathering and generally as solargy receipts decrease
from the tropics to the poles, the intensity of theaing also decreases
pole wards.

Physical Weathering
This may involve the following usually operatingiadividual processes:

1. alternation of heating and cooling of tocks in desegions i.e.
thermal weathering;

2. frost action in temperate regions and near mountgs; and

3. mechanical action of plant roots penetrating imacks in rocks or
the action of man in blasting and breaking rocks foad
construction and other engineering uses.

Thermal weathering operates mainly in hot desernbkjch are
characterized by large diurnal ranges of tempesatubaytime
temperatures are very high often attainingGWith ground temperatures
rising to over 60C. Consequently, the rocks and their constituenenails
expand during the day. At night, owing to cloudlegges, temperatures
drop considerably with frosts occurring occasignallhe rock minerals
contract in response to the low night temperatukesa result of the daily
alternation of expansion and contraction of mireralrocks, strains and
stresses are set up in the rock and the rock uignahatters, usually with
a loud explosive noise to form angular rock fragteeBuch fragments fall
down slope accumulating at the bases of mountaingotm screes.
Buildings in some of the northern cities of Nigesiach as Maiduguri also
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develop prominent cracks due to the alternationeating and cooling.

Frost action is important in temperate regionshvabld winters and
also near tops of very high mountains in tropiegjions. When water that
accumulates in rocks freezes, the crack is widexsedater expands on
freezing. When the ice melts, more water can thesuraulate in the
crack. During a subsequent spell of cold weatherwhter freezes again
and the crack is widened further. As a result ef phogressive growth of
ice crystals in rock cracks, the rocks are ultinyatgoken into smaller
fragments. Not even the extremely hard rocks caistr&ost action which
is a potent agent of rock disintegration. | haveeady referred to the
action of plant roots in breaking up inselbergs atieer rocks. This action
is mechanical, although organic acids secretedléyt poots growing in
cracks in rocks also assist in their breakdownydfi have visited the
campus of the University of Ibadan, you may havenseoncrete slabs
used as side-walk broken by plant roots growingeunthem. This
breaking of concrete slabs by plant roots clealgws how powerful
plants are, as agents of weathering.

One type of physical weathering that | would likemention briefly
here is unloading or exfoliation as it is sometineadled. It operates
mainly where intrusive igneous or metamorphic tockseviously
underground are exposed at the surface as a r@swdtosion. Rocks
occurring at a depth below the surface are sulgeicigressure resulting
from the weight of the overlying rocks. Furthermaach rocks may have
been subjected to strain and pressure resulting froustal movements
such as faulting and folding. When such rocks dtienately exposed at
the surface due to erosion of overlying rocks, rthefernal stress and
pressure is released and they expand in volumesegoently the rock
peels off in layers.

Chemical Weathering

Chemical weathering occurs in various forms thelLide:
1. hydration;

oxidation;

reduction;

carbonation; and

hydrolysis.

aprwn
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In hydration, rock minerals absorb water and aretted.
Consequently, they become weaker and more suskeefilisintegration
by other agents of erosion. In oxidation, oxygessdived in water
combines with metallic elements, such as calciuodiwn, potassium,
iron and magnesium in silicate rock minerals tarfaarious oxides which
are less stable than the original rock minerals @rsequently are easily
decomposed. Reduction is the opposite of oxidaaon, it occurs mainly
under anaerobic conditions such as occur in wajged areas. Reduction
usually involves the addition of hydrogen or le§®xygen. The products
of rock reduction are also unstable and easily opose. Rain water
contains dissolved carbon dioxide and so functiassa weak carbonic
acid capable of dissolving rocks in calcium carlierguch as chalk and
limestone. In limestone regions, caves are fornsea @sult of dissolution
of limestone by water containing carbon dioxideeTdases-oxygen and
carbon dioxide in the atmosphere also assist irtheeiag. They become
chemically combined with metallic elements in raoknerals rendering
them unstable and more prone to physical disintegraThe action of
these gases coupled with atmospheric moistureypaxplains why grave
stones gradually become defaced.

Hydrolysis is one of the most intense forms ofroloal weathering.
Water dissociates into hydrogen and hydroxylionsctvicombine with
rock minerals to form new compounds-the procedsydfolysis. Some of
the end-products or hydrolysis are so chemicaltgratl that they bear
little or no resemblance to the original rock maisrfrom which they
were derived. For instance, potash feldspar is diysed into kaolinite
which is a type of clay mineral predominant in #als of the humid
tropics. Bauxite, a product of tropical weatherirgproduced as a result
of hydrolysis of feldspars under warm humid tropicanditions. Bauxite
is a mass of clay that is very rich in aluminiundigxide. It is the main
ore from which aluminium is extracted.

Biological Weathering

| have already discussed this in appropriate sestiof chemical and
physical weathering.
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Post-Test

Which of the following types of chemical, weathefimalters potash
feldspars into kaolinite?

a. Hydration.

b. Oxidation.

c. Reduction.
d. Hydrolysis .
e. Carbonation.

Answers to Pre-Test and Poet-Test

Pre-Test

Chemical weathering results in an alteration int¢hemical composition
of rocks while physical weathering does not.

Post-Test
D
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LECTURE TWELVE

Resources of the Lithosphere

Introduction

This lecture seeks to introduce you to the typessburces present in the
lithosphere.

Objectives
At the end of this lecture, you should be able to:
1. define the term "resource"; and

2. list the various resources present in the lithosplend indicate
their value to man.

Pre-Test
Name three major lithospheric resources.

Resources of the Lithosphere

You are familiar with the word resource, | suppdseordinary English
usage, the word 'resource’ means 'a source orbgitgsdf help'. In strict
geographic usage, however, the term 'resource' snaay attribute or
thing present in the natural environment that canubed by man for
achieving certain goals or satisfying want. You lwilote that our
definition of the term ‘resource’ is largely regd to physical resources.
This is intentional as my primary aim in this leetus to tell you about the
resources of the lithosphere which are physicaaimate) resources. Our
definition of resources therefore precludes hunesources (the quality,
number etc. of people in an area or nation) whighthe most valuable
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resources of any country. For one thing, the huneaources of a nation
especially, the level of education and technolotgirsed by its people as
well as their socio-economic characteristics, sashattitude to work,
resourcefulness, and dedication to national gaadsaspirations etc. will
determine in a large measure, the extent to wiehatvailable physical
resources of the state are exploited and develdpetiis lecture, | shall
not discuss human resources as man is not a comipoingne lithosphere.
Furthermore, my primary objective is to give anrm@v of the available
physical resources of the lithosphere.

Two broad types of physical resources are prasettte lithosphere,
namely:

1. landforms; and
2. rocks and minerals.

The value of rocks and minerals to man is alreadyart of your
mental awareness as | have touched on this susgetral instances in
the three previous lectures on the lithosphere. él@w the resource value
of landforms is not readily apparent. Now, | waatiyo do some thinking.
Identify and list the major landforms (hills, val& plains, mountains,
plateaus) in this country. Think of the uses thayehbeen put by man and
say in which ways they have been assets (resouees). Can you think
of any way in which some of these landforms e.ds have been an
obstacle to the achievement of certain goals?Herawords, in what ways
have hills been barriers to resource use and d&ptm or obstacles to the
achievement of certain human goats? You will realst landforms, such
as hills and mountains, can sometimes be obstarlesd construction or
mechanised agriculture. In resource literaturepladitacles to resource use
and exploitation (be they physical or socio-culfuaae called resistances.

Landforms as resources

The resource value of landforms is not often appted. From time
immemorial, man has been cultivating crops andimgisanimal in
lowlands, which are characterized by gentle easiljftivated slopes
subject to minimal soil erosion hazards. Such gléiave been chosen by
man for agricultural purposes in preference to nt@nous regions often
with shallow, stony soils that are very prone td emsion on account of
the steep slope of the-land. Similarly, plains hpxavided ideal sites for
settlement, human habitation and construction afdportation routes.
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High lands, plateaus and mountains are a resolitieyi contain valuable
minerals that can be exploited by man. The Jog&lain Nigeria contains
valuable deposits of tin and columbite, which, ptm 1970's when crude
oil becomes the dominant export of Nigeria, wer@ontant contributions
to our foreign exchange earning. High plateaugapital environments
can also be regarded as resources if, on accodneiothigh altitude, they
substantially lower temperature, making the climet®ler. Such high
plateaus and highlands are a major tourist attlactbeing frequently
visited by tourists from Europe, America and elsexeh | would like to
stress here that the scenic beauty and the vameds¢ape features of
highland regions and their wildlife are an impott&ourist attraction. The
highlands of East Africa are visited by severaludand tourists from
Europe and North America. Consequently, tourisnene of the major
sources of foreign exchange earning in East Africamntries, especially
Kenya. Viewed from the agricultural viewpoint, thegh plateaus of East
Africa are a resource by permitting the productmincrops such as
pyrethrum and wheat which would not have been ptessiut for the high
elevation.

Rocks and minerals

| talked about the resource value (importance)aaks to you in the

introductory lecture on the lithosphere. Rocks @®ources in so far as
they can be put into one use or another by mawrder to refresh your
memory, | shall briefly say again how we use roftksvarious purposes.
Sand is used for making cement blocks and for nzamufing glass, day
for making pottery and ceramics and granite fordreanstruction and

building houses. | believe you are familiar withe trarious uses into
which rocks are put and | shall not dwell on tlasue further. Instead, |
shall talk about industrial minerals such as cpelroleum, aluminium,

copper, lead etc. | do not intend to talk about itidustrial use of any
mineral. If you are interested in this subjectubgest you check each
mineral in a standard dictionary or any encyclojmaeBor the remaining

part of this lecture, | shall talk to you aboutsd#ication of minerals and
about conditions that favour their accumulation.
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Minerals can be broadly classified into two majogmely:
i. metallic; and
ii. non-metallic minerals.

Metallic minerals are usually characterized byhany and lustrous
appearance and are good conductors of heat e.d, gopper, iron,
aluminium, manganese. Non-metallic minerals gehelatk the qualities
| listed above for metallic minerals. Examples ohsmetallic minerals
include coal, petroleum, natural gal, granite, clsgnd and salt. Of the
non-metallic minerals, the mineral fuels (coal,rpletum and natural gas)
are of vital importance to industrial developmédrgjng major sources of
power for industrial uses. Owing to recent techgmal advancement in
recent times, particularly in the field of nucle@hysics, uranium
(aradioactive metallic mineral) has become a magirce of industrial
power.

Ore deposits

Most industrial minerals rarely occur in a puretesta nature. They occur
more commonly in association with other earth’s umiges. The mineral
and the associated impurities are referred to & On the average,
aluminium, iron and calcium which are the most aam metallic

minerals in the lithosphere ordinarily account8at %, 5.0% and 3.6% of
the lithosphere respectively. Most minerals, actdonless than 0.5% of
the earth's crust with metallic minerals such gspeo, gold, lead, zinc and
silver accounting for less than 0.01%. With the ldevels of the

concentration of most minerals, economic extradsamot feasible, except
where local environmental conditions such as wegtgesedimentation,
igneous and metamorphic activities favour the aedation of certain

ores. | have already referred to the accumulatiddanixite ore containing
very high levels of aluminium all a result of weatimg in humid tropical

environments. Ore formation may also be due toeggdgion of minerals
in magmatic intrusions prior to their cooling aralidification. Different

minerals have different specific gravities and teehave different rates of
setting in magmatic intrusive. Usually, the heavaed denser minerals
settle down first and these are followed by thes ldense minerals. In
other words, many intrusive igneous rocks show mainedensity

stratification with the heavier minerals usuallycoging below. As a
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result of the phenomenon of density stratificaiiomtrusive magma prior
to cooling and solidification, valuable ore depssmay be formed e.g.
chromite and platinum ores of the Bushveld of Sd\ftica.

| hope that you are familiar with the process oélcand petroleum
formation. The two minerals are of organic origimdahey are formed
under certain conditions of, when plants and animalains ale buried in
swamps.

The conditions favouring ore formation are locadizand this explains
why the occurrence of economically extractable malseis also localized.
I would also like to add that the wealth of a natiand its level of
economic and industrial development largely depemighe range and
abundance of its mineral resources.

Post- Test

Which of the following metallic minerals is usuallye most abundant in
the lithosphere?

1. Aluminium.
Iron.
Calcium.
Copper.
Gold.

arMwn

Answers to Pre-Test and Post-Test

Pre-Test
Three major lithospheric resources are: landfornocks and mineral.

Post-Test
A

Reference

Faniran, A. & Ojo, OMan's Physical EnvironmenHeinemann,
London. (1980).
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LECTURE THIRTEEN

The Biosphere

Introduction

This lecture introduces you to the biosphere arel ¢bncept of the
ecosystem. The biosphere, which is the life-sustgifayer or the earth,
consists of several ecosystems of contrasting cteara

Objectives

At the end of the lecture, you should be able to:
1. define the term ecosystem and identify its comptsemd
2. describe the main features of major world ecosystem

Pre-Test

In what major way does savanna ecosystem diffen ftioe tropical rain
forest ecosystem?

The Biosphere

The biosphere is the habitable part of our sphegagh. Literarily, the
term 'biosphere’ means the sphere of living orgasisihe habitable part
of the earth is a relatively narrow zone encirclihg earth; hence, the
name biosphere. While the lithosphere is largelyoteof organic life, the
biosphere is characterized by a large array ofgj\arganisms of varying
sizes and complexities. The biosphere consistseofallowing:

1. the weathered surface layer of the lithosphere,chvhs more
commonly referred to as soil;

2. the lower layer of the atmosphere; and
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3. the bodies of waters on the earth's surface inetugonds, lakes,
rivers, streams and the seas.

The biosphere therefore, lies at the interphasmezof contact)
between the main realms of the earth; namely, ttisphere, the
atmosphere and the hydrosphere. The biospheresemse, provides and
forges functional links between the three physiealms of the earth.

The life-supporting layer of the earth or the piosre is narrow on
land where it does not usually extend beyond thghdef a few metres
below the ground, living organisms in the soil lgeusually concentrated
in the top two metres or so of the soil solum. 4t broader in the
atmosphere where it extends to an elevation ofraétens or hundred of
metres. The biosphere is most extensive in thenscedere it extends to
the depth of several hundreds of metres. Althoydant life is most
abundant in the surface layer of the oceans whesteive adequate
sunlight to permit effective photosynthesis, thekdaottom zones of the
ocean basins are not entirely lacking in orgarfecds they contain various
forms of marine animal life.

In each of the three physical domains (water,asd land), both
plants and animals are present. Plants are a domifeature of the
landscape, usually covering the ground to form stirditive type of
vegetation on land. Although large bodies of watgh the ocean appear
to be devoid of plant cover (at least they appeatosthe naked human
eye), they contain small microscopic plants. | wiolike to stress one
feature of the biosphere, which has implicationvdmat | shall tell you
later in this lecture. The biosphere consists dhbiving organisms and
non-living (inanimate) things. The non-living theigr abiotic component
of biosphere form the physical environment (landaad water) in which
organisms live. The living and the non-living compats interact and the
living organisms are functionally inseparable fréhe non-living com-
ponents i.e. the physical environment. The funeiamteractions between
organisms and their physical environment resuldigtinctive ecological
entities called ecosystems.

The Ecosystem Concept

The biosphere consists of communities or groupsrgdnisms interacting
with one another and with their inanimate physaralironment. Any area
on the earth's surface consisting of organismsaaotig with one another
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and with the physical environment is called an gst@sn. Most
ecosystems consist of plants and animals inteaetith one another and
with the physical environment in such a way tharehis circulation of
nutrients between the living and non-living compuseof the ecosystem
and flow of energy through the entire system. Nowaht to tell you the
components of an eco-system. Before | do this, ritwau to think of an
ecosystem you are familiar with (e.g. forest, sagaplantation, cassava or
maize farm) and try to identity its various compatse If possible, you
can compare a natural or near-natural ecosyste@mgdorest.) or savanna
which has not been interferred with by man for mgléime) with an eco-
system whose character is largely determined by (man a plantation or
a farm). Ecosystem such as farms and plantationehwbwe their
dominant character to human influence are callettalgural ecosystems.
If possible, visit a near-natural and an agricaltuecosystem in your
locality and count the number of plant species yet area say 100 sq.
metres. Which has more species and why?

Ecosystems have two basic components; namely:
1. the non-Jiving or abiotic component; and
2. the living or biotic component.

The abiotic component of the ecosystem consistdeshents such as
silicon, oxygen, hydrogen, carbon, nitrogen, alumin calcium, iron etc.
that form the phvsical environment of the ecosystemland, air and
water (2) the climatic regime of the area determhingy weather
parameters e.g. sunshine, temperature, relativediyiretc, and (3) dead
organic matters consisting of non-living and undeposed plant and
animal materials, usually occurring on the floortibé ecosystem. Dead
organic matters provide a link between the livingd anon-living
compartments of a natural ecosystem. Nutrientsntale from their
physical environment, by living organisms are ne@ak to the environment
when dead organisms decompose. This is an impatgdct of material
or nutrient cycling in natural ecosystems and wallstiiscuss this later.
The biotic (living) component consists of plantsdaanimals. It is
traditional to classify organisms in an ecosystem t@e basis of their
mode of nutrition into (I) primary producers (2) ena-consumers and (3)
decomposers (saprophytes). Primary producers aenglants and they
are the lily components of the ecosystem that ble ta manufacture food
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from waters and carbon dioxide using light ene@geen plants are said
to exhibit autotrophic mode of nutrition as theg able to manufacture
their own food. Non-green plants (e.g. fungi) andrels are incapable of
manufacturing their own food as green plants daddethey feed directly
or indirectly on green plants to obtain nourishmektimals and other
organisms, such as bacteria and fungi that can@aoiufacture their own
food are said to exhibit heterotrophic nutritiorhey depend on food
manufactured by green plants; hence they are ggneafied consumers.
Animals (e.g. cows, rodents and sheep that feeglamt materials are
called herbivores. Carnivores or flesh eaters (&g) feed indirectly, on

plants by preying on herbivores. In general, ansmaale called macro-
consumers because they ingest large bits of pfashtbaimal materials. In
contrast, bacteria and fungi attack dead plants aamichals and degrade
them into simpler substances, absorbing some o&itheler substances
released in order to obtain nourishment. In the@ss, bacteria and fungi
cause the decomposition of dead organic matteracéjethey are also
referred to as decomposers. Without them, the wenddld have been
filled or nearly filled with dead plants and anisialeaving little or no

room for the living. Decomposers play an importané in the cycling of

nutrients in ecosystems by releasing nutrients frdead plants and
animals (this process is called mineralisation ofaaic matter) and
making such nutrients available for use again ewtiving organisms.

Decomposers are also called micro-consumers becauobke large

animals they do not ingest large bits of plant andnal matter. Rather,
they subsist on the decomposition produce of degdnic matters which
they absorb. Decomposers are usually more aburmtarthe floors of

terrestrial or aquatic ecosystems, where dead argaatters accumulate.

Types of Ecosystems

On a global basis, ecosystems can be classifiedt@ntestrial or aquatic
ecosystems, depending on whether dry land or watehe dominant
element of the area. Terrestrial ecosystems aralysanaracterized by an
abundance of large higher plants in the form osgga, sedges, trees and
shrubs. Plants are such a dominant feature of ldnad terrestrial
ecosystems are characterized by the type of véegettitey bear. Hence,
one can broadly classify terrestrial ecosystemso inforests,
grasslands/savannas and hot desert/tundra ecosystem are aware of
the fact that each of these major terrestrial extesy types can be further
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classified into sub-types on the basis of climaeminant species and
edaphic and topographic conditions. For instanoe, @an classify forests
into tropical rain forests, temperate deciduouedts, monsoon forests,
and coniferous forests. Tropical forests in southdigeria can further be
classified on the basis of edaphic conditions freshwater and mangrove
swamp forests and lowland rainforests. Both fresewand mangrove
swamp forests are characterized by swampy and gged substratum,
occasionally or periodically subject to inundatioy salt-water from the
sea in the case of mangrove swamps and freshwaterrivers in the case
of fresh water swamp forest ecosystem. The lowlandforest ecosystem
in Nigeria can be further sub-divided into most rgveen rainforest
ecosystem in the wetter Southern part of the ramest zone and moist
semi-deciduous rainforest ecosystem at the driethem margin of the
forest zone.

Aquatic ecosystems differ substantially from tetrial ecosystems in
the following respects. First, the dominant elemehtenvironment of
aguatic ecosystems is water. Second, higher plsunts as trees and
shrubs are conspicuously absent in aquatic ecosgst&ome higher
plants may occur in shallow lakes and at the imtasp between aquatic
and terrestrial ecosystems. The bulk of the plansquatic ecosystems,
especially those of considerable depth, are phatigbn, which are small
microscopic floating plants.

Third, animal biomass is usually larger than plioimass in aquatic
ecosystems. The reverse is usually the case esteal ecosystems.

Fourth, oxygen, carbon dioxide and other gasseprasent in aquatic
ecosystems dissolved in water and not in the feseqgus state.

Aquatic ecosystems can be classified into marng. the oceans and
seas) and freshwater ecosystems (e.g. freshw&es, lponds, rivers and
streams) Marine ecosystems are characterized by leigl of dissolved
salts and rivers, lakes, while stream ecosystemglaaracterized by low
level of dissolved salt. Estuaries and coastal tet®systems are
intermediate between marine and freshwater ecasgstbeing at one time
subject to flooding by sea water, and at anothdrdshwater from rivers.

So far, | have been talking about natural ecosystd shall now
briefly tell you about some ecosystems, which oweirt dominant
character to human influence. Such ecosystems alted cagricultural
ecosystems. They include fish ponds, farms, plamstof tree crops,
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cattle ranches, etc. Such agricultural ecosystenes mauch simpler
structurally and contain fewer species of plantd animals than their
natural counterparts. Consequently, they are leables than natural
ecosystems, being particularly prone to attackdibgases and pests. The
bulk of our food requirements are obtained fromicdpural ecosystems,
which now occupy a sizeable proportion of the sigfaf the earth.

Post-Test

Floating microscopic green plants in aquatic ecesys are called:
1. Zooplankton.

Phytoplankton.

Unicellular plants.

Green algae.

Microscopic plants.

a e

Answers to Pre-Test Post-Test

Pre-Test

Savanna ecosystem consists of a mixture of treds.grasses while the
tropical rainforest consists predominantly of trees

Post-Test
B

References

Odum, E. PEcology Holt, Rhinehart & Winston, London. (1975)
Tivy, J.BiogeographyLongman, London. (198)
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LECTURE FOURTEEN

Energy Flow in the Ecosystem

Introduction

This lecture introduces you to a process operatirige ecosystem which
is vital to the functioning of the energy flow dfet whole ecosystem. The
process, the pathway and the laws governing theepsoof energy flow
are discussed.

Objectives

At the end of this lecture, you should be able to:
1. describe the process and pathway of energy flotvarecosystem;
2. distinguish between grazing and detritus food Gheaial
3. state the laws of Thermodynamics.

Pre- Test
What are the main primary producers in aquatic ystess called?

CONTENT

It would have been apparent to you from the lagule that the biosphere
is made up of several ecosystems both aquaticexnestrial. In a sense,
the entire biosphere can be regarded as an ecosydike whole

biosphere considered as an ecosystem is calleckdbgphere. 1 made
reference to the flow of energy in ecosystem in It lecture. Each
ecosystem functions to carry out various metabalbtvities, such as
primary production, respiration, excretion etc.tJas an individual green
plant carries out these activities, the entire fp(green) community of the
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ecosystem carries out the same activities. Besttesanimal population
expends energy in moving from place to place incteaf food and also
for various metabolic activities going on in thégsues. These various
life-sustaining activities going on at the levelf individual plants or

animals or in the entire communities of plants ananals involve energy
expenditure. Beside, there is cycling of nutrieiétween the living and
the non-living components of the ecosystem withwhitch the ecosystem
cannot function and exist as integrated biophysecaity. These various
activities going on in the ecosystem involve enesypenditure. The

energy is obtained from the sun in natural ecosystand it first flows

into the compartment of green plants, from thenzehérbivores and

carnivores and ultimately to decomposers. In tbiure, | shall discuss
the principles, the pathways and the laws govertiiegflow of energy in

natural ecosystems.

Pathway of Energy Flow in the Ecosystem

The biosphere is made of several ecosystems udyally side by side.

As | said earlier, the entire biosphere is an estesy; hence what we shall
discuss in the remaining part of this lecture rdgey pathways and
principles of energy flow in the ecosystem alsoliggpto the biosphere
which is an ecosystem at the global level. Enetgwd into ecosystems
from an external source, the sun. The energy edfixnd stored by green
plants during the process of photosynthesis.

Green plants are the only components of naturadystems capable
of fixing light energy. This implies that light emgy flowing into a natural
ecosystem first enters the compartment of greentpblahere it is fixed
and stored as chemical energy. This energy is feaed from green
plants to herbivores when they consume green p&tsod. The energy
passed on to herbivores is subsequently transféorezhrnivores, when
carnivores prey on herbivores. Ultimately, chemmaérgy in carnivores
is passed on to decomposers when the carnivorebdect, decomposers
utilize chemical energy from a variety of sourcesluding energy from
plant materials, herbivores and carnivores. Whamtpland animals die,
their tissues are attacked by decomposers who roloteémical energy
from the decomposition products and also releasd. Rehe sequential
transfer of chemical energy from green plants tabikeres, from
herbivores to carnivores and ultimately to decoreposs called the food
chain. The flow of energy through a natural ecaaysbccurs via the food
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chain which is the pathway of energy flow. One aéso regard the food
chain, as the vehicle of energy transfer from eophic (feeding) level to
another in the ecosystem. e.g. from the herbivevellto the carnivore
level. In a natural ecosystem, there are usualty tiypes of food chains,
although the two are so closely interrelated asb& functionally

inseparable. The two types of food chain are:

1. the grazing food chain; and
2. the detritus food chain.

The grazing food chain begins with fresh planteriats, which are
consumed by grazing herbivores (e.g. deer, catttegh are in turn eaten
by carnivores and/or omnivores (e.g. lion, man)sifple grazing food
chain is illustrated below.

Grass - Cow - Man - Decomposer

In nature, the same organism may obtain its fooch fseveral sources
or trophic levels. Man, for instance, may feed cliseon green plants, on
herbivores or carnivores. Hence, in nature, sevéwall chains are
interlinked to form an interlocking pattern knowsithe food web.

A detritus food chain begins with dead as opposedresh plant
matter. Such dead plant matter may include deack¢eand twigs (litter),
which fall to the floor of forests, savannas oreastterrestrial ecosystems.
In aquatic ecosystems, dead microscopic plantst¢plankton) and litter
of macrophytes (large of aquatic ecosystems) éathe bottom of lakes,
rivers etc. where they are attacked by detrituddeswhich assist in their
decay. The word detritus means a mass of smaliclestor fragments
produced by the disintegration of a larger bodytries-feeders attack
dead plant leaves, twigs, flowers etc. and breakntinto smaller pieces,
which they ingest. On the land, plant litter is somed by soil mites,
millipedes, termites, ants and by bacteria andifungaquatic ecosystems,
various worms and mollusks first attack dead plargducing them into
smaller particles and making it easier for bacterid fungi to decompose
them. In a sense, one may say that the detritub ¢bain is an offshoot of
the grazing food chain. The fact that it is deaanplmatter (which was
formerly living but not consumed by herbivores) tthenstitutes its
starting point lends support to this view. Anywathis view is
controversial and can be a subject of heated eialbdebate. The relative
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importance of grazing and detritus food chains ha flow of energy
would vary from one ecosystem to another. In mafarest ecosystems,
only a small proportion of the biomass of plantsresented by leaves can
be consumed by herbivores. Even then, only a sprajportion of the
leaves are consumed by herbivores while a largpoption fall down as
leaf litter and 'feed' the detritus food chain.

Also, the tree trunks and twigs, which are noeedby herbivores,
eventually fall to the forest floor and provide aofieal energy fuelling the
detritus food chain. A study of the Amazonian rforest ecosystem near
Manaus in Brazil has revealed that more energydlaong the detritus
than along the grazing food chain in mature rairegb ecosystems. A
study of Panama rain forest ecosystem in Centrakroa yielded a
similar result. In an intensively grazed pastureamch ecosystem, a more
energy will be channelled along the grazing thamg@lthe detritus food
chain.

The flow of energy into and through the ecosysienmi-directional.
Energy flows from the level of green plants to Isostes and to
carnivores and ultimately to decomposers. At tlagestof decomposers
and at every stage of energy transformation infoloel chain, energy is
degraded into heat and is consequently unavailadslepowering (i.e.
doing work) the ecosystem. Hence, the ultimate &dtenergy flowing
into the ecosystem is degradation into heat.

Principles of Energy Flow in the Ecosystem

The flow of energy through the ecosystem is guidgdccertain laws or
principles. These laws are the laws of thermodynanwhich | shall now
briefly state. The first law of thermodynamicshe taw of conservation of
energy which states that energy cannot be createdeastroyed but can be
converted from one form to another.

For instance, radiant (light) energy from the sanconverted to
chemical energy by green plants, while the chemearargy animals
obtain from plants is converted to kinetic enerdyicli animals utilize for
moving about. The second law of thermodynamicsgtiteopy law, states
that no process of energy transformation occursowmit the loss of energy
from the system in the form of heat. This implieattno process of energy
transformation is 100% efficient. Hence, at evetgge of energy
transformation in the ecosystem (e.g. from lighthemical energy at the
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level of green plants), energy is degraded intot el consequently
becomes unavailable (or doing work in the systenhe Tobvious
consequence of this is that the amount of energyladble at each step
(trophic level) of the food chain decreases progivety from the primary
producer level to the carnivore level. Becausentd, tthe number of steps
in a food chain is usually limited to about foursia. Not all the chemical
energy in food material eaten by herbivores is gdiss to the next level
i.e. carnivore level. First a large part of the domaterial eaten by
herbivores is indigestible and hence is not asatetl.

Furthermore, a significant proportion of the cheahienergy fixed at
the primary producer level or available at the henle level or even
primary carnivore or secondary carnivore levelgedifor respiration and
hence cannot be passed to the next level. Usadlbyt 10% of the energy
available at any step of the food chain can begehsthe next step.

Ecological Pyramids

For the sake of completeness, | shall briefly n@emgcological pyramids.
The number or biomass of individuals at differesuels of the food chain
(primary producer. herbivore. primary and secondasnivores) can be
guantitatively assessed, the results obtainedeapdessed graphically to
give an ecological pyramid. The amount of energgilable at each stage
can also be used for constructing ecological pydarof energy. Pyramids
constructed using number and biomass of organisensadled pyramid of

number and biomass respectively. The ecologicamid is valuable in

understanding the trophic structure or energy flowcosystems.

Post-Test

Which organisms occupy the second trophic level gnazing food chain?
1. Green plants.

Primary carnivores.

Secondary carnivores.

Herbivores.

Decomposers.

a s N
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Answers to Pre-Test and Post-Test

Pre-Test
Phytoplankton

Post-Test
D

References

Odum. E. PEcology Holt, Rhinehart & Winston, London. (1975).

Strahler, A. M. & Strahler, A. HEnvironment Geosciences
(1975).
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LECTURE FIFTEEN

Biogeochemical Cycles and Biospheric
Resources

Introduction
This is the last lecture in this course and | amnogiucing you to two
topics; namely:

1. biogeochemical cycles; and

2. biospheric resources.

Objectives
At the end of this lecture, you should be able to:

1. distinguish between gaseous and sedimentary bibgedcal
cycles.

2. describe the main features of the carbon cycle; and
3. identify the main resources of the biosphere.

Pre-Test
Name three major resources of the biosphere.

CONTENT
Biogeochemical Cycle and Biospheric Resources

This is the last lecture | shall give on the bicsghin this course. | would
like to discuss with you about biogeochemical cydeutrient cycling)
and biospheric resources. Either of the two topmgld form a separate
lecture but we shall treat them in a single leceo@s not to exceed a total
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of 15 lectures assigned to this course. First, &llshalk about
biogeochemical cycle.

Biogeochemical Cycle

The term ‘'biogeochemical cycles' means the cyclofg chemical
substances between living organisms and the daithplies the circular
movement of elements between organisms and thaninmate physical
environment. For instance, plants absorb nutrie(ésy. calcium.
magnesium. potassium. Phosphorus, etc) from tHeosevater and store
these nutrients in their tissues. Part of theseienis is passed on to
animals that feed directly or indirectly on plant®@ complete the cycle,
the nutrients are eventually returned to the playssavironment (soil or
water) when plants and animal, die and decompose.

This circular movement of elements and compourelg. (water)
between living organisms and their environmentalked biogeochemical
cycle or simply nutrient cycling. | said in the fere on energy flow in the
ecosystem that energy flow in the biosphere is itggtdonal, being
somewhat similar to traffic flow on a one-way strégutrient cycling in
the biosphere differs fundamentally from the prscet energy flow in
that nutrient cycling is cyclic. Hence, the samene#nt can be used over
and over again. As | said earlier, biogeochemigales involve the two
basic compartments of the ecosystem; namely, thegliand the non
living. The process of nutrient cycling links, ttveo to form an integrated
ecological entity or a biophysical system.

Different elements have different pathways of wdation in the
biosphere. However, two fundamental compartmentpawsls can be
recognized in the cycling of any element; namely:

1. the reservoir pool; and
2. the cycling or exchange pool.

The reservoir pool is the abiotic (non-living) coanent of the
biosphere where nutrients are stored, sometimemiitions of years. In
terrestrial ecosystems, the unweathered rockseofitthosphere constitute
the reservoir pool of elements such as phosphat®, ialuminium,
magnesium, calcium, potassium and boron. The exgghancycling pool
is that part of the biosphere where there is rapidhange of nutrients
between organisms and their inanimate physicalrenmient. The top soil
layer is the exchange pool for mineral-nutrientg.(ealcium, magnesium,
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potassium, iron, etc.) in terrestrial ecosystemsdture, there is usually a
slow net transfer of elements from the reservool po the exchange pool.
In terrestrial ecosystems, this transfer of nutdemccur when rocks are
weathered and minerals released into the soil solum

Types of Biogeochemical Cycle

There are two types of biogeochemical cycles namely
1. gaseous; and
2. sedimentary biogeochemical cycles.

In gaseous cycles, the atmosphere or the hydrasphéne reservoir pool
of elements while for sedimentary cycles; the Bihloere is the reservoir
pool. The carbon and nitrogen cycles are examglgaseous sedimentary
cycles while phosphorus, calcium, potassium andnesigm cycles are
sedimentary cycles. Gaseous biogeochemical cyclesmmre efficient
than sedimentary cycles. The former have greatpadty of 'self-
regulation' and of adjusting quickly to externatdrbances, which tend to
increase or reduce the level of any gaseous elemeahy part of the
ecosystem or even the entire biosphere. Fat instah@a lot of carbon
dioxide is injected into the atmosphere in an aeaa result of land
clearing, concentration at manufacturing industaed burning generally,
the level of carbon dioxide in that area will nobntinue to rise
indefinitely until it is several hundred times heghthan the level in
adjoining areas.

As carbon dioxide is released into the air as sulteof human
activities the gas will be dispersed by winds tbhgrereventing it from
accumulating to dangerous levels in the area. Bssithe level of carbon
dioxide in the atmosphere as a whole is controligdhe oceans which
store carbon as carbonates on the ocean floorall discuss this issue
shortly when treating the carbon cycles. As | sadier, the sedimentary
cycles are not as efficient as gaseous cycles. Taegot readily adjust to
external disturbance, as gaseous cycles do. Thmaisly due to the fact
that the bulk of elements in the lithosphere (tlservoir pool of
sedimentary cycles) are locked up in rocks and treyreleased slowly
through weathering which takes thousands of yealenger. This implies
that elements cannot be readily released from ithesphere to offset
"excessive" local utilization.
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In the atmosphere, winds ensure circulation orimgi>of gases, and
this tends to correct or even out local or regiatiierences in the levels
of concentration of gases. There is however ncela@ale mixing in the
soil (the exchange pool of sedimentary cycles),chelocal or regional
differences in levels of nutrients due to differescn soil patent material
or levels of application of fertilizers cannot leadily corrected.

The Carbon Cycle

| shall examine the carbon cycle as an example ofgageous
biogeochemical cycle. Carbon is present in theoaphere as gaseous
carbon dioxide. The gas (carbon dioxide) is alsssalved in water in
aguatic ecosystems. Several activities such as estiob of fossil fuels,
volcanic outgassing as well as land clearance asgimation of living
organisms result in the emission of considerableownts of carbon
dioxide into the atmosphere on a yearly basis. &eshyou do not know
how land clearance results in carbon dioxide ouiptiot the atmosphere. |
shall therefore explain this point briefly. Wherethiegetal cover of any
area is removed, the soil is exposed to solar tiadiaand the resulting
high soil temperatures accelerate the rate of @ghnic matter (humus)
decomposition, which results in considerable ougudarbon dioxide into
the soil and ultimately into the atmosphere.

In spite of the various activities listed abovéieh result in carbon
dioxide output, the level of atmospheric carbonxidle remains fairly
constant being maintained at a more or less conleagl of 0.03 % of the
air by volume. This is mainly because the rateasbon dioxide output is
approximately balanced by the rate of carbon dexitlization by green
plants and carbon storage as fossil fuels (coal pettoleum) and
carbonate storage on the ocean floor. The ocearsas a huge reservoir
of carbon that prevents atmospheric carbon diobadel from oscillating
markedly; if the level of atmospheric carbon diexid increasing, more
carbonate will be stored by the oceans. On therdthed, if the level of
atmospheric carbon dioxide is decreasing, more ocardioxide is
decreasing; more carbon dioxide will be released ihe atmosphere by
the oceans
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Calcium Cycling in Terrestrial Ecosystems

The reservoir pool of calcium is the lithospherealoim is slowly
released into the soil layer as a result of weatgeof lithospheric rocks.
You will recall that | said earlier that calciumcatints for approximately
3.6% of the lithosphere by weight. Rocks such m&ditone and chalk are
particularly rich in calcium and they give risedalcium-enriched season
weathering. Plants absorb calcium from the soil atwe it in their
tissues. Animals obtain their supplies of calciuonf plants, which they
feed on. Ultimately, calcium stored in plant andhaal tissues is returned
back to the soil when plants and animals die acdm@ose.

There is a net loss of calcium from terrestrialsstems to the ocean
mainly due to leaching and erosion. A consideraoi®unt of calcium in
ground water or runoff eventually finds its way ttte sea where it is
'locked up' in marine ecosystem. Unlike the carbgde, there are no
strong feedback mechanisms, which ensure that ¢hdoss of calcium
from terrestrial to marine ecosystem is counterhble a reverse transfer
of calcium from marine to terrestrial ecosystemswhall proportion of
calcium lost to the ocean is however transferreckida land through
saltspray and harvesting marine fish.

Biospheric Resources

I am not going to discuss with you about the resesiiof the biosphere in
detail. | shall merely indicate the types of resmgrand comment briefly
on their utilization. The resources are mainly soilegetation and
wildlife. Soil is a valuable resource that can log ipto agricultural and a
variety of engineering uses. Soils form the basisath forms of
agricultural production, whether arable or aninahfing. Soils are also
put into a variety of engineering uses, such ad,ramport, industrial and
residential development. In general, soils thatsaréable for agricultural
uses are unsuitable for industrial uses. You maje lseeen the engineer
scrap off the topsoil before laying the foundataira building or for the
purpose of road construction. The topsoil whichicd in organic matter
(humus) is unsuitable for engineering uses as mnek form a firm
foundation for buildings, roads and other enginmegstructures. Similarly,
hard compact soils with high gravel contents argable for certain
engineering uses but are virtually useless for gumuction purposes.
Under proper management, the soil resources ofrea @an be used for
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agricultural production for a long period with mucisk of declining
productivity. However, when inefficient and impres®il conservational
techniques are adopted, the soil resources arevenigbed and sometimes
rendered useless with severe gullies resultings s occurred in the Udi
plateau of Imo and Anambra States and up till tlesgnt day, the people
are faced with the grave danger of advancing guylehich continually
reduce the amount of land available for farming atier uses.

Vegetation is a valuable resource. The vegetaifosn area protects
the soil against erosion, desiccation and land lidéos. When the
vegetation cover is removed, accelerated soil enosets in with gullies
resulting especially on steep slopes. In semi-ggglons, removal of the
sparse vegetal cover has grave effects. The tofs@l is blown away
during spells of dry weather; the wind-blown madkfeing deposited
elsewhere to form sand dunes or layers of sandyavgrthe surface of
little agricultural value. When the rains set iens-arid regions whose
vegetal cover is removed are particularly pronegttly erosion with
badland often resulting. In the extreme northermt jd this country
(Nigeria), vegetation clearance and indiscriminabeirning have
encouraged the process of desertification partiguia northern Katsina.
Kano and Borno States. Vegetation types such astfand grasslands are
valuable resources. Forest is a source of fibretgsp fruits, herbs of
medicinal value and also timber for various cordive purposes.
Savanna vegetation (tropical grasslands) provideabée herbage for
feeding animals while savanna trees are sourcealoéble raw materials,
such as gum Arabic (obtained from acacias treesumed for making
gums and point) and tannins. Both forest and savaegetation provides
habitats for wild animals, which are consideredirtegral part of the
resources of these types of vegetation. The coasenvand proper
management of the vegetal resources of an area tlaeeefore
indispensable for wildlife preservation.

Wildlife is an important biospheric resource bemgource of hides,
proteins and products such as ivory. In East Afriealdlife is an
important contributor to foreign exchange earnisgtaenhances tourism.
In many parts of the tropics, uncontrolled huntimgs resulted in the
decimation of certain wildlife species.
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Post-Test

The reservoir pool of sedimentary biogeochemicaleyis in:
Sediments.

Lithosphere.

Atmosphere.

Hydrosphere.

None of the above.

o~ wnNPRE

Answers to Pre-Test and post-Test

Pre-Test
Three major resources of the biosphere are: s@fgtation and animals.

Post- Test
B
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