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Unit 1

Structure of the Earth

Introduction

Welcome to the first unit of the Grade 12 Geography programme which deals with the structure
of the earth. You would probably realise that what you are going to learn in this first unit is not
entirely new to you. You studied the Physical Environment when you were doing Social
Studies at junior schools. This unit builds on the foundation laid by the Social Studies course.

In all there are 16 units in this Geography programme. The subject Geography deals more with
the physical environment and how these influence human activities. It is important to start the
Geography programme with a closer look at the processes responsible for the formation of the
physical features. This unit therefore is the foundation upon which all other units are built. For
example in the next unit or Unit 2, you will do map reading which will help you locate these
physical features on maps.

In this unit, you will learn about the earth as part of the physical world. The term “physical”
means natural. A scientific field called geophysics studies the physics of the earth. Through
geophysics many significant discoveries about the nature of the earth have been made. In this
unit you will study the earth’s surface and the natural behaviour of the earth below the surface.
Besides the structure of the earth you will learn about the formation of different landforms
associated with the movement of the earth.

The topics addressed by this unit are:
Topic One: The Structure of the Earth

In this topic we will be looking at the different layers that make up the inside of the earth.
These are the earth crust, the mantle and the core. We will move on to learn about the internal
movements that take place inside the earth that causes earth movements called plate tectonics
and the various types of plate boundaries.

Topic Two: Faulting and Folding

The first topic describes various types of earth movements and the landforms associated with
them. We will be looking specifically at folding and the formation of Fold Mountains. We will
move on to faulting and the formation of rift valleys and block mountains.

Topic Three: Earthquakes

The topic deals with earthquakes, what causes them and the various types of shock waves. We
will also look at how earthquakes are measured, the distribution of earthquakes and their
effects.

Topic Four: Volcanicity

In this topic we are going to discuss volcanicity. We are going to look at how volcanoes occur,
internal and external volcanic features and the various types of volcanoes. We will also look at
the distribution of volcanoes and their effects on humans.




Upon completion of this unit you will be able to:

QOutcomes

Time

List and describe the three layers that comprise the earth’s structure.

Describe the proportion of land and water

Describe rock types (igneous, sedimentary and metamorphic) and their formation

Explain the forces of compression and tension in relation to the theory of plate
tectonics.

Describe the distribution of earthquakes and volcanoes in relation to plate margins.

Explain how volcanoes and earthquakes are formed and their impact on humans and
the environment.

Interpret the Richter scale to determine the magnitude of earthquakes.

Describe the formation of related landforms for example, fold mountains and lakes,
rift valleys and block mountains.

Discuss the impact of the above landforms on human activities

Time

You will need 2 hours to study each topic. You will therefore need to dedicate 8 hours for you
to cover the entire whole unit sufficiently. You might finish studying each topic in less than 2
hours or exceed your study time as this is determined by your understanding of the topic and
reading speed. You will need about an hour to complete the assignments and another to
complete the assessment. However, do not be too worried if you take longer.

Learning approaches

In order to ensure smooth learning, this unit has been designed with the following features:

Unit and Topic objectives: these are meant to focus your attention so that you know
exactly what is expected of you.

Activities or Exercises: they are of two types. The first types are meant for you to recall
your previous knowledge. The second type are meant to test your understanding of the
content you have just learnt

Presentation of content: this is done selectively, one at a time to help you focus

Case Studies: they help you come closer to the concrete experience of the issues being

discussed

Illustrations: they help you visualise the issues being discussed

Assignments: give you an opportunity to do something on your own and assess what
you have learned in each topic




e Assessment: help to see if you are able to retrieve and apply the content you have learnt
in the unit and help consolidate learning

e Feedback: it is always given at the end of assignments, activities and assessment. It
helps you identity correct answers to the questions or problems and assess your
understanding as you go through the different sections of each topic.

Assessment

Each topic has activities, assignments and assessment. To test your understanding, one or more
activities are provided in the course of each topic. At the end of the unit are assignments and
assessment questions. Take time to work on the assignments and assessment questions as these
will help you consolidate your understanding of the unit. You should first attempt these
activities, assignments and assessment questions without looking at the answers provided. After
that you can check your answers by referring to the answers that are provided in the unit.

You are encouraged to effectively participate in the questions and discussions in the activities
as they foster active learning. If you are registered with any distance education provider, you
are advised to make use of their learner support services such as study centres, tutorials, radio
programmes and counselling support. Study centres are important because they have relevant
information that you need. They also give you the opportunity to meet and discuss with other
learners. Notice that tutors are available at the study centres and they will help you where you
experience difficulties.

Resources

You will need some materials to study this unit effectively. Besides the pens, pencils and paper
that you need for writing and drawing, you will also need maps or atlases to locate places
mentioned in this unit. There are also some textbooks (See list of references at the end of the
unit) that give information on these lessons. You can find all these from your nearby library or
study centre. Internet also provides information on what is discussed in this unit. However, if
you do not have these resources, do not worry as the information provided here is adequate to
assist you in mastering the topics.

Glossary

The table below is a glossary of words used in the unit. You will find the glossary useful as it
helps you to understand these words. If there is any word used that you are not sure of its
meaning please refer to a dictionary. You can find dictionaries in your nearby study centres and
libraries. Your tutor can also help you.

ABG
m Active volcano: A volcano with frequent eruptions
Terminology Compression: Force caused by collision and
pressure
Dormant volcano: A volcano that has not erupted in a

long time but may erupt in the future




Earth tremors:

Extinct volcano:

Intensity:

Lava:

Magma:

Magnitude:

Plate Tectonics:

Pyroclastic flow:

Seismic waves:

Seismograph:

Tension:

Zone of
Subduction:

Small earthquakes that produce minor
shock waves

A volcano that has not erupted for a
very long time and shows no signs of
ever erupting in future

The strength and effect of an
earthquake

Molten rocks that reach the earth
surface

Molten  rocks of very high
temperatures

Total amount of energy released by
an earthquake

Movement of large blocks of the earth
crust

Materials blown into the atmosphere
by volcanic activity including cinders,
ash, volcanic bombs and burning
gases. It appears like a cloud and
travels at a fast speed burning
everything in its way

Energy that travel through the earth or
other elastic body as the result of an
earthquake

An instrument used for recording the
intensity and duration of an
earthquake

Force produced by pulling apart

An area where an oceanic plate
collides with a continental one and
sinks into the mantle




Topic 1: The Structure of the earth

Introduction

Do you remember that in the unit introduction we said that this is the first of the four topics
found in this unit? Have you ever wondered what you would find if you were to dig deep down
into the earth’s surface? You have also probably wondered how some landforms like mountains
and lakes have been formed. In this topic we will begin to address these issues. You are going
to learn about the various components that comprise the earth structure and the characteristics
of each component. The topic therefore deals with the shape of the earth, its structure and the
natural forces that are within the earth and what these forces produce.

Topic Objectives
At the end of this topic you should be able to:
e draw a diagram of the earth identifying the three layers of the earth
e describe the composition of each layer
e Describe rock types (igneous, sedimentary and metamorphic) and their formation

o illustrate with diagrams the natural forces of compression and tension that cause the
movement of plate

e identify and name the major plates on a world map

e list and describe the three main types of plate boundaries and the physical features
associated with each one of them

Topic Contents List

1.0 Model of the earth
1.1 The earth crust
1.2 The mantle
1.3 The core

2.0 Plate movements
2.1 Convergent plate boundaries
2.2 Divergent plate boundaries
2.3 Transform plate boundaries

3.0 Summary

1.0 Model of the earth

Before you go any further with this topic, let us refresh your memory on what you learnt in
junior secondary. Do Activity 1 that follows.




Activity 1

1. List some of the physical features you learnt about in junior secondary level.

2. Explain the importance of these features to human beings.

Feedback

I hope you were able to recall what you have learnt about physical features in your
country. Here are answers to the two questions:

1. Examples of physical features are mountains, rift valleys, craters, lakes and inland
deltas

2. Some of these features are:

®  sources of water, for example lakes and deltas

® attraction to tourists, for example rift valleys, craters and deltas and in fact
all the features listed can be tourists attractions and

e influence on climate, for example mountains. You will learn about climate
and the role of mountains in a later unit.

If you travel from one place to another in your country, you might see physical features such as
hills, mountains, valleys and lakes. In order to understand fully the features that we find on the
ecarth surface, it is important to know what is inside the earth. What we know of the interior of
the earth is related to what we can see at the earth surface. We get information about the
interior of the earth from such things as earthquakes, volcanic eruptions and from deep mines.
For instance, people who work in deep mines, like the gold mines in South Africa, have noted
that temperatures underground are higher than temperatures on the ground surface.

You have probably seen a model of the earth called a globe. The earth is shaped like a sphere, a
round shape that is slightly flattened at the poles. As you can observe in Fig 1, a cut through the
earth will show three circular layers called the crust, the mantle and the core. The distance from
the surface of the earth to its inner most centre is about 6400 kilometres. As we go deeper and
deeper into the earth, the temperature and pressure increases.
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Fig 1: The structure of the earth

Source: http://upload.wikimedia.org/wikipedia/commons/e/ee/Earth-crust-cutaway-english.svg
Retrieved: 03/07/11

1.1 The Earth Crust

The outer shell of the earth is called the earth crust. The earth crust is more like the shell of an
egg in that it is very thin and brittle compared to the other parts. It ranges in thickness from 10
to 70 kilometres. The thinnest part is under the oceans and goes to a depth of 10 kilometres.
The thickest part is the top of the Himalaya Mountains at 70 kilometres.

Before we look at distinct layers of the earth it is very important to understand the rock types
that makes up the earth. Geologists classify rocks in three types. These are grouped according
to the major earth processes that formed them, their texture, mineral and chemical composition.
The three major types of rocks are sedimentary, igneous and metamorphic.

The table below is a brief summary of how each type or group of rocks was formed and their

examples.
Type of | Formation Examples
Rock
Igneous Formed from molten rock (magma) | Granite, basalt, obsidian, quartz, pumice, flint,
that cooled and solidified. Igneous | andesite
rocks differ according to the
chemical composition and cooling
rates of magma. Some igneous rocks
were formed from magma which
cooled and solidifies within the earth
crust e.g granite. Some were formed
from magma which cooled and
solidified on the earth surface and '
formed rocks like pumice and basalt. | 1gneous rock- gabbro
Source: http://en.wikipedia.org/wiki/Rock_(geology)
Retrieved : 03/07/11
Sedimentary | Formed from sediments (rock | Shale, sandstones, limestone, chalk

particles, minerals, plant and animal
remains)  layers ~ which  had
accumulated over many years




Sedimentary rock — sandstone with iron oxide

Source: http://en.wikipedia.org/wiki/Rock_(geology)

Retrieved : 03/07/11

Metamorphic | Formed when sedimentary and | Slate, marble, quartzite
igneous rocks are further compacted | z
by intense pressure and heat.

Metamorphic rock — banded gneiss

Source: http://en.wikipedia.org/wiki/Rock (geology)

Retrieved : 03/07/11

Fig 2: Rocks - Types, formation and examples

Now that you know about the three major groups of rocks you should be able to understand the
composition of each layer of the earth. You will also learn about some of the elements that we
have mentioned in the formation of the rocks, for example, magma and where it comes from.

The earth crust has two distinct layers. The upper layer consists mainly of granitic rocks and
forms continents (Continental Crust). Its main mineral constituents are silica and aluminium
hence it is also known as STAL. The lower layer is made of dense basaltic rocks and forms
ocean floors (Oceanic Crust). Its main mineral constituents are silica, iron and magnesium
hence it is also known as SIMA.

If you look closely at the diagram in Fig 3, you will realise that the ocean lies on top of the
oceanic crust whereas above the continental crust is a landmass or a continent. The Continental
Crust is much thicker than the Oceanic Crust, as also demonstrated in Figure 3.
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Fig 3: The oceanic and continental crusts

What is on the oceanic crust? You are correct if you said water or ocean water. The water on
earth occupies 70% of the earth’s total surface. Inclusive of this amount is the 1% of fresh
water from rivers, dams, lakes and boreholes.

If you look closely at Fig 3, you will find that the oceanic crust lies lower than the continental
crust that covers only 30% of the crust. It therefore makes sense to conclude that oceanic crust
lies lower than the continental crust because it carries water, particularly ocean water.

Now that you have learnt about the earth crust, let us now move on to what lies below the earth
crust. What kind of rocks do you think are found below the crust?

1.2 The Mantle

If you look closely at Fig 1 again, you will realise that immediately below the Earth’s crust is
the mantle, which extends to a depth of 2 900 kilometres. The mantle is composed of semi
liquid or molten rocks that are subjected to extreme pressure. The rocks are rich in iron and
magnesium. The boundary between the Earth’s crust and the mantle is called the Moho
Discontinuity. The area labelled asthenosphere in Fig 3 is part of the mantle.

Notice the difference in rock type between the earth crust and the mantle. While rocks in the
crust are solid those of the mantle are molten or semi liquid. What kind of rocks do you think
are found in the next layer of the earth? Reflect on your answer and then read the next section
to see how your answer compares with what is said there.

1.3 The Core

As you can observe from Fig 1, the innermost part of the earth is the Core which has a radius of
about 3 500 kilometres. It is composed of metallic elements, especially iron and nickel. Rocks
are exposed to intense heat and pressure with temperatures as high as 6 000°c. The core
consists of two layers. The outer core is in a liquid state whereas the inner core is in a solid
state.

Having gone through the different layers of the earth, I think you are now familiar with the
structure of the earth and type of rocks found in each. To see how much you have learnt,
attempt Activity 2 that follows.




Activity 2

Study the diagram in Fig 4 that shows a section through the earth. Label the
features 1 to 6.

Fig 4: A cross section through the earth.

Image from

http://commons.wikimedia.org/wiki/File:Jordens_inre _med_siffror.jpg

1 2.

3 4.

5 6.
Feedback

I hope you have answered as follows:

L.inner core 2.outer core 3. mantle 4.upper mantle 5.oceanic crust 6.continental

There are movements or forces at work inside the earth especially in the mantle and the outer
core. It is these movements that results in the formation of landforms at the earth surface and
also cause earthquakes. In the next section we are going to look closely at the forces at work
inside the earth.

2.0 Plate Movements

The term plate tectonics, as you have noticed under the glossary or terminology section,
describes the large scale movement of the earth’s lithosphere. The outer most parts of the
carth’s interior are made up of two layers: the lithosphere and the asthenosphere. The
Lithosphere consists of the Earth Crust and the rigid uppermost part of the mantle. Below the




lithosphere is the asthenosphere made of molten rocks that can flow like liquid. The lithosphere
is broken into plates called tectonic plates that ride on the asthenosphere and move in different
directions. The earth is broken into several plates as you can see in Fig 5. The main plates
include African plate, Antarctic plate, Eurasian plate, Pacific plate, South American plate and
North American plate. Minor plates include Arabian plate, Caribbean plate, Cocos plate and
Nazca plate. Can you identify these in Figures 5?7 Study this figure carefully and ensure that
you have identified all the plates.
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Fig 5: Major tectonic plates

The place where two plates meet is called a plate boundary. These are represented by the thick
black lines in Fig 5. Plate boundaries are areas that are prone to earthquakes, volcanic eruptions
and formation of landforms. Plates move at a speed of 5 to 10 centimetres a year. Tectonic
plates can include the continental crust and oceanic crust. It is believed that the heat from deep
inside the earth is the source of the energy driving the plates. The heat produces convectional
currents in the mantle. As the currents move they drag the plates lying above them.

Carefully study the diagram in Fig 6. The light arrows in the mantle indicate the convectional
currents. The thick arrows indicate the directions in which plates are pulled by convectional
currents.




Slab Pull

Fig 6: Effects of convectional currents
Source: Adapted from http://en.wikipedia.org/wiki/File: Oceanic_spreading.svg -
Retrieved: 06/07/11

From what you have learnt, I think you now know what plates are, the boundaries between
plates and what causes the movement of plates. In the next section we will look closely at the
various types of plate boundaries.

There are three types of plate boundaries as shown in Figure 7. These are convergent, divergent
and transform plate boundaries.
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Figure 7: plate boundaries

Source: http://en.wikipedia.org/wiki/File:Tectonic plate boundaries.png




Retrieved 03/07/11

2.1 Convergent Plate Boundaries

A convergent plate boundary is also known as a destructive plate boundary. It occurs where two
plates moving towards each other collide. The collision can be between two oceanic plates, two
continental plates or oceanic and a continental plate.

When a light continental plate meets a heavier oceanic plate, the oceanic plate is forced under
the continental plate forming a subduction zone. Deep ocean trenches are found at subduction
Zones.

Study Fig 8 which shows an oceanic plate colliding with a continental plate. Notice that a
trench is formed where the oceanic plate is sinking below the continental plate. This boundary
is called a destructive plate boundary because it is where the sinking place is destroyed or lost
into the hot mantle below.

Figure 8: Convergence of Oceanic and continental plates

Source: http://en.wikipedia.org/wiki/File:Active Margin.svg - Retrieved: 09/08/11

The force that is applied by plates that are moving towards each other is called compressional
force. It is indicated by arrows pointing towards each other as shown on Fig 9.

When continental plates collide with each other huge mountain ranges are formed. The diagram
in Fig 9 shows two continental plates colliding. Notice that a mountain range is formed where
the two meet.

Continental-continental convergence

Figure 9: Convergence of two continental plates

http://en.wikipedia.org/wiki/File:Continentalcontinental convergence Fig21contcont.gif

13




Retrieved: 09/08/11

When two oceanic plates collide they create island arcs as one plate is forced under another.
The arc is formed by the volcanoes that erupt through the overriding plate. If the volcanic
activity continues, the volcano may grow tall enough to reach the surface forming an island.
Examples of such islands arcs include, Japan, Mariana Islands, Tonga, Philippines and
Indonesia. A deep under sea trench (up to 2000 kilometres deep) is located in front of such arcs.
Study Fig 10 showing two oceanic plates colliding. Notice the volcanic eruptions and three
islands forming above the water.
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Fig 10: Convergence of two oceanic plates

http://en.wikipedia.org/wiki/File:Oceanic-oceanic_convergence Fig21oceanocean.gif

Retrieved: 09/08/11

Having gone through convergent plate boundaries I think you know the features that are formed
when plates meet. To refresh your memory, we said these are trenches, mountain ranges and
island arcs. What do you think will happen when plates move apart in opposite direction? Think
about this. When you are done go on and read the next section.

2.2 Divergent Plate Boundaries

Divergent plate boundary is the opposite of convergent plate boundary that you have just
studied. This is where two plates move away from each other. At sea this results in the
formation of mid oceanic ridges whilst on land it results in formation of rift valleys. A mid
oceanic ridge is a huge underwater mountain that stretches for thousands of kilometres. It is
formed when molten rocks from the mantle move in to fill the space left by plates moving
apart.
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Fig 11: Divergent plate boundary
Source: hitp://en.wikipedia.org/wiki/File:Oceanic spreading.svg -Retrieved 06/17/11

Study the diagram in figure 11. The force or the pressure applied by plates that are moving
away from each other is called tensional force. It is shown by arrows pointing in opposite
direction. Notice that the space left by the two plates is filled by material from the mantle to
form a hill like feature under the sea.

We have now realized that plates can move towards each other and away from each other. Now
let us look into the other ways in which plates move. This movement occurs at transform plate
boundaries.

2.3 Transform Plate Boundaries

Transform boundaries are sometimes called conservative plate boundaries. They occur
where plates slide or move past each other. A good example of this type of plate boundary
is the San Andreas Fault in the west coast of North America where both the Pacific and
North American plates are moving in the same direction but at different speeds creating the
impression that they are moving in opposite directions. Fig 12 indicates by arrows the
pressure exerted by plates moving past each other.

Fig 12: Transform plate boundary

Retrieved from Wikimedia commons




You have now discussed the three different types of plate boundaries. We said these are
convergent, divergent and transform plate boundaries. They are sometimes referd to as
destructive, constructive and conservative plate boundaries.

To see how much you have learnt so far attempt Activity 3 that follows.

Activity 3

Study the map of the world that show different plate labelled 1 to 11 in Fig 13
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Fig 13: Tectonic Plates

1. List the plates shown on the map [11 marks]
1. 2.
3 4.
5 6.
7. 8.
9 10.
11.
2. What features are likely to form at the following places? [3 marks]

a) Between the African and South American Plate

b) The area around Japan

3. What forces are operating: [2 marks]

a) Between African and South American Plate
b) The area around Japan




Below are the answers to the above exercise, go through them to see whether you have
answered the questions correctly.

Question 1

1 for African Plate, 2 for Indo-Australian Plate, 3 for Pacific Plate, 4 Eurasian Plate, 5 for
Arabian Plate, 6 for North American Plate, 7 for Cocos Plate, 8 for Caribbean Plate, 9 for
Nazca Plate, 10 for South American plate and 11 for Antarctic Plate

Question 2 a) Mid oceanic ridge b) Trench and volcanic arc

Question 3 a) Tensional force b) Compressional force

12y,

Summary

Summary
3.0 Summary

In this topic you learned about the structure of the earth which comprises the Earth Crust, the
Mantle and the Core. The organisational table below summarises the structure of the earth.

The Structure of the Earth

Internal
Earth Crust Mantle Core
Outermost layer e Between the e Inner most part
Float on denser Crust and the e Made of iron
mantle Core and nickel
Broken into e 52900 km thick e 3400km thick
crustal plates e Made of molten e Temperature up
rocks to 6 000°

Figure 14: Summary of the structure of the earth.

The Earth Crust is divided into several plates that are moving in different directions. As plates
move they exert forces of compression and tension. The boundaries between plates are divided
into convergent, divergent and transform plate boundaries.

You will need to use the information you have learnt in this topic to do the first assignment at
the end of the topic below. Feedback is also provided to correct you. In the next topic we will
be looking at the features that are associated with the movement of plates. This movement of
plate results in the formation of landforms or physical features. The first such features are Fold
Mountains.

Topic 1: The Structure of the Earth




1. Name the different layers that you will see if you were to cut through the earth. Describe in
details the characteristics of each layer. [8 marks]

Feedback

Your answers to the above assignment questions should be more or less similar to the
following:

Topic 1
1. (a) Core

e Divided into inner and outer core
e Inner core is said to be solid whilst outer core is said to be liquid
e Rock making the core are said to be rich in nickel and iron
e Temperature range from 3 000°C to 5 0000°C

It is the centre of the earth

(b) Mantle

e [salso divided into two layer; upper mantle (asthenosphere) and lower mantle

e Rocks here are rich in iron and magnesium
e Rocks are in a molten state
e Temperatures are well over 1 000°C
e Itis the middle section of the earth
(c) Crust
e A layer on which we live

It divided into continental and oceanic crust

e Continental crust forms continents whilst oceanic crust forms ocean floor
e  Continental crust is also called SIAL becuse it rich in silica and aluminium

e QOceanic crust is also known as SIMA because it is rich in silica and
magnesium

Topic 2: Folding and Faulting

Introduction

In Topic 1, you learnt about the movement of plates. You learned that plates that move towards
one another exert compression forces on the earth crust while those that move away from each
other exert tensional force on the earth crust. These forces of tension and compression are
responsible for folding and faulting of the earth crust which we will be discussing in this topic.
There is, thus, a relationship between the two topics.

Topic Objectives
At the end of this topic you should be able to:
o define the terms Faulting and Folding




e draw and explain four types of faults and folds

e draw and explain the formation of landforms associated with faulting and folding.

Topic Contents List
1.0 Folding
1.1 Types of folds
1.2 impacts of fold mountains on people
2.0 Faulting
2.1 Normal fault
2.2 Reverse fault
2.3 Thrust fault
2.4 Tear Fault
3.0 Summary

1.0 Folding

The term Folding refers to the bending and crumbling of sedimentary rocks as a result of
compression forces. This bending of rocks is a result of compression force caused by colliding
plates at convergent plate boundaries. The colliding plates may either be two continental plates
or a continental and oceanic plate. When two continental plates collide and continue to press
against each other, the land caught between them has nowhere to go but to rise up. When
oceanic and continental plates collide, the oceanic plate is subducted whilst the continental
plate is crumpled upwards in a series of folds. In both cases rocks are folded and large layers of
the earth crust are raised to form Fold Mountains. Layers of rocks that are folded upwards are
called anticlines and form mountain ranges. Layers of rocks folded downwards are called
synclines and forms mountain valleys. The sides of folds are called limbs. Figure 1 illustrates
these types of folding.




Anticline

< Limb

Syncline

\ /

S N

Compression Compression

Fig 1: Folding

The folding of rocks as a result of compression force caused by two plates colliding may take
various forms.

1.1 Types of folds

You have learned how a fold mountain is formed. The mountain may take different shapes.
There are four different types of folds. These are simple, asymmetrical, overfold and overthrust
folds. The difference is determined by the amount of compression exerted. The limbs of a
simple fold are more or less the same. An asymmetrical fold has one limb steeper than the
other. Further compression produces an overfold where one limb is pushed over another.
Intense pressure produced by more compression leads to an overthrust where a fracture
develops and one limb rides over another

As the rocks get bent and crumpled, massive layers of Earth's crust are uplifted to form fold
mountains. Fold mountains are the world’s largest mountain ranges. Well-known examples of
fold mountains are the Himalayas in Asia, the Andes in South America, the Alps in Europe, the
Rockies in North America and the Atlas in North Africa.
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Fig 2: The Himalayan Mountain
Source: http://en.wikipedia.org/wiki/File:Crows Lake in_North Sikkim.jpg
Retrieved: 05/07/11

The Himalayan Mountains shown in figure 2 were formed when India plate crashed into
Eurasia plate producing the tallest mountain range in the world. In South America, the Andes
Mountains were formed by the collision of the South American continental plate and the
oceanic Nazca plate.

Fold mountains that are formed in this way may have impact on the lives of people living
around them. What do you think are the impacts of fold mountains on people? Think about the
answers and when you are done proceed to read about them in the next section.

1.2 Impacts of Fold Mountains on People

Mountains affect the lives of the people near them. What do you think these effects are? Fold
Mountains affect human lives in a number of ways. Many of the Fold Mountains around the
world are renowned tourist spots. Mountain ranges like the Himalayas in Asia are popular with
tourists who come to see these magnificent natural wonders. Tourists generate income for the
host country by spending money on such things as transport and lodging. Other impacts of fold
mountains include:

e They can be used as recreation centres for such sports as skiing and mountain climbing.
Many climbers have tried to conquer Mount Everest, the tallest mountain in the world.

e Fold Mountains may stand on the way of warm and moist air coming from the sea
forcing it to rise. As the warm air rises, it produces torrential rain. The mountain may
also have snow at the top. This rain and snow may provide water for rivers that bring
this valuable resource to the lowlands.

e Some mountains may contain valuable minerals such as copper, tin and iron.
e Mountains are barriers to communication and make the construction of communication

lines difficult, for this reason communities living in mountainous areas are often
isolated from the rest of the world.
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e Mountainous regions are prone to natural hazards such as rock falls, landslides and
avalanches.

This brings us to the end of our discussion on folding. The next discussion is on
faulting, which we said in the introduction, is also formed as a result of the forces of
tension and compression.

2.0 Faulting

Unlike folding, faulting is the fracturing or cracking of the earth crust as a result of both tension
and compression. Tensional force is a result of plates pulling away from each other whilst
compression is a result of colliding plates. There are four types of faults. These faults can be
observed from figure 3 to figure 6. Look at them carefully and try to identify the differences.

2.1 A Normal Fault

A normal fault as you can see in figure 3 is caused by tension force operating on the Earth’s
crust. A fault develops between the two blocks of land, one block slips downward relative to
the other. The exposed upward block forms a cliff-like feature known as a fault scarp which
may be hundreds of meters in height and hundreds of kilometers in length.

Fault line

P
«

Tension Tension

a) Forces of tension are operating on the earth
crust and a fault develops

—

Tension Tension

b) One block slips downwards below the other

Fig 3: A normal fault
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2.2 A Reverse Fault

A reverse fault is the opposite of a normal fault. It is a result of compression force operating on
the crust. A fault develops and one block of land moves up relative to the other.

Fault line

v
a

Compression Compression

a) Compresional force operates on the earth crust
and a fault line develops

v
a

Compression Compression

b) One block of land moves up above the other

Figure 4: Reverse fault

A thrust fault, on the other hand, is a result of intense compression. A crack develops and one
block of the crust is pushed up and over the other block.
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Fault line

Compression

Compression

a) Intense compression force operates on the earth crust, a
fault develops and one block is pushed over another

Fig 5: A thrust fault

2.4 Tear fault

A tear fault is a fault on which the two blocks slide past one another. It is caused by plates
passing next to each other in opposite directions. The San Andreas Fault in California is an

example of a tear fault.

2

Fault line

a) Two blocks slide past one another

Fig 6: A tear fault

Now that you have covered both folding and faulting, I think you realize that the two concepts
are related in that they both involve the movement of plates. The major difference is that with
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faulting a crack develops while land folds without cracking in folding. To see how much you
have learnt, attempt Activity 1 that follows.

X

Activity 1

— _/

~/

Fig 7: Different types of faults and their associated features
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Study Fig 7 and answer the questions that follow

Total [7 marks]

1. List the different types of faults labelled [4 marks]

il. Name the features labelled [2 marks]

ii. Name the forces at work at the place labelled [1 Mark]

Feedback

Below are the answers to the above exercise, study them to see whether you have answered

the questions correctly
A is a Tear fault. B is a Reverse fault. C is a Normal fault and D is a Thrust fault.
X is Horst and Y Rift valley. Z Tension

Remember we said that both folding and faulting results in the formation of physical features.

Features that are formed as a result of faulting are rift valleys and block mountains.

A Rift Valley sometimes called graben is a long and deep depression that is bounded on both
sides by normal faults and occurs on continents or under the oceans. Rift valleys occur in
divergent plate boundaries where two plates are moving away from each other. The tensional
force as can be seen in figure 8 (b) causes two faults to develop and a block of the Earth's crust
between two parallel faults sinks creating a large and relatively flat bottomed valleys. The
development of a rift valley in a continent is believed to be a beginning of the breakup of the

continent and the development of a new ocean basin.
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A. A Rift Valley Formed by Compression

Compression Compression

a) Compressional forces are operating on the earth crust, two
parallel faults develop

| |

Compression Compression

b) The outside blocks are pushed upwards above the middle block

Fig 8: A Rift Valley formed by compression




B. Rift Valley Formed by Depression

) N

Tension Tension

a) Tensional forces are operating on the earth crust, two
parallel faults develop

Tension

Tension

b) The block of land between two faults sinks, leaving
behind a huge depression called a rift valley

Fig 9: The formation of a rift valley by (a) compression and (b) Tension

Rift valleys are usually narrow and long, some measuring hundreds of kilometres in length.
They may also be formed by compression caused by colliding plates as can be seen in figure 9
(a). Two parallel faults develop and the other blocks are raised over the middle block creating a
depression. Rift valleys many contain deep lakes. The most extensive of the continental rift
valleys are those of the East African Rift Valley, which extends from Syria in the Middle East
to the Zambezi River in East Africa. This belt has lakes in it such as Lake Malawi, Lake
Tanganyika and Lake Turkana. Other notable examples include the Baikal Rift Valley (Russia)

and the Rhine Rift Valley (Germany).
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Study the case study and map below to strengthen your understanding of the African rift valley
system.

I

Case study

Case Study: The East African Rift Valley System

The East African Rift is one of the geologic wonders of the world; a place where the earth’s
tectonic forces are presently trying to create new plates by splitting apart old ones. In simple
terms, a rift can be thought of as a fracture in the earth’s surface that widens over time, or more
technically, as a long basin bounded by opposed steeply dipping normal faults. The process of
rifting is so well displayed in East Africa (Ethiopia-Kenya-Uganda-Tanzania) that geologists
have attached a name to the new plate-to-be as the Nubian Plate, which makes up most of
Africa, while the smaller plate that is pulling away has been named the Somalian Plate. These
two plates are moving away from each other and also away from the Arabian plate to the north.
The point where these three plates meet in the Afar region of Ethiopia forms what is called a
triple-junction. However, all the rifting in East Africa is not confined to the Horn of Africa.
There is a lot of rifting activity further south as well, extending into Kenya, and Tanzania and
Great Lakes region of Africa.
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Adapted from: General Geography in Diagrams- R.B Bunnett
page 32

Fig 10: East African Rift Valley system
Source: Story adapted from http://geology.com/articles/eastafrica-rift.shtml/ in August 2009

We hope that you found the earlier discussion on rift valleys and the case study of the East
African Rift Valley system interesting and informative. The next section discusses Block
Mountains.

Another feature caused by faulting is a block mountain. A Block Mountain which is
sometimes called A Horst is a raised fault block between two normal faults. A horst is formed
from either tension or compression. Tensional forces operating on the earth crust causes the
development of parallel faults. The block of land between parallel faults may remain stationery
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while blocks on either side sink. The middle block that is left standing becomes a block
mountain. Figure 11 shows how a block mountain is formed through tension.

Block Mt Normal fault inclined away from Block Mt
Y B r'/
PR
= _'_;:'-:.—."—--_ - — e ‘-y
F& F ik, VT
e

_—"-"-'_'-'_'_

A S R,

P —
«

=

Tension

Fig 11: A Block mountain caused by tension

A block mountain may also be formed when compressional forces causes the fracturing of the
crust and the upward movement or lifting of rectangular shaped block caught between two
parallel faults. Figure 12 shows how a block mountain is formed through compression. Note the
difference between the two types of block mountains as illustrated in figures 11 and 12.

Compression

Compression

Fig 12: Block mountain caused by compression

Examples of block mountains include the Sierra Nevada Mountains in North America, the
Black Forest in Germany and Mount Sinai in Egypt.

Like folding, faulting also impacts on human activities. What do you think are the effects of
faulting on people? Faulting has both negative and positive impact on people. Rift valleys and
block mountains are centres for tourist attraction. Rift valleys often give rise to important lakes
whose water could be used for fishing, irrigation and water transport.
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Summary

3.0 Summary

In this topic you learnt about the land forming processes of faulting and folding. We learnt that
there are four types of folds which are simple, asymmetrical, overfold and overthrust folds.
Folding results in the formation of fold mountains. Faulting on the other hand results in the
formation of rift valleys and block mountains. Types of faults include normal, reverse, thrust
and tear faults. Landforms caused by faulting and folding may have both negative and positive
impacts on people.

You have also realised that there is a relationship between this topic and the first topic. The first
topic made us aware of what is inside the earth and the movements that takes place there that
cause the plates to move. In this topic we have realised how these movements of plates forms
features such as fold and block mountains.

You will need to use the information you have learnt in this topic to do the second assignment
at the end of the topic below. Feedback is also provided to correct you. If after checking your
answers, you find that there are sections of this topic that you did not understand, review these
sections. Thereafter you may proceed to Topic 3 which deals with earthquakes.

Topic 2: Folding and Faulting

1. With the aid of well labelled diagrams, describe two ways in which a rift valley may
form. [6 marks]

Feedback

Your answers to the above assignment questions should be more or less similar to the
following:

Topic 2
1. (a) By Tension
e Tensional forces operate on the earth crust
e Two parallel faults develop
e The block of land between the faults subsides/sinks
e A depression (rift valley) forms
(b) By Compression
o Compressional forces operate on the earth crust
e Two parallel faults develop
e The two outer block are uplifted above the middle block

e A depression (rift valley) forms

(refer to Fig 9 of Topic 2 to see the diagrams for the formation of rift valleys)
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Topic 3: Earthquakes
Introduction

You have already learnt about the structure of the earth, plate tectonics and the various land
forms on the earth surface. In this topic you will learn about the nature of earthquakes, how
they are measured and their impact on humans and the environment. You will realise that
earthquakes are closely associated with the movement of plates that we have been discussing in
the last two topics.

Topic Objectives
On completion of this topic you should be able to:
e explain what earthquakes are
e explain the causes of earthquakes
e describe the measurement of earthquakes
e explain the technical terms used in describing earthquakes
e list regions where earthquakes occur

e describe the impact of earthquakes on people and the environment

Topic Contents List

1.0 What is an earthquake?

2.0 Causes of earthquakes

3.0 Recording earthquakes

4.0 Distribution of earthquakes
5.0 Effects of earthquakes

1.0 What is an Earthquake?

The first question one can ask is “What is an earthquake?” We are very lucky in Botswana and
Southern Africa as a whole because earthquakes are not common. The term earthquake comes
from two words “earth’ and “quake”. The earth is what we learnt about in Topic 1 and the
word” quake” means to vibrate or shake. So the word earthquake is used to describe the sudden
vibration of the earth.

Once in a while, we may experience the slight shaking of the earth in Botswana. Unless
someone tells you may not even realise it because the earthquake magnitude is very low in this
part of the world. Parts of Africa that sometimes experience significant earthquakes are those
in the East African Rift Valley and in West Africa. Thousands of earthquakes are recorded
around the world every year. Most of them are too small to be felt and few are strong enough to
cause damage. Earthquakes can be felt over large areas although they usually last less than one
minute.

Earthquakes have been in the news recently and I am sure most of you have heard or read about
some of them. One of the most prominent earthquakes that took place recently is the one that
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struck the island of Haiti in January 2010 or the one that hit Japan in 2011. In the next section
we are going to look closely at what causes earthquakes.

2.0 Causes of Earthquakes

In Topic 1 you learnt about movement of plates and plate boundaries. Earthquakes are a series
of vibrations or shock waves caused by earth’s movements along plate boundaries. As plates
move, pressure builds up due to friction. This pressure will eventually be released along a line
of weakness called a fault line. Energy released travels outward as seismic or shock waves
causing the earth crust to shake up and down and from side to side. The place where the
earthquake originates is called the focus. The place at the earth surface directly above the focus
is called the epicentre. This is the place closest to the focus and it is here where most damage
will occur. Shock waves lose their energy as they move further away from the epicentre and
cause less damage. Study the diagram in figure 1. Notice the position of the focus in relation to
the epicentre. See how waves radiate from the focus to the surface.

Epicentre

Farth Surfare

Focus

Fig 1: Origin of an earthquake

Sometimes an earthquake has foreshocks. These are smaller earthquakes that may happen in
the same place before the larger earthquake that follows. The largest, main earthquake is called
the mainshock. Main earthquakes are always followed by aftershocks, which are smaller
earthquakes that occur afterwards.

You now know that earthquakes are caused by shock waves. Now let us look closely at these
shock waves.

2.1 Shock/Seismic Waves

There are two types of shock waves; these are body and surface waves. Body waves travel
through the interior of the earth crust and are of two types, Primary or P waves and Secondary
or S waves. P waves cause the rocks to move back and forth in the direction of wave
movement. S waves cause rocks to move from side to side at right angles to the direction of
wave movement. P waves are faster than S waves and shake the ground first. The time between
the two waves is used to locate the position of the earthquake.

Surface waves travel through surface rocks and move more slowly than body waves. They are
therefore the most destructive seismic waves. There are two types of surface waves Love and
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Rayleigh waves. Love waves are waves that cause surface rocks to move from side to side at
right angles to the direction of wave movement. Rayleigh waves cause the surface rocks to
move in a way that is similar to those of waves on a water surface.

These shock waves that are responsible for earthquakes are summarised in the table below;

In the next section we will be looking at recording earthquakes. Do you know that it is possible
to measure earthquakes? It is even possible to locate where it all started. The shock waves that
we have just discussed help us to do this.

3.0 Recording Earthquakes

Earthquakes are recorded by instruments called seismographs, also known as seigmometers.
The recording they make is called a seismogram. The seismograph as can be seen in figure 2
has a base that sets firmly in the ground, and a heavy weight that hangs free. When an
earthquake causes the ground to shake, the base of the seismograph shakes too, but the hanging

weight does not. Instead the spring or string that it is hanging from absorbs all the movement.

Fig 2: A Seismograph

The difference in position between the shaking part of the seismograph and the motionless part
is what is recorded. A short wiggly line that doesn’t wiggle very much means a small
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earthquake, and a long wiggly line that wiggles a lot means a large earthquake. Figure 3 is an
example of the recordings of an earthquake.

Fig 3: Recordings from a seismograph

Sensitive seismographs can detect strong earthquakes from sources anywhere in the world. The
time, locations, and magnitude of an earthquake can be determined from the data recorded by
seismograph stations. In the next section you will learn about the scale used for measuring the
magnitude of earthquakes including the effects and frequency of the occurrence of earthquakes.

3.1 A Richter Scale

The Richter scale is the best known scale for measuring the magnitude of earthquakes. The
magnitude of an earthquake is determined from the logarithm recorded by seismographs. The
scale ranges from 0 to 10. Each one-point increase on the scale indicates ten times the amount
of shaking and 33 times the amount of energy. For instance an earthquake at Richter scale 6 has
a magnitude ten times that at scale 5. Study figure 4 that shows the magnitude, effects and
frequency of earthquakes.

Richter Description Earthquake Frequency of
Magnitudes P Effects Occurrence
Very small
Less than 2.0 Micro earthquakes which e
day
are not felt.
Detected only by About 1,000 per
2.0-2.9 .
seismometers. day
Minor
3.0-3.9 Just about noticeable | About 49,000 per

indoors. year
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Fig 4: Magnitude of earthquakes

The effects will however, vary from one area to another depending on such things as the nature
of the rocks and whether an area is populated or not.

With the content that you have covered so far, attempt Activity 1 and see how much you have
learnt.
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Activity 1

1. What are aftershocks? [1 mark]

2. Which waves are the first to arrive at a seismograph? [1 mark]

3.  What natural processes are triggered by earthquakes? [2 marks]

4. Why do some earthquakes cause more deaths than others? [2 marks]
Feedback

Below are the answers to the above exercise, go through them to see whether you have
answered the questions correctly

1. Small earth shakes that occur after the main earthquake
2. Primary or P waves
3. Landslides and earthquakes

4. FEarthquakes that occur in populated areas cause more death than those taking place
where there are few people

You have already learnt that earthquakes are less common in Southern African countries like
Botswana, Namibia and South Africa. In the next section you will learn of parts of the world
where earthquakes are common.

4.0 Distribution of Earthquakes

You have already learnt that earthquakes are caused by movement of plates. Earthquakes are
therefore common along active plate boundaries. The plate boundaries are made up of many
faults, and most of the earthquakes around the world occur on these faults. The map in Fig 5
shows the distribution of earthquakes around the world. The well-known belt of earthquakes
and volcanoes is the area around the Pacific Ocean popularly known as the Pacific Ring of Fire.
On the map in figure 5, this area stretches from the west coasts of North and South America to
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the east coasts of Asia and Australia. In Africa earthquakes are common in East and North
Africa.

N e

o, g _} Emhn_ﬁau}

Fig 5: Distribution of earthquakes

Read through the case study that follows, it will give you an idea on the nature of earthquakes
and their effects on people.

Case study
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Source:http://www.mattmayer.com/essays/kobe95 . htmhttp://www.mattmayer.com/essays/kobe

95.htm - retrieved 12/05/10

From the case study you can realize that it is not surprising that Japan was hit by an earthquake
as it is located near a destructive plate boundary. Refer to Topic 2 for more information on
destructive plate boundaries. You may also realize that scientist were able to measure the exact
location and time as well as the magnitude of this earthquake. Earlier on we talked about the
aftershocks. Notice here how these aftershocks were at work in Kobe. The earthquake
obviously caused a lot of destruction in terms of human life and property.

In the next section we will look closely at the effects of earthquakes.

5.0 Effects of earthquakes

The case study you just read about shows that earthquakes may be a serious threat to people.
This section will focus on the effects of earthquakes on people’s lives. It is important to note
that the Richter Scale is not used to express damage. An earthquake in a densely populated area
may cause many deaths and considerable damage but another earthquake of the same
magnitude in a remote area or beneath the oceans may not even be felt by humans. Scientists
use a different Mercalli Intensity Scale to measure the effects of an earthquake.

Primary effects of earthquakes are hazards that happen immediately as an earthquake strikes.
Buildings that cannot withstand the earthquake collapse killing people. Falling objects like
glass are also a hazard to people. Sometimes the land becomes liquefied and buildings sink.
Earthquakes can cause landslides, open deep cracks on the surface, raise or lower the land.
Figure 6 shows some of the earthquakes and their effects.
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Year Country People Kkilled
1993 Killari (India) 30 000

1999 Imit (Turkey) 15 000

2008 Sichuan (China) 12 000

2009 Italy 150

2010 Haiti 230 000

Fig 6: Some earthquakes and their effects

Secondary effects are hazards that happen hours or days after an earthquake. These include
tsunamis or waves up to 30 meters high and travelling at speed of up to 500 km/h that occur at
sea. Diseases like cholera may occur if water supply is cut off. Communication becomes a
problem due to blocked roads and railways, fallen cables and communication lines. Fire
outbreaks are some of the most devastating secondary effects.

Read through the caption that follows, it will give you more information on what a tsunami is.
Remember that we said tsunamis are some of the effects of earthquakes.

What is a tsunami?

A tsunami is a large ocean wave usually caused by an underwater earthquake or a volcanic
explosion. Tsunamis are different from ordinary sea waves. With typical waves, water flows in
circles, but with a tsunami, water flows straight. This is why tsunamis cause so much damage!

a) anormal wave. Notice that water flow in a circle and the wave does not
reach high ground

b) a tsunami. Notice that water flow in a straight line and strong water flows over
high ground

Fig 7 (a) A normal wind wave and (b) Tsunami

Source: http://pdfresh.com/wp-content/uploads/2011/03/circle-and-straight-tsunami-
flows-image.gif - Retrieved:05/06/10
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You know about the destructive effects of earthquakes, but how can we reduce some of the
damage caused by earthquakes. This will be our focus in this last section of the topic.

5.1 Reducing Damage Caused by earthquakes

By now you have realised that earthquakes are a threat to people and have actually killed a lot
of people in the past. What do you think could be done to stop this? If earthquakes could be
predicted, a lot of lives could be saved. Scientist can tell that an earthquake in a particular area
will happen in the future but they have no way of telling when it will happen. However, the
following are some measures that can be taken to reduce damage caused by earthquakes

e Wooden houses are less likely to collapse because they are flexible. However, they can
burn out in the event of a fire break out.

e Bricks are not good building materials in earthquake prone areas; concrete reinforced
with steel bars should be used instead.

e Build houses on sites with hard rocks that can resist shock waves instead of building on
soft rocks.

e Quick emergency rescue services help reduce further loss of life

Read through the textbox that follows, it will give you safety tips on what an individual can do
during an earthquake.

Safety Tips

Before an earthquake choose a safe place in a room. During the earthquake drop under a strong
piece of furniture like a table where nothing can fall on you and hold on. Protect your eyes by
pressing your face against your arm. Stay indoors until the shaking stops. If you are outdoors,
find a clear spot away from buildings, trees and power lines. Then, drop to the ground. If you’re
in a car, slow down and drive to a safe place. Stay in the car until the shaking stops. After the
earthquake, check for injuries. Turn off leaking gases to avoid fire hazard.

We have come to the end of the topic. Read the summary below to remind you of what we
discussed in the topic.
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Summary

6.0 Summary

@ In this topic you learnt about earthquakes, which we said are the sudden vibrations of

the earth crust. Earthquakes are common along active plate boundaries where
pressure build by plate movements escapes as shock waves to the surface. There are
two types of shock waves, body and surface waves. Body waves are divided into

Primary and Secondary waves whilst surface waves are divided into Love and Rayleigh waves.
A seismograph is used to record earthquakes but a Richter scale is used to measure their
magnitudes. Earthquakes and their associated natural processes may cause loss of life and
damage to property.

You will need to use the information you have learnt in this topic to do the assignment at the
end of the topic below. Feedback is also provided to guide you.

The distribution of earthquakes is closely linked to the distribution of volcanic activity. In the
next topic we are going to look closely at the topic volcanicity.

Topic 3: Earthquakes

1. Describe five major effects of earthquakes on humans.  [5 marks]

Feedback

Your answers to the above assignment questions should be more or less similar to the
Jfollowing:

Topic 3
1. Effects of earthquakes

e They kill people

e Destroy property including communication infrastructure

e (Cause tsunamis which endanger shipping and coastal areas
e Cause landslides which endanger lives and property
e Cause fires
e Cause diseases

e Impoverish countries

I hope you have a good understanding of earthquakes now. Before we move

into the next section, take a moment to think about the following questions:

1. Suggest long-term solutions to any two problems caused by earthquakes.

2. With the amount of technology today, do you think it is possible to predict
a large earthquake? Think about what you have learned about earthquakes
and explain with evidence and research if this is possible or not.

Once you have an answer, discuss this with peers and with your tutor or
teacher.
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Topic 4: Volcanicity

Introduction

This topic comes immediately after the topic on “Earthquakes” for good reasons. The main
reason is that the two activities occur in the same regions and are both caused by the earth’s
movements. Thus as you proceed with this topic you will need to study world maps which
show major earthquake and volcanic belts and also refer to the plate boundary map in Topic 1.
The maps will clearly show you that plate boundaries are the same regions of earthquakes and
volcanic activity.

Topic Objectives

By the end of this lesson, you should be able to:
e Locate world volcanic belts on a world map
e Explain the causes of volcanicity

e Explain formation of intrusive and extrusive features and list the features which fall
under each type

e Explain the difference between acid and basic lava and the volcanoes they form
e Listand explain the different types of volcanoes/cones
e Explain and illustrate the three stages in the life cycle of a volcano

e List and explain the positive and negative effects of volcanicity on people and their
environment.

Topic Contents List

1.0 What is volcanicity?

2.0 Distribution of volcanoes
3.0 Volcanic features

4.0 Types of volcanoes

5.0 Effects of volcanoes

1.0 What is Volcanicity?

You probably have heard or read about volcanoes in radios, television or newspapers. Volcanic
eruptions are some of the most amazing occurrences on earth. They have also been responsible
for the greatest disasters in the world destroying towns and killing millions of people.
Fortunately, the Southern African region is just as safe from volcanoes as it is from
earthquakes.

A volcano is a cone shaped mountain that is formed when molten rock called magma forces its
way to the earth surface where it cools and solidifies. The term volcanicity refers to the various
ways in which molten rocks and gases force their way to the earth crust.

Like earthquakes, volcanoes are caused by the movement of plates. They occur along
destructive plate boundaries where two plates meet and one plate is forced below the other into
the hot mantle where it melts into magma. As pressure builds up, this magma forces its way
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through a line of weakness in the earth crust and rises to the surface to form volcanoes.
Volcanoes also occur at constructive plate boundaries where two plates move apart and magma
from the mantle come in to fill the gap. This process occurs in ocean floors and is responsible
for the formation of mid oceanic ridges.

Read through the case study that follows, it will give you an idea of the nature and effects of
volcanic eruptions.

=

Case study

Case Study: Krakatau 1883

Early in the morning of May 20, 1883, the captain of the German warship Elizabeth reported seeing
about 11 km high cloud of ash and dust rising above the uninhabited island of Krakatau, thus
documenting the first eruption from this Indonesian island in at least two centuries. Over the ensuing
two months, crews on commercial vessels and sightseers on charted ships would experience similar
spectacles, all of which were associated with explosive noises and churning clouds of black to
incandescent ash. From a distance, the largest of these natural fanfares impressed the local inhabitants
on the coastal plains of Java and Sumatra, creating a near-festive environment. Little did they realize,
however, that these awe-inspiring displays were only a prelude to one of the largest eruptions in
historic times. A series of dreadful eruptions began at mid-day on August 26, and ended on August 27
with a huge deafening explosion. On this day, the northern two-thirds of the island collapsed beneath
the sea, generating a series of devastating pyroclastic flows that rose to a height of 36km into the
atmosphere. The explosion produced immense tsunamis up to 40 metres high that ravaged adjacent
island and coastal areas of western Sumatra and Java killing over 36,000 people and destroying
hundreds of coastal villages and towns.
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Source: (story adapted from
http://www.geology.sdsu.edu/how volcanoes work/Krakatau.html) retrieved 15/06/10
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From the case study of Krakatau, you can now appreciate the destructive power of volcanic
eruptions and why they are said to be amazing occurrences. To locate the position of Krakatau
study the map on figure 1(a) in the section below on the distribution of volcanoes. Note that this
volcano is on a plate boundary.

2.0 Distribution of Volcanoes

As indicated earlier, volcanoes are caused by plate movements and therefore occur near plate
boundaries. If you look carefully at the world map showing the distribution of earthquakes and
another showing the distribution of volcanoes you will notice that the two tend to concentrate in
plate boundaries. The area most prone to volcanic eruptions is the Pacific Ring of Fire, around
the Pacific Ocean including countries such as Indonesia, Japan and New Zealand. Two-third of
the world’s active volcanoes are found in this region. Study the map in figure 1(a) showing the
distribution of volcanoes. Notice that countries in southern Africa are relatively free from
volcanic activity.

Fig I(a): Distribution of volcanoes

Figure 1(b) shows the distribution of volcanoes in the Pacific Ocean forming an area commonly
known as the Ring of Fire (see fig 1 (b)). This area is characterised by a large number
volcanoes and many occurrences of earthquakes. There are about 452 volcanoes in the Ring of
Fire and 75% of these are still active and the rest are dormant. If you look at the map again, you
will note that the ring of fire occurs along plate boundaries characterised by trenches. This
clearly shows that this belt is a result of plate movements. Can you identify plates involved in
the formation of this belt? I hope you were able to identify the Nazca plate, Cocos plate,
Caribbean plate, South American Plate and the Pacific plate. Trenches are formed where plates
are subducted.
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Fig 1(b): The ring of fire
http://upload.wikimedia.org/wikipedia/commons/5/52/Pacific Ring of Fire.svg
Retreived: 16/07/11

Now that you know what we mean by volcanicity and the distribution of volcanoes, we will in
the section that follows discuss volcanic features. After this section, we will discuss types of
volcanoes.

3.0 Volcanic Features

We have already said that volcanic activity may result in the formation of physical features. We
are now going to look closely at the internal and external features formed from volcanic
eruptions.

3.1 Internal Volcanic Features

Internal volcanic features are formed when magma from the mantle cools and solidifies within
the earth crust. Examples of these features are batholiths, laccoliths, sills and dykes. A
batholith is a large mass of solidified magma that is made of granite. A laccolith is a
mushroom like feature formed from magma ejected into the crust by a pipe-like channel. A sill
is formed from magma that is released along layers of rocks while a dyke is formed by magma
cutting across layers of rocks creating a wall like feature.

All of these features may be exposed to the surface if the overlying rocks are removed by
erosion. Now that you have learnt about internal features, let us now move on to external
features.
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3.2 External Volcanic Features

External volcanic features are formed when volcanic eruption causes magma to rise to the earth
surface. Magma may reach the surface through a pipe like hole called a vent or through a small
crack called a fissure. Vent eruption forms a volcano while fissure eruption builds a gentle
sloping lava flow. When the magma reaches the surface it is called lava. There are two types of
lava: fluid and viscous lava.

Fluid lava which is sometimes called basic lava is very hot, fluid and comes out quietly. The
lava flows easily and can run for several kilometres before it cools. It results in the formation of
gently sloping volcanic cones. Viscous lava which is sometimes called acid lava on the other
hand is thick and sticky. It flows slowly and does not travel far before it solidifies. It forms
steep sided cones and usually causes violent eruptions.

Now that you have learnt a bit about volcanicity, let us try the next activity and see how much
you understood what you have covered so far.

Activity 1

1. Define the following terms: [3 marks]
(a) Volcanicity
(b) Extrusive features
(c) Intrusive features
2. Name two examples of each of the following;  [4 marks]
(a) Extrusive features
(b) Intrusive features
3. Explain what is meant by: [3 marks]
(a) Vent eruption
(b) Fissure eruption
(c) Magma
Total [10 marks]
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Feedback

Your responses to the above exercise should be something like the following:

1. (a) Volcanicity is the movement of molten rocks and gases ~ from the mantle into
the crust and to the surface of the crust.
(b) Extrusive features are volcanic features that form on the surface of the crust
(c) Intrusive features are volcanic landforms that form inside the crust

2. (a) Extrusive - volcano, lava plateau, geyser, hotspring, caldera
(b) Intrusive - sill, dyke, batholiths, laccolith

3. (a) Vent eruption means that magma or molten rocks are ejected to the surface via
a vent
(b) Fissure eruption means that magma or molten rocks reach the surface via

small cracks in the crust

(c) Magma is a name given to molten rock when it is still inside the mantle

4.0 Types of Volcanoes

We have already said that a volcano is an example of an external volcanic feature. However,
there are several types of volcanoes. They are classified into different groups based on their
shape, the material they are made of and the way they erupt. There are basically three types of
volcanic cones: the cinder cones, the lava cones and composite cones.

4.1 Cinder Cones:

Cinder cones are the simplest and easily recognizable type of volcano. As their name suggest,
these volcanoes consist almost entirely of loose, grainy cinders and almost no lava. They were
formed by a violent eruption when a gas charged lava was ejected and blown into the air. The
lava then breaks into small fragments that solidify and fall as cinders around a single vent to
form a circular or oval cone as illustrated in figure 2. Most cinder cones have a bowl-shaped
crater at the summit and rarely rise more than a thousand feet or so above their surroundings.
Paricutin in Mexico is a good example of a cinder cone.
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Fig 2: Cinder cone
Source: http://commons.wikimedia.org/wiki/File:Paricutin 30 612.jpg

Retreived: 16/07/11

Lava Cones

The second types of volcanoes are those that consist entirely of solidified lava. Lava cones can
be divided into three groups, namely shield volcanoes, lava plateaus and lava dome. Shield
volcanoes as can be seen in figure 4 are formed from the quiet eruption of basic or fluid lava.
The lava pours out in all direction from a central vent or a group of vents and flows a great
distance before it cools and solidifies to build a broad, gently sloping cone that appear more
like a warrior's shield. A good example of a shield volcano is Mauna Loa in Hawaii which
spreads a distance of over 100 kilometres.

Fig 3: Lava cone or shield volcano

Source: http://en.wikipedia.org/wiki/File:Aa channel flow from Mauna Loa.jpg
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Retreived: 16/07/11

Sometimes fluid lava erupts quietly through long fissures instead of central vents and floods the
surrounding countryside with lava. Repeated fissure eruptions result in lava layers piling on top
of each other leading to the formation of broad lava plateaus. Examples of lava plateaus are the
Columbian Snake plateau in the USA and the Deccan plateau in India each covering an area of
over 500 000 km”.

Viscous lava gives rise to steep sloping volcanic cones. A Lava Dome is formed by relatively
small masses of lava which is too viscous to flow any great distance. The lava then piles over
and around its vent. A dome grows largely by expansion from within. As it grows its outer
surface cools and hardens. Some domes form spines or plugs over the volcanic vent. Volcanic
domes commonly occur within the craters or on the flanks of large composite volcanoes. A
dome in Mount St Helena and Mont Pelée 1903, in Martinique are good examples of lava
domes. Figure 4 below is another good example of a lava dome — see the roughly mound-
shaped protrusion on top of the volcano.

.

Fig 4: A lava dome of Chaitén — Chile
Source:http://en.wikipedia.org/wiki/File:Volcan Chaitén-Sam Beebe-Ecotrust.jpg
Retreived: 16/07/11

4.2 Composite Cones

Composite cones are some of the most impressive volcanic mountains. They are large steep-
sided mountains built of alternating layers of lava flows and small rock fragments like ash,
cinders and bombs. They occur at destructive plate boundaries where lava produced is thick
and sticky. A violent eruption ejects ash into the atmosphere. When violence cease and the ash
settle near the vent, thick lava is released forming a layer on top of the ash. Repeated eruption
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results in different layers of ash and lava. Most composite volcanoes have a crater at the
summit which contains a central vent. Sometimes lava escapes from the sides of a cone to form
a small conelet. Examples of composite volcanoes include Mount Fuji in Japan, Mount
Kilimanjaro in Tanzania, Mount Mayon in the Philippines and Mount Vesuvius in Italy. Figure
5(a) shows clearly how a composite cone is formed. Figure 5(b) is a picture of a composite
volcano.

'

-

Rock layers of
earth’s crust

Fig 5(a): A composite cone formation

Fig 5(b): A composite cone — Mount Fuji in Japan
Source: http://en.wikipedia.org/wiki/File: FujiSunriseKawaguchiko2025WP.jpg
Retrieved: 16/07/11
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Sometimes a caldera is formed on a composite cone. A caldera is an enlarged crater that is
formed when a violent volcanic explosion blows away the upper part of a volcano resulting in
the formation of a huge basin like depression on a mountain. It may also result from the sinking
of the top part of the cone after a violent eruption. Rain water may collect inside the caldera
thus forming a caldera lake. Examples of calderas and caldera lakes include Mount Meru and
Ngorongoro Crater lake in Tanzania, Lake Toba in Indonesia and Crater Lake in USA.

Fig 6: A Crater lake
http://upload.wikimedia.org/wikipedia/commons/8/89/Nyvos Lake.jpg - Retrieved 11/06/11

Now that you have learnt about the various types of volcanic features, you need to pause a little
and once again look at another case study of a volcanic eruption of Mount Pelee in 1903.

Case Study: Mount Pelee

At about 7:50 a.m. on May 8, 1902 the volcano erupted with a
deafening roar. A large black cloud composed of superheated gas,
Case study ash and rock rolled headlong down the south flank of Mt. Pelée at

]

more than 100 miles per hour, its path directed by the V-shaped
notch at the summit. In less than one minute it struck St. Pierre with
hurricane force. The blast was powerful enough to carry a three-ton
statue sixteen meters from its mount. One-meter-thick masonry walls
were blown into rubble and support girders were mangled into
twisted strands of metal. The searing heat of the cloud ignited huge
fires. Thousands of barrels of rum stored in the city's warehouses
exploded, sending rivers of the flaming liquid through the streets and
into the sea. The cloud continued to advance over the harbour where
it destroyed at least twenty ships anchored offshore. The hurricane
force of the blast capsized the steamship Grappler, and its scorching
heat set ablaze the American sailing ship Roraima, killing most of
her passengers and crew. The Roraima had the misfortune of arriving
only a few hours before the eruption. Those on board could only
watch in horror as the cloud descended on them after annihilating the
city of St. Pierre. Of about 29,000 people in St. Pierre, there were
only two known survivors.
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Source: (adapted from : http://www.geology.sdsu.edu/how_volcanoes work/Pelee.html )
Retrieved: 16/06/10

The case study you have just gone through serves as a good introduction to the next section on
effects of volcanoes because it elaborates quite clearly what volcanoes can do to people.

5.0 Effects of Volcanoes

From what you have learned, you realise that volcanoes can have serious impacts not only on
people but also on the environment. However, these effects can be both good and bad. A
volcanic eruption may cause great damage to property and produce burning ash and gases that
kill people. Do you know any example of a volcanic eruption that caused extensive damage?
You may still remember the April 2010 eruptions of Eyjafjallajokull in Iceland. Figure 8 (a)
below shows the first eruptions of the volcano as it released huge amounts of ash into the
atmosphere. The eruptions continued for a period of six days emitting large tonnes of both
carbon dioxide and ash.

Fig 8 (a): Eruptions of Eyjafjallajokull in Iceland
http://en.wikipedia.org/wiki/File:Eyjafjallajokull volcano plume 2010 04 18.JPG
Retrieved 20/07/11

These eruptions affected farming and about 500 farmers were evacuated. The April 2010
eruptions of Eyjafjallajokull in Iceland also caused huge disruptions to air travel across Europe
(see fig 8 (b)). The red dot shows the position of the volcano and the black area is the actual
area that was covered by both ash and carbon dioxide from the volcano. Ash clouds from the
eruptions of Eyjafjallajokull in Iceland led to the closure of the European airspace for several
weeks.
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Fig 8 (b): Area covered by both ash and carbon dioxide from the volcano.
http://en.wikipedia.org/wiki/File:Eyjafjallajokull volcanic_ash composite.png
Retrieved 20/07/11

Volcanoes may trigger natural processes such as tsunamis, landslides, mudflows and
avalanches which may cause further loss of lives and destruction to property. A landslide is
when a mass of land or soil breaks loose and slides down the slope. A mudflow occurs when
rainfall or melted ice mix with volcanic ash to form rivers of mud. An avalanche is when a
mass of snow breaks loose and slide down the slope destroying everything in its path. The
ancient city of Pompeii in Italy and St Pierre are examples of cities that together with their
people were wiped out by volcanoes. If you look closely at figure 9, you will have a good idea
of the destructive effects of volcanoes.

Year Volcano Deaths Cause of death

1883 Krakatau 36 000 Tsunami

1902 Mt Pelee 29 000 Pyroclastic flow

1985 Ruiz 25 000 Mudflow

1991 Pinatubo 800 Collapse of houses &
diseases

Fig 9: Effects of volcanoes

Destructive as they may be, volcanoes also have positive effects. For instance, in volcanic
areas, underground water may come into contact with hot rocks. Water gets heated up and the
pressure that builds up force it to the surface as gently flowing water called a hot spring or as a
jet of steam and boiling water called a geyser. Hot water from geysers and hot springs can be
supplied to people’s homes. It can also be used to produce geothermal energy by using steam to
power turbines and produce cheap electricity that does not pollute the environment.

Volcanic features form spectacular landscapes such craters and geysers that are good tourist
attractions. Volcanic lava often contains valuable minerals such as gold, diamonds, zinc, copper
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and tin. One of the reasons people continue to live around dangerous volcanoes is that the ash
and lava weather to produce fertile soils that are good for farming.

The question that may be uppermost in your mind after reading about the negative effects of
volcanoes may be is it possible to predict volcanoes. This is the question we will address next
in the last section of the topic.

5.1 Predicting Volcanoes

It is hard to predict volcanoes. However, unlike earthquakes, volcanoes usually give warning
signs before they erupt such as release of poisonous gases like sulphur dioxide, a series of small
earthquakes and swelling of sides of volcanoes. Lives will be saved if people heed the warning
signs. Vibrant emergency services are needed in volcanic areas to evacuate people. People can
also avoid hazardous areas of active volcanoes.

o7

6.0 Summary

In this topic you learnt that volcanicity refers to the various ways in which molten rocks

Summary and gases from the mantle escape to the earth’s surface. Molten magma results in the

formation of intrusive volcanic landforms such as sills, dykes, batholiths and laccoliths.
It also results in the formation of extrusive volcanic features such as ash and cinder cones, lava
cones and composite cones. Other volcanic features include calderas, geysers and hot springs.
Volcanic activity is common along active plate boundaries.

We have also realised that volcanoes can be both helpful and harmful to people. You will need
to use the information you have learnt in this topic to do the assignment at the end of this topic
below. Feedback is also provided to direct you.

Topic 4: Volcanicity

1. With the aid of diagram/diagrams, describe how a volcano may have been formed.
[6 marks]

Feedback

Your answers to the above assignment questions should be more or less similar to the
following:

Topic 4
1. Formation of volcano
e Plate movements cause collision of plates
e Cracks/faults develop in the crust
e Magma escapes through cracks or vent to the surface
Magma collects and solidifies to form a volcano

Just to recap what you have learned quickly try the following activity below:
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1. The picture below shows 3 types of volcanic eruptions

Figure 2 — Volcanic erupyionsSource: http://en.wikipedia.org/wiki/File:Lava_forms.jpg

Retrieved 27/01/12
(1) Describe the types of volcanic eruptions as shown in figure 2
(i1) Explain and illustrate the three stages in the life cycle of a volcano

Once you have your answer, discuss them with your peers and your instructor or tutor.
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Unit summary

rG7

Summary

In this unit you were introduced you to the structure of the earth where you learned about the
various layers that make the earth. These layers are the crust, the mantle and the core. We also
discussed in detail plate movements and the various types of plate boundaries. Land forming
processes of faulting, folding and volcanicity were discussed in detail highlighting the forces
behind those processes, the resultant landforms, their distribution and effect on people. We also
discussed earthquakes where we looked into their causes, distribution, effects on people and
how they are measured.

The unit assessment is provided at the end of this unit. You are strongly encouraged to do this
activity after completing the topic assignment as it will help you to better understand the unit.
You are free to consult various books before compiling answers.
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Assessment

O

Assessment

You need to make time and attempt all these questions. This will help
you to understand the unit very well and will also help to prepare you
for examinations.

1. Name the forces within the crust which cause plates to move?

[2 marks]
2. Name two landforms caused by plate movements. [2 marks]
3. Name three types of plate boundaries. [3 marks]
4. Why are they given the names in question 3? [3 marks]
5. List the four major types of folds. [4 marks]
6.

With the aid of a well labelled diagram describe how a fold
[5 marks]

7. Study the world map in Fig 9 and answer questions (a) and (b)

mountain is formed.
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Fig 9: Physical map of the world
Source — BEC 2004
(a) Name the plates D, E and F. [3 marks]

(b) What type of boundaries occur at X and Y [2 marks]

8. What is the other name for Block Mountains? [1 mark]
9. Give two advantages and two disadvantages of mountains
[4 marks]
10. Where do we find the most impressive rift valley system in the
world? [1 mark]
11. What causes earthquakes? [2 Marks]
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12.

13.

14.
15.

16.

17.
18.

19.

20.

21.

Feedback

Describe the distribution of earthquakes around the world.

[1 marks]
Define the following terms: Focus, Epicentre, Intensity and
Magnitude [4 marks]
What are; a. Seismograph and b. Richter scale [2 marks]

What names are given to earthquake vibrations a. Inside the
earth and b. On the surface of the earth? [2 marks]

Explain the meaning of the following: a. Active volcano, b.
Dormant volcano and c. Extinct volcano [3 marks]

State the difference between acid and basic lava.  [4 marks]

Why are volcanoes often present in the neighbourhood of rift
valleys? [2 marks]

Describe three ways in which volcanoes may be useful to
people. [3 marks]

State two ways in which volcanoes may be harmful to people
[2 marks]

Describe how a caldera may form. [4 marks]

Total = [65 Marks]

The following are answers to the assessment questions above. After you have answered the
questions, you can go through this section to see whether you have answered the questions

Fold mountains, Block Mountains, volcanic mountains, rift valleys, trenches.

Convergent or destructive boundaries, divergent or constructive boundaries and

Convergent or destructive boundaries: because it is where plate collide and are
destroyed. Divergent or Constructive Boundaries: because plates move apaert and
molten rock from the mantle swirls up to construct new features such as ridges and
islands, Transform or conservative boundaries: where plate move alongside or past
each other. No much change takes place other than the fault between the plates

correctly.
1. Forces of Tension and Compression forces
2.
3.
transform or conservative boundaries.
4.
5. a.simple fold

b asymmetrical fold
c. over fold
d. over thrust fold

Fold mountain
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10.
11.

12.
13.

14.

15.

16.

17.

e plates colliding, two continental plates or continental and oceanic
e exert compression force on the crust
e Dblock of land between two plates fold up

Diagram layers of rocks exposed to compression = Diagram layers fold up to form
syncline, anticline and limbs

(a) D= African plate
E = Philippine plate
F = Caribbean
(b) X= Divergent or Constructive plate boundary
Y= convergent or Destructive plate boundary
Horst
Advantages of mountains
e  Mineral deposits
e Source of important rivers

e Tourist attractions

e  Used for recereation
Disadvantages of mountains

e Act as climatic barriers

e Barriers to communication

e May be too rugged for human habitation

e Some are prone to landslides and volcanicity
East Africa

Tectonic plates riding over one another along a fault line, movement of magma from
the mantle into the crust (volcanicity)

Major earthquake belts are along the edges of tectonic plates

(a) Focus: the origin of the earthquake deep down the earth

(b) Epicentre: the area on the surface of the crust immediately above the focus
(c) Intensity: the effect produced by an earthquake

(d) Magnitude: the total amount of energy released which is
normally measured by the Richter scale

(a) Seismograph: an instrument use to measure the intensity of an earthquake

(b) Richter scale: an instrument used to measure the magnitude of an earthquake

(a) Inside the earth — Body waves

(b) at the earth’s surface — Surface waves

(a) An active volcano is the one that erupts frequently

(b) A dormant volcano erupts infrequently. We say it is sleeping

(c) An extinct volcano is one that has not erupted in historic times. We say it is dead.

Acid and basic lava
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18.

19.

20.

21.

Acid lava is thick whereas basic lava is fluid

Acid lava forms steep sided volcanoes whereas basic lava form gentle sided

slopes

Acid lava does not flow far from the vent whereas basic lava flows and spread

far

Acid lava solidifies quickly whereas basic lava will take more time to solidify.

Rift valleys are major cracks/faults in the crust, magma from the mantle may escape
through these cracks to the surface forming volcanoes hence the presence of volcanoes
around rift valleys

Useful
[ ]

Some precious minerals like diamonds are formed from volcanic activity

Hot springs and geysers may supply people with hot water and are tourist
attractions

Volcanic ash weather to form fertile agricultural soil

Harmful

People may die from a violent volcanic eruption and poisonous gases it
releases

Volcanic activity can trigger violent earthquakes which also kill people

Volcanoes destroy cities, home and general damage to property

Formation of a Caldera

A caldera is an enlarged crater
Forms when violent eruption blow the top of a volcano

Also forms when the volcano subsides into a magma below after a violent
eruption

The depression so created is called a caldera

The depression may fill up with water to form a caldera lake

Reading

List of References

For further reading you should visit your study centres or your nearby library. These
areas are well equipped with Geography books. Some of the books you may want to
read include:

1. R.B Bunnett, General Geography in Diagrams for Africa,
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Namcol, Geography Unit 1 Grade 11-12, Cambridge University Press
Pallister et al, Longman Geography for GCSE, Longman
Adam Arnell, Geography Dictionary 11-14, Letts Publishers

Collins, Geography Basic Facts, Harper Collins Publishers
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Unit 2

Map Reading Skills
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Introduction

In the previous unit, you learnt about the structure of the earth which included plate movement and
its associated landforms. Can you still recall some of the landforms formed? These include
mountains, plains, valleys and lakes. Do you know that all these features can be shown on a map?
You have probably done map reading in the Social Studies Junior Certificate Course or in the
Junior Secondary School Geography Course. This unit will help you to consolidate your
knowledge and skills in map reading and interpreting maps. Map Reading is a skill and you can
only master it through constant practice. Map reading skills are very important for a Geography
student and therefore, it is important that you master them. From your knowledge, can you explain
why map reading is important? You probably mentioned that maps are important in that they show
spatial relationships. Do you know what spatial relationship means? This means that maps show
how for instance, buildings, roads and rivers are set out in relation to each other. As you
proceed with your course, you will use your map reading skills in the units on farming, mining,
tourism and settlements to mention only a few. You will be asked to locate areas, calculate
distances, find bearing and even calculate time using your map reading and interpreting skills.
Thus, maps are particularly useful to a geography student because they provide a basis for an
orderly geographical description of a region, information on the nature and distribution of
geographical phenomenon and insight into significant relations such as settlement and population
and data for statistical analysis.




Outcomes

Upon completion of this unit you will be able to:

identify characteristics of a map such as the title, key, scale and direction.

= demonstrate the ability to use a scale in measuring distance,
calculating area and gradient.

use instruments to measure distance, find direction and calculate
bearing.

= use maps to help in decision making, identify landforms on maps
using contours and describe human activities in relation to the features
on the map.

* identify and interpret ground, air photographs and satellite images.

= Jocate features on a map using 4 and 6 figure grid references.

= Jocate features on a map using longitudes and latitudes .

= calculate time with reference to the Greenwich meridian.

Time

You will need about two hours to study each topic. Note that this unit has 5 topics. It means you will
need a total of 10 hours to study the whole unit. You might finish studying the topic in less than two
hours or exceed your study time as this is determined by your reading pace and understanding of the
lesson. On completion of each topic, you are required to do an assignment or self-assessment exercise.
You need 1 hour 30 minutes to do this assignment. To further test your understanding of the unit, you
must do a tutor marked assessment exercise. The assessment should take you about 1 hour to
complete.

Learning Approaches

This is a skills acquisition unit. In order to promote map reading skills acquisition and application we
engage you in several practical activities throughout the unit by asking you to practise the various
skills. We also offer our experience or perspectives on raised questions based on possible responses.

Where possible, we also tried to guide you to some useful resources for learning. Most libraries and
survey departments have maps that you can use for practice. Some of the recommended books on
map reading can be found in the reference section found at the end of the unit. You may have access
to additional resources, maps and relevant videos if there is a study centre in your area. In addition, a
study centre provides an opportunity to meet and discuss the subject with other learners. Furthermore,
remember that your tutors are available to assist you with any challenges you may experience in this
unit. Remember that the time allocated for tutorials is very limited and you are therefore advised to
read the course material well in advance or at least before you attend tutorials. This will help you raise
questions on difficult aspects of your study materials.

I would like to emphasise that map reading is a skill and you can only perfect it by continuous
practice. Once you acquire the skill then you can use it virtually in any unit that requires you to show
spatial relationships.

Assessment

Each topic has activities that are meant to enhance your learning and skills acquisition. These
activities are meant to help you interact with your study material, reinforce what you have learnt
through practice and also allow you to reflect and apply your experiences. It is therefore very




Terminology

important for you to do all the activities. Do the activity before looking at the feedback given
immediately after the activity. If you don’t do well in an activity do not be discouraged. You may
review the section related to the activity and later carry on with the topic with more concentration.
Review the sections that you find difficult before continuing with the topic.

After completing the topic, you will find a self-assessment exercise for each topic in the assignment
section of the unit. Do the exercise for the topic you have completed. This will help you to better
understand the whole topic. Feedback for all the self-assessment exercises is provided at the end of
the assignment. If you score low you must try again by going over the topic and the exercise.

The self-assessment exercises are followed by a tutor-marked assessment. This should be done after
you have satisfactorily completed and marked the self-assessment assignments. Submit your
assessment for marking by your tutor. Your tutor’s comments are very important and therefore you
should act on them. You may ask your tutor for more information or look at other resources to correct
your work. If you have finished acting on the comments raised by your tutor, you can then proceed to
the next unit.

Map: A diagram that shows on a flat piece of paper, an
area of the earth’s surface

Physical maps: Maps that show natural features such as rivers,
lakes and mountains

Cartographers: People who draw maps
Topographic maps: ~ Maps that show physical and human made features

Scale: When a small distance is used on a map to
represent a large distance

Gradient: A measure of the slope between two points on a
map
Bearing: The angle of turn from one direction to another

measured in degrees

Latitude: Imaginary horizontal lines that increase
northwards

Longitude: Imaginary vertical lines increasing from the Greenwich meridian eastwards




Topic 1: Understanding Maps, Characteristics and Distance

Introduction

You probably learnt the main characteristics of a map in your Junior Certificate Geography or Social
Studies programme. I have already mentioned the importance of map reading skills in the Unit
introduction, so, even if you have learned about the characteristics of a map in the Junior Secondary
programme, go through this topic carefully so as to perfect your map reading skills. You will use
these skills throughout this course.

Topic Objectives
At the end of this topic you are expected to be able to:

* define a map

+ identify different types of maps

» identify the characteristics of a map as the key, scale and direction
* demonstrate the ability to use a scale for measuring distance.

1.0  Maps

In this section we are going to learn one of the characteristics of Geography, maps. “Often you
cannot talk of geographical issues without talking of maps.” In your opinion, how true is this
statement? It is probably true to a large extent because, as you have already seen in unit one, you
dealt with many different types of features: mountains, rivers, valleys and lakes and there is a need to
locate them. Try and verbally describe the relationships between some of the features in your locality.
You probably found it difficult and lengthy. If you were to show the same features in a map, it would
be easier to observe the relationships between the various features. For instance, you may find that
where there are salt pans, the land is flat and where there are fast flowing rivers there are steep slopes.
Be on the lookout for these spatial relationships as you develop your map reading skills, as they will
help you interpret the maps. Do you still remember what a map is? Write down your definition.
You may use the internet to find out what a map is or you may just use any map reading textbook
which should give you an answer. If you don’t have either, continue reading and the definition will be
given below.

1.1 What is a Map?

In your definition, I hope you mentioned that a map is a diagram on a flat piece of paper that shows an
area of the earth’s surface, which is normally drawn to a particular scale. A map shows you what the
land looks like as seen from above. Some maps can give you information on physical features such as
rivers, mountains, hills, valleys, pans and lakes. What else can a map show you? Of course some
maps can show you settlements as shown in the map in Figure 1. Maps can give you information on
farming, transportation and settlements among many others.
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Figl: A sample map of Botswana showing settlements and boundaries (Downloaded from
http://en.18dao.net/images/5/58/Map-Botswana.jpg on 02/12/10

Let’s see if you can interpret the map given in figure 1.

Activity 1

Look carefully at the settlements shown.

1. Briefly describe the location of the main settlements.

2. Explain why they are located where they are.

To get answers, you can use an atlas or your previous knowledge from the Junior Secondary
Geography course or from the information gained from unit 1 on land forms.

Feedback

Well, the settlements are located along the eastern part of Botswana. One of the reasons for this
settlement distribution is that the eastern part of Botswana has relatively high rainfall, fertile soils
and a well developed communication network. 1 have not exhausted all the reasons. Think of some of
them yourself. What you should notice is that a simple settlement map may get you thinking about a
whole host of other related issues. Just by studying the map, we were able to show the
interrelationship between settlements, communication and even rainfall.

Notice that whenever you study a map, try and understand the interrelationship of the features shown.
Sometimes the features may not be shown on the map, but you may be asked to deduce or infer from
the map. You were able to interpret most of the relationships from the above map through deduction
or inference.

Of course there are many types of maps besides the maps showing settlements and boundaries as




discussed in the next section.

1.2 Types of Maps

To show different types of information clearly, people who make maps (cartographers) draw different
types of maps. The various types of maps include physical, topographic, weather, climate and
political. Each type of map has a specific purpose. Let us look at some of the types of maps.

(a) Physical maps

In Unit 1 you learnt how land forms or physical features such as rivers, lakes, mountains, pans,
valleys and hills are formed. To locate these landforms we sometimes use maps known as relief or
physical maps. Figure 2 shows a physical map of Botswana.
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Fig 2: A physical map of Botswana (Drawn by the writer)

What features are shown on the map? Can you name some of the features shown on the map? Some
of the features shown include rivers, hills and the desert.

Again carefully study the physical map (Figure 2). How has the cartographer shown areas of different
height above sea level? In your opinion what is the disadvantage of using this method to show
altitude? I hope you observed that the cartographer used colours to show differences in altitude. Most
physical maps use colours to show altitude. Get an atlas and see what colours have been used to show
different altitude. By convention, warmer colours such as red and brown are used to show areas of
high altitude while cooler colours such as green and blue show low areas and water respectively. A
key disadvantage of using colours is that other features may be obscured. The section that follows
discusses maps that show both natural and human made features.

(b) Topographic maps




Use a dictionary to find the meaning of the word topography. Write down the meaning in your note
book as shown in the dictionary. From the vocabulary section of this unit, write down what is meant
by a topographic map. Are the two definitions the same? Most probably they are almost the same. In
your dictionary, the word topography was probably explained as the description of a place, a detailed
account of features of a place or a country, whereas in the vocabulary section of the unit topographic
maps were explained as maps that show-detailed physical and human made features of an area
including settlements. Can you see some of the features in the example of a topographic map shown
in Figure 3 below?
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Fig 3: A sample of a topographic map (Drawn by the writer)

A topographic map will show you hills, rivers, lakes, roads, railway lines, farms and settlement areas.
A topographic map shows only those features the mapmaker wants to show. We shall deal with
topographic maps in more detail in the next lesson. Topographic maps also show land elevation
through contour lines.

Remember maps do not show everything, they are selective with regard to the information they
contain. So when you look at a map, it is very important to find out first, exactly what it is meant to
show.

(c) Weather maps

Study the map given below:
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In your notebook, briefly describe the weather conditions in Botswana on the morning of December 3,
2010.

You probably described the weather on that day as partially cloudy in the south with average
temperatures of 23° C. The north eastern part of Botswana was hot with high temperatures of about
26° C. The northern part was overcast with temperatures of about 23°C.

Weather maps are sometimes referred to as synoptic maps or charts. They give detailed weather
conditions or a forecast over an area at a certain time. Farmers, travellers, aircraft pilots and many
others may need weather information over a short space of time. You will learn more about synoptic
charts later in your Geography Course.

(d) Climatic maps
A climatic map shows the average rainfall, temperature, winds, atmospheric pressure in a given area
over a long period of time.
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Fig 4: A climatic map of Africa downloaded from
http://upload.wikimedia.org/wikipedia/commons on 3/12/10

The map in figure 4 shows the climatic regions of Africa. Some parts of Southern Africa are semi
arid humid and subtropical and have dry summers. Can you give an example of a country which is
semi arid and has dry summers? Of course it’s part of Botswana and Namibia. Climatic maps are also
used mainly for land use planning and management. For instance, decisions on farming in an area can
be influenced by climatic conditions.

(e) Political maps

These show political divisions of land, such as countries, districts, and provinces. Political maps also
often show towns, cities and villages.
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Figure 5: A political map of Lesotho

(Adapted from: http://www.mapcruzim.com/free maps Lesotho on 3/12/10) Note that on the
bottom right corner, the words that are not clear are as follows: railroad, road, track.

Look at the political map of Lesotho in Figure 5. Can you identify any three provinces? What about
towns?

Some of the districts shown are Mafeteng, Thaba Tseka, Quthing and Leribe. One of the cities shown
is Maseru.

Now that you have gone through different types of maps, let’s discuss the characteristics of a map.

1.3 Characteristics of a Map

From your Junior Certificate course, do you still remember the characteristics of a map? Do the
activity given below.

Activity 2

Explain the following characteristics of a map:

1. A title




2. A key or legend

3. A direction north

4. A scale

Feedback
I hope you were able to describe the characteristics as given below:
(a) Title

The title tells you what the map is about. Look at figure 5 again. What does the title tell you about
the map? The title tells you that the map provides information on the political boundaries of Lesotho.

(b) Scale
The ratio between the lengths of objects on the map to their actual length on the ground
(c) A key or legend

A key shows you all the symbols used on the map and their meanings. It is meant to help you to
interpret the map.

(d) Direction North

On a map the direction in which the north lies is shown by an arrow printed in the margin on one side
of the map. This direction helps find other directions.

We will deal with these map characteristics in more detail in the sections that follow. Let’s start with
symbols.

1.4 Symbols

Many features on the ground are too large to be shown as diagrams on maps. People who make maps




use a system of signs called symbols or conventional signs to represent different features. Map
symbols are drawings on a map that represent something that exists on the ground. The symbols can
be in form of signs, letter, points, numerals, shades and colours. These symbols are included in the
key or legend, which normally appears at the bottom of the map. Sometimes symbols are drawn to
look like the features they stand for; sometimes they may just be colours, lines and letters which do
not look like the actual features. The types of symbols are described below and Figure 6 gives
examples of symbols.

Types of symbols

Map symbols can be classified into five categories: colour symbols, line, point, area, pictorial
symbols.

(a) Shade or Colour Symbols

Under types of maps in this topic, remember we said that shades or colours can be used to
represent different land features. The colours that are usually used to show different features are:

Blue — is used for water features such as dams, rivers, lakes, canals, boreholes, wells, marshes,
swamps and rainfall. You can see some of the symbols in figure 6 below.

Green — generally shows vegetation such as forests, trees, grasslands, bushes, cultivation, forests
and farms.

Black- shows features that are made by people such as buildings, settlements, bridges, and
railway lines. Rock-outcrops are also usually shown in black.

Brown — is used mainly to show contours and dry areas such as dry river beds, pans and sandy
places.

Red- shows features such as national boundaries, main roads, airports and airstrips. It also shows
political boundaries and areas with very high temperatures

Purple — shows very high altitudes.
(b) Line symbols

Line symbols represent features that are linear. I am sure you know some of the linear features. Can
identify them in Figure 6?
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Figure 6: Symbols used in most of maps of Southern Africa

(Adapted from: backwoodsok.org/control descriptions and map) downloaded 3/12/10

An example of a linear symbol would be a road. You can think of many more yourself. They
sometimes show direction of movement and boundaries.

(c) Point Symbols

These are found where the feature is found. For instance, a point symbol can be used to show a
post office, a borchole and other features on a small map. When the scale is large the same
features can be shown by different symbols.

(d) Area Symbols

These symbols show features that cover large areas such as areas with the same soil, vegetation
regions or countries. The symbols would change according to the scale of the map.

(e) Pictorial symbols

These look similar to the objects they represent. They are sometimes used on plans and large scale




maps.

You don't need to memorise the symbols. They will be given in most of the maps. What you need to
do is to just look at the map and check the meaning of the symbol in the legend or key.

Now try the activity given below.

Activity 3
1. Study the land use map in Figure 7. Look at the symbols used in the map carefully.

Figure 7: A land use map of Banokuthula

In the table below, insert the symbols that have been used to represent the features shown in
column 1. Each correct symbol carries 2 marks.

Column 1: Features Column 2: Symbols

Trigonometrical beacon

Spot height

Lake

Settlement

Park




Cemetery

River

Swamp

Land under cultivation

School

2. In one paragraph, state how you think the land in the map is used.

3. Draw a map of your village/settlement showing your home, a school, the post office and any other
features of importance in your village.

4. Why do you think it is important to have a standard set of symbols?




Total: 20 Marks

Feedback
Probably you were able to identify the symbols.

1. Compare yours with mine given in Figure 8.

Column 1. Features Column 2: Symbols
Trigonometrical beacon 1
spot height ¥
Lake if,i}__,ﬁ’
Bettlemert [
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Park
PARK
Ceretery Chi
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SWarp
Land under cultivation g
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Figure 8: A sample of symbols used in the land use map of Banokuthula

2. The land is used as a residential area probably because of the availability of water from the river.
There is also crop cultivation and fishing. The park may also allow for tourism. (You probably
thought of other correct reasons. This is not all. You probably thought of a lot more than what I have
put here).

3. Your map probably shows both natural and human made features. The natural physical features
can include mountains, hills, and rivers while the man-made features include your settlement, roads,
railway line. You may have shown important buildings in your settlement such as the hospital, police
station and schools. The location of these features will differ from one village/ settlement to the other.
You may take your map and discuss it with members of your study group or your tutor.

4. It is important to have standard symbols for ease of recognition.

Now use an atlas to see the different symbols used to represent different features. Are they the same?
Is there a scale? The scale has already been mentioned earlier on in this topic. Now let’s discuss in
more detail about a scale in the section that follows.

1.5 Scale

Since maps represent large areas, they cannot be drawn the same size as the real area on the ground.




Maps are drawn small in comparison but they still give us the actual area they cover on the ground
and the same distance between places. In order to do this, a map uses a scale. Accurate maps are
therefore, normally drawn to scale.

A scale is when a small distance is used on a map to represent a large distance.

Example 1

1 centimetre distance measured on the map represents 1 kilometre distance measured on the ground.
So when you measure 1 centimetre on the map, the actual distance on the ground represented will be 1
kilometre.

(a) Types of scale

Probably you have encountered these in your Junior Secondary School Social Studies or Geography
Course. Do you still remember them? Of course these are:

+ Statement scale
* Representative Fraction Scale or R. F. Scale
* Linear or Line scale

(b) The statement scale

The statement scale is when you make a statement saying what the distance on the map represents on
the ground. You may say 1 centimetre measured on the map represents 1 kilometre measured on the
ground or 1 centimetre to 1 kilometre.

Notice that the statements mention two distances. The smaller distance refers to the map and the
larger distance refers to the ground. For the statement scale, the distance on the ground is always
given in kilometres or metres. Thus, in this case, the distance of 1 cm on the map represents a
distance of 1 kilometre on the ground.

(c) The Representative Fraction (R. F.)

The scale is given as a fraction: 1/10  or as a ratio: 1:10. What it means is that one unit measured
on the map stands for ten of the same units on the ground. You can use any units that you are familiar
with. So, you can say 1 centimetre represents 10 cm.

On most maps, the Representative Fraction is given as a ratio, which is usually 1:50,000 on
topographic maps. Note that the larger the Representative Fraction denominator, the smaller the scale
and the less detail that can be shown. A scale of 1:25 000 will show more detail than a scale of 1:100
000. The smaller the denominator of the Representative Fraction, the larger the scale and more detail
can be shown for a given area.

(d) The linear scale or line scale




Fig 9:A linear scale

This is the most common scale used for maps and you need to really know how to use it. This is a
special ruler that is drawn below a map that can be used to measure an area or distance. It is divided
into a number of equal parts as shown in figure 9. The divisions on the line scale measures map
distances and the labelling will give you the distance on the ground.

To the right of zero — each scale division represents a distance of 1 kilometre. To the left of zero — the
distance representing 1 km is shown. This is subdivided into ten equal parts, each part representing a
distance of 100m.

Distances can be measured and read off directly from the scale.

On many maps, two linear scales are drawn to show distance measured in the metric units, in
kilometres and metres and in imperial units, in miles, yards and feet. If asked to measure a distance on
a map, be sure to use the one that measures in metric units (kilometres and metres), because
Commonwealth countries use the metric unit of measurement.

Now you can try the activity given below to see how much you have learnt.

Activity 4
1. Fill in the blank spaces [3 marks]
(a) A map uses to help us to calculate distances between places.

(b) Ascaleis

(c)  The types of scale are

2. Describe the three types of scale [3 marks]




(@)
(b)
(©)

3. Change the following statement scales to Representative Fraction scale: 3

marks]

(a)  lcentimetre to 2 kilometres

(b)  1/2 centimetre to 1 kilometre

(©) 1 centimetre to 1/2 kilometre

Total = [9 marks]

Feedback
1. (a) Scale

(b) A scale is a small distance representing a large distance on a map.
(c)Types of scale are linear, representative fraction and Statement Scale.

2. (a) Statement scale- a statement saying what distance on the map it represents on the
ground.

(b) Representative fraction- Scale given as a fraction.
(¢) Linear scale- ruler drawn below the map to measure distance.
3 (a) 17200000
(b) 17200000
(c) 1/50000
(Note that a and b above come out to the same answer)

You should always bear in mind that when making calculations or conversions of scale, that
all your figures ought to have the same units of measurements.

Use any atlas to practice calculating distances using a scale. The more you practise, the better
you will be in acquiring this skill. If you feel that you have acquired the skill of calculating
the distance using the scale, it’s time now for you to look at ways of measuring distances on

maps.

1.6 Measuring Distance on Maps

In this section, I am going to lead you through some examples of measuring distance on maps and |
expect you to practise doing this as well because I want you to learn this skill. When we talk about
distance, we mean the measurement of how far we travel between two places. On a map, it is the




measurement between any two points. Do you still remember the three types of scale? Of course they
are the Statement Scale, the Representative Fraction and the Linear Scale. They all give you the map
distance and the actual distance represented on the ground by each unit. You can use a scale to
measure any distance between two points on a map. The two points may be the distance along a route
such as a road, railway line, a footpath or a river and distance between settlements.

Sometimes you may need to measure only straight distances but at times you may need to measure
curved ones. The most convenient way of measuring distance is by using the linear scale. Do the
activity given below. You will be given a step-by-step guidance using a straight edged-paper and
using a pair of dividers.

Activity §
Look at the map given below and then measure the distance between the police station (PS) and
the post office (PO).
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Figure 10 Map of Makole ( Adapted from BOCODOL, Map Reading Unit 2, 2002)
(a) Straight edged paper method

Step 1 Draw a straight line joining the Police Station (PS) and the Post Office (P0).
Step 2 Get a piece of paper of a suitable length, which has a straight edge.

Step 3 Place the straight edge of paper on the map next to the line joining the Police Station and the
Post Office. Mark off PS on the paper at the point where the Police Station is and PO where the Post
Office is.

Step 4 Take the marked straight-edge of paper and put it against the linear scale given at the bottom
of the map.

You can see that the distance between the Post Office and the Police Station is greater than 3 km but
less than 4 km.

20




Step 5 Mark off a distance of 3 Km on the paper and label it A.

Step 6 The remaining distance B is measured using the part of the scale to the left of zero. Measure
this distance in metres. You should get 80 metres.

Step 7 The total distance between the Police Station and the Post Office is:
Distance A + Distance B
=3 km + 80 metres
=3 km 80 m or 3.08 km.

(b) The pair of dividers method

With this method you can follow the procedure given below:

Step 1 Draw a pencil line joining the places on a map; in this case the Police Station and the Post
Office.

Step 2 Open the pair of dividers to obtain the distance between the two places.
Step 3 Use the dividers to read off the distance from the linear scale.
Distance A + Distance B = PS to PO
3km+80m= 3 km80m
= 3.08 km

Note that if you use a pair of dividers, do not change the span until you have read the distance in the
linear scale.

(¢) The string method

You can also use a string and follow the same steps as those you followed when using a piece of
paper. Use a string that does not stretch.

I would like you to practise measuring distances using the straight edged paper method, the pair of
dividers and the string method. You can use any atlas or map that has a scale. Do not just read and go
to the next section without first practising and acquiring the skills. If you feel that you are now good
at using these methods of measuring, then you can proceed to measuring distances which are not
straight.

1.7 Measuring Distance along Routes which are Not Straight

You know that roads, railway lines, rivers and distances between settlements are not always straight.
These may follow irregular patterns and you need to take great care when measuring them. There are
many ways of measuring these irregular distances. You may use the following methods:

(a) Using a string

When measuring using a string, follow the given instructions:

Lay a piece of string, preferably white in colour, along the route to be measured following the curves
carefully. Make a mark on the string with a pen or pencil where the line ends. Then lay the string
against the linear scale and read off the distance.

Example 1
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To find the length of the Mzila river shown on the map of Makole (fig. 7), first put your string along

the river and follow its curves. Mark the beginning and the end of the string. Then remove the string
and read it against the linear scale to get the distance.

(b) Using the straight edge of a piece of paper.

=
o
M MAKILE | Siright edged
Ll |- . paper
= lmBY '
% —.| =
i

Map of Makole (Adapted from BOCODOL, Map Reading Unit 2, 2002)

Put the edge of a piece of paper along the first straight section of the line ABCD to be measured.

Use your pencil to mark the edge of the paper from A to B. Move the paper so that it lies on B along
BC. Mark out C on the edge of your paper.

Keep on moving the paper along the curves or bends, each time making a mark on the edge of your
paper where a new curve starts and ends until you reach the end of the line, in this case F.

Measure the length of the marked paper against the linear scale. Read off the distance.

Use the same method to find distances between different settlements in any atlas that you have. You
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need to practise this exercise so that you can measure distances in your course. In your final
examinations you may be asked to measure curved distances. You can practise this either alone or
with your colleagues at the study centre.

(c) Using a pair of dividers

Divide the line by pencil marks into sections that are almost straight as shown below.

Measure each of these sections with a pair of dividers and write down each measurement. Add the
length of each of the straight sections. Then use the linear scale to find out the actual distance on the
land.

Again, you can only excel in this skill through practice. Use this method for measuring the same
distances which you measured using the string method. Find out which one is easier for you. Also,
check if there are any differences in your answers. There ought to be none unless if you were not
accurate!

20  Topic Summary

In this topic, you have learnt that a map is a diagram on a piece of paper that represents an area of
land on the ground. There are many types of maps including physical, topographic, climatic and
political maps. The main characteristics of maps are the title, scale, key and direction north. There are
three types of scale, the statement scale, Representative Fraction and the linear scale. It is important
that you learnt how to measure distances using different methods such as the use of a string and a pair
of dividers.

Now try the self-assessment exercise that is given at the end of the unit. The exercise is meant to
increase your competency in using map symbols and the scale. If you find the exercise difficult,
revisit the aspects that you find difficult. If you have mastered the exercise, proceed to the next topic
which is on finding direction and calculating the area.
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Topic 2: Finding Direction and Area

Introduction

[ believe you are familiar with directions. Remember what you did at Junior Certificate level? You
may even have known the directions long before doing your Junior Certificate course. In this topic we
will discuss ways of finding directions using a compass. Again in Topic 1 we touched very briefly on
the direction north and how it can be used to find other directions. Maps can give you the direction
from one place to another. They can also be used to find the distance and the slope (gradient) of the
land. In this topic, you will learn how to find direction, how to calculate the slope of the land and the
area represented in a map. As in the previous topic, I would like you to apply the skills that you
acquire.

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

* identify the cardinal points

» find direction using compass points

* find bearing on a map

* calculate the area of regular and irregular features
» calculate the gradient.

1.0  The Compass

Have you ever been lost in a place like a desert, a forest or a very big town? In such a situation, you
may find it difficult to determine the direction from your hotel, home or even where you can get help
from like a police camp or rescue organisation. An instrument like a compass can help you to locate
the direction. That is why you find people like scouts, soldiers and pilots carrying compasses when
they are going to places like deserts or thick forests. What then is a compass? A compass is an
instrument that is used for finding direction. Figure 12 shows a typical magnetic compass.
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Fig 12: A compass adapted from http://www.brasscompass.com/compass.jpg downloaded on
3/12/10

In your notebook, describe a compass. Use the diagram above to help you. What you can see are the
cardinal points and the compass needle (a pointer). We shall discuss more about these in the section
that follows.

1.1 Using a Compass

As mentioned above, a prismatic compass is an instrument used to find direction. It has a pointer,
which always shows the direction north. There are four main direction points in a compass known as
cardinal points. These are north, south, east and west. You can clearly see the four directions in the
prismatic compass shown in Figure 12 above.

On a map, the key always shows the north direction with an arrow pointing to the top of the map. So,
the south will be at the bottom of the map, west to the left and east to the right. If a map does not have
the north direction, you should take the top of the map as north and the bottom part as the south.
Besides what other points does a compass have? These are the inter-cardinal or intermediate compass
points or directions north, north east (NE), north west (NW), south, south east (SE), south west (SW),
east and west as shown in Figure 13 below.

NONTH
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Figl13: Intermediate cardinal points adapted from http://images-mediawiki-
sites.thefullwiki.org/03/3/3/4/37205632152079435.png down loaded 3/12/10

The eight point compass may have further subdivisions into 16 points as shown below.
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Fig 14: 16 Compass Points adapted from http://images-
mediawikisites.thefullwiki.org/03/3/3/4/37205632152079435.png downloaded on 3/12/10

On maps, direction helps us to determine the location of one place in relation to another. The location

of a map can be given as a compass direction.
Example 1

Points A and B represent two places A and B.

A. . B

What do you think is the direction of B from A?

Imagine you are standing at A and looking towards place B. Which direction are you facing? You
are looking towards the east. Therefore we can say that B is east of A, or A is west of B. In case you
have any doubt, you should refer to figurel3.

Now do the following activity.

Activity 1
Study the sketch diagram given below.
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1. What is the direction of C to D? [2 marks]
The direction of C from D is
2. What is the direction of D from C?  [2 marks]
The direction of D from C is
3. What is direction of: [4 marks]
(a) D from E?
The direction of D from E is
(b) E from D?
The direction of E from D is
4. In which direction do you think the river is flowing?

[2 marks]

The river is flowing from
Total = [10 marks]
Feedback
1. The direction of C from D is south west
2. The direction of D from C is north east

3. What is direction of:[4 marks]
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(a) The direction of D from E is north
(b) The direction of E from D is south

4. The river is flowing from north to south
Total = [10 Marks)

How well did you do? If you have mastered the skill then move on to the section on bearings.

1.2 Bearings

Using compass directions for obtaining map direction is not very accurate. To get a more accurate
reading you use compass or grid bearings. A compass or grid bearing is a direction that is given in
degrees. The compass directions may be shown as grid bearings as given in the diagram below
(Figure 15).

a1s
NW

180*

Fig 15: Compass Bearings

Bearings start with 07 as the North or 360" as the North (Figure 15). Notice that bearings start from
the North and go in a clockwise direction (figure 15).

A clockwise direction means the direction in which the hands of a clock or watch move as shown
above (fig.15). If you stand facing north and tum and face east, vou would have turned 90°. If you
are facing east then you turn and face south you would have turned again another 90°. If you face
west it is another 90° and if you turn from the west to the north by now you would have turned a
complete circle of 360°.
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1.3 How to Find the Bearing on a Map

Example 2

Find the bearing of Y from X. You should follow carefully the step by step approach to working out
the bearing.

Step 1 Find the points X and Y on your Map.

Step 2 Join points X and Y using a
straight line.

Step 3 Make sure that you know which point you are supposed to get. In this case you are at X and
you want the direction of Y. Because you are at X draw in the North line from X as shown above.
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Step 4 Now, take your protractor and lie it along line XN with 0 at point X as shown in the diagram
below.

Step 5 From the North line, read off angle NXY.
In this case Y is 45 degrees from X.

You may not always be asked to find the bearing of an acute angle as was given above. (An acute
angle is an angle, which is smaller than 90 degrees). You may be asked to find the bearing of a reflex
angle (larger than 180 degrees).

Example 3

Find the bearing of B from A.
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Follow the steps as given above. Do you still remember them? Join points AB with a straight line. At
A draw the line north.

From north to south in a clockwise direction it is 180° (a straight line).
g
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This means you still need to measure the remaining angle SAB. Place your protractor along the NS
line and read angle SAB from your protractor as shown. It is 70°.

To get the total bearing from A to B you add 180° (from north to south) and 70° (from south to B).
Thus, the bearing of A to B is 250° , pointing south west.

Now try the activity given below to master the skill of measuring the bearing.

: : Activity 2

Study the diagram given below
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1. What is the bearing of:

(a) Z from A?

(b) Q from B

(¢) T from B?

(d) B from Z?

2. Study the map given below.
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Gopyright 2001. Department of Tourlsm of Botswana
Map design by MindQ - www. mindg bw

A tourist map of Gaborone downloaded from mappery.com/Gaborone-Tourist-Map on 4/12/10
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Use the map above to calculate the bearing from
(a) The University to Cresta Lodge
(b) The aerodrome to the university
(c) Gaborone Game reserve to the Cresta Lodge
(d) Cresta Lodge to the National Stadium
(e) The railway station to Grand Palm H

Each correct answer carries 2 Mark

Total 8 Marks
Feedback
1. What is the bearing of:
(a) Z from A is 45°
(b) Q from B is 91°

(c) T from B is 310°

(d) B from Z is 200°

You need to discuss the difficulties of calculating the bearing using the tourist map above with
members of your study group. What challenges did you face? How did you try to address the
challenges? You probably noticed that the map above has no clearly demarcated points. You still
need to practice on your own so that you can perfect your skill in calculating the bearing.

Sometimes you may not only be required to measure the distance and calculate the bearing only, you
may be required to calculate the area of both regular and irregular shapes. The sections that follows
will give you practice in calculating the area of a map.

2.0 Calculating the Area on a Map

Now that you know how to find the bearing, let’s see if you can master another skill: the skill of
calculating the area on a map. What is the shape of a football field? What about the map of
Botswana and the map of Lesotho (You may want to take a look at an atlas)? I am sure you observed
that the football ground is rectangular. It therefore, has a regular shape. The maps of both Botswana
and Lesotho have irregular shapes. You need to be able to calculate the area of both regular and
irregular shaped maps. As with the previous skills, I request that you practise along with me.

2.1 Measuring Regular Shapes

To find the area of a regular shape such as a rectangle on a map, measure the length and breadth. Use
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your previous knowledge to calculate the area of a rectangle.

Fig 17: Calculating the area of a rectangular shaped map
(Diagram created by author)

In a rectangular map, the opposite sides are equal. In the above diagram, the length would be X
centimetres for AB and CD. The width AC and BD would be Y cm.

Use the scale of the map to calculate the actual ground distances of the measured sides. Then
multiply the actual ground length by the actual ground width of the map.

Example 4
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To calculate the area of JKLM, calculate the actual ground distance for JM and JL. If we use a scale
of lcm representing 1 km we get the following:

Length 9 km

Width3 km

Area = length x width
=3 x9)km

= 27 square kilometres

2.2 Calculating the Area of a Square on a Map

To calculate the area of a square on a map, first measure the length of one side of the map. Use the
scale of the map to calculate the actual distance on the ground. Then multiply the length of the side

by itself.

Example 5
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Figure 18 Calculating Area of a square map

Using the scale 1cm represents 1 km.
One side is 3 km
Area of the square map ABCD = (3 x 3) km

= 9 square kilometres

2.3 Measuring the area of a triangular area on maps

(a)  Measure the length of the base of the triangle.

(b)  Measure the length of the perpendicular from the apex to the base. (Use the scale to change the
measurements to the actual ground distances).

(c)  Multiply the length of the base of the triangle by the perpendicular height and divide your
answer by 2. (The formula to calculate the area of a triangle is half base multiplied by height).
Example 6

In the figure given below the length of the base BC of the triangle ABC is 6cm. The perpendicular
height AQ is 4cm. Using a scale of 1 cm represents 1km. The length of the base is 6 km and the
height is 4km.
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Fig. 19 Calculating Area of a triangular area on a map

The area of the triangular map ABC is BC x AP /2 =(6x4) /2 Square km

= 12 square
kilometres

2.4 Measuring irregularly shaped areas on a map

1. Trace the outline of the section of the map whose area you want to calculate

2. Transfer the outline of the section you have traced to a piece of graph paper

3. Count the number of whole squares and part squares on the graph paper within the outline.

In the figure below there are 12 whole squares and 20 part squares. Part squares are counted as half
squares. To change 20 part squares into complete squares you calculate 20/2 = 10

The total area is therefore 12 +10=22 Square km

39




L] 3 (-] 5
b

\ H
[] .4 i
L“\_,z\ o P
[ \\_./4—’/ | WHoLE Saures
I l C | PART Squires

If you use a metric graph paper, one large square measures 2 x 2 cm. If the scale of a map is 1
centimetre to 1/2 kilometre or 500 metres, each large square is equivalent to 1 square kilometre of
land. If a scale of 1 centimetre to 1 kilometre is used, then each large square represents 4 square

kilometres of land.

Now try the activity given below.

Activity 3
I. A map measures 60 x 40 centimetres. Its scale is 1 centimetre to 1/2 kilometre.

Calculate the area of the map in square kilometres.

The area of the map is

(2 marks)
2. A map measures 100 x 80 centimetres. Its scale is | centimetre to 10 kilometres.

Calculate the area of the map in square kilometres.

The area of the map is

(2 marks)
3. Calculate the area of the field ABDC.
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4. Calculate the area of Kasane forest

The area of the Kasane forest is

(4 Marks)
Total 8 Marks

Feedback
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1. The area of the map is 600 square kilometres
2. The area of the map is 800000 square kilometres

3 130kn’
4. The area of the Kasane forest is 88 square kilometres

By now you should be able to use a scale, find directions and calculate bearing and calculate the area
of regular and irregular shapes in maps. What you need to know now is how to calculate gradients.
You may be wondering what a gradient is. To find out, read the section that follows.

2.5 Calculating the Gradient

Why do you think foot paths, roads and railway lines usually run on flatland? Why is it that they
don’t go straight up the steep slopes? Have you ever tried to run up a steep slope? You have probably
found it difficult and tiring. If the slope is very steep and you are riding a bicycle, you may even get
off the bicycle and push it instead!

A gradient is a measure of the slope between two points on a map. It is the change in height per unit
of the distance you cover on the ground. For every unit, you go a certain distance across, for instance
for every metre you go up, you may go 2 metres across (horizontal distance). A gradient is important
in that it can show you how steep a slope is. It is given as a fraction, e.g.1/3000 or more commonly, as
aratio e.g. 1:5000

To find this steepness or gradient of a slope work out:

(a) the difference in height in metres between the lowest and the highest points along the slope-
this is the vertical distance between the points

(b) the length of the horizontal distance between the two points

The gradient is therefore: Difference in height ( Vertical Interval) /Horizontal distance (Horizontal

Equivalence)

Figure 20 shows a gradient triangle.

Ground Distance —— Vertical
Interval

300

HE. 850

Horizontal Distance
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Figure 20: Gradient of a slope

In Figure 20, gradient equals the ratio of the vertical interval (V.1.) to the horizontal equivalent (H.E.):
500/650 =1/1.3 or 1:1.3

To calculate the Gradient:

Divide the change in height by the change in horizontal distance

YA
ChangeinY

Changein X

ol
X

Gradient = change in Y/Change in X

I have given you one more example for you to better understand gradient.

The gradient is 3/3=1:1
The gradient is 1:1

This means that the slope is very steep. Only mountain climbers can go up this slope! If the gradient
is 1:10 for example, you may have to push your bicycle to go up the slope. If the gradient is 1:3 cars
cannot proceed! Can you think of a reason why railway lines are constructed on fairly flat low land?
It’s because of their heavy engines and the large coaches and goods they carry. They cannot go up
very steep slopes.
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Now try the activity given below.

Activity 4

1. A gradient means:

[2 marks]

2. Find the gradient of the following:
(a) A to B where the difference in height is 100 metres and the horizontal distance is

4km. [2 marks]

The gradient is

(b)  XtoY where the difference in height is 50 metres and the distance on the ground

is 1.5 kilometres. [2 marks]

The gradient is

3. Given that the horizontal distance between A and B in the map given below is 5 km, work out the

gradient from A to B.

The gradient is

Feedback

1. A gradient means a measure of a slope between two  points on a map.

2. Find the gradient of the following:
(a)  The gradient is 1:40
(b)  The gradient is 1:30
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3. The gradient is 1: 166.6

You may use any topographic map to practise calculating the gradient. If you feel that you have
mastered the skill, then you can read the summary given below and then do the self-assessment
exercise 2 given at the end of the unit.

3.0 Topic Summary

In this lesson you learnt that a compass is used for finding direction using the cardinal points.
Direction can also be indicated through the bearing. Sometimes you may be required to calculate the
area of a map. You first change the map measurements into ground measurements then do the
calculations. You also learnt how to calculate the gradient, which is the rise in the slope of land.

Now try the self-assessment exercise 2 at the end of the unit. If you do well, then proceed to the next
topic. However, if you find that there are skills that you still can’t perform, then practise those skills
till you master them before proceeding to topic 3 which is on other methods of locating features on a
map.
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Topic 3: Locating Features

Introduction

By now you know how to read symbols, scale and key on a map. However, you may still find it
difficult to find particular places on a map. In topic 2 you learnt how to find direction using the
compass cardinal points and by using the bearing. These methods of locating places are not always
very accurate. They will only give you the direction from a given point. In this lesson, you will learn
how to locate places using the lines of longitude and latitude. You will also learn how to locate places
using the four and six figure grid references. You will also learn how to calculate time using
longitude.

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

* identify lines of longitude and latitude

* locate places using longitude and latitude

* locate places using the four- figure grid reference
* locate a place using the six-figure grid reference
+ calculate time using longitude.

1.0  Locating Features on Maps

All along you have been practising such skills as interpreting symbols, using a scale, calculating
distances on a map, calculating area, finding direction and calculating the bearing of one place to
another. You probably noticed lines running either from the south to the north or from west to the
east. What are these lines? Why do you think is the purpose of these lines on maps? In order to
measure accurately the position of any place on the surface of the earth, a grid system has been set up.
It pinpoints location by using two coordinates: latitude and longitude. These are purely imaginary
lines tied to two fixed points established by the earth’s motion. The two fixed point include the poles,
or ends of the earth's rotational axis.

1.1 Lines of Latitude

Let us start with the lines of latitude. Lines of latitude are imaginary lines that cut horizontally across
the map in an east-west direction. Figure 22 shows some of the lines of latitude as they appear on the
globe.
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Figure: 22 Lines of latitude = downloaded from
http://homepages.ius.edu/PGALVIN/lat long/Geographic%20Grid files on 7 /12/10

If you look at the above diagram, you will note that there is a horizontal line that divides the earth into
two halves. This is the Equator and it is the longest latitude line (40075 Km around the middle of the
earth). It divides the earth into two hemispheres. In the northern hemisphere (places north of the
Equator), the latitudes increase as you go north and in the Southern hemisphere (places south of the
Equator), they increase as you go south from 0° at the Equator to 90° at the poles. Note that the
number showing latitude is always followed by the letter N if the place located is in the Northern
hemisphere and S if the place is located in the Southern hemisphere.
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Figure 23 Sample lines of latitude

Important lines of latitude are the Equator (0 degrees), the Tropic of Cancer (23': degrees N) the
Tropic of Capricorn (23% degrees south). The Tropic of Capricorn passes just 40 Km south of
Mabhalapye.

Besides understanding that latitude is important for locating various part of the globe, you also need to
understand that different latitudes are also related to seasons. Seasons are caused by the tilt of the
carth’s axis. As the areas closer to the Tropic of Capricorn come closer to the sun, they become
warmer , which causes summer in the southern hemisphere. Now what do you think causes winter?
Obviously the areas farthest away from the sun experience cold temperatures and hence becomes
winter for them! Note that areas that are close to the equator have high temperatures throughout the
year.

In your study group discuss with others the importance of seasons on human activities. You may
want to discuss what you do in winter, summer and in spring! Now let’s discuss lines of longitude.

1.2 Lines of Longitude

Lines of longitude are imaginary vertical lines that connect the North Pole to the South Pole. These
lines are called meridians. They show the angular distance to places east or west of the Greenwich
Meridian. Figure 24 shows you the lines of longitude. Longitude 0 (zero) degrees runs through a
place in London known as Greenwich and this zero line is referred to as the Greenwich Meridian.

Figure 24: Lines of longitude (Adapted from
http://homepages.ius.edu/PGALVIN/lat long/Geographic%20Grid files on 7 /12/10

The Greenwich Meridian divides the earth into two hemispheres: the eastern and western
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hemispheres. The lines of longitude on the eastern hemisphere increase in degrees eastwards while
those in the western hemisphere increase in degrees westwards. The lines of longitude start from 0° to
180° either east or west. Each degree of meridian consists of 60 minutes () of arc and 1 minute
consists of 60 seconds () of arc. On the earth’s surface 1 degree of longitude is equivalent to

approximately 111km at the equator. You can use your atlas to note all the important latitudes or
longitudes.

Example 1

R lies along 120°W, S lies along longitude 60°. Q lies along longitude 120°E while P lies along
longitude 60°E.

120W Ba'W le G 12eE

Fig 25: Sample location

A network of lines of latitude and longitude is referred to as graticule. In most topographic maps, the
lines of latitude and longitude are marked at intervals of 1 degree. You will note that these lines are
sometimes coloured differently from other lines on maps. You will be able to notice them by their
labelling which is either the number of degrees east or west if they are longitudes and the number of
degrees north or south if they are latitudes.

20°E 21fE 21°E Longitude
25°N  Latitude

20°N

2(0°E 21{E 15°N
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20°E 20°E
Fig 26: Lines of longitude and Latitude

The value of these lines of longitude and latitude are often marked on the edge of a map as shown
above. Botswana is in the Southern Hemisphere and therefore, lies south of the Equator. The lines of
latitude increase southwards as shown in figure 27 below.
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Fig27: Map of Botswana showing lines of latitude and longitude adapted from
www.geographicguide.net/africa/botswana.htm on 7/12/10

Botswana also lies east of the Greenwich. Can you identify Ghanzi? It is near latitude 21° 46°S and
longitude 21°45°E.

The examples given were easy because they lie almost along the lines of latitude and longitude.

Sometimes places that you may want to locate may not be found lying along the lines of latitude and
longitude.

Activity 1
Using the map of Botswana (figure.27) locate position X using lines of latitude and longitude.
Total 2 Marks

Feedback
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You can see that X lies along 21°S. It also lies on longitude 25°E. Therefore, the position of X is
latitude 21°S and longitude 25°E.

On maps that show small areas in more detail, both latitude and longitude may be expressed in
degrees and minutes. For instance, you may say 25° 30° S (25 degrees 30 minutes south). There
are 60 minutes in 1 degree. Look at figure 27 again. You notice that the lines of longitude increase
eastwards.

By now you obviously are aware that for you to perfect your map reading skills, you need to practise
using maps. Look for a large scale map and practise locating places with your group mates in your
study group.

Now we need to use both the longitude and latitude

1.3 Locating Positions Using Latitudes and Longitudes

The procedure when reporting longitudes and latitudes to give the position of a place is to mention the
latitude first before the longitude. The identified latitudes and longitudes should be quoted in degrees
and minutes.

Example 2

Use the map of Botswana (Fig.27) on which lines of latitude and longitude is shown in whole degrees.
To locate the position of Molepolole follow the steps below:

Step 1:  Locate Molepolole on the map (South Eastern Botswana).

Step 2: Identify the latitude that passes near Molepolole. It is 24°S.

Step 3: Then identify the longitude that passes near Molepolole. It is 25°E
Therefore, the position of Molopolole is latitude 24°S and longitude 25°E.

Now, calculate the latitude and longitude of Gantsi using the same map (Figure. 27).

First, you must decide whether Gantsi is in the Northern or Southern Hemisphere. Are the latitudes
increasing southwards or northwards? They are increasing southwards which means Gantsi is in the
Southern Hemisphere. It means those latitudes should be labelled *South (°S).

Look carefully at the longitude lines. Are they increasing in an easterly or westerly direction? They
are increasing in easterly direction. This means that Gantsi is in the eastern hemisphere. It means all
the longitude lines should be labelled °East (°E).

Read off the latitude Gantsi, which is 23° 45°S and the longitude of Gantsi which is 22° 45°S.

Now try the activity given below.

Activity 2

Study the map given below and answer the following questions.
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Map of Botswana adapted from www.geographicguide.net/africa/botswana.htm on 7/12/10

L.

3. Calculate the latitude and longitude of the following countries:
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Give the numbers for the:
(a)  Lines of latitudes A and B
Ais [1 mark]

Bis [1 mark]

(b)  The lines of longitude C and D
Cis [1 mark]

Dis [1mark]

Calculate the latitude and longitude of Francistown

Itis [1mark]
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A Political Map of Africa adapted from gif
mapmaker.rutgers.edu _on 7/12/10

(a) Angola
(b) Lesotho
(c) Botswana

(d) Namibia
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(e) South Africa

(f) Madagascar Total 6
Marks

Feedback

1.Ais 19°S
Bis 23°S
Cis 23°E]
Dis 23'E
2. It is latitude 21°S and longitude 27’E.

How did you locate countries that cut across the latitudes and longitudes? Discuss this with your
study group. You may even pass it on to your tutor if you are not certain.

This is what you have learnt so far. You have learnt how to identify lines of latitude and lines of
longitude. Lines of latitude are horizontal lines whose values increase as you move away from the
equator. The values increase northwards in the Northern Hemisphere and southwards in the
Southern Hemisphere. The lines of longitude are vertical lines that join the North and South poles.
The Greenwich meridian divides the earth into the Western and Eastern Hemisphere and it is 0°
longitude. Lines of longitude increase in value from the Greenwich meridian. A network of lines
of latitude and longitude is referred to as graticule. You have also learnt how to locate places
using latitude and longitude. Now let’s discuss another way of locating places using the grid
reference.

1.4 Locating Places Using the Grid Reference

You have seen that we can locate a place on a map using lines of latitude and longitude. Sometimes
we use grid lines to locate places on a map. These are horizontal and vertical lines drawn on the face
of a map, which divide the map into squares. These squares can be divided into smaller squares. In
fact, a grid is the same as a graticule. The only difference is that it is not based on latitude and
longitude.

Study the map of Gaborone below.
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Fig 28: Map of Gaborone (Adapted from maps.nationmaster.com/country/be/1 on 7/12/10

You will observe that it is divided by grid lines. On this map, 2 centimetres represent 1 kilometre, so
each grid square covers 1 square kilometre. Some of the most common grids are based on squares
with sides that represent 1 km, 10 km and 100 km.

The numbering starts from a single point, which is usually the south-western corner of the entire grid

for the country or area of the continent. This is known as the grid origin.

On the map of Gaborone you can see the vertical lines running from the north to the south. These
vertical lines are known as Eastings. Diagram below shows you the Eastings 88,89,90 and 91.

Eastings increase
. as you go
! eastwards

Fig 29: Eastings
Note that eastings figures increase as you go eastwards from the grid origin. For example, in the
above diagram, easting 90° lies east of casting 89°.
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(a) Northings

These are horizontal lines which run from the south to the north.

?3 Hnrthings
TL == — | increaseina
7 Northwards

pue direction

70

Fig 30:A sample of northings

The northings increase in a northwards direction. In the above diagram, for example, northing 73 is
north of northing 72.

If we combine the eastings and the northings we get a grid with equal squares as shown in Fig. 31

Fig 31; A Map showing a graticule downloaded and modified from
http://brhectorsgeoworld.blogspot.com on 7/12/10
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The vertical lines are the eastings increasing eastwards and the horizontal ones are the northings
increasing northwards. Smaller figures that appear on the bigger figures should be disregarded when
giving grid references. You now need to actually practise how to locate a place using the grid
reference.

1.5 Locating Places Using the Four Figure Grid Reference

The grid lines are used for the accurate location of places on topographical maps. Each grid square
may be given a four-figure reference.

Example 3

What is the grid reference of the shaded square P?

Remember, that the vertical lines are the eastings, increasing eastwards and horizontal ones are the
northings, increasing northwards.

7
70

gg 83 30 80

Step 1 Locate the bottom left corner of the shaded square P. At this point, two grid lines, an
easting and a northing intersect. The easting forms the western edge of the square and the northing
forms the southern edge.

Step 2 State the number of the easting that forms the western edge of the square. The number is
88.

Step 3 State the number of the northing that forms the southern edge of the square. The number
is 72.

Step 4 The four-figure grid reference for square P is 8872.

Now try the activity below on your own and see if you can locate the given squares using
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the four-figure grid reference.

Activity 3
Study the grid given below.
Locate the squares A, B, C, D, E and F using the four-figure grid reference.

> g |
]
'
P =
[
M ==
(] t F
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A. [2 Marks]
B. [2 Marks]
C. [2 Marks]
D. [2 Marks]
E. [2 Marks]
F. [2 Marks]
Total = [12 Marks]
Feedback

Did you get them right? I hope you remembered to start with the eastings first and northings second.

A is 2042
B. is 2444
C. is 2241
D.is 2040
E.is 2240
F. 15 2540

58




To get a more accurate location we use a six figure grid reference. Have you used it before? Explain
how the six figure grid reference is used to get a more accurate location. Check the discussion and
practice that follows.

1.6 Locating Places Using the Six Grid Reference

The four-figure grid reference can only locate the position of the whole square. A more accurate
method of locating places is the six-figure grid reference. Carefully study the example given below.
Example 4

The diagram below (figure 32) shows a grid for 1:50,000 scale map. There is a Church (B) in one of
the grid squares. The 4-figure grid reference to this square is 6613. You should fix the position of the
church more accurately using a 6-figure grid reference.
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Fig 31: A grid for 1:50,000 scale map

To fix the position of the church you should follow the steps given below:
Step 1 Draw lines AB, BC as in the diagram.

Step 2 Estimate the position of A in relation to 66 and 67 by imagining the line between 66 and
67 is divided into ten equal parts. A is 8/10 of the distance between 66 and 67. The easting is written
as 668.

Step 3 Estimate the position of C in relation to 13 and 14 as you did in Step 2. B is 3/10 of the
distance between 13 and 14. The northing is written as 133.

Step 4 The 6-figure reference of the church (B) is therefore 668133.
Now try the activity given below on your own.
Activity 4
Find the six-figure grid reference for A, B, C, D and E given in the grid below.

59




% %
| il
= %
M | e e “
-I
e b3
]
e D i, =

n L = el
Ais [2 Marks]
Bis [2 Marks]
Cis [2 Marks]
Dis [2 Marks]
Eis [2 Marks]

Total = [10 Marks]
Feedback

Ais 114232
Bis 138258
Cis 114212
Dis 126212
Eis 135214

Like any other skill, you need to practise this as much as possible. If you have mastered this skill,
proceed to the next section where we learn how to use lines of longitude to calculate time.

1.7 Using Lines of Longitude to Calculate Time

Lines of longitude are sometimes used for calculating time. Time is an important concept in everyday
life. We shall only look at the simple aspects of time.

The earth takes 24 hours to complete a rotation. In other words, it takes 1440 minutes for it to turn

360 degrees. From these figures it is clear that the earth takes 1 hour to turn around 15 degrees. It
takes 4 minutes to turn around 1 degree. Using these basic facts, we can calculate time for any

given area.
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However, you need to first understand the role of the Greenwich Meridian in the calculation of time.
The Greenwich Meridian is the 0 degrees longitude. Time is calculated from the Greenwich Meridian.
The areas which are to the east (right) of the Greenwich meridian are always ahead in time. All the
areas to the west of the Greenwich Meridian are behind in time.

Example 5

It is 2.00 p.m. at the Greenwich Meridian. What time would it be at a place X, 45 degrees east?
Time at Greenwich is 2.00 p.m.

Longitude at Greenwich is 0 degrees.

Longitude at the place X is 45 degrees east

Difference in degrees is 45 degrees.

Difference in time is (45/15) that is 3 hours.

Since X is east of the Greenwich Meridian then it means that it is ahead in time.

3 hours ahead of 2 pm is (2hours +3 hours) 5 p.m.

Therefore the time at X is 5 p.m. the same day.

‘What is the time at Y which is to the west of Greenwich meridian?

To answer this question, you will follow the same steps as above but instead of saying 3 hours ahead
of Greenwich Time, because it is west of the Greenwich, you will say it is 3 hours behind 2:00 pm.
The time at Y is therefore 11:00 am the same day.

Imagine what would happen if Mahalapye and Francistown had different times! What problems
would be caused by differences in time within the same country? Discuss this with members of your
study groups then read on to the next section which will provide you with some of the problems that
are likely to arise.

(a) Standard time (local time)

Different areas within the same country or region often use the same time. They use the same line of
longitude to calculate their time. This helps to avoid confusion between areas in the same region.
Countries in the Southern African region use the 30 degrees line of longitude for calculating their
local time. This is the reason why Botswana, South Africa, Lesotho and Zimbabwe have similar
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times. When calculating standard time you will need to find the differences in the longitude lines
used, determine whether it lies to the east or west and then calculate the time difference.

Example 6

The time in Gaborone is 6 p.m. on Monday. Gaborone lies along 30 degrees longitude. Calculate the
time at Singy, which lies along 45 degrees East longitude.

Differences in degrees between Gaborone and Singy is (45-30) = 15 degrees.
Difference in time is 1 hour.

Is Singy to the West or East of Gaborone? It is to the East.

Then it must be ahead of Gaborone’s time.

Therefore, it is | hour ahead of 6 p.m. The time at Singy is 7:00 p.m.

Iitermational

[ateline
e,
-

v Ilm: day bijphind

Figure 32: International dateline adapted from astro.sunysb.edu on 7/12/10

(b) The international dateline

The international dateline is an imaginary line that runs roughly along 180 degrees. Its purpose is to
adjust for the difference in time of one day if eastwards or westwards. If you were to travel right
round the earth you would either lose or gain one day depending on the direction in which you would
be travelling. The International dateline lies in the middle of the Pacific Ocean and avoids areas with
settlements, as this would cause confusion in time. So each time you cross the international dateline
you either lose or gain a day.

2.0 Topic Summary

In this topic you have learnt that lines of latitude are imaginary lines that run from the Equator to the
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poles. The Equator is the line of latitude that divides the earth into two hemispheres. The imaginary
vertical lines running from the east to the west are called lines of longitude. A network of these lines
is known as a graticule. In this topic you have learnt how to locate positions using latitude and
longitude. A more accurate method of locating places is by using the 4-figure and the 6-figure grid
reference. Using these you were able to locate the exact positions of places in maps. Furthermore, you
have learnt that longitudes can be used for calculating time.

Congratulations! You have completed this topic. Now attempt the self-assessment assignment 3 at the
end of this unit. Check your answers from the feedback for the assignment. If you have mastered all
the skills in this topic then you can proceed. However, if you still have difficulties with some of the
questions, you need to further discuss the topic section with your study mates. You may even ask for
help from your tutor. If you are finished doing so, then go on to topic 4 on land forms.
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Topic 4: Identifying Landforms on Maps

Introduction

You have studied many types of landforms in your Junior Certificate Social Studies course or in your
Geography course. In your own locality, I am sure there are many different types of landforms. Can
you name some of the landforms?

You probably mentioned such landforms as hills, mountains, seas, rivers and valleys among many
others. In topic 1 you were asked to draw a map of your village showing the major features. You
probably had problems in showing the relief of the land (the variations in height). Your map probably
did not indicate to the reader how the land rose or fell. Map- makers often have problems showing
these landforms because they involve different heights. On a map of a large area, it is important to
show changes in the height of the land or difference in elevation. We shall discuss how to represent
height in the course of this topic.

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

» read, interpret and describe various relief features by using contours
* describe ways of representing relief

+ describe a landscape in relation to a contour and drainage pattern
 identify the relationship between landforms and land use.

1.0  Ways of Showing Relief

The earth’s surface is made of many types of land forms like mountains, hills, valleys, lakes, rivers
among many others.

These features or landforms have to be represented on a map so that the map can serve the purpose of
guiding people who use the earth’s surface. In the following sections we will learn the various types
of landforms and how these can be identified on maps.

1.1 Profiles

The earliest method of showing landforms on maps was by using profiles or outlines. These showed
the physical features as they appear when viewed from the ground.

Write down in your field note book what you think is the greatest weakness of this method of
representation? [ hope you mentioned that a major weakness of this type of representation is that it
does not indicate distances and heights and it does not show all the details.

1.2 Hill Shading

Another method of showing landforms is by hill shading. In such instances the light area usually
represents the higher areas. The shadows are drawn as if the light rays are vertical. This gives the
wrong impression that lighter coloured slopes are less steep. Hill shading is sometimes accompanied
by spot heights.
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Fig 34: An example of hill shading downloaded from

http://www.lib.utexas.edu/maps/national parks/devils tower.jpg on 7/12/10

Note that in hill shading as shown in figure 34, the steeper the slope, the darker the shadow will be.
Flat land will appear well lit. This method is hardly ever used in Southern Africa.

1.3 Hachuring

This method uses short lines known as hachures to show the direction water would flow. If the slope
is very steep, the hachures are close together, on a gentle slope, the lines are widely spaced. On flat
land there is no shading. In steep areas hachures can be so close that you cannot see other features.
Again, hachuring is not used as much in the maps of Southern Africa.

1.4 Layer Shading

This method is sometimes referred to as layer colouring and is used to show height on physical maps
in atlases. For example, in most atlases, green is used to show low lands while the brown colour
shows high areas. In this case, hills and mountains will be shown by a brown colour.
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na downloaded from Maps.com on 7/12/10

: : Activity 1

Study the map of Botswana in figure 36. Then answer the following questions.

1.In which part of the country is the highest land found? [1 mark]
2. Which colour is used to show the lowest part of the land? [1 mark]

3. In which part of the country is the lowest land found? [1 mark]

4. What colour is used for showing rivers? [1 mark]

5. What is the disadvantage of using the colouring method?

Fig
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Total = [4 marks]

Feedback

1. The highest part is around Mamuno (1 Mark)
2. The lowest part of the land is shown by the green colour [1 mark]

3. The lowest part is found around the Okavango delta. [1 mark]

4. Rivers are blue[1 mark]
5. It does not give the actual altitude and does not show the height of particular relief features
such as hills.

You may recall that earlier on when learning about map symbols we said some colours are used to
represent certain features. Now that you have looked at different maps, what conclusion can you
draw? Do maps use the same symbols and the same colours to represent certain features? Discuss this
with your study group and if necessary check with your tutor.

1.5 Point Elevations

When map- makers are carrying out a mapping survey of an area, heights of certain points such as
summits of hills are accurately measured to a fraction of a metre. These are referred to as point
elevations. Point elevations include trigonometrical stations or, beacons and spot heights.

(a) Trigonometrical stations

These are sometimes known as triangulation stations. These are concrete pillars or beacons erected
by surveyors on hill summits from which there are good views of the surrounding country.
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TRIGONOMETRIC AL
BEACON

Symbol of a
[ " trigonometrical
beacon

Figure 37: A trigonometrical beacon adapted from flickr.com/photos/kinetawherlock/3759010364/
on 7/12/10

The surveyors use the pillars for mapping the area. The method used for mapping from a
trigonometrical beacon is called triangulation ground survey (figure 37). In this method, the land
being surveyed or mapped is divided into a series of triangles with individual trigonometrical beacons
forming their summit. Figure 36 shows a sample of a trigonometrical beacon. These accurately
measured points are mostly on higher ground, on hill tops and mountain tops. You can practise
reading altitude from these symbols using the map given below.

Example 1
Study the map of Palapye area given below:
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Figure 38: Map of Palapye (Drawn by author)

Give the heights of the trigonometrical beacons found:
(a)  nextto Gamalete
(b)  West of Bojanamane
(¢)  in the Mokware hills.
To find the heights, first identify the feature then read the height as given.
(a)  The trigonometrical beacon next to Gamalete is 3933m.
(b)  West of Bojanamane it is 4023m
(¢)  Inthe Mokware hills it is 4317m.
(b) Spot height

These are usually measured to the nearest metre. There is no physical evidence of them on the
ground. They are represented on maps by the following symbol:
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* 34a22m

Figure 39: A Spot Height

The symbol above means the spot height given on the map is 3452 metres above sea level. Note that
land height or altitude is measured from the sea level that is 0 metres.

(c) Bench marks

Sometimes, land height or altitude is shown on walls of buildings or brass plugs on concrete blocks.
These are known as benchmarks. The symbols used are like the following:

|

1523 M

Fig 40: A Bench Mark

The above symbol would mean that the mark on a wall or a concrete block is 1523 metres above sea
level (figure 40).

These should have been easy for you because once they were identified, you simply needed to read
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off the altitude. You will practise interpreting these later when reading contour maps. Now you need
to understand what contours are.

1.6 Contours

Contour lines are the most common way of showing height on topographical maps. Contour lines are
lines drawn on a map passing through places of equal height above sea level. If you walk along a
contour line you neither gain nor lose elevation. For example, if you walk along contour line QPZ
below, you do not gain or lose elevation. You still remain 10 m above sea level.

Figure 41: Sample of contour lines (Drawn by the author)
Example 2
Study the diagram given above (Fig 41) showing a conical hill.

Points Q, P and Z lie at the same height above sea level. They are all 10m above sea level. RST also
have the same height above sea level. They are all 20m above sea level. If you imagine yourself
standing at R, and your friend at S, the two of you will be standing at the same height above sea level.

If you were to join areas with the same height, 10m, QPZ and go around the hill you would probably
get a line like the one labelled 10m in Figure 41. If you draw another one joining RST going around
the hill, you would probably get a smaller circle labelled 20m in the diagram. Join FJ and all the areas
that are 30 metres above sea level going around the hill and you would probably produce a line
similar to the small one labelled 30 metres.

What you have produced is roughly what you could see if you were to look at the hill from above.

To understand this better, look at the map of an island given below (Fig.42).
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Cross Profile
(ot to scale)

Figure 42: Map of an island downloaded from
www.met.utah.edu:8080/.../.Topographical%20Maps on 18April, 2011.

Notice that the outermost line is at sea level and marks the shape of the island. The two inner most
rings show the two hills. Remember, we said contour lines are lines which join areas with the same
height above sea level (ASL). Practise the interpretation of contour lines by doing Activity 2 below.

x Activity 2

1. Look at the contour lines given below.
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L0

(drawn by the writer)

What is the height of A, B, C and D?

(a) A is
(b) B is
(¢)Cis
(d)Dis

Total 8 Marks.

Feedback
(a) A is 20 metres above sea level.
(b) B is 30 metres above sea level.
(c) C is 40 metres above sea level
(d) D is 30 metres above sea level.

Again, you need to practise identifying altitude through interpreting the contour lines. This is a skill
which only comes through constant practise. The next section broadens and polishes your skill.

1.7 Identifying Major landforms using Contour Lines
Contour lines can help you to recognise major landforms on topographical maps.

You can tell the different landforms by carefully looking at the contour lines and considering the
following:

(a)  The height of the contours. This will tell you if the area is lowland or highland.
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(b)  The shape of the contours will tell you the shape of the land form. For instance, circular
contours tell you that the landform has a circular shape.

(c)  The spacing of the contours will tell you about the steepness of the land.

Remember, we said that contour lines join areas with the same height above sea level. Let us apply
the concept of altitude as presented in contour lines.

What is the height of X and Y in the
above diagram?

The heights of A, B, C and D are all

10m above sea.
The height of X and Y is 30m (A.S.L). Now, what is the height of R?

To find R you will first have to find the height between the 10m and 20m contour lines. The
difference between two contour lines that follow each other is known as the vertical interval or

(V. L) To calculate the vertical interval between two contour lines, you calculate the difference
between two consecutive contour lines.

Example 3

The vertical interval in the diagram is 20m - 10m = 10m. R lies halfway between 10m and 20m.
Which means it is Sm more than 10m that is 15m. R is 15m above sea level. Can you find the height
for Z? Probably you got it right. It is also 15m above sea level.

Now try this example on your own.

Below is a diagram of an island. The vertical interval (V.1.) is 100 metres. Draw in the contour
lines of the same island at regular intervals of 100metres. The heights are given to you and the
100 metre-contour has already been drawn in.
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Remember to draw in the 0 contour line, and the 200 m contour lines. Now you need to practise
identifying the various relief features for you to effectively describe the land forms such as types
of slopes discussed below.

1.8 Slopes

I am sure you have either walked up or down a slope. A slope means how the land rises or falls.
Contour maps usually show how the land rises or falls. Let us study the following slopes.

(a) A gentle slope

This is a slope where the land rises gradually. You can identify a gentle slope in a contour map by its
contours that are widely spaced.
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Figure 43: A gentle slope adapted from http://www.ironwulf.net/wp/wp-content/uploads/2007/05
downloaded on 12/102010

If the steepness of the land is the same from the top to the bottom of the slope, the slope can be

referred to as a uniform slope or an even slope.

A steep slope

This is when the land falls or rises sharply. It is described as a steep slope as shown below (Fig.44).
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Figure 44: A steep slope adapted from hikinglasvegas.com on 7/12/10

You can identify a steep slope by contour lines that are very close together as shown between A and B
in Figure 44. Contour lines, which are very close together, represent a steep slope. Just by looking at
the steep slope in Fig 44, what would you say the gradient is? Why?

The contour lines are very close. Hence, it is a very steep slope. I would probably estimate it at 1:1.
Only mountain climbers can climb such a steep slope!

(c) A convex slope

Some slopes are very steep at the bottom and gentle at the top. Such slopes are known as convex
slopes.
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Figure 45: A convex slope adapted from globalsecurity.org on 7/12/10

You can identify a convex slope by contour lines which are very close together on lower ground
indicating that the slope is steep at the bottom and wide, spaced contours on higher ground indicating
that the slope is gentle as you go higher.

(d) A concave slope

In a concave slope, the land rises gentle at the lower end of the slope and rises steeply at the higher
end of the slope.

Figure 46:A concave slope adapted from water.epa.gov on 7/12/10
(e) Flat land

Flat areas have no slope and therefore, no contours are shown on a map.
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Flatland with no contours or with contour

lines that are far apart 50

20

Figure 47: Contours showing flat land

Note that the contour lines are far apart indicating that the land is flat.

consolidate your skills.

Now that you have learnt to identify different types of slopes, try Activity 3 which is meant to

Activity 3
1. Study the types of slopes given in the map below.
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Figure 48: Types of slopes
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Fill in the table, the types of slopes shown in the figure above.

Slope Type

AB

CD

E

FG

HI

5 Marks

2. In a paragraph, describe the types of features shown in Figure 48.

5 Marks

3. If you were to build a road, explain how the features shown on the map would guide its location. (5
Marks)

Total = [10 marks]

If you are finished, check the feedback given below.

Feedback
1.
Slope Type
AB Gentle slope
CD Steep slope
E Flat land
FG Convex slope
i Concave slope 2 You probably men?ioned that
in the map, the land rises to

about 400m above sea level. At
400m it becomes flat at E. The land then rises and terraces up to 550m above sea level. The north
western part of the map is marked by a steep slope while the southern part is marked by gentle slope.
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3. You probably mentioned that you would be guided by the flatness of the land. You would construct
your road along flat areas with no steep slopes.

Slopes often form part of large relief features such as hills and mountains. The next section helps you
to understand how some of these features are represented on maps.

1.9 Hills

Before we start, [ would like you to describe a hill that is found in your locality or one that you once
saw. If you are from Kgalagadi it might be difficult for you to describe what a hill is. In that case, use
an atlas to see what it looks like. How would you represent a hill on a map? If you have forgotten,
check figure 41. Compare your definition of a hill with mine: “A hill is a small area of land rising
higher than the land surrounding it.” Is this what you wrote? Hills are a common feature on
Botswana’s landscape, particularly around Kanye and Moshupa. There are many types of hills. The
most common one is the rounded hill known as a knoll or a cone shaped hill. It is rounded at the base
and has a cone-shaped top or apex.

It stands on its own, surrounded by a large area of flat land. The eastern part of Botswana has many
examples of knolls. On a contour map, you can identify it by its circular contours.

(a) A conical hill

A conical hill looks like a cone and is very regular in shape, with a wide base and a narrow top. It has
even slopes on all sides and, on a map, it is shown by evenly spaced concentric contour lines. The
distinguishing feature is that it tapers at the top.

Figure 49: A conical hill
(b) A round-topped hill

A round-topped hill may have regular or irregular sloping sides. Its distinguishing shape is a rounded
top. On a map, you can identify it by the highest contour being round.
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Figure 50: A round-topped hill as shown by the inselberg adapted from
https:/.../category/mountain-of-god/ on 7/12/10

Examples of round topped hills are inselbergs or kopjies which are found in drier areas and are often
isolated. A round topped hill does not taper at the top. There is a lot of flat space.

(c) A flat topped hill

In a flat-topped hill, the highest contour line encloses a wide open space.

Figure 51: A flat topped hill adapted from traveladventures.org on 7/12/10

Carefully look at the above flat topped hill. In the past, what do you think people would have used it
for? Why? Do you know of any hill that was used for that purpose?

People would probably have used it for defence purposes. The sides are very steep and it would be
difficult for the enemy to get up the steep slopes. Flat topped hills like Kanye and Thaba Bosio were
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used for defence purposes during the pre-colonial era.
(d) A Ridge

A ridge is a long and narrow upland area. It can be a hill ridge or a mountain ridge depending on its
height. Ifit is higher than 100 metres, it is a mountain ridge and if it is lower, then it is a hill ridge.

Figure 52: A ridge adapted from blacktriangle.org on 7/12/10

In most cases, the slopes of a ridge are steep as shown in diagram 52. A series of mountains may
form a ridge.

e) A plateau

A plateau is a high piece of land that has a flat surface at the top with steep sides on either side.

Figure 53: A plateau adapted from http://blogs.sitepoint.com/wp-
content/uploads/2010/05/plateau.jpg
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The steep sides are sometimes known as the scarp slopes. The gentle slope of an escarpment is known

as a dip slope. A plateau with a dip and a scarp slope is known as an escarpment. What do you think

could be the importance of an escarpment? It could provide good grazing land accessible from the dip
slope and can be used
for defence purposes.

® A saddle

Figure 54: A saddle

This is a low area found between two hills as shown in Figure 54. It is usually at high altitude. What
do you think is the importance of a saddle or a col? It provides a pass between the hills. That’s where
a path could be!
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(2) A pass
A pass is low land between high lands. These low lands are usually used as routes for roads or
railway lines.

Figure 55: A pass adapted from trekearth.com on 7/12/10

What is the importance of a pass? You probably already knew the correct answer. A pass provides a
low lying area where a road or a railway line can be constructed. Some passes can be dammed to
provide drinking water and water for irrigation.

(h) A spur
A spur is high land that juts into low land.

Figure 56: A spur downloaded from http://wpcontent.answedn.com/wikipedia on 7/12/10

You can identify a spur by its V-shaped contour lines. The contour lines of a spur point towards low
ground as shown in Figure 56. Do not confuse a spur with a valley.

2.0 River Features

There are many landforms that are closely related to rivers such as river valleys, spurs, meanders and
many others. We will briefly look at some of them and show you how each one is presented on a
topographic map.
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(a) A river valley

A valley is a stretch of low land between high land, along which rivers usually flow.

Figure 57: A river valley adapted from blog.visitwales.co.uk on 7/12/10

In a topographic map, you will be able to identify a valley by contour lines which are shaped like the
letter “V.” Note carefully, that the ‘V-shaped’ part of the contour lines of a river valley points towards
high ground (figure 57). At times the contours of a river valley may be ‘U’ shaped.

(b) A gorge

This is a deep steep sided and narrow valley enclosed by rocky cliffs. In very hard resistant rocks,
rivers may cut very narrow, deep steep sided valleys.
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Figure 58: A gorge adapted from planetware.com on 7/12/10

You can identify a gorge by contours that are ‘V-shaped ‘and very close together as shown above.
There are many other river features that you need to know for you to be able to pass your map paper.

Here, as I have pointed out earlier, what you need is to be able to identify the features and explain
how they influence human activities.

3.0 Other River Features

You are probably familiar with different types of river features. Can you name some of them? Here
are some of them. Many small streams that join a river are called tributaries. The point where two
main streams join is called a confluence. On a flat piece of land, the river usually has large bends,
these are known as meanders. Some rivers have triangular shaped alluvial deposit where they empty
their water when they enter a sea or lake. This landform is known as a delta. You may know these,
but do you know how they are represented on a map?

Figure 59: River features.

Can you think of a river in Botswana with a delta? It is the Okavango. The Okavango delta is
described as an inland delta. The river breaks into many small streams as it enters the lake. These
small streams are known as

distributaries. Sometimes

a river breaks up into two
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Botswana? In Unit 12 you will learn about tourism. The Okavango delta is a big tourist attraction.

For now, practise identifying river features in activity 4.

Activity 4

Study the map given below (Fig.60). It shows un-named river features. Complete table 2 by

filling in the names of the features A-F.
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Figure 60: River Features
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Each correct answer carries 2 marks.

Total [12 marks]

Feedback

Label Name of Feature
A Confluence

B Source

C Meander

D Delta

E Distributaries

F Braided stream

By now you should be able to identify the various river features. These will help you to better
interpret maps. Just by looking at the map you will be able to tell what features are represented.
When studying maps, you will also be required to describe drainage patterns presented. The section
that follows will help you to describe river drainage patterns.

4.0 River Drainage Patterns

Drainage is the water system of an area. The drainage pattern of an area is determined by the relief
features in that area. You can determine the water system of an areca by looking at the contours.

Drainage patterns can be easily identified in contour maps and are useful for interpreting aerial maps.
Below are some of the most common drainage patterns.

e Study the drainage pattern given in fig. 61. What does the drainage pattern remind you of? It
probably resembles branches of a tree.
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Figure 61: A sample of a dendritic drainage Pattern

Dendritic drainage is where the pattern resembles the branches of a tree. This drainage pattern
is commonly found in regions with granite rocks. Rocks found in such a drainage pattern areas
tend to be the same.

e Radial drainage where the streams flow outwards from a central point or ridge.

Figure 62: A sample of a radial drainage Pattern

e Trellis drainage where the rivers flow in a rectangular pattern. These are commonly found in
severely folded sedimentary rocks.
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Figure 63: A sample of a trellis drainage Pattern

Parallel secondary streams formed in less resistant rocks.

e Rectilinear pattern where the tributaries join the main rivers at right angles.
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Figure 64: A sample of a rectilinear drainage Pattern
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e Meanders and oxbow lakes

When rivers flow through flat land, the flowing speed is slowed down and meanders and oxbow lakes
are formed. Look at fig. 65. Which feature do you think is a meander? Which one do you think is an
oxbow lake? How was it formed?
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Figure 65: A sample of an oxbow lake and a meander adapted from istgeography.wikispaces.com
on 7/12/10

You probably cited A as an oxbow lake while B is a meander.

An oxbow lake is formed when a river creates a meander, due to the river's eroding the banks through
hydraulic action and abrasion/corrosion. Check the definition of these terms in the vocabulary section
of your unit. After a long period of time, the meander becomes extremely curved, and eventually the
neck of the meander will touch the opposite side and the river will cut through the neck, cutting off
the meander to form the oxbow lake. Note that meanders and ox-bow lakes are some landforms found
along a river’s course. It is NOT a type of drainage such as radial, trellis and rectilinear we learned
above.

e Delta

Use your atlas to find where the Okavango delta is. Fig.66 shows the location of the Okavango delta.
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Figure 66: Okavango Delta down loaded from
www.thesafaricompany.co.za/Map Okavango Delta.htmon 8/12/10

This is a very popular resort centre in Botswana. Can you explain why the Okavango is so important
in Botswana? You are probably right! The Okavango delta is a very important tourist attraction in
Botswana. It is a sanctuary for a variety of wild life. People come from all over the world to visit the
Okavango delta. You should be asking yourself “what is a delta?” Well by looking at figure 66, you
should have an idea of what it is by now.

A delta is a landform that is formed at the mouth of a river where that river flows into an ocean, sea,
estuary, lake, reservoir, flat arid area, or another river. The Okavango River empties its water into a
flat salt pan forming a delta. Another example of a delta is the Nile Delta in Egypt.

5.0 Describing Physical Landscapes

By now you should be able to describe a landscape if you have a topographic map. You should use
grid lines, scale and direction to help you make full descriptions. Here are some more tips! Ask
yourself the following questions:

e Are there clear physical divisions such as highlands, lowlands, flatlands or undulating lands?
e  What are the major physical features in the given map? How are they related to each other?

e What is the drainage patterns like? Are they dendritic, trellis or radial? Where are the rivers
flowing to?

e What are the drainage characteristics? Is it the upper course or lower course?

e Can you indicate the position of the various features on a map? Also, can you indicate the
height above sea level?
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6.0 Drawing Cross Sections

You are now familiar with the language of map reading where we use contour lines to show different
land features but, sometimes it can be very difficult to immediately tell what landscape the features
represent. We sometimes use a cross section to show how the landscape actually looks like. A cross
section will give you a side view or a cut-away of the landscape.

To draw the cross section, I would like you to follow the steps given. Then practise until you master
the skill as it will help you to visualise what the landscape looks like!

/ﬁ N
/5

(Source Adopted from www.met.utah.edu:8080/.../Topographical%20Maps on 7/12/10)

Step 1: Decide on the line of your cross section. In this case your cross section is A-B. Join A and B
by a straight line.

Step 2: Lay a straight edged paper along the line AB. On the paper, mark the points A and B.

Step 3: Starting from A, carefully mark the points on the straight edged paper where each contour
crosses the paper. For example, you will start off by marking 20m, 30m, 40m, 40m etc until you get
to B. Label the height of each mark that you make on your straight edged paper. (Mark other
features such as roads and rivers if they cross the edge of the paper).

Step 4: Either on a clean piece of paper or in your notebook, draw a horizontal line AB such that A —
B is the same length as AB in your straight edged paper.

StepS: Look at the heights you have written on your straight edged paper. Find the lowest and the
highest height. In this case it is 20m and 50m respectively. Allow your framework to start at 10m up
to 60m. This way you will make sure all heights will be included in your cross section.

Step 6: Decide on a vertical scale. Each interval should not be too wide because the hills and valleys
may be exaggerated. Join the points on the vertical scale with fine horizontal lines. For instance 10m
on the left of the framework should be joined to 10m on the right of the framework as shown above.

Step 7: Place the straight edge of your marked paper along the bottom of the scale (along Om) such
that A and B coincide. For each height that you marked along your straight edged paper place a fine
dot at the appropriate level. For instance, if there are two 20 m marks on your paper, put two dots on
the 20m horizontal line just above each 20m mark. When you have plotted all the marks in all the
levels, join the dots with a smooth freehand curve. Do not use a ruler.
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Step 8: Label all the features using arrows to point at the features. For example, where there is a river
valley, draw an arrow pointing at the appropriate feature in the cross section. Add the title.

Step 9: Colour the cross section green or brown.

You need to practise this many times before you master the skill. The cross section is very important
in that it clearly shows you the shape and height of the land. Look for topographic maps and draw
your own cross section. If there is a study group, practise with your group.

7.0 Relating Human Activities with Landforms

When studying your maps, you must first identify the landforms. Then find out the human activities
in that area. You can do so by studying the key provided. Do you still remember the symbols you
used in topic 1? If you have forgotten, go back and check them. The landforms will help you explain
why certain areas have been used for particular activities.

Rivers, for instance, can be important for fishing, communication and for tourism. The Chobe is an
example of a river in Botswana that is important for watering wildlife. It has become an important
tourist centre. It also provides fish and water to the local people.

Flat lands can be important for grazing and cultivation purposes. You must use the key to find out
what types of crops are grown. Passes and gaps can provide land for railway lines and roads. Lakes
provide a home to wild life species and may attract tourists.

The high ground of river confluences can also be important settlement areas. Cities and towns can
develop in river confluences. Nucleated villages usually develop in river confluences with buildings
close together. In some cases linear settlements develop along rivers with buildings forming a long
line along the river. The rivers provide the settlements with water for domestic use and also for
farming purposes.

Mountains can be important for shelter and defence purposes and villages can develop in areas with
mountains. For instance, Kanye probably developed where it is for defence purposes. Sometimes
mountains can create problems for development. For instance, minerals can be found but it can be
very expensive to mine them. Mountains can also make road and rail communications difficult as they
form a barrier to route-ways and as a result, roads and rails may be constructed to avoid them. These
are just a few activities that are directly affected by landforms. You should be able to use the
landforms to explain the human activities in a particular area.

When studying your maps, remember to also find out how the landforms influence human activities.

8.0 Topic Summary

In this topic, you learnt methods of representing landforms such as hachuring, profiles, layer
colouring and the use of contour lines. We defined contour lines as lines that join areas of the same
height above sea level. Contours can show different types of landforms such as slopes, hills, rivers,
lakes and many other landforms. We said the difference between two consecutive contour lines is
referred to as the vertical interval. Landforms affect human activities. For instance, we said
mountains can affect the construction of roads and railway lines and also settlement patterns can be
affected by rivers. Cultivation can also be influenced by the landforms in an area.

This has been a long topic! Congratulations you have finally completed it. First practise those
skills that you feel you have not mastered. Then do the self-assessment 4 at the end of the unit.
Check if you got the correct answers from the feedback given at the end of the unit. If you have
mastered the topic, proceed to the next topic which is the last topic in this unit.
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Topic 5: Air Photographs and Satellite Images

Introduction

You have learnt about different types of maps and how to identify some of the landforms represented
in maps. We have said that maps show only selected information. For instance it can be on
communication, mining, waterways and land use. Photographs show you more details than maps. If
you look at a picture of yourself, you will observe that it shows all the features of your image. In this
topic, we will learn about different types of photographs and how to interpret them. The ability to
interpret photographs will help you to recognise landforms and landscapes and the assessment of the
human impact on the environment. Here you will be able to practise several geographical techniques
such as sketch map drawing, land use mapping and analysis of drainage patterns and settlements.

Topic Objectives
At the end of the topic, you should be able to:

+ state the differences between a map and a photograph

» identify different types of photographs

* interpret photographs and satellite images

+ differentiate, between aerial photographs and satellite images.

1.0  Photography

Photography is an art of getting information about an object using a camera. I am sure that you have
seen various photographs of yourself, family, friends and buildings. The photographs show you
images of the subjects. There are two main types of photographs in Geography. These are ground
level photographs and aerial photographs.

1.1 Differences between a Photograph and a Map

Before we look at each of the two types of photographs, it is important that you differentiate between
a photograph and a map. The main difference between a map and a photograph is the way in which
the land surface details are reproduced. Photographs of the land surface are sometimes taken
vertically by a camera carried in high flying aeroplanes. Sometimes photographs are taken at an angle
to the ground. Those taken from directly above will show the top part of the features while those taken
at an angle to the ground may show side views of the features. Maps on the other hand show land
features as viewed from above.

Another major difference between a map and a photograph is that a photograph shows almost all the
details while a map shows only a selection of what the map-maker wants to show. A photograph
shows a lot of detail. It can therefore be used for many different interpretations. For instance, an
agriculturalist can use it for land use; a geologist can use it for finding out the type of rocks in the
area, while the miner may use it for identifying mining areas.

A map uses symbols while a photograph shows images of the real object. In maps, the symbols may
not be the same as the real objects and may pose problems of identification. Photographs can also
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show you how the objects relate to each other. For instance, you can easily identify a relationship in a
settlement and the availability of water provided by a nearby river.

1.2 Ground Level Photographs
Let’s start off by reflecting on ground level photographs through the activity given below.

Activity 1

Figure: 67 A Sample of a ground level photograph downloaded from
http://rst.gsfc.nasa.gov/SectS on 7/12/10

1. Look at the example of a ground level photograph given above. What do you think a
ground level photograph is?

2. What are the advantages and disadvantages of ground level photographs?

Feedback

I hope you were able to say that a ground - level photograph is a photo which is taken when the
photographer is standing at ground level or close to the ground level.

Ground-level photographs have both advantages and disadvantages as presented in the table below:

Advantages Disadvantages

Provides a clear instant record | Not all objects can be seen,
of the landscape at a given time | others can be obscured by those
in front

All  objects seen by the | Other objects may be out of
photographer are recorded focus

Many people are familiar with | Scale may be difficult to judge
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ground level photographs

It provides a visual summary of | Is not selective and can be too
the landscape at a given time crowded

Can be used for drawing sketch | Presents  mainly  qualitative
maps information.

A ground level photograph can be viewed from three areas: the foreground, the middle ground and
the background. The foreground is the area in front of the photograph. The objects in this area
usually appear to be large because of the proximity to the camera. The middle half of the photograph
is the part that is referred to as middle ground. Can you identify what is shown in the middle ground
of the photo in Figure 68?

Figure 68: A ground level photograph showing soil erosion downloaded from

http//upload.wikimedia.org.commons/7/7b/Erosion) on 7/12/10

You would probably mention the muddy stream in the foreground and the person digging in the
middle ground. Then the area that is at the back of the photograph is called the background. Usually,
the objects in the background are seen as small because of the longer distance away from the camera.
Can you describe what the background of the above photograph shows? It should be the green plants
at the back.

When studying photographs, you must also observe the position of the shadows. They will give you
an indication of time. If the shadows are long it means probably that the photograph was taken during
the morning or late afternoon. Short shadows would indicate that the photograph was taken at about
midday.
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1.3 Interpreting Ground level Photographs

For you to be able to interpret ground level photographs you need to practise quite a lot. It is a skill
and the only way to acquire this skill is through practice.

. The first step is to study the fore, middle and backgrounds of the photo. While you are
studying these sections of the photograph write some notes on your observations regarding the
important features.

. If you have an atlas or a map, use it to get more details of the area shown in your
photograph.
. Trace the important features shown on the photograph so that they keep their

relation. You can use this when describing the features and their relationships.

. You can estimate the size of objects by using familiar objects in the photograph. For
instance, you can use cars to estimate the size of buildings.

. While looking at landforms, look carefully to see if you can observe their formation. For
instance, look for such things as cracked rocks, scree, eroded rocks and many others which may act as
pointers to the formation of the given features.

. When you have made notes, then you can carry out a description with diagrams, sketch
maps and explanations of what you would have observed.

Now please try this short activity.

Activity 2
1. What is a ground level photograph? [3 marks]
2. Name the three sections of a ground level photograph. [3 marks]
(a)
(b)
(c)
3. Give any two advantages and disadvantages of a ground level photograph.
[4 marks]
Advantages
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(a)

(b)
Disadvantages
(a)
(b)
Total = [10 Marks]
Feedback
1. Ground - level photographs are photos that are taken when the photographer is standing at

ground level or close to the ground level.
2. The sections are

(a)  the fore-ground

(b)  the middle-ground

(c)  the background
3. The advantages are:

Any two of the following:

. You can get all the details in a landscape including vegetation, rock types,  cultivation,
buildings, rivers and mountains, among many others.

. Whatever you photograph within the area shows in the photograph unlike in a map
where only a selection is shown.

. The objects in a ground level photograph look familiar and you can easily recognise
them unlike in an aerial photograph or map where objects are seen as if vertically viewed all the time.

. 1t is easier to give a detailed description of a ground photograph than a map.
The disadvantages are:

. Some of the objects on the foreground may block those in the background. For instance,
a tall building may block the trees behind.

. A ground photograph can only show a relatively small area.

You should be able to describe the features shown in a ground level photograph by now. Remember,
we also said there are aerial photographs. I am certain you are now wondering what these are. Or if
you know what they are, you should be raring to interpret them!

1.4 Aerial Photographs

There are two main types of aerial photographs. They are the vertical aerial photographs and the
oblique aerial photographs. We have already mentioned that oblique aerial photographs are those air
photos taken when the photographer was at an angle to the earth surface being photographed. These
are often taken at low altitude as shown below (Fig.69).
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Figure 69: Photographing position in an oblique photograph (Adapted from tpub.com) on 7/12/10

In an oblique aerial photograph, the photographer is taking the picture at an angle.

[roT T

Figure 70: Photographing position in a vertical aerial photograph (Adapted from tpub.com) on
7/12/10

In a vertical aerial photograph, the photographer takes the photo from directly above the area. All
shapes will be seen from above just like in a map. The only difference is that the photograph will give
you more detail. Notice that those areas that are not directly under the camera will be at an angle.

Now practise the skill of interpreting aerial photographs by doing the activity given below.
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Activity 3

Figure 71: An oblique aerial photograph (Downloaded from
http://www.maineimaging.com/images/oblique.jpg on 7/12/10

The aerial photograph given above is just meant to help you reflect. It does not contain all the
answers to this activity.

1. What do you think are the advantages and disadvantages of aerial photographs?

You probably mentioned some of the following advantages:

* Large land areas covered.

» They can show areas that are not easily accessible from the ground. For instance, an aerial
photograph can show areas such as forests, swamps, mountains and other inaccessible
areas.

* Can be used successfully for counting moving objects over a limited space of time.

The weaknesses of aerial photographs are that:

+ they contain too much detail which may not be even needed making it difficult to interpret them
* they can also be very difficult to interpret if they are not coloured
+ aerial photographs can be costly to process.

By now you should be able to state the uses of oblique photographs. Just write those that you know in
note book and then proceed to the next section.

1.5 Uses of Oblique Aerial Photographs

The oblique photographs are used especially when studying land use over an area. For instance, they
are useful when studying cultivation, mining, and settlements. You may actually use these in the units
on farming, mining and other human activities. They will be able to give you both the natural
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landscape and the human made features. They will give you details of a larger area than you would

get if you were using a ground level photograph.

Figure 72: A sample of an oblique aerial photograph
(Source: http//upload.wikimedia.org.commons/6/65cattle) down loaded on 7/12/10

When you are studying an oblique photograph, follow the same procedure as you did when studying
the ground level photograph.

Study the oblique photograph in Figure 72, and in your notebook, briefly describe what you see in
the foreground, middle ground and background. What are the human activities of this particular area?

I hope you were able to see scanty vegetation in the foreground. The middle ground shows cattle and
the cattle herders with some shrub vegetation. The background has mountains. From the photograph
you may infer that the human activities are related to cattle rearing.

1.6 Vertical aerial photographs
Study the vertical aerial photograph given below:
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Figure 73: An example of vertical aerial photograph of a built up area (Source : Cyber-
Heritage.co.uk) Downloaded on 7/12/10

In your notebook, write down features that are regular and those that appear irregular.

I hope you noticed that those that have regular shapes are roads, buildings and lawns. The irregular
ones appear to be forests and other natural features. Notice that in a vertical aerial photograph,
everything is seen from above, and you cannot tell how the objects look like from the side. Let me
help you to understand how to interpret vertical aerial photographs.

. When studying vertical aerial photographs, shapes of natural features will tend to be
irregular while those that are made by people tend to be regular. For instance roads tend to be
straight. Can you see the roads on the photograph in Figure 73? Yes, the road is the one that
stretches from the south east corner of the photograph to the north east.

. Some areas have particular shapes such as circular ponds, tanks and roundabout for
instance. To identify such shapes you need to look carefully and see what is next to that shape.
For instance, if it is a round -about, you will be able to see roads leading from it.

. Use some familiar objects to determine the sizes of other objects when no scale is given.

. Observe carefully the shades. Different objects reflect light differently. Here are
some guidelines, which may help you identify objects in a black and white vertical aerial photograph

Water shows dark grey or black
Sand shows white

Tarred road shows dark strips
Railway shows lighter strips

Shorter grass will be darker than maize
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Dense forest will be darker than thinner forest
Wet ground shows darker tones

* Take particular note of patterns. They usually indicate human created features such as
settlements, buildings, streets, cultivation clusters or plantations. Can you see the
residential areas in figure 66? They are the ones presented on the eastern part of the
photograph.

The important thing for you to do is to practise. Practise as much as possible and these will become
familiar to you and you will be able to interpret vertical acrial photographs. When you feel that you
are confident in interpreting aerial photographs, proceed to satellite images.

1.7 Satellite Images

These are photographs that are not taken by a camera. Satellites fitted with lenses take the
photographs high above the earth’s surface. As the earth rotates, the satellite sends images scanned
from above.

Figure 67: A satellite image of the earth
(Adapted from istockphoto.com) on 7/12/10

This information is decoded by earth stations to produce black and white or colour prints. These are
often used for map construction as they show the land configuration more clearly than aerial
photographs.

Read the summary and try the self-assessment assignment before you attempt the unit assessment
exercise.

2.0 Topic Summary

In this topic you have learnt that there are two main types of photographs. These are ground level

105




photographs and aerial photographs. The ground level photographs will show you the side of the
features. They also show a relatively small area. They show the images as shown in reality. The
problem is that sometimes features that are in front of the camera may block those features behind.
When studying a photograph we said you should look at the foreground, background and the middle
ground. You must make sketch maps, diagrams and describe what you observe. Aerial maps are either
vertical aerial photographs or oblique aerial photographs. The vertical photographs show objects as
viewed from above while those that are oblique show objects as viewed from an angle. Vertical aerial
photographs are difficult to interpret and you need to practice till you master the skill.

Now that you have finished this topic, please try the self-assessment exercise 5. When you have
finished the self-assessment exercise, check for the correct answers at the end of this unit. If you
have satisfactorily mastered the skills required for this topic, read the unit summary which will
give you a summary of the whole unit and then you can try the tutor marked assessment
exercise.
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Summary

Unit summary

In this unit, you learnt that a map is a diagram that shows on a flat piece
of paper, an area of the earth’s surface. You identified the main
characteristics of a map as the title, key, scale and direction. You also
learnt how to measure distance using a scale. There are three types of
scale: the linear scale, the representative fraction and the statement scale.
You also learnt how to calculate the area of a map. Remember we said if
it is a regular shape such as a square, rectangle and triangle, use the usual
formula for calculating the area. If the shape is irregular, use a graph
paper with squares. We also learnt that a compass is used to find
direction. The main cardinal points of a compass are north, south, east
and west. You can locate the position of given places on the earth’s
surface by using lines of latitude and longitude. Lines of latitude are
imaginary lines that cut horizontally across the map in an east —west
direction. Lines of longitude are imaginary vertical lines that connect the
North Pole to the South Pole. Remember, we can also locate a place
using the four and six figure grid reference. Another important feature
that we learnt in this lesson is contour lines. We said that contour lines
are lines that join places of the same height above sea level. Some of the
features you learnt include different types of slopes, hills and rivers.
Finally, we discussed air and satellite images. Remember we said that
photographs give all the details in a feature. Photographs are not
selective. We divided photographs into ground level photographs and
aerial photographs. Satellite images are photographs that are taken at a
great height above the earth’s surface that show the land configuration
more clearly than aerial photographs.

Now that you have completed this unit, you can now do the Tutor
marked Unit Assessment, it gives you the type of questions that are
often asked from this unit in most examinations. When you are
finished, send your answers to your tutor for marking.
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Self-Assessment 1

Time: 30 minutes

Answer the questions below:

1.

What is a map?

(1 Mark)

The scale of a given map is 1 cm to 2 km. The distance between Kezi and Matopo is given as
40.5 km. What is the distance on the map?

(1Mark)

If 1 cm represents 50km, how long would the distance be on the map if a car travelled 150km
on the ground?

(1 Mark)

If a map has a scale of lecm to 100 km, say what distance on the ground will be represented by
the following:

(a) 3cm
(b) 0.25cm
(c) 25.0cm
(d) 1.5cm

(4 Marks)

Study the communication map of Gaborone given below:
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Figure 11 Communication map of Gaborone

(a) What is the actual distance along the outer ring road from D to E?

(2 Marks)

(b)What is the actual distance along the outer ring road from C to D?

(2 Marks)
(c) Find the actual distance along the road from B to F

(2 Marks)

6. Make a plan of your home. You can measure the distances by pacing. Convert the paces into
cm. Show the features in your home by drawing symbols. Discuss your plan with your
discussion group at your study centre. An alternative would be for you to discuss your plan
with your tutor.
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Self-Assessment 2

Time: 15 minutes:

1. In the space provided, draw a well labelled diagram to represent the eight compass points. (4
Marks)

2. Study the diagram given below:

Calculate the bearing of:
(a) F from G

(b) R From Q
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3.Carefully study the map of Southern Africa given below:

Source: Downloaded from_geology.com On 7/12/10
Calculate the bearing from

(a) Cape Town to Gaborone.

(b) Gaborone to Pretoria

(c) Mahalapye to Bulawayo

(d) Francistown to East London
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(¢) Maun to Bulawayo

(f) Maseru to Kimberly

(g) Maseru to Pretoria

Self-Assessment 3

Time: 20 minutes
Answer all the questions in this assignment.

1. What are lines of latitude? (2Marks)

2. What is the name of the latitude that divides the earth into two equal halves?
(1 mark)

3. Name any three lines of latitude which you consider as important. (3 Marks)
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4. Study the map given below and answer the questions that follow:

0

i s
pEm tpm i
n ? wint e

g nmm W omoa p mom

i

i) Use the 4 figure grid reference to locate A,B,C and D
Alis
Bis
Cis
Dis
1) Use a six figure grid reference for locating positions V, W, X,Y and Z.

Vis

W is

Xis

Y is

Zis
The answers to this assignment can be found at the end of the unit. Find out how well you performed
on completing this assignment
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Self-Assessment 4

Time: 20 minutes

1. Mention three methods of representing landforms on maps. ( 3 marks)

2. What are contour lines? (1Mark)

3. What is meant by the term Vertical Interval? (1Mark)

4. Study the map given below and answer the questions that follow:




(a) What is the height of the land at R?

(b) Name the feature at P.

(c) Name the feature at X

(d) What is the feature at A through which the footpath passes?

() What human activities would you expect around R?

(5Marks)

5. Describe the landscape in the topographic map below.
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(Source: Downloaded from mail.colonial.net on 7/12/ 10)

(6 Marks)
Total 16 Marks

Check for the sample answers at the end of the unit.

Self-Assessment 5

Time: 20 minutes
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What is a photograph? [2 marks]

What are the three differences between a photograph and a map? [3 marks]

(a)

(b)

(©)

Name any two types of photographs. [2 marks]

(a)

(b)

Complete this statement: In an air photograph, all shapes are seen from

[1 mark]
Name two advantages of air photographs. [2 marks]
(a)
(b)

Study Photograph below Figure 68.
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Figure 68: A sample of an aerial view

(Source: htt://jamesyeagerhomebuilders.com/yahoo) Down loaded on 7/12/10

(a)  What can you see in the foreground of the photograph? [2 marks]

(b)  What are the major human activities in the area shown above?
mark]

(c) What raw material is extracted from this area?
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Total = [15 Marks]

Unit Assignment

Time: 30 minutes

Answer all the questions.

1

2

3

What are contour lines? (1 Mark)

What is meant by the term Vertical Interval? (1 Mark)

Study the map given below and answer the questions that follow:
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(f) What is the height of the land at R? (1 Mark)

(g) Name the feature at P. (1 Mark)

(h) Name the feature at X (1 Mark)

(1) What is the feature at A through which the footpath passes? (1 Mark)

(j) What human activities would you expect around R? (2 Marks)

4. Describe the features presented in the map given above.
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5. What are the three differences between a photograph and a map? (3 marks)

(a)

(b)

(©)

6. What are lines of latitude? (2 Marks)

7. Study the map given below and answer the questions that follow:
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ii) Use the 4 figure grid reference to locate A,B,C and D

A is

Bis

Cis

Dis
(4 Marks)

iii) Use a six figure grid reference for locating positions V, W,X,Y and Z.

Vis
Wis
Xis
Y is
Zis
(5 Marks)

8 Study the aerial map given below and answer the questions that follow:

(Source:_http://web.ukoline.co.uk) down loaded on 7/12/10

(a) Describe what you can see in the fore front of the aerial photo.

(2 marks)

122




(b) What do you think are the human activities in this area? Why? (2 marks)

3. Find a large scale map of any settlement. If you can’ t find one then ask for one from your
study centre or your tutor.
(a) Describe the relief features shown on the map.
(b) What evidence from the map gives you an indication of the major activities in that
settlement?
(c) What factors do you think influenced the location of the settlement?
(d) What could have determined the communication lines in that settlement?

Total = [30 Marks]

When you are finished with this assignment send it to your tutor for marking. If you have mastered
the skills in this unit, then you can proceed to Unit 3. Remember to use the skills you learnt from in
this topic throughout your course. Good luck!
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ANSWERS TO ASSIGNMENTS

Answers to Assignment: 1
1. A map is a diagram drawn to a scale representing land on a flat piece of paper.
2. 20.25cm
3. 3cm
4. (a) 300km
(b) 25km
(c) 2500km
(d) 150km
5.DtoE,CtoD (May change due to size of the map)

6. The maps will differ from one locality to the other.

Answers to Assignment: 2

1. The compass points or directions as shown below:

2. F from G is 315 degrees north west

R from Q is about 230 degrees south west

4. (a) Cape Town to Gaborone is 45"
(a) Gaborone to Pretoria is 135"

(b) Mahalapye to Bulawayo is 30°

(c) Francistown to east Elizabeth 180"

(d) Maun to Bulawayo 90°
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() Maseru to Kimberly is 270°
(f) Maaseru to Pretoria is 360"

Answers to Assignment 3

1. Lines of latitude are horizontal imaginary lines that increase northwards and southwards from

the Equator.
2. It is called the Equator.

3. The important lines of latitude are the Equator, the Tropic of Cancer and the Tropic of
Capricorn.

4. () Ais2428
B is 2525
Cis 2226
D is 2427

(b) Vis215245

W is 289269

X is 239254

Y is 211261

Z is 281254

Answer to Assignment 4

1. Land forms can be represented by contour lines, hachuring, profiles and layer colouring (any

three are correct).

2. Contours are lines drawn on a map joining areas with the same height above sea  level.

3. The vertical interval (V.I) is the difference between two contour lines that follow each other
immediately.

4. (a) R is 2900 metres above sea level

(b) PisaSpur
(¢) X is asummit or peak of an isolated conical hill

(d) AisaPass
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(e) Cultivation because of the flatness of the land

5. The dominant feature in the map is the ranges that run parallel from the south east to the north. The
ranges rise to over 1122meters above sea level. The slopes to the north of the map rise steeply
compared to those on the southern part of the country. There is a river valley that separates the two
ranges. The river runs from the north east to the south west. The valley provides flat land for
settlements between the ranges. In the flat land, the river flows slowly and has resulted in both
meanders and oxbow lakes being formed. The roads and railway line runs parallel to the mountain
ranges.

(This answer is not an exact answer and you can possibly have differences in your interpretation.
What is important is that for you to have based your answers on the given map)
Answers to Assignment 5

1. A photograph is an image produced by a camera.

2. The differences are:

(a)  The difference between a photograph and a map is that photographs can show land
features from an angle or from directly above whereas maps show land features only as viewed from
above.

(b) A photograph shows almost all the details while a map shows only what the map maker
wants to show.

(c) A map uses symbols while a photograph shows the actual features.

3. Two types of photographs are (a) ground level photographs and (b)aerial photographs.

4. In an aerial photograph, all shapes are seen from above.

5. Any two of the following advantages of an air photograph:
. They cover larger land areas.

. They can show areas that are not easily accessible from the ground. For instance, an air
photograph can show areas such as forests, swamps, mountains and other in accessible areas.

. The air photos can be taken within a very short space of time.

. Air photos have also been used successfully for measuring moving objects over a limited
space of time. For instance, traffic can be counted after a single aerial photo captured during the
morning rush.

6. (a)  The foreground of the photograph shows part of the major road running from northwest
to the east. The road passes through plantation areas.

(b)  The most dominant feature is the road and rail network.

(¢)  The middle ground shows a settlement along the road and rail lines interspaced with
plantations.
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Answers to the Unit Assignment

1. Contours are lines drawn on a map joining areas with the same height above sea  level.

2. The vertical interval (V.I) is the difference between two contour lines that follow each other
immediately.

3. (a) Ris 3450 metres above sea level

(b) Pisa Spur

(c) X isasummit or peak of an isolated conical hill

(d) AisaPass

(e) The land is flat. Most likely there would be crop production and keeping of domestic

animals.

4. The land rises to about 300 metres above sea level. The eastern part is flat with isolated round
topped hills. The western part is dominated by a spur that juts into the low land. The extreme western
part of the map is punctuated by low isolated hills with an altitude between 300-350 metre above the
sea level. A railway line runs along the flat land from the south to the north.

5. The differences are:

(a)  The difference between a photograph and a map is that photographs can show land
features from an angle or from directly above whereas maps show land features only as viewed from

above.

(b) A photograph shows almost all the details while a map shows only what the map maker

wants to show.

(c) A map uses symbols while a photograph shows the actual features.

6. Lines of latitude are continuous parallel lines running around the globe from east to west. The lines
of latitude increase in value from the equator to the poles.

7. Ais 2428
B is 2525

Cis 2226
D is 2724
Vis 215246
W is 269268
X is 255239
Y is 211261
Z 13201255

7. (a) It shows a water reservoir in the foreground with a river valley with truncated spurs that
jut into the river valley.
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(b) There is forestry as indicated by the existence of the forest plantation at the background.
There can also be crop and livestock farming because of the availability of water and the
fairly flat undulating land shown in the background.

8. (a) You will first have to identify the major relief features that dominate the map. It can be
hills, rivers, roads, railway lines, settlements etc. State their location and where possible, the
altitude above sea level. If there are rivers, state the nature of the drainage and the direction in
which the river is flowing.

(c) If there are settlements see what man made features are shown. This will help you to
understand the human activities that are being carried out in that settlement. For instance, if
there are plantations this could be an indication that the settlement is a crop producing area.
A dip tank and abattoirs can indicate a cattle rearing settlement producing beef cattle.
Carefully study the natural relief features as they too can always give you tips on what people
in that settlement do. A lake will probably indicate that there could be fishing. What is
important for you here is to carefully look for evidence that may tell you what the people in
that settlement do.
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Unit 3

Weather Studies

Introduction

Welcome to Unit 3 of the Geography programme. In this unit you will learn about weather. You
will learn about different elements of the weather, how they can be observed and measured and
how the instruments used in the weather station work. Did you know that the information on the
weather is usually broadcast in your national radio station and television? This is meant to help
you to better plan your day. What you will learn in this unit is a continuation of the topics you
learned about in primary and junior certificate level. If you have not done any of the work we
are going to discuss in this unit, do not worry as the unit topics will teach you all that you need
to know.

This unit is divided into 5 units. The units include:

Topic One: Weather and Climate

This topic will introduce you to the concept of weather and climate. You will then look closely
at ways of measuring and recording both temperature and sunshine. In this topic, we will also
discuss factors that influence temperature.

Topic Two: Rainfall

In this topic you will learn more about rainfall. The topic will discuss the processes involved in
the formation of rainfall, the various types of rainfall and ways of measuring rainfall. We will
conclude the topic by looking at the El Nino and La Nina phenomena. An audio clip is
available for supplementing the learning of this phenomenon.

Topic Three: Humidity and Cloud Cover

This topic will expose you to the concept of humidity, relative and absolute humidity as well as
ways of measuring humidity in the atmosphere. We will also discuss the concept of cloud cover,
and learn how it is measured and recorded.

Topic Four: Winds and Atmospheric Pressure

In this topic you are going to learn more about winds, ways of measuring wind speed and wind
direction. We will also look at atmospheric pressure and the various ways of measuring it.

Topic Five: Wind Systems, Weather Charts and Photographs




In this topic you are going to learn about the wind systems where we will look at the low and
high pressure cells and zones. We will also look at the wind patterns and ways of interpreting
weather charts.

Upon completion of this unit you will be able to:
= explain the difference between weather and climate.
= explain how weather observations are conducted.

identi  different climatic systems of the world.

Outcomes
= Describe El Nino and La Nina phenomena and their effects on people.
= resent and interpret weather information in graphics, tables,
diagrams, maps and charts.
Time
Time

To complete each topic, you will require 2 hours of studying and doing exercises. Since this unit
has a total of 5 topics, you will require 10 hours to complete it. Depending on your work pace,
you may take longer or even less time to complete each topic. The 2 hours is inclusive of the
topic self-assessment exercise found at the end of the unit. On completion of the unit, you are
advised to go straight into the tutor-marked assessment that should take you 45 minutes to
complete.

Teaching and Learning Approach

In this unit you will need to observe the changing conditions of weather around you and you
will also need to visit your local weather station or a nearby school to observe the weather
instruments. You may also visit your local library where you may find books that can help you
to better understand the unit. If you have access to the internet you may also find additional
information on weather. However, if you are unable to find such materials don’t worry because
the unit has most of the information that you need. If you are registered with a distance
education provider, you are advised to make use of the learner support structures such as study
centres, tutorials, radio programmes and counseling. Study centres are very useful because you
may have access to additional resources such as books, maps and videos. A study centre can
also provide you with an opportunity to meet and discuss the subject with other learners. You




must always remember that your tutors are available to assist you with any difficulties you may
experience in this unit.

An audio lesson has been prepared for you on El Nifio and La Nina. Make sure you listen to it
when you get to that section. In order to promote active learning, we engage you in several
discussions throughout the unit by asking you questions. This is meant to give you a chance to
demonstrate and enhance your critical thinking skills.

Assessment

As you work through the unit, you will come across some activities in each topic. These
activities are based on the information relevant to different sections of the topic and form part of
your learning. They are meant to help you interact with your study material, reinforce what you
have learnt and also to reflect and apply your experiences. It is therefore very important for you
to do all these activities. For some of the activities, you will be required to use a notebook.
Make sure you have your notebook when studying this unit. On completion of each topic, you
are advised to go to the assignment section found at the end of the unit. You are encouraged to
do the assignment for the topic you have completed. This will help cement your learning or
understanding of the whole topic. Feedback is provided at the end of the activities and
assignment exercises. You are advised to attempt the activities before looking at the feedback
provided. If you do not do well in these activities and assignment exercises, please go through
the lessons again and find out where you went wrong.

The assignment exercises are followed by an assessment of the whole unit. This should be done
after you have satisfactorily completed the unit. Submit your assessment to be marked by your
tutor. You are advised to take note of and act on your tutor’s comments. You may ask your tutor
for more information or look at other resources to correct your work. If you are satisfied with
the feedback you received from the tutor, then go on to the next unit.

Glossary

Difficult terms or concepts used in this unit have been explained under the terminology section.
You should use the dictionary if you come across a difficult term that is not explained in this
section.

Atmospheric The weight exerted by the gases that ~ make up  the
pressure: atmosphere

Anemometer: An instrument used for measuring the speed of the wind




Terminology

Aspect:

Hygrometer:
Humidity:
Insolation:

Prevailing
conditions:

Polar Climate:

Solar radiation:
Temperature:

Weather:

Weather Bureau:

Weather
forecasting:

The relative position of a point to the sun on a slope or part
of slope

An instrument used for measuring water vapour

The amount of water vapour in the atmosphere

The amount of sunshine energy released by the sun

Most commonly occurring event/condition

A kind of climate, which is characterised by very low
temperatures resulting in huge amounts of water freezing
up everywhere

The heat energy from the sun

The coldness or hotness of something

The state of the atmosphere at a specific time

a place or centre where various forms of information on
weather from different places is analysed

The prediction of what the weather in a particular place is
going to be

Topic 1: Temperature and Sunshine

Introduction

In this topic you are going to learn more about temperature and sunshine. The topic will start
with a look at the difference between weather and climate, then move on to the various elements
of weather before getting into the details on temperature and sunshine. In the course of the
lesson, you will study the structure of the instruments and how they are used to accurately
observe, read and record temperature and sunshine. You will also learn about factors that can

lower or increase the temperature of a place.




Topic Objectives
After completing this topic, you should be able to;
e explain the difference between weather and climate
e name the elements of weather
e describe the instruments for measuring temperature and sunshine
e explain how to use the instruments used for measuring temperature and sunshine

e read and interpret information contained in graphs, maps, or tables to calculate the
temperature range, average temperature and mean monthly rainfall.

o discuss factors that can lower or raise the temperature of air in specified areas

1.0 Weather and Climate

Before we get into details about temperature and sunshine, let us first revisit the concepts of
weather and climate.

1.1 Weather

You probably studied weather in your Geography studies at the junior secondary school level.
However, for you to better recall the concept of weather do this simple activity given below.

x Activity 1

In your note book make brief notes on the weather based on the simple guiding questions given
below:

How is the weather today? Is it hot or cold? Is it calm, cloudy or perhaps windy? Is the sun
shining brightly? Look around you; Are people wearing heavy or light clothes? Are there many
people out doors? Do they seem to be in a hurry? Look at the trees around. Are the branches
swaying because of the wind? Make any other observation that relates to the weather where you
are right now.

Feedback

In making your notes, you probably wrote a lot of information about the weather. Your answers
may have included any of the following responses:

. 1Its cold today or it is chilly and people are wearing very warm clothes.

. 1t’s very hot; the temperature has been high for quite some time




. 1t’s just fine- not too warm and not too cold, just the right weather to go out for a good
stroll in the neighbourhood

° 1t’s quite calm with no wind whatsoever.

. People are wearing heavy jackets or light summer clothes or they are moving fast to get
indoors because a rainstorm is threatening! Others are carrying umbrellas!

Weather, therefore, can be defined as the conditions of the atmosphere observed for a short
period of time from hour to hour or day to day.

Weather plays an important role in our day-to-day activities. For instance, when it is cold, you
may put on something warm, when you expect rain you may take along an umbrella and when it
is hot, you may put on light clothing. If it’s raining, you may decide to keep indoors. All these
activities are responses to weather conditions.

Now, let us look closely at the different weather elements.

1.1.2 Weather Elements

Do you still remember the weather elements which you studied in your junior certificate social
studies or geography course? Actually, from the activity which you have just done, you can
identify some of the weather elements as temperature, rainfall, and sunshine. Other elements
would include humidity, sunshine, wind direction, air pressure, wind speed and cloud cover.
Each of these weather elements is measured using a particular instrument. Do you still
remember them? Try Activity 2 given below.

; t Activity 2

Fill in the blank spaces in the table given below:

Weather element Instrument
Thermometer
Humidity
Rain gauge

Wind direction

An anemometer

Sun shine

Cloud cover




Barometer

Feedback

You probably found the activity fairly easy to do. Look at the completed table below showing
weather elements and the instruments used for measuring them to check your answer.

Fig 1: Instruments used for measuring weather elements

How well did you do? If you were not able to complete all the blank spaces accurately, go over
figure 1 and make sure that you know all the weather elements and the instruments that are
used to measure each one of them.

You can visit the nearest weather station to see some of these instruments. Information on
weather is recorded at a weather station. The people who collect this information are called
meteorologists. The information on weather is recorded daily in different weather stations and
sent to the Weather Bureau where it is analysed to make weather forecasts. The expected
weather conditions are then announced on television or over the radio. This is important since it
helps people prepare to meet the challenges of the expected weather conditions. Amongst the
people who find information on weather very useful are aeroplane pilots, farmers, ship
navigators and travellers.

Study figure 2 which shows an example of a weather observation record sheet.

Daily Weather Record

Name of School-Ramotswa Sen Secondary
Weather for the month: Novemeber,2010

Recorders:Kagiso Motsamai




Date Temperature Wind Rain Dry | Wet Relative | Description | Symbols
Bulb | Bulb Humidit | of the
y Weather
Max’C Min’C | Direction mm oc oc %
I*Nov | 30° 18° west 20mm | 18° | 37° 80 Cloudy and
hot all day
2nd 25° 10° South West | Omm 37° | 31° 60 Windy —and
Nov cloudy  all
day

Fig 2: A weather observation record sheet

The information recorded in the above weather chart shows the minimum and maximum
temperature, wind, humidity and rainfall. A written verbal description is often added
summarising the day’s weather conditions. Symbols for cloud cover, wind strength and
direction may also be included. For instance, in the above chart the maximum temperature on
the 1% November was recorded as 30°C while the minimum temperature was 18°C and the wind
was blowing from the west to the east. The weather on that day was hot and cloudy with a
westerly wind blowing. Do you think you can think of an appropriate weather symbol for these
conditions?

Now that you have an idea as to what weather is, in the next section we will introduce you to the
concept of climate. What do you think the term climate means? Well read the next section for
an answer.

1.2 Climate

Climate, unlike weather, is the average conditions of the atmosphere when observed and
recorded over a long period of time, up to 30 years. For example, the climate of Botswana can
be described as semi-arid. This sums up the average conditions of the climate of Botswana
throughout the year. The two most important aspects of climate are temperature and rainfall.
For you to better understand climate study the climatic figures of Maun and Tsabong in the table
below.

J |/ FMA MJ|J A S IO N D

Maun 26 |26 | 26 |24 | 21 |18 | 18 | 21 | 25 | 28 | 28 | 27

Tsabong 28 |28 |26 |22 |17 |14 |13 |16 | 21 | 25 | 26 | 27

Fig 3: Mean maximum temperature figures for Maun and Tsabong (1959-1980) (Adapted
from http://www.weatheronline.co.uk on 9/5/11)

From the table above you can see that there are little variations in temperature between Tsabong




and Maun. Temperatures are generally high from September to March. The lowest temperatures
are recorded between May and July. A similar table can be drawn to show the average rainfall
for the two towns over the same period of time.

Information on climate can also be recorded in climatic maps and graphs. The maps show
large geographic areas with similar climatic conditions. A climate graph uses bars to show total
monthly rainfall and a line is used to show average monthly temperature.

Gaborone, Boiswana
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Fig 4: A climate graph of Gaborone (Downloaded from
http://www.tour.tk/pics/weather/gaborone-climate-chart.gif on9/5/11)

Figure 4 gives a clear picture of the climate of Gaborone in graphical form. Gaborone receives
most of its rainfall in summer. The least rainfall is in July and the highest in January. The
highest temperature is recorded during the months of November to March.

The world can be divided into climatic regions. Look at the map in figure 5 to get an idea of
some of the broad climatic regions in the world.
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Fig 5: World climatic regions (Downloaded from
http://www.metoffice.gov.uk/education/teachers/images/worldclimate.gif on 9/5/11)

In the above map, you can see that the tropical regions lie along the Equator and are bordered by
arid regions. The Mediterranean Regions lie outside the tropics while the polar regions cover the
poles. It is important to note that climatic regions are separated by broad zones where the
characteristics of one region blend and merge with those of the other. These zones of
convergence are called transitional zones. On maps these zones are shown by lines which
separate one region from the next.

You have now learnt a bit about both weather and climate. Before we move any further with the
topic, attempt activity 3 below to test you understanding.

Activity 3

1. What is meant by weather?[1 mark]

2. Name the place where weather observation is made every day? [1 mark]

3. What name is given to people who collect information about weather?[1 mark]
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4. Where do the recorders send the information once it has been collected and
recorded?[1 mark]

5. Explain briefly the difference between weather and climate. [1 mark]

6. Name the two most important determinants of climate? [2 marks]

Total = [7 marks]

Feedback

Here are the answers to the exercise you have just completed.

1. The state of the atmosphere for a short period of time

2. Weather station

3. Meteorologists

4. The National Weather Bureau

5. The difference between weather and climate is found by looking at the length of time of

the observation. Weather observations are made for a shorter period of time, whilst climate is
for longer, approximately thirty years.

6. Temperature and rainfall

The content you have covered so far allows us now to look at the details on the elements of
weather beginning with temperature and sunshine. We will start by looking at temperature and
ways of measuring and recording it.

2.0 Measuring and Recording Temperature

I would like to start off by asking you how you are feeling today. Is it hot or cold where you are
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right now? Remember, temperature refers to the warmness or coldness of something, be it you,
the air we breathe or the food we eat. In this case we are interested in the warmness or coldness
of the air around us. Temperature is measured by using a thermometer. There are different
types of thermometers that are used for different purposes. Here we are more concerned with
thermometers designed for measuring the highest and the lowest temperatures of the day.
The maximum thermometer is used for measuring the highest temperatures while the
minimum thermometer is used for measuring the lowest temperature. The diagram on figure 6
is an example of a thermometer.

fine tube

YA

bulb

thread of mercury

Fig 6: A simple mercury thermometer

In the next section we will see how this thermometer works. Remember we said that there are
two types of thermometers for measuring air temperature. These are the minimum and the
maximum thermometers. Let us now see how the maximum thermometer works.

2.1 The Maximum Thermometer

The maximum thermometer is made of a hollow glass-tube straw-like glass with markings along
its length. The glass has a bulb for storing mercury and is closed at both ends. The maximum
thermometer is filled with mercury because mercury has a high boiling point and may not
change to vapour if temperature rises. Inside the glass tube is a metal index. When the
temperature rises, the mercury expands and pushes the metal index upwards. When the
temperature falls, mercury contracts and falls down the glass tube. The index however remains
at the highest temperature reached on that day. Remember the glass tube is marked in degrees
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Celsius and the position of the metal index can be read from these markings. Figure 7 is a
diagram of a maximum thermometer.

capliary

bub  glass mercury metal  vacuum
tube index

%Eiﬂli’!

The position of the markar after the
mercury has contracted through a fall In
termperaturs

Fig 7: A maximum thermometer

The maximum temperature in the thermometer in figure 7 is 30°C. After reading the
temperature, the metal index has to be re-set either by shaking the thermometer of by using a
magnet to draw it back to the mercury surface.

Now that you know how a maximum thermometer works. How do you think the minimum
thermometer works?

2.2 A Minimum Thermometer

A minimum thermometer is similar to the maximum thermometer. However, instead of using
mercury, a minimum thermometer uses alcohol. The reason is that alcohol has a very low
freezing point and may not freeze when it becomes very cold. This makes it suitable for
measuring very low temperatures. Figure 8 shows how a minimum thermometer looks like.

alcohol metal indax

Fig 8: A minimum thermometer
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When the temperature falls, the alcohol contracts and pulls the metal index with it towards the
bulb. You take the reading at the point of the index nearest to the meniscus (surface of the
alcohol). In figure 8, the reading is 15°C.

2.3 A Six’s Thermometer

Both the minimum and maximum thermometers may be combined to make a single instrument
called the Six’s thermometer. It is often referred to as the minimum and maximum thermometer.
Figure 9 below shows a Six's thermometer.

Fig 9: A minimum and maximum thermometer

Look carefully at the diagram in figure 9. Note that the Six’s thermometer is U-shaped. And that
it contains mercury and alcohol. The metal indexes mark, the maximum and minimum
temperatures. As the temperature rises the alcohol expands and pushes the mercury up the
capillary tubing. The mercury in turn pushes the metal index up on one side of the tube. As the
temperature falls, the alcohol contracts and the mercury moves along the tube in the opposite
direction leaving the metal index to mark the highest temperature of the day. The metal index
on the other arm of the tube marks the minimum temperature, which is the furthest point the
mercury moved as the temperature fell.

2.4 Calculating temperature

The reading from the two thermometers can be used to calculate the average daily
temperature and the daily range of temperature. To calculate the daily temperature range, get
readings for the highest temperature from the maximum thermometer and the lowest
temperature from the minimum thermometer. Subtract the reading of the minimum thermometer
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from that of the maximum thermometer. The difference you get is the temperature range.

Example 1
Maximum temperature 21°C
Minimum temperature 10°C
Temperature range 21-10
Answer: 11°C.

The temperature range for the day is therefore 11°C. You can also find the temperature range
for a month by subtracting the lowest temperature from the highest of the month.

To calculate the daily average temperature, you get the reading for both maximum and
minimum thermometers and add them together. Divide the answer for the combined readings by
2. What you get is the average temperature.

Example 2
Maximum thermometer 35°C
Minimum thermometer 20°C
Average temperature (35°C +20°C)/2
Average temperature 55°C/2
Answer 27.5°C

The average temperature for the day is therefore 27.5°C. The average temperature for both the
month and year is calculated the same way by finding the lowest average temperature and
adding it to highest average temperature. Then you divide what you added (days or months) by
the number of days for that month, to get the monthly average and for the year by the months.
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Now that you have learned about measuring and recording temperature let’s see how much you
have learnt by doing the activity below.

Activity 4

1. What is meant by temperature? [l mark]

2. Name the two thermometers used to measure air temperature. [2 marks]

3. What liquid is used in (a) the maximum and (b) minimum thermometers? [2 marks]

4. Explain how you calculate the average daily temperature. [3 marks]

Feedback

Here is the feedback to the activity, which you have just completed.

1. Temperature refers to how hot or cold the object is.

2. Minimum and maximum thermometers.

3. (a) mercury  (b) alcohol

4. You get the reading for both maximum and minimum thermometers. Add the two

readings together divide the answer for the combined readings by 2. What you get is the
average temperature.
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Now you can proceed to the next session on factors influencing temperature.

3.0 Factors Influencing Temperature

You have probably realised that different places have different temperatures and that the
temperatures of some places change from time to time. For instance you must have realised that
it is cooler at night and warmer during the day. The temperature of a place depends on some or
all the following factors:

. Latitude

. Altitude

. Distance from the sea

. Winds

. Cloud cover and humidity
. Aspect

. Length of day

. Ocean currents.

Let’s now discuss how each of these factors affects temperature. Let’s start with Latitude.

3.1 Latitude

In your previous unit, you learned about latitude. Do you still remember what it is? Latitude
describes the position of a place north or south of the equator. It is very hot at the equator. The
temperature gradually decreases northwards and southwards from the equator. Figure 10
explains why this happens.
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Fig 10: Insolation at different latitudes (Downloaded from
http://minerva.union.edu/failinge/pics/insolation.jpgon 9/5/11)

Notice that the same amount of heat is released from the sun to all latitudes. At the equator, the
sun rays travels through less atmosphere and is concentrated on a small surface area. This
causes higher temperatures at the equator. As you move away from the equator, the sun’s rays
have to travel through more atmosphere and has to heat a large surface area because of the
earth’s curvature. This causes lower temperatures as one moves away from the equator. That is
why the north and the south poles are frozen.

Another way in which latitude affects climate is in relation to the revolution of the earth around
the sun. From your Junior Certificate Geography, you are probably aware that the earth revolves
around the sun. During its orbit, the mid-day sun is overhead the Tropic of Cancer on the 21% of
June. When this happens areas in the northern hemisphere get more solar radiation than those in
the southern hemisphere. For this reason it is summer in the northern hemisphere whilst it is
winter in the southern hemisphere. This scenario is reversed on the 22nd of December when the
sun is overhead along the Tropic of Capricorn. The southern hemisphere would experience hot
summers and the northern hemisphere will be experiencing cold winters.

Now let us look at altitude and how it affects temperature. Do you know that a person at the top
of a hill is at high altitude than the one below?

3.2. Altitude

Altitude is the height above sea level. The higher a place is the cooler it will be. This explains
why there is snow on top of some of the high mountains. The temperature of the air drops by
6.5° C for every 1000m rise in elevation. This is referred to as the normal lapse rate.
Temperature drops because the air at high altitudes is rarefied (have less dust and vapour). Dust
and water vapour prevent heat from escaping, but at high altitudes where these are lacking the
heat quickly escapes and temperatures go down.
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Height (in Metres) Temperature ( in degrees
Celsius)
0 30
1000 235
2000 17.0
3000 11.5
4000 5.0
5000 -1.5

Fig 11: The normal lapse rate

Figure 11 shows that temperatures drop with an increase in altitude. The temperature at sea level
is 30 degrees but by the time one reaches the height of 5000 metres, the temperature would have
dropped to about —1.5 degrees.

Now let us turn our focus to how distance from the sea affects temperature.

3.3 Distance from the Sea

The distance away from the sea may influence temperature since sea and land areas do not
receive and lose heat at equal rates. During the day, areas near the sea may experience lower
temperatures than those further away from the sea because water heats up more slowly than
land. A person further inland will feel hotter because land absorbs heat quickly and radiates it to
the air around faster than the sea. This situation changes at night. Land areas lose heat quickly
during the night so someone further inland feels colder than the one closer to the sea at night
since the sea releases the heat trapped during the day more slowly. Therefore, the sea keeps
coastal areas cooler in summer and warmer in winter. Inland areas on the other hand have a high
temperature range. Areas close to the sea have maritime climate while those that are far away
from the sea have continental climate.

Another factor that influences temperature is wind. In what way do you think wind affect
temperature? To get the answer to this question read the next section.
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3.4 Wind

Depending on the wind blowing in your locality you may feel either hot or cold. This is
determined by the origin of the wind blowing into you area. If the prevailing wind blowing over
your area comes from cold regions like the poles, then you will experience low temperatures.
However, if the winds come from hot regions like tropical areas, then you will experience high
temperatures.

Now think about how clouds and moisture in the atmosphere (humidity) affect temperature. Do
you think that it becomes cooler or hotter when there are clouds? Read the next section to find
out.

3.5 Cloud cover and humidity

Cloud cover can block out incoming heat from the sun (solar radiation) reducing day
temperatures. At night cloud cover prevents heat from leaving the earth's surface making the
night warmer. Areas with thick cloud cover have little difference between day and night
temperatures but areas with no cloud cover record large differences between day and night
temperatures.

3.6. Aspect

Aspect is the direction in which the land faces. The midday sun is always overhead at the
equator but areas that are far from the equator get the midday sun at an angle. For such areas the
slope that is directly facing the midday sun will get more heat. For this reason, the north facing
slope in the southern hemisphere, will receive more heat than the south facing slope. In the
northern hemisphere, the south facing slope will get more heat than the north facing slope.
Now read how ocean currents affect temperature.

3.7 Ocean currents

Ocean currents may also affect temperature. Cold currents flow from cold regions and lower
summer temperatures in coastal regions as onshore winds blow into these areas. Similarly warm
ocean currents blow from the tropics towards the poles and bring warm weather to coastal
regions. Figure 12 shows the ocean currents which influence temperature in Southern Africa.
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ANTARCTIC CONTINENTAL SHELF

Fig 12: Ocean currents in Southern Africa (Downloaded from
http://www.pbs.org/edens/namib/images/map1.gif on 9/5/11)

The cold Benguela currents for instance bring cooler conditions along the west coasts of
southern Africa while the Agulhas brings warmer conditions to the eastern coast of Southern
Africa.

3.7 Length of day

The number of sunshine hours for people at different points (latitude) on earth is not always the
same. For instance, a place at the Equator may receive 12 hours of sunshine in the summer
whilst a place in Antarctica may receive only 6 hours of sunshine. A place with a longer period
of sunshine will have more heat than the one with few hours of sunshine.

Now that we have fully discussed the factors that influence temperature, attempt activity 5 that
follows to see how much you have leant.
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Activity 5

1. Name any four factors that may influence the temperature of an area. [4 marks]

2. Explain how winds may influence the temperature of a place. [2 marks]

3. Explain how the length of day is determined by the relationship between the location
of a place on earth and its latitude. [2 marks]

4. Describe how oceans may bring warmth or coldness to areas close to the coast.[2
marks]

5. Explain how altitude may encourage formation of snow on the tops of high
mountains. [2 marks]

Total = [12 marks]

Feedback

Here is feedback to the exercise you have just completed.

1. - Altitude
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- Aspect

- Length of day

- Winds

- Ocean currents

- Latitude

- Cloud cover & humidity
- Distance from the sea.

2. Winds originate from different areas of the world. Some originate over deserts or
continents and will be dry. Others originate over the sea and contain a lot of moisture, yet
others originate from polar areas and can be very cold. The type of wind blowing into an area
therefore influences the conditions of weather in the sense that it may bring heating or cooling
effects to that area.

The movement of such winds into other areas will usually change slightly to adapt to
the prevailing conditions within or brought by the wind. So a hot dry air makes a place feel hot
and dry.

3. Due to the round shape of the earth, and the fact that the closest place to the sun is at
the equator for most of the year, we find that if the sun moves into the northern hemisphere,
areas in the tropical and temperate latitudes in the south receive lesser and lesser sunshine.
This is because the amount received has to be spread over a larger area due to the crescent
shape of the earth facing up to the sun. As you move further away from the sun the places in the
lower latitudes in the south get tucked out of sight under the shadow of the equator. This results
in such areas having less exposure to sunlight and so having a shorter length of day compared
to areas at the equator or above it.

4. Areas close to the coast on the west margin of continents tend to be cooler since any
wind blowing onshore and passing over the cold currents is cooled considerably. An opposite
development occurs on the eastern margins when onshore winds blow from the east. Since they
pass over warm ocean currents the winds are warmed and they bring this warmth to the coastal
areas closest to them.

5. When air ascends a mountain it loses temperature at a rate of 6.5°C per 1000m. As a
parcel of air ascends it will be cooled down sufficiently to below dew point, giving rise to super
cooled water particles, ice and eventually snow at the tops of mountains.

Now that you have learnt about temperature we need to discuss another element of weather that
is closely associated with temperature, which is sunshine.

4.0 Measuring and Recording Sunshine

In Botswana and Africa in general, there is plenty sunshine. Have you ever wondered how we
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can measure this abundant sunshine? Well, in this section you will learn how to measure and
record sunshine. Sunshine is the light energy produced when the sun shines or when the sun
appears in the sky.

The amount of sunshine a place receives can be measured on a daily basis. A sunshine recorder
is used to record the amount of sunshine in hours that an area receives each day. It is made up
of a spherical glass ball held up at both ends by a curved metal plate. To use the instrument you
place light sensitive paper under the spherical glass ball and onto the curved metal plate base.
When the sunlight shines, it is concentrated into the metal frame by the glass ball. The light will
then burn a line across the paper as the sun moves across the sky during the day. The
information on the paper is later collected and read off or recorded in hours and minutes. Figure
13 shows how a sunshine recorder looks like:

Glass sphere which
concentraies the sun's

rays on one paoint

1.5 hrs of sunshine
scorched on line

here
arked metal frame relects
Ir.::':iir:g shea:l " pin-point of heat on

Fig 13: A sunshine recorder (Down loaded from
www.geographyhigh.connectfree.co.uk/cs3.gif on 9/5/11)

Notice the metal frame, the glass ball and a paper graduated in hours. The part of the paper
scotched by the sun in figure 13 is 1.5 hours, which means that on that particular day at that
place the sun shined only for one and a half hours.

Now that you have learnt about sunshine attempt activity 6 on measuring sunshine to see how
much you have understood.

Activity 6

1. Explain what sunshine refers to. [1 mark]

24




What is recorded when we observe sunshine in a weather station? [1 mark]

Name the instrument used to record sunshine. [1 mark]

Mention two things, which can happen when an area receives excessive amounts of
solar radiation. [2 marks]

Describe briefly how the instrument used to record sunshine works. [3 marks]

Total [8§ Marks]

Feedback

Now find out how well you did in this short activity.

1.

2.

Sunshine is the light energy produced by solar radiation.

The amount of sunshine hours a place receives.

The sunshine recorder.
Drought, excessive evaporation causing dams, rivers to dry up,
People may suffer from sunstroke or develop sunburn.

The glass sphere concentrates light onto the light sensitive paper. The concentrated light
burns a line on the paper. The paper is later retrieved and the hours worked out by
reading the amount of hours etched onto the paper.
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5.0 Summary

In this topic you have learnt that weather refers to the state of the atmosphere as
observed over a short period of time. Climate on the other hand is a cumulative
record of weather observed over a long period of time. You have also learnt about

Summary temperature and sunshine and how they can be measured. You also learnt how the

readings obtained might be used to come up with different calculations such as
finding temperature range. You have learnt about factors, which influence the temperature of
places around the world. You will need to use the information you have learnt in this topic to do
the assignments at the end of the unit. Feedback is also provided to correct you.

In the next topic we will be looking at yet another weather element which is rainfall. During the
course of that topic you will realize that temperature that we have discussed in this topic is
closely related to rainfall.

Topic 2: Rainfall

Introduction

In this topic you are going to learn about atmospheric processes that bring about rain. You will
learn how rainfall is measured and recorded. You will also learn about different types of rainfall
and how they are formed. You have probably heard about El Nino and La Nina and how they
affect rainfall patterns in Southern Africa. In this topic you will learn about these two events,
which affects rainfall patterns in Southern Africa usually resulting in either extended droughts
or excessive rains. An audio clip is provided to enhance your learning of the El Nino and La
Nina events.

Topic Objectives
After completing this lesson, you should be able to:
eexplain what rainfall is
describe how to use a rain gauge for measuring rainfall

eread and interpret information contained in graphs, maps or tables to calculate
the mean monthly rainfall, mean annual rainfall and annual rainfall totals.

eexplain how rainfall occurs

e describe the formation of frontal, convectional and
relief rainfall

*  explain la Nina and El Nino and the
walker circulation
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e discuss the effects of E1 Nino and La Nina on
people.

1.0 Rainfall

You certainly know what rain is from your personal experiences and previous learning. Rain
refers to the droplets of water, which fall from the sky. These are formed when condensation
occurs and the temperature of the air drops down to dew point (temperature necessary to change
water vapour into water droplets). The water droplets that form produce a visible mass of water
known as clouds. As the water droplets grow bigger they become too heavy to be suspended in
the air and fall down as rain.

1.1 The formation of rainfall

Let us now attempt to answer the question "how does water that is rain go up into the
sky?" For rainfall to occur, there should be warm moist air and a medium that will
force the air to rise. The medium could be convection currents or a mountain lying at
right angles to the path of the wind or the meeting of air masses of different density
and temperature. This is the initial process of rain formation. Figure 14 shows the
factors that make air rise. "A" shows air being forced into the sky by a mountain, "B"
shows convectional currents whilst "C" shows warm air rising over cold air.

A. Alr rises and cools B. Afr rises and cools

r\ T €. Air coa!s/

hot air rises in con- as it rises

vection currents /

Fig 14: Factors that make air rise

As the air rises, it expands and absorbs even more moisture. At high altitude the rising air loses
most of its heat and starts to contract. Further cooling of this air causes it to reach its dew point.
The moisture it contains then changes into water droplets which grow into clouds and as the air
reaches saturation, the now heavy water droplets fall down as raindrops.
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To see how much you have learnt so far and also drawing knowledge from your past
experiences, attempt Activity 1 that follows.

Activity 1

1. What is rainfall? [1 mark]

2. How are raindrops formed? [1 mark]

3. State three things, which can cause moist air to rise leading to the formation of rain.
[3 marks]

4. What do you call the state of air when it can absorb no more moisture?[1 mark]

Total = [6 Marks]

Feedback

Now look at the correct answers below and see how well you performed.

1. Rainfall is the water droplets that fall from the sky when water vapour in the air
condenses to form water droplets which grow bigger as the air gets saturated until they can
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stay up no more.

2. Raindrops are formed through the process of condensation when water vapour changes
into liquid water droplets that aggregate to form water droplets or rain drops.

3. Mountain barrier, convection currents, meeting of air masses.

4. Saturation

We have already discussed the three ways by which warm air rises that eventually leads to the
formation of rainfall. These three ways are closely linked to the various types of rainfall that we
are going to discuss in the next section.

2.0 Types of Rainfall

There are three types of rainfall namely:

. Convectional rainfall
. Relief rainfall
. Frontal rainfall.

You will note that the names of the rainfall types correspond with the medium which forced the
moist air to rise and give rise to the formation of rain that we have just discussed. Let’s start by
looking at convectional rainfall.

2.1 Convectional rainfall

This type of rainfall as its name suggest is closely linked with convectional currents. It occurs
mainly in summer when the ground surface is heated greatly during the day. The heat from the
ground then heats the air above it by conduction. Hot air is light in weight and therefore rises as
a result of convection currents. When the air is heated it absorbs large amounts of moisture
mostly released by transpiration from the trees and evaporation from the lakes, pans, dams and
rivers. As the air rises it cools and condensation takes place at dew point temperature. As air
condenses it forms clouds. The small droplets of water join together and become bigger. Rain
falls when the droplets of water are too big to be suspended in the air.
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Fig 15: Convectional rainfall

In figurel5, the arrows indicate the rising warm air by convectional currents after being heated
by the sun. Convectional rainfall usually comes in the afternoon and is accompanied by
lightning and thunder. Torrential rains usually follow. The clouds formed are large black clouds
that can rise high up the sky called cumulonimbus clouds. Sometimes the super cooled water
droplets at the top of the clouds are converted to ice crystals, which fall back to the ground as
hail.

Now let us focus on relief rainfall. In what way do you think relief rainfall is formed? To find
answers to this question read the section that follows.

2.2 Relief rainfall

This type of rainfall occurs in areas where there are high mountains. It is common where warm
and moist air blows over the sea onto the land areas. Relief rainfall is formed when warm and
moist air blowing from the sea is forced to rise by a mountain that lies on its path. As moist air
rises it cools, condensation takes place, clouds are formed and rain falls.
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Fig 16: Relief rainfall

Figure 16 shows warm and moist air blowing from the Indian Ocean in the east. This moist air
is forced to rise by the Drakensberg Mountain that lies on its path. As it rises it cools,
condenses, clouds are formed and rain falls. The eastern side receives more rainfall than the
western side of the Drakensberg. Rainfall is high on the side of the mountain facing the
direction of the winds. This area is called the windward side of the mountain. Once air crosses
the mountain, it descends and loses moisture. This side of the mountain is called the
rainshadow or leeward side and normally receives less rainfall than the windward side. The
Kgalagadi Desert for example receives very little rain because it is in the rain shadow or
leeward side of the mountain.

Now that you have learnt about the two types of rainfall, relief and conventional, it is now time
to look at the third type called frontal rainfall.

2.3 Frontal rainfall

This type of rainfall occurs in areas like the temperate regions where cold air from the poles
meets with warm air from the tropics. The warm air, which is lighter in weight, is made to rise
by the cold heavy air which will creep under it. The point where the two air masses meet is
called a front. The warm front is the point in front of the warm air and the cold front is the point
in front of the cold air where the two air masses meet. Look carefully at figure 17, as it gives a

diagrammatic picture of frontal rainfall.

Fig 17: Frontal rainfall
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Warm air which is blowing from the left, meets cold air that is blowing from the right. Notice
that warm air rises above cold air and rain falls where the two air masses meet. Frontal rainfall
is associated with nimbostratus clouds and takes a relatively long time and covers a larger area
compared to convectional rainfall. This type of rainfall occurs in the northern part of Botswana.
The area where warm and cold air converges is called the Inter Tropical Convergence Zone.

Now that you are familiar with the various types of rainfall, it is time to attempt the activity that
follows to find out how much you have learnt and understood.

Activity 2

1. Explain briefly how frontal rainfall occurs. [4 marks]

2. Explain why the windward side of a mountain tends to receive more rain than the
leeward side. [4 marks]

Total [8 Marks]

Feedback

Here are the answers for the activity, which you have just completed.

1. Frontal rainfall occurs when the following conditions exist.
. Two air forms (cold and warm) meet
. The cold air forces the warm air to rise
. The warm air cools and condenses to form rain drops.
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The rain falls in two parts with a period of calm in between.
2. The windward side of the mountain receives most of the moisture from the sea.
The moisture rises on the windward side and condenses.
The leeward side receives little moisture since it was used up on the windward side.

Air descends and gives little rain or no rain.

Now that you have learnt about the different types of rainfall, let us now focus on how rainfall is
measured. Do you remember the instrument that is used to measure rainfall? Read more about it
in the next section.

3.0 Measuring rainfall

Rainfall is measured using an instrument called a rain gauge as shown in figure 18.
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Fig 18: A rain gauge (Adapted from
http://www.compleatnaturalist.com/images/Prof%20Rain %20Gauge.jpg downloaded on
9/5/11)

It is made up of a cylindrical copper container with a smaller can inside which is often known as
a collecting jar. The outer jar is covered at the top with a funnel which fits into the collecting
jar. If the collecting jar overspills the water falls into the outer container. The water that has split
into the outer container must also be added to the water collected from the inner jar and
measured. Figure 18 shows a rain gauge. Notice that the rain droplet that collects through the
funnel goes into the glass bottle. Notice also that the glass bottle is surrounded by the copper
collecting can to collect water when the glass overspills. The rain water collected will be
measured using the measuring cylinder on the right that is graduated in millimetres.

The rain gauge must be located in an open area so that it is not sheltered by trees. In some areas
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the rain gauge is placed on a pole about 1m or so from the ground. In some cases the rain gauge
is sunk (dug) into the ground with at least 30cm of the can protruding above the surface of the
ground. The increased height ensures that no water splashes from the ground into the rain

gauge.
3.1 How to use a rain gauge
When measuring rainfall, the following procedures must be followed.

. First pour off all the water collected in the rain gauge into a measuring
cylinder or beaker

. Put the beaker/measuring cylinder on a flat and level surface

. Bring your eyes to the level of the meniscus (surface) and take your
reading at bottom of the meniscus.

3.2 Calculating Rainfall Figures

Information on rainfall and temperature can be presented in the form of graphs or tables. The
records of rainfall over an extended period may be used to calculate the annual rainfall, mean
monthly rainfall and mean annual rainfall figures. Study the rainfall figures for Tsabong
given in figure 19.

Rainfal 51 |53 |55 |25 |10 |5 |0 |0 |5 |10 |20 |25
lin mm

Fig 19: Rainfall figures for Tsabong (Adapted from http://www.weatheronline.co.uk
on 9/5/11)
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e To calculate the annual rainfall for Tsabong you add all the monthly rainfall totals.
The total annual rainfall for Tsabong in 2010 was 259mm.

e To calculate the mean monthly rainfall for Tsabong you add all the monthly rainfall
totals. Divide the annual total by the number of months in a year. The mean monthly
rainfall for Tsabong was (259/12) = 21.5mm.

e To get the mean annual rainfall figures you add up all the totals for each year and
divide by the number of years.

3.3 Presenting information on rainfall

The information for rainfall of one place can also be shown using graphs like the one shown in
figure 20.
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Fig 20: Monthly rainfall for Tsabong and Maun (Adapted from
http://www.weatheronline.co.uk on 9/5/11)

Notice that Tsabong and Maun receive the highest rainfall between November and March and
the lowest rainfall in the months of June, July and August. If you have problems interpreting
these charts, go to Unit 10 on research methods. There is a section on data presentation which
may better help you understand data presented in graphic and chart form.

Information on rainfall can also be shown using maps with isohyets. Isohyets are lines in a map
joining areas, which have the same annual rainfall. The map shown in figure 20 shows the
distribution of rainfall in Botswana.
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Fig 20: An isohyet map of Botswana showing rainfall distribution (Adapted from
http://www.info.bw/~mettest/bulletins/data/bulletin_0210/rain_mean_jfm.gif on 10 May 2011)

Notice for instance, that the map indicates that Francistown gets the same annual rainfall as
Maun. They both lie about the same position around the 460 mm line.

Now that you have discussed the way in which rainfall is measured, it is time to end this section
by attempting activity 3 that follows.

Activity 3

1. Name an instrument used for measuring rainfall.[ 1 mark]

2. Draw a well-labelled diagram of the instrument in 1 above.[4 marks]
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3. Describe the procedure you would follow to correctly measure the amount of water
received in a rain gauge.[2 marks]

4. Explain how you would calculate the mean monthly rainfall. [2 marks]

Total Marks [10]

Feedback

Here are the answers for the activity you have just completed.

1. A rain gauge
2. A rain gauge
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3. When measuring rainfall, the following procedures must be followed.

First pour off all the water collected in the rain gauge into a measuring cylinder or
beaker.

Put the beaker/measuring cylinder on a flat and level surface.

Bring your eyes to the level of the meniscus (surface) and take your reading at bottom
of the meniscus.

4. Add all the monthly rainfall totals, then divide by the number of months.

If you live in Southern Africa, you are aware that there are times when we have good rains and
there are times when we have droughts. It has been observed that these trends are associated
with what is called El Nifio and La Nifia. Let’s read more about these in the next section.

4.0 ElI Nino and La Nina

Before you learn more about El Nino and La Nina, you need to listen to the audio clip on the
topic. Play the audio lesson. After listening to the audio, you can then continue with your study
of the sub-topics. This audio has been supplied to you as part of the learning package of this
unit. Programme 1 of this audio relates to this section of the topic. You may take notes as you
listen to the audio. If you are reading this topic from a computer, double click on the 04 Track
1.wma icon below

04 Track 1. .
rack Lwma Note it!

From the audio, you learnt that El Nino and La Nina refer to the effects of the changes in the
temperature of the sea and their influence on the weather conditions over land areas. When air
rises over the continents during summer, cooler moist air from the sea moves in to replace it.
The air which moves away over the continents eventually descends over the sea. As it descends
it accumulates moisture and blows back to the continents. The circular movement of air between
the continents and oceans described above is known as the walker circulation. The winds
which blow from over the seas known as the trade winds bring in moisture and rain to the
continents.

38




Activity 4

You learnt about the walker circular movement of air between the continents and oceans. How
is this circulation changed during the El Nino? What causes this change?

Feedback

I hope this activity was easy for you as the answer is clearly provided in the audio clip.
Compare the answer below to what you have written.

During El Nino periods this circulation is changed. Instead of air mostly rising above the
continents in summer, it rises above the seas. Why this happens is not exactly known but it is
believed that the heating effects of volcanic eruptions, which cause the temperature of the sea to
rise, cause it. The high temperatures over the seas create huge low-pressure areas (especially
in the Pacific Area). The rising of air over the sea now reverses the walker circulation
described above and changes in weather patterns occur which bring low rainfall to areas in
Southern Africa and the Sahel. This leads to drought in these areas.

La Nina (or Lamina) is the reverse of the El Nino and it tends to enhance the walker circulation
bringing in more moisture which usually leads to floods in Southern Africa.

We have learnt that in an El Niflo year, the Walker circulation is reversed while in a la Nifia
year the Walker circulation is enhanced. What then are the effects of both El Nifio and La Nifia?
The next two sections attempt to answer this question.
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4.1 Effects of El Nino

In the audio Pedro and Mpho mentioned the effects of El Nino. Go through this part of the audio
and attempt activity 5

Activity 5

1. According to Mpho what are the effects of El Nino in Botswana?

Feedback
Hope you have made a good attempt. Check the answer below.

El Nino usually results in severe droughts particularly in Southern Africa. It can cause crops to
die and livestock to starve since there will be little growth of vegetation. This may increase
wind erosion creating vast tracts of wasteland.

4.2 Effects of La Nina

From Pedro, you learnt that La Nina bring floods which kills people and animals. The heavy
rains may damage property and infrastructure such as houses, roads, railway lines, electric
cables and bridges. This interferes with transport and telecommunications and the distribution
of essential items of trade between places. It may also lead to the outbreak of water borne
diseases such as malaria and cholera. Water logging and leaching of soils occur and soil erosion
occurs in many areas. Governments lose a lot of money repairing the broken infrastructure.
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To see how much you have learnt and understood about La Nina and El Nino, try activity 6 that
follows. You may go through the audio again before attempting this activity.

Activity 6

1. Explain the walker circulation. [2 marks]

2. Explain how El Nino occurs. [2 marks]

3. Name at least three negative effects of (a) El Nino and (b) La Nina[6 marks]

(@)

(b)

Total = [10 marks]

Feedback

I hope you found this activity simple. Look at the answers to the Activity that you have just
completed.

How well did you do?

1. This is the circulation of air that results from land areas heating quicker than sea
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areas, causing air to rise over warm land areas and sink over the cooler seas. The cool air with
moisture from the sea moves in to replace the warm rising air over land. This brings lots of
rain to land areas.

2. El Nino is a reversal of what has been described above. Here air rises over the seas,
which have high temperatures than land areas. This results in the interference with the
existing walker circulation leading to low moisture when cold air descends around
coastal areas and the interior. This brings about drought conditions. La Nina on the
other hand creates a situation that strengthens air circulation and brings more moisture
to land areas causing floods.

3. (a) El Nino - Drought, crops will die, livestock may starve since there will be little
growth.

(b) La Nina - They can cause decline in agriculture.

Now read over the summary provided below. It will help you consolidate your understanding of
the topic.

5.0 Summary

@ You have learnt about different types of rainfall and how it is formed. You learnt how a
rain gauge is used to measure the amount of rainfall and that the information obtained
can be used to calculate annual rainfall or mean monthly rainfall. You also learnt that the

Summar
y walker circulation leads to La Nina (Lamina) and El Nino. You also looked at the

possible effects these can bring to areas where they are experienced.

You will need to use the information you have learnt in this topic to do the assignment at the
end of the unit. Feedback is also provided to guide you. In the next topic we are going to look at
two more of the weather elements. These are humidity and cloud cover. You will realise that
these two weather elements are closely linked to rainfall and temperature.

Topic 3: Humidity and Cloud Cover

Introduction

Cloud cover probably sounds more familiar to you than humidity. In this topic you are going to
learn about both humidity and cloud cover. You will also learn how these elements are
measured and recorded. Lastly, you will learn about different types of clouds and how the
information obtained on these elements may be used.

Topic Objectives

At the end of this topic you should be able to:
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e to measure humidity and cloud cover
e use humidity tables to calculate relative humidity.

e identify and describe the different types of clouds.

1.0 Humidity and Cloud Cover

Humidity refers to the amount of water vapour in the air. Do you know what water vapour is?
Have you ever observed water boiling from a kettle? Look at figure 21 below.

Fig. 21 Water vapour coming out of a kettle spout (Downloaded from
http://us.123rf.com/400wm/400/400/DLeonis/DLeonis1004/DLeonis100400063/6870341-

boiling-water-in-old-sooty-kettle-on-the-hiking-campfire.jpg on 23/5/11)

You can see a whitish gas coming out of the spout of the kettle that is being heated over the fire.
When water is heated it changes into a gaseous state known as water vapour. Ordinarily water
in this state is very difficult to see using your naked eye. You may at times see it but this only
occurs when the temperature of air drops to the dew point or below at which the water vapour
condenses or changes into water droplets. Some of the water droplets can be very tiny. Can you
think of examples of tiny water droplets, which you have seen? Most likely you mentioned
examples such as mist or fog. In some cases the water droplets may grow until they are visible
and can be touched such as when rain is falling.

1.1 Absolute and relative humidity

Like other elements of the weather we have studied earlier on, water vapour in the air can also
be measured. The amount that the air can hold is determined by the temperature of the air.
When the temperature is low the air absorbs less moisture (water vapour) than when it is
warmer. The ability of air to absorb water vapour is doubled for every rise in temperature of
about 11°C. Study figure 22. Notice that the volume of moisture the air can hold increases with
the increasing temperature.
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Fig 22: Humidity and air temperature

The amount of water vapour contained in a given volume of air at a certain temperature is
known as absolute humidity. Relative humidity is the ratio between absolute humidity of a
given mass of air and the maximum amount of water vapour that it can hold at the same
temperature. It is expressed as a percentage. When the air cannot hold any more water vapour
(when its relative humidity is 100%), it is said to be saturated.

Now that you have an idea of what humidity is, try this activity to see how much you have
learnt. Remember that when you are not satisfied with your performance you should always go
back and review what you have learnt.

Activity 1

1. What is humidity? [1 mark]

2. Name two forms in which water may occur. [2 marks]
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3. At what temperature interval would the ability of air to absorb more moisture
increase?[1 mark]

4. Explain the meaning of absolute humidity. [1 mark]

5. Explain the difference between relative humidity and absolute humidity. [3 marks]

Total [8 Marks]

Feedback

Now check how well you performed in the activity from the feedback given below.
1. Humidity refers to the moistness of air or the moisture contained by air.

2. Water vapour, ice particles and water droplets.

3. 1I°C

4. Absolute humidity is the amount of water vapour present in air at a given time.

5. Relative humidity is the amount of moisture in the air expressed as a percentage of the
amount of moisture the air can hold at that temperature.

Humidity, like all other elements of the weather can be measured or observed. In the next
section we are going to discuss how humidity is measured.

1.2 Measuring humidity

We mentioned previously that the amount of water vapour in the air is measurable. Can you
guess how it is done? You may already know how this is done from visiting your local weather
station or from reading books in your local library. To measure humidity you need two
instruments: the wet and dry bulb thermometers or a hygrometer. These instruments are filled
with mercury and therefore similar to the minimum and maximum thermometer, which has been
discussed in the previous lesson. Study the hygrometers shown in figure 23.
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Awet and dry bub thermometer when the A wet and dry bulh thermometer when the
relative humidity & bw relative humidity & high

Fig 23: A wet and dry bulb thermometer

One of the thermometers has a muslin cloth wrapped around its bulb and dipped into a
container of water. When water evaporates from the muslin clothes, it lowers the temperature of
the bulb and thus reduces the temperature reading in the wet bulb thermometer. On the other
hand, the dry bulb thermometer records the temperature of the air. When the air is saturated and
there is no evaporation, the two thermometers will show the same reading. Remember, if the air
is not saturated, water from the muslin will cool the wet bulb forcing it to show a lower reading.
The reading from the wet bulb is subtracted from the reading from the dry bulb. This number is
known as the wet bulb depression.

To get the relative humidity you need to use a table known as the hygrometric table (shown in
figure 24). This table gives you the wet bulb depression and the dry bulb air temperature
readings. To read the relative humidity, read the value of the dry bulb thermometer and move to
where it cross-references with the wet bulb depression. The percentage given is the relative
humidity.

Dry Bulb Depression of wet bulb

Reading 1 2 3 4 ) 6 7

(Degrees

Celsius)
30 92% 86% 79% 73% 67% 61% 55%
25 92% 84% T77% 70% 63% 57% 50%
20 91% 83% 74% 66% 59% 51% 44%

Fig 24: A hygrometric table

If, for instance the dry bulb records 25°C and the wet bulb records 20°C, the difference between

46




the two bulbs (wet bulb depression) is 5°C. The relative humidity as read from the table will be
63%. Therefore the difference in the readings of the two thermometers gives us an indication of
how much humidity the air contains. When there is no difference between the readings humidity
is very high and the air is saturated. A small difference means humidity is quite high and a
large difference means humidity is low.

We have defined humidity as the amount of moisture in the air. Closely related to moisture in
the air is cloud cover. What is cloud cover and how is it measured? For answers read through
the next section.

2.0 Cloud Cover

Clouds are the visible masses of condensed water vapour that appear in the sky when the
humidity in the air changes from a gas to liquid. A cloud is composed mainly of billions of tiny
water droplets of about the same size. Air currents cause the movement we often see in clouds.
The height of clouds in the sky is similarly determined by the rising and falling currents.

Clouds are made up of water droplets, ice particles or both. Mist and fog is made up of water
droplets and in this respect they are a type of cloud, but unlike the ordinary cloud they form
very close to the earth’s surface. You may have wished to touch clouds on certain occasions
when they float past in your area because they look so beautiful. You may have imagined how
it looks like if you are aboard an aeroplane as it flies through the clouds. In actuality, you have
experienced all these things when you entered or passed through heavy mist or fog.

2.1 Types of clouds

You have probably seen clouds in the sky and noticed that they do not look all the same. There
are different types of clouds. The types of cloud, height, shape and movement can help predict
weather conditions over an area. Clouds may be classified according to their appearance, form
and height. There are four groups as can be seen in figure 4. These are high clouds (between
6000 and 12000), middle clouds (2100 - 6000m), low clouds (below 2100m) and clouds of great
vertical extent (1500 - 9000m)

Type of clouds Examples
High clouds * Cirrus
° Cirrocumulus
° Cirrostratus

47




Middle clouds o Altocumulus

o Altostratus
Low clouds o Stratocumulus

. Nimbostratus

. Stratus
Clouds of great o Cumulus
vertical extent J Cumulonimbus

Fig 25: Types of clouds

How then do we measure and record cloud cover? Read through the next section to find out.

2.2 Measuring and recording cloud cover

Cloud cover is expressed in eights (oktas). One okta represents approximately one eighth of the
sky covered with cloud. If half of the sky were covered by cloud you would probably say % the
sky is covered by cloud. The symbols in figure 26 are used for recording cloud cover.

TB®De®

1 1 1 3
clear B % ry e overcast

S

Fig 26: Symbols used for recording cloud cover

Now that you know more about cloud cover, try the next activity to see how much you have
understood.

Activity 2

1. What is responsible for the apparent movement of clouds in the sky? [1 mark]
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2.

3.

How do clouds form?[2 marks]

Give examples of clouds that form at the ground surface? [2 mark]

4. What is the unit of measure for cloud cover?[1 mark]

Feedback

Total [6 marks]

Answers to this activity are given below.

a3y,

Summary

Air currents

They form when the rising water vapour cools and

condenses into tiny droplets of water at dew point temperature.

Mist and fog

Okta

3.0 Summary

In this topic, you learnt about humidity and cloud cover. You learnt that the
temperature of air in a given area might affect humidity. You also learnt
that humidity is present in the atmosphere and that it is measured using a
hygrometer. You have also learnt about the formation of clouds, types of

clouds and how they are measured and recorded. You will need to use the information
you have learnt in this topic to do the assignment at the end of the unit. Do the

assignment and read the feedback which is also provided to you to help correct any

mistakes you have made before you proceed to the next topic.

In the next topic we will be looking at yet more elements of weather. Here we will be

looking closely at winds and atmospheric pressure.
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Topic 4: Winds and Atmospheric Pressure

Introduction

By now you should be familiar with most of the weather elements. So far we have discussed
temperature, sunshine, rainfall, humidity and cloud cover. In this lesson you will learn about
winds and atmospheric pressure. The recording of these elements helps us to organise our social
and economic activities. For instance, cloud cover can determine whether we go out or not,
while wind can help decide the direction in which planes take off or land. In this lesson you are
going to learn about what causes the movement of the wind and how this movement is measured
both in terms of direction and speed. You will also learn how the instruments used for
measuring wind speed and direction work. Furthermore, you will also learn about atmospheric
pressure and what is used to observe it.

Topic Objectives

At the end of this lesson you should be able to:

. describe wind direction looking at the wind vane

. use a cup anemometer to measure wind speed

. explain what atmospheric pressure is

. describe the instruments used to measure wind speed,

wind direction and atmospheric pressure

. interpret information provided in a synoptic or isobaric
chart relating to pressure

1.0 Winds and Atmospheric Pressure

I know that at one time or another you have seen dust, branches and papers being blown up,
trees swaying or the flag flying high because of a strong wind. Thus, from your previous
experiences you know something about winds and pressure. If you puncture an inflated balloon
you will notice air coming out under pressure. When air is blowing from one point to another it
follows a noticeable path, called the wind direction. The direction of the wind is named by
looking at where the wind blows from. When air moves, the rate at which it passes over a
stationery point on the surface of the earth can be measured. This is called the wind speed. The
wind has weight and the weight the wind exerts on the earth’s surface is called atmospheric
pressure.
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Let us now look closely at wind direction and the instrument used to measure it.

1.1 Wind Direction

The differences in temperature causes unequal heating which leads to the movement of air
between places. The word wind refers to the movement of air from areas of high pressure to
areas of low pressure. Winds are named after the directions from which they come like the
South East Trade Winds, the North East Trade Winds, the Easterlies and the Westerlies. All
these indicate the direction from which the wind blows. The wind sock and the wind vane are
instruments used for recording wind direction. We are now going to discuss these instruments in
details.

(a) Wind sock

Study figure 27 which shows a wind sock. A windsock aligns itself by flowing flag-like in the
direction where the wind is going. It is mainly used to guide aeroplanes when they land or take
off at the airport.

wind

Fig 27: A wind sock

(b) The wind vane

Study the diagram in figure 28 which shows a wind vane. The wind vane is an instrument made
up of horizontal arms pointing in the four main compass directions. At the centre of the arms is
a freely rotating vertical shaft, which has a horizontal arrow on top.
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Fig 28: A wind vane (Downloaded from
http://school.discoveryeducation.com/lessonplans/images/activities/weatherstation/windva
ne.jpg on 23/5/11)

When wind blows, the arrow moves until it points in the direction from which the wind is
blowing.

Now let us look at wind speed and the instrument used to measure it. The following section
discusses this content in detail.

1.2 Wind speed

Wind speed near the surface is measured using an instrument called a cup anemometer. Study
figure 29 which shows a diagram of an anemometer. A cup anemometer is made of hollow cups
mounted on a vertical pole.
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Fig 29: A cup anemometer

The cups catch the wind on their open sides. As the resistance it offers to the wind pushes
around each cup, the next cup lines up to take its place. This starts a rotational movement, which
is measured by a meter, connected to the freely rotating shatft.

Wind speed can also be recorded using the Beaufort scale, which describes the effects of wind
on observable objects like trees, building and the general surroundings. Study figure 30 which
shows the Beaufort scale. Read through the Beaufort scale and see if you can relate it to what
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happens in your area when the wind is blowing.

Scale no. Speed (knots) Description of wind Effects of the winds
(features observed).

0 0 Calm Smokes rises vertically.

1 1-3 Light air Direction is shown by the way
smoke drifts.

2 4-6 Light breeze  Leaves rustle, wind is felt on the

face the vanes of the wind vane

move.

3 7-11 Gentle breeze Light flags blow out in the wind.

4 12-16 Moderate breeze Dust and loose paper blow about,

small branches are moved.
) 17-21 Fresh breeze Small trees in leaf begin to sway.

6 22-26 Strong breeze Whistling is herd in telegraph wires,
large branches are set in motion,
difficult to open umbrellas.

7 27-32 Moderate gale Difficult to walk against the wind,
whole trees set in motion.

8 33-39 Fresh gale Twigs are broken off trees.

9 40-46 Strong gale Slight structural damage to

buildings occur.

10 47-55 Whole gale Trees are uprooted and
considerable structural
damage to buildings occur.

11 56-63 Storm Widespread damage occurs.

12 Over 64 Hurricane Widespread devastation occurs in
some tropical regions.

Fig 30: The Beaufort scale Adapted from
http://www.uwsp.edu/geo/faculty/ritter/geog101/textbook/circulation/img33 Beaufort NOAA.
gif downloaded on 23/5/11
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Now that you know more about winds, try the next activity to see how much you have
understood.

Activity 1

1. What do we call the path followed by air when it moves from one place to
another?[1 mark]

2. How is wind direction measured?[1 mark]

3. Name the instrument used to measure the wind speed?[1 mark]

4. Describe briefly how the instrument used for measuring wind speed works.[3 marks]

5. Name the unit of measure used for wind on weather charts. [1 mark]

Total = [7 marks]

Feedback

Find out how well you have mastered this section by checking the answers given below.

1. Wind direction.

2. By using a wind vane.

3. A cup anemometer.

4. Blowing winds force cups to rotate, the rotating movement is linked to a meter that

records speed.

5. Knots

You have gone through the section on winds and ways of measuring the wind. Let us now move
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on to atmospheric pressure and ways of measuring it. What instrument is used to measure
atmospheric pressure? How does that instrument work? To find answers to these questions read
the section that follows.

2.0 Atmospheric Pressure

Atmospheric pressure is another element of weather. It refers to the weight of air over the
surface of the earth. The atmosphere consists of a mixture of gases, which are confined by the
ground or sea from below and by the force of gravity, thus preventing them from escaping.
Atmospheric pressure changes daily as a result of changes in the weather conditions over an
area. The pressure of air above the surface is concentrated mainly in a layer that is about 5.5 km
thick. Above this level, air pressure starts to decrease rapidly since there are fewer gases of
different qualities.

A general cross-section taken vertically would show that the greatest concentration of all types
of gases or air is found close to the surface of the earth. There is a marked decrease in these
gases as you go higher. The thin air is usually called rarefied air. This simply means air that is
lighter and has few impurities.

It is important to note that air pressure as an element of weather, can also be measured. The
instrument used for measuring atmospheric pressure is a barometer. There are different types of
barometers. Details of the barometer are given in the section that follows.

2.1 A mercury barometer

A mercury barometer is made up of a long capillary glass tubing sealed at one end and filled
with mercury. The capillary tubing is inverted over a bowl of mercury. Figure 31 shows a
simple mercury barometer. Notice the long capillary tube and a bowl of mercury.
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Fig 31: A mercury barometer

When air pressure increases it pushes onto the mercury in the bowl forcing the mercury to rise
up the capillary glass tubing. When air pressure is reduced there is less pressure on the mercury
in the bowl allowing the mercury to flow down the tube. A scale placed against the test tube
helps you read the amount of air pressure acting on the surface.

2.2 An aneroid barometer

An aneroid barometer consists of a metal box with very little air, which is very sensitive to
changes in atmospheric pressure. Any slight change in atmospheric pressure causes the box to
expand or contract. Most of the air in the thin flexible metal box has been pumped out. When
air pressure increases, the box collapses or is pushed inwards. This movement causes a lever
attached to the box to move up a scale to show increased barometer pressure. You can see the
box and the lever shown in figure 32.
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Fig 32: An aneroid barometer

When pressure is reduced, the box fills out and the lever moves down the scale. Since the
aneroid barometer is portable, it can easily be carried around for use in outdoor pressure
recordings. An aneroid barometer may be modified slightly to come up with other innovative
instruments used in measuring atmospheric pressure such as the barograph and the altimeter.
These two will be discussed in the next two sections.

2.3 An altimeter

An altimeter (figure 33) measures the decrease or increase in the atmospheric pressure as one
ascends above the surface of the earth.
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Fig 33: An altimeter Downloaded from http://geometrytech3.wikispaces.com/file on
23/5/11

An altimeter is mostly used by mariners at sea and aviation personnel when flying aeroplanes.
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2.4 The barograph

Another instrument, which is derived from the barometer, is the barograph. The barograph is an
improvement on the aneroid barometer. Instead of a fixed scale, there is a revolving drum
(cylinder) to which is attached graph paper (scale) which records changes in the atmospheric
pressure for a number of days in a week. The revolving cylinder works on a clock (watch)
mechanism and keeps the barograph working. The changes in pressure are recorded by an arm
(initially the pointer mechanism of a barometer) which now has a pencil attached to it and
placed against the graph paper. Figure 34 shows a diagram of a barograph.
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Fig 34: A barograph

The above structure is usually mounted in a glass casing. Carefully look at the barograph given
above. Notice the similarities between the barograph and the aneroid barometer.

Now that you have learnt about atmospheric pressure, it is time to do an activity based on it. Try
the next activity to see how much you have understood.

Activity 2
State whether the statement is true or false.

1. (a) Air pressure can be measured
(True/False) [Imark]

(b) Air has no weight
(True/False) [1mark]
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2. Mention two instruments, which may be used to measure air pressure. [2 marks]

3. Explain briefly how a mercury barometer works. [2 marks]

4. Name two users who may need, on a daily basis information about air pressure.[2
marks]

Total = [§ marks]

Feedback

Now check for the correct answers for the activity you have just completed below.
1. (a) True (b)False

2. Mercury barometer, Aneroid barometer, Barograph, Altimeter.

3. When air pressure increases it pushes onto the surface of the mercury in the bowl causing
the mercury in the glass tube to rise. When air pressure decreases it exerts less pressure on the
surface of mercury causing the mercury in the glass tube to fall.

4. Aviation people, Mariners (Navigators), Meteorologists.

Information on air pressure is used to predict the occurrence of weather conditions such as
cyclones and depressions, and the movement of wind patterns. Changes in air pressure on a
daily basis are caused by temperature and humidity. You will realise that the more water vapour
a parcel of air contains the more lighter it becomes. Initially, this may sound wrong but it can
be easily explained. When water is present in a volume of air it pushes out an equal volume of
dry air to occupy that space. But water vapour is lighter than the dry air it displaces and so the
volume of air remains the same but the weight is reduced.

The information is also used to make isobaric maps. Isobaric maps are maps drawn by joining
areas, which have equal readings (amounts) of air pressure. They show us areas of low pressure
and high pressure and they can be used to find the pressure gradient. Pressure gradient refers to
changes in movement of wind (speed) between two isobars. When the isobars are close together
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wind speed is high and the pressure gradient is said to be high.

7

Summary

3.0 Summary

In this topic you have learnt measuring and recording wind direction and wind
speed and how the information may be used. You have also learnt that information
on wind direction and speed can be presented in symbols to make synoptic charts.
In regards to air pressure you learnt that air has weight which it exerts over the

ground and that it can be measured using a barometer. You also learnt that pressure can be
affected by changes in the temperature of the atmosphere and land areas. Lastly you learnt about
the instruments used to measure atmospheric pressure and how they work.

To reinforce what you have learnt, do the relevant assignment at the end of the unit. Feedback is
also provided to correct you.

In the next topic we are going to look at the wind systems and various pressure belts. This
section is very closely linked to what we discussed in the topic or winds and air pressure. We
will close our discussion on weather elements by looking at the weather charts and photographs.

Topic 5: Wind Systems, Weather Charts and Photographs

Introduction

In this topic you are going to learn what causes wind to move from one place to another. You

will also learn about the effects of rotation on winds, the types of wind systems in the world and

how they move. You will also learn more about synoptic charts and weather photographs.

Topic Objectives

At the end of this topic you should be able to:

explain why air moves from one place to another
describe the movements of wind systems on earth

read information contained in a synoptic chart or
weather photograph.

1.0 Wind Systems

You have probably felt and seen the effects of air when it moves in the areas around you. You
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may even have been affected by the wind, which at times causes damage to property. Can you
think of any such damages? You probably mentioned damage to houses, trees being uprooted
and influx of storms and floods in your area. But do you know what wind is? It is something
you feel, see and hear every day. Do you think you can describe it?

If you said that wind is the movement of air from a high-pressure area to a low-pressure area,
then you are correct. The development of pressure cells influences the movement of the wind. 1
am sure that at this point you are curious to know what pressure cells are.

1.1 Low and High Pressure Cells

A pressure cell develops in an area where there is either warm air rising or cold air descending
(coming down) continuously in an area. Rising warm air creates less weight above the surface
of the earth. So an area where air rises has a lesser weight of air above it and it is referred to as
an area of low pressure. On the other hand, a high-pressure cell will be found in an area
where cold heavy air descends over an area of the ground. The accumulation of air above the
ground increases the weight of air over such an area which is then known as a high-pressure
area. Study figure 35 showing low and high-pressure cells.

Molecules Molecules
get closer get farther
together apart and
and outward outward
pressure pressure
incieases decreases

high pressure

Fig 35: High and low pressure cells
Note the behaviour of molecules contracting at high pressure and expanding at low pressure.

Now, let us look closely at how low or high pressure zones are formed.

1.2 Formation of High and Low Pressure Zones

The movement of warm and light air upwards and outwards from a source area creates more
space for air from surrounding areas to fill in. This space is usually filled or occupied by air
moving in from areas which have a lot of cold heavy air. Figure 36 shows how this process
occurs.
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Fig 36: The formation of low and high pressure zones

You have learnt about pressure in this topic and in the previous topic as well. Before we go on
and discuss the world pressure zones, attempt activity 1 that follows to test your skills and see

how much you have learnt.

Activity 1

1.  Whatis wind? [1 mark]

2. Name the sense organs that can be used to detect wind. [1 mark]
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3. Explain the formation of [2 marks]

(a) alow-pressure cell

(b) ahigh pressure cell

4. Describe the movement of wind. [1 mark]

Total = [SMarks]

Feedback

Here is feedback. Check for the correct answers.

1. The movement of air (air in motion) from a high-pressure zone to a low- pressure zone.
2. (a) Hearing (ear), Touch (feel), Eyes (sight).
(b) A low pressure is an area on the earth’s surface where warm air is rising and

moving away from that area.
3. A high pressure is an area on the ground where cold air is descending on that area.

4. From high pressure (cold areas) to a low pressure (warm areas).

63




I hope that activity went well for you. Let’s now read more about world pressure zones.

1.3 World pressure zones

Figure 37 is a simplified model of where the pressure belts (zones) on earth are found. You
would probably have assumed that air will rise from hot areas such as the equator creating a low
pressure zone (belt) and move across the sky and drop at the poles where it is very cold creating
a high pressure zone. The air would then migrate from the poles along the ground and end up at
the equator where it will be re-heated and caused rise to complete what would be the expected
circulation of air on earth.

The movement of wind and the development of wind patterns do not really follow the simplified
models described above. This is because the earth rotates and the rotation pushes the wind away
from following a straight path from one point to another. As a result we get a different picture of
how wind patterns develop on earth as can be seen in figure 37. The curving arrows indicate the
deflection of winds caused by rotation of the earth.

Fig 37: World pressure belts

Rotation, as already mentioned before, causes wind to be deflected to the left in the northern
hemisphere and to the right in the southern hemisphere. This is because the rotation is from west
to east in relation to a fixed point. The force, which deflects air, is called the coriolis force.

Now let us move on and see how pressure zones affect wind systems in the world.

2.0 Wind Patterns

We have already noted that the unequal heating of the atmosphere and earth surfaces result in
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the development of high and low pressure systems. Some areas on earth have a dominant
pressure system. Some of the areas with a dominant pressure system are:

. the equator which has a permanent low-pressure belt

. the horse latitude at about 30° south of the equator with a high-
pressure zone (also called the sub-tropical high pressure zone)

. the temperate latitudes at about 60° with a low-pressure zone (also
called sub-polar low pressure zone)

. the polar latitudes at around 90° that have a high-pressure belt.

Remember that we said the equator is an area of low-pressure. From the equator pressure belts
alternate, that is from low to high then low again. When warm air rises at the equator in the
Northern hemisphere it is turned right or eastward, and in the southern hemisphere, it is turned
left, also eastward.

As latitude increases, the coriolis force also increases. By the time the rising air reaches 30°
latitude it is moving almost due east. This gives rise to winds known as the north easterly and
south easterly trade winds. They each blow from the sub-tropical high pressure created by air
piling from above at latitude 30° into the permanent low pressure found at the Equator. The
piling up of cold air at 30° latitude is caused by the fact that as air moves it crosses latitudes that
are getting shorter and it has to occupy less space. As a result, it contracts and its pressure rises.

From 30° latitude (sub-tropical regions) the warm air moves into the temperate areas north and
south of the equator. This gives rise to winds known as the southwest winds in the northern
hemisphere and in the southern hemisphere they are called the northwest winds.

The cold winds which move from the low latitudes in the polar high pressure belt at about
latitude 90° north and south of the equator into the south polar low region (temperature region)
at 60° north and south meet with the warm air from latitude 30° north and south. The air from
30° and 90° meet at 60° and rise. In the north the incoming cold polar air is called the north east
wind and in the south it is called the southeast wind. We therefore have three major wind
systems in each hemisphere.

In the north these are:
. North East Polar Winds (from 90° to 60°N)
. The South West Winds (from 30°N to 60°N)

. The North East Trade Winds (From 30°N to 0°N).
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In the south these are:

. The South East Polar Winds (from 90°S to 60°S)
. The North West Winds (from 30°S to 60°S)
. The South East Trade Winds (from 30°S to 0°S).

Look at figure 38. It will help you get a better understanding of wind patterns.
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Fig 38: World wind patterns

Notice that trade winds blow into the doldrums from both sides of the equator. Since the trade
winds converge here, the area where it all happens is known as the Inter Tropical
Convergence Zone (ITCZ). The location of the doldrums belt changes with seasons. This also
changes the location of the ITCZ. When the northern hemisphere experiences summer the
doldrums area moves a bit further into the north causing the southern hemisphere’s tropical

region to move slightly across the equator into the northern region.
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To consolidate the content you have learnt so far, let us now attempt activity 2 that follows.

Activity 2

1. Explain briefly how winds would blow over the surface of the earth if the earth did

not rotate.[2 marks]

2. How does unequal heating affect the movement you described in your answer

above?[2 marks]

3. Explain why the region around latitudes 60°N and S is called the sub-polar low-

pressure zone. [2 marks]

4. Explain why the region around latitudes 30°N and S is called the sub-tropical high.
[2 marks]

Total = [§ marks]

Feedback

Look at the feedback below and see how well you performed. Remember the information in the
feedback forms part of your notes. Read it carefully.

1. The wind would rise over the equator and move into the polar region. Then it would
move from the polar areas into the equator again. If the two surfaces, the equator and
the polar were both hot (equator) and cold (polar) at the same time then the high
pressure created at the poles would spill air into low pressure areas at the equator.
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2. Rotation and surface heating can influence air pressure. When warm air travels across
latitudes (parallels) which are getting shorter it contracts and its pressure increases
since it has to occupy less space. In contrast, when cold air travels from the poles
across parallels that are getting longer it expands and has less weight since it can now
occupy a larger space. The scenario described above has led to the developments of
alternating belts of high and low pressure, by interposing the sub-tropical high pressure
zone between the equator and latitude 60°N/S. Instead of having two distinct opposing
pressure belts we now have more than one in each hemisphere at corresponding
intervals (latitudes).

3. The reason is because the area was mainly created by the influx of cold polar air into
the warmer temperate zone, itself created by the influx of warm air from latitudes 30°N.
The two air masses meet creating what is known as a front, and since the cold polar air
tends to influence the overall direction and temperature of air in this region, mainly a
cold region or polar region is formed.

4. The air moving from the equator is cooled in an area that is generally a warm sector;
the tropical region, and so it is like creating a sub-region within a larger region. The
sub- refers mainly to the fact that a smaller region has occurred within a larger region.
The name given is determined by the larger geographic area where the smaller region
has been created.

Now that we have discussed the wind systems and their pressure systems, we need to move on
and look at ways of interpreting synoptic charts.

3.0 Synoptic Charts

For each element of weather observed there are relevant symbols that are used when making
weather maps. Study the symbols shown in the chart below.
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Fig: 39 A synoptic Chart (Down loaded from http://1.bp.blogspot.com/ cgl0mgeCmD4 on
23/5/11)

The symbols are fairly easy to follow and master but, if you have difficulties in recalling them,
you don’t have to worry. Most synoptic maps have a key that will tell you what each symbol
used in the map means.

Maps which have symbols of weather superimposed above them are referred to as synoptic
charts. This is because they give the status of weather conditions in an area. Every synoptic
weather map has a key as stated above. Usually:

° each weather station is marked with a circle

o the maximum temperature for the day is usually shown to the left above the weather
station and the minimum temperature is shown to the left below the station.

° the wind direction is shown by means of an arrow pointing in the direction from which
the wind is blowing. The arrow head is the circle showing the weather station.

° the short lines on the wind arrow show wind speed. Each long line represents 10 knots
and each short line represents 5 knots.

° the cloud cover is indicated inside the weather station in eights (oktas) as shown in figure
39. There are special symbols, which are used to show precipitation as shown in figure 39.
If you learn these symbols you will find it easier to interpret weather maps.

69




To test how much you have learnt on synoptic charts. Attempt activity 3 that follows;

Activity 3

Study the synoptic symbols recorded at a weather station and answer the questions that
follow.

30
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1.  How much of the sky was covered by clouds? [1 mark]

2. What was the maximum temperature for that day? [l mark]

3. In which direction did the wind blow from? [1 mark]

4. At what speed was the wind blowing?[1 mark]

Total = [4 marks]
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Feedback

1 hope you did well. Here are the answers to the activity which you have just completed.

1. There were no clouds on that day.
2. It was 30 degrees Celsius.

3. From the east.

4. 1-2 knots.

Now that we have learnt about synoptic charts, let us now move on to weather photographs.
What do you think weather photographs are? To find out more read the section that follows.

4.0 Weather Photographs

What are weather photos? Weather photographs are remote sensing images taken by satellite
cameras, using radar waves. Radar echoes form images like television pictures on the
radarscope. Therefore ‘pictures’ may be seen of thunderstorms, hurricanes and other areas of
heavy precipitation. The images are formed when radar echoes are reflected from different
forms of precipitation such as snow, water droplets or ice crystals. Combined with other
information on weather, the pictures can then be used to make weather maps of an area. Figure
40 shows an interpretation of a weather photograph that has been converted into a synoptic map.

\Q

Fig 9: An interpretation of weather photograph - low pressure system

The above synoptic map was derived from a weather photograph showing a low pressure
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Summary

system. The isobars shown connect points which share the same atmospheric (air) pressure.
The closer the isobars, the stronger the winds are. Rainfall is sometimes determined by referring
to the isobars on the synoptic chart. Low pressure systems and cold and warm fronts as shown
in figure 40 are usually a good indication of rain. While synoptic charts do not distinguish
between the different types of winds, some do show wind direction and wind speed.

Now read the topic summary given below to consolidate your understanding.

Summary

5.0 Summary

@ In this topic you have learnt that wind circulation results from the movement of air

from high pressure to low-pressure areas. You have also learnt that the movement
of wind across the earth surface is not a simple two-way process whereby air
moves straight from the equator to the poles and from the poles into the equator.

You learnt that when the earth rotates (moving from west to east) air in the north is pushed to
the right and in the south it is pushed to the left. You learnt that as air moves across latitudes,
which are decreasing, it increases in pressure and the reverse occurs when it moves across
increasing latitudes. You have learnt about the development of wind systems and the movement
of the ITCZ. Finally, you learnt about how to interpret synoptic charts and weather photographs.

There is an assignment for this topic at the end of unit. Please make sure that you do that
assignment. Feedback for if is provided in that same section.

Unit summary

In this unit you were introduced to weather studies. You learnt a lot about the various weather
elements of temperature, sunshine, rainfall, humidity, cloud cover, winds and atmospheric
pressure. We looked at how these elements are measured and recorded. We also looked at the
factors behind some of these elements and their associated processes such as el Nifio and la
Nina. To round up this unit and see how much you have learnt and understood, go to the
assessment section at the end of this unit. When you have finished the assessment exercise post
it to the learner support centre for marking by your tutor. Make sure that you act on the
comments and corrections made by the tutor.
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Assignments

Assignment exercises are provided in this section. Make sure that you attempt all the
questions. For you to come up with a well written assignment you will need to consult as
many sources as possible. Feedback is provided below.

Topic One: Weather and Climate

1. Discuss ways in which altitude, aspect and ocean currents influence temperature?

Topic Two: Rainfall

1. With the aid of well labelled diagram/diagrams, explain how rainfall is formed.

Topic Three: Humidity and Cloud Cover
1. Why is the wet bulb thermometer wrapped in muslin?
2. Use the humidity table provided to measure the humidity of the two areas where:
(a) Dry bulb thermometer is 20°C when the wet bulb reads 18°C

(b) The reading for a dry bulb is 30°C when that of a wet bulb is 23°C

D

Dry Bulb Depression of wet bulb

Reading 1 2 3 4 5 6 7

(Degrees

Celsius)
30 92% 86% 79% 73% 67% 61% 55%
25 92% 84% 77% 70% 63% 57% 50%
20 91% 83% 74% 66% 59% 51% 44%

Topic Four: Winds and Atmospheric Pressure

1. Draw a wind vane and explain how it works.
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Topic

Five: Wind Systems, Weather Charts and Photographs

Discuss the process involved in the formation of a low and a high pressure zone

Feedback

Topic 1

Altitude

Aspect

The higher a place is the cooler it will be.

The temperature of the air drops by 6.5° C for every increase of 1000m (the normal
lapse rate).

Air at high altitudes is rarefied (have less dust and vapour) and temperature quickly
escapes.

Areas that are far from the equator get the midday sun at an angle.
For such areas the slope that is directly facing the midday sun will get more heat.

In the southern hemisphere the north facing slope will receive more heat than the south
facing slope.

In the northern hemisphere, the south facing slope will get more heat than the north
facing slope.

Ocean currents

Topic 2

Cold ocean currents flowing from cold regions lower summer temperatures in coastal
regions

Onshore winds blow over cold currents bring cold temperatures to coastal areas.
Warm ocean currents blow from the tropics towards the poles

Onshore winds blowing over warm currents bring warm temperatures to coastal regions.
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Rainfall is formed when water vapour which rises by convection, relief and frontal methods is
changed into water droplets by condensation. During condensation small particles of water are
formed which in turn develop into clouds. More infusion of moisture helps the water droplets to
grow until saturation occurs when the air can absorb no more moisture. The water-droplets
grow and fall down when they exceed the weight of air, giving rain.

Topic 3
1. Wet bulb in muslin
- So that it can show different readings from the dry bulb when humidity is low

- When humidity is low the wet muslin will cool the wet bulb thermometer and it will
show different temperature

- When humidity is high all thermometers will be exposed to more or less the same
conditions and will show the same temperature

2. Humidity
(a) 83%

(b) 55%

Topic 4

A Wind Vane

The wind vane is an instrument made up of horizontal arms pointing in the four main compass
directions. At the centre of the arms is a freely rotating vertical shaft, which has a horizontal
arrow on top. When wind blows, the arrow moves until it points at the direction from which the
wind is blowing.
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Topic S

Heated air expands, loses weight and rises

Expanding and rising air create an area of low pressure
It move upwards and outward from where it was heated
As it moves away it cools becomes heavy and drops
Cold heavy air descends on the ground

Descending air creates an area of high pressure
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Assessment

©O)

Time: 45 Minutes

Now that you have completed this unit, attempt the self-assessment exercise below. Make sure you spend some
time on it since it is meant to help you understand the unit fully. If you do not find it easy at first, go over the
unit again and then re-do it. Feedback is provided at the end to guide you.

l. Explain briefly the difference between weather and climate.
[2 marks]

2. Design a table. In one column write four weather elements. On the other column write the
instruments used to record/measure or observe them.
[8 marks]

3. What are the units used to record sunshine?[1 mark]

4, Explain the following terms: (a) Temperature, (b) Thermometer, (¢) Temperature range and (d)

Altitude [4 marks]

5. Describe how you would calculate the average daily temperature. [2 marks]

6. Describe the formation of convectional rainfall.[5 marks]

7. Name two types of rainfall other than the one mentioned above. [2 marks]

8. Mention three possible effects of both EI Nino and La Nina on the socio-economic development

of a country. [3 marks]

9. Explain the following terms: (a) Isohyets, (b) Rain gauge and (c) Front
[3 marks]
10. What is rainfall? [1 mark]
11. How would you use a rain gauge accurately to measure rainfall?
[4 marks]
12. Explain what happens to the readings in the wet and dry bulb thermometers if air is saturated.
[1 marks]
13. Explain how cloud cover may influence the temperature of an area.
[5 marks]

14. Explain the following concepts: (a) Humidity, (b) Dew point temperature and (c) Saturation
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[3 marks]

15. Name the instrument used for measuring humidity .[1 mark]
16. Which one of the following has the greatest vertical extend? [1 marks]
(a)  Cirrocumulus (©) Cirrus
(b)  Stratus (d) Cumulonimbus
17. There are four types of clouds according to appearance and height. These are:[4 marks]
18. What term is used to describe a situation where the whole of the sky is covered by clouds?
[3 marks]
19. Name the instrument used for measuring wind speed.
[1 mark]
20. Name any two instruments, which are used to measure atmospheric pressure.
[2 marks]
21. Name the units of measurement used to record pressure.
[1 mark]
22. What is an isobar? [1 mark]
23. Explain briefly how temperature affects pressure.[2 marks]
24. What causes movement of air? [2 marks]
25. Explain the difference between a high pressure and a low- pressure zone. [2 marks]
26. Why do winds get turned to the right in the north and left in the south? [1 mark]
27. What is the I.T.C.Z and what does it stand for. [2 marks]
28. What do we call a weather map produced using weather symbols?
[1 mark]

Total = [66 Marks]
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Feedback To the Unit Assignment

1. Weather is the state of the atmosphere observed over a short period, (24 hours
or daily) whilst climate is the state of weather recorded over a long period of
time (30 years).

2. Element Method of observation or measure
Rainfall Rain gauge
Humidity Hygrometer/wet and dry bulb
thermometers
Pressure Mercury or aneroid barometer
Clouds Eyes
Sunshine Sunshine recorder
Temperature Sixes or maximum and minimum thermometers
Wind direction Wind vane
Wind speed Anemometer
3. Hours and minutes
4. (a) The coldness or hotness of air or an object.

(b) An instrument for measuring temperature.

(c) The difference between the maximum temperature and the
minimum temperature.

(d) The height of a place above sea level.
5. Add the maximum and the minimum temperatures and divide by 2.

6. Conventional rainfall is formed when the ground is greatly heated during the
day especially in summer in the interior of continents. The warm air rising above
the ground collects moisture and is forced up quickly by convection
currents that result from the circulation of air between the ground and the sky.
The water vapour in the air is cooled; water droplets occur and give rain.
During condensation the water droplets give a lot of energy as they fall. This
energy produces electrical discharges that cause thunder and lightning.

7. Relief and Frontal

8. The effects of El Nino and La Nina of human activity are many. They can cause
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10.

11.

12.

13.

14.

15.

16.

17.

increase of poverty, decline in agricultural production, floods and destruction of
property and loss of life.

(a) A line joining areas with the same amount of rainfall.

(b)  An instrument used for measuring rainfall.

(c) The point where the two air masses of different temperatures meet.
1t is raindrops that fall from the clouds.

When measuring rainfall, the following procedures must be followed.

. First pour off all the water collected in the rain gauge
into a measuring cylinder or beaker

. Put the beaker/measuring cylinder on a flat and level
surface
. Bring your eyes to the level of the meniscus (surface)

and take your reading at bottom of the meniscus.

Both thermometers will show the same temperature readings

In a place where there are clouds. During the day clouds absorb and reflect most
of the incoming solar radiation.  They allow only a small amount of solar
radiation to filter through to the ground. This help to reduce temperatures. At
night clouds prevent radiation from the ground from escaping into space. This
causes the air to be warmer during the night.

When there are no clouds. There is too much solar radiation during the day and it
becomes very hot. At night radiation from the ground escapes into space and it
becomes cold.

(a)  The amount of moisture (water vapour) in the air.
(b)  Temperature at which water vapour condenses into water droplets

(c)  When air can no longer absorb water vapour

Wet and dry bulb thermometers (hygrometer)
D - Cumulonimbus
High clouds

Middle clouds
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18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Low clouds

Clouds of great vertical extent

Overcast

Anemometer

Mercury barometer

Aneroid

Barograph

Altimeter

Millibars (Mb)

It is a line joining all points with the same pressure readings on the ground.

When temperature increases it warms the air causing the air molecules to move
further apart thus needing to occupy a larger volume. This causes some of the
air particles to move away from and occupy another area (volume) away from
where they were being heated. When this happens the total weight of air over
that area is reduced creating a low-pressure region. When air is cooled it
contracts, occupies a smaller volume so more air can come in to fill the space it
leaves, for a comparable volume of warm air. This tends to increase the weight
of air above the ground surface creating a high-pressure region.

Movement of air is caused by cold air of high density and pressure over spilling
into areas of warmer air which contains less air of a lower density and
pressure.

A high-pressure zone is a region, which has predominantly cool or cold air
descending over the area, whilst a low-pressure zone has warm air rising above
it.

This is caused by the bulge of the equator and west to east movement of the
earth when it rotates.

LT.C.Z stands for the Inter Tropical Convergence Zone. It is where trade winds
converge.

Synoptic chart.

I hope you were able successfully complete this unit. If you still have areas that you are
struggling on, I suggest that you go back to them first and then proceed to the next unit.
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For further reading you should visit your study centres or your nearby library. These
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2. Collin Buckle, Weather and climate, Longman

3. Namcol, Geography Unit 1 Grade 11-12, Cambridge University Press
4. Pallister et al, Longman Geography for GCSE, Longman
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Unit 4

Climate

Introduction

In the previous Unit, we discussed the difference between weather and climate. The world is divided
into different climatic regions, each having its own climatic and natural vegetation characteristics. In
this unit, we will focus on the climatic regions of Africa. The audio cassette or clip will familiarise
you with these climatic regions. We will discuss the relationship between each type of climate and its
natural vegetation. The major African climatic regions to be addressed in this unit are Equatorial,
Savanna, Semi-desert and Desert, Warm Temperate Continental and the Mediterranean climates. We
will also discuss human activities and their impact on each environment. Our first lesson will,
however, focus on the climate types of Botswana which you are familiar with. This will, hopefully,
help you to understand what we mean when we are talking about climate types of other parts of
Africa. You will find these lessons interesting and easy to understand as you already have the
background knowledge on this unit from your Junior Secondary Course. In this unit we will be
looking at the following topics:

Topic 1: Botswana’s climate

In this topic we are going to discuss Botswana’s climatic characteristics. We will discuss the rainfall
and temperature patterns, the natural vegetation, human activities and their impact on the
environment.

Topic 2: The equatorial climate

In this topic we will be looking at the climatic characteristics of the equatorial region in Africa largely
in terms of temperature and rainfall. We will also look into how these climatic conditions influence
the natural vegetation of the region and the human activities taking place in the region.

Topic 3: Tropical savannah climate

This topic is about the tropical savannah climate. In this topic we will be discussing the climatic
characteristics of the region where we will look at the temperature and rainfall patterns. We will also
look at the natural vegetation of the region, the human activities associated with the climate of the
region and their impact on the environment.

Topic 4: Tropical desert climate

In this unit we are going to look at the climatic characteristics of both the true desert and the semi
deserts. The two are similar in temperature and rainfall characteristics but there are also some
variations. The natural vegetation, human activities and their impact on man are also discussed.




Topic 5: Mediterranean climate

In this topic we are going to look at the climatic characteristics of the Mediterranean climate and then
move on to those of the warm temperate continental climate. In both cases we will also discuss the
natural vegetation, the human activities and their impact on the environment.

Upon completion of this unit you will be able to:

= jdentify and locate different climatic regions on a map
of Africa.

= discuss the location, climate, vegetation and human
activities in different climatic regions of Africa.

Outcomes
= explain the distribution of climatic regions in Africa
= jdentify and locate climate types of Botswana on a map.
= describe the climate of Botswana.
Time

Time You may spend 2 hours on each lesson. It is very important to understand each

lesson before you move on to the next one. Two hours is only a guide. You may
spend as much time as you need to understand the lesson. The 2 hours is inclusive of the topic self-
assessment exercise found at the end of the unit. On completion of the unit, you are advised to go
straight to the tutor-marked assessment that should take you 45 minutes to complete.

Teaching and Learning Approach

In order to promote active learning, we engage you in several activities. We keep asking you questions
that draw from your previous experience as the basis upon which you can learn new information.
There are also activities and assignments with their respective feedback. These are as much a part of
the learning process as they are part of assessment. You may also visit your local library. It may have
books that will help you understand the unit. If you have access to the internet you may also find in it
important information. You should not worry however, if you are unable to find such materials
because the unit has most of the information that you need. If you are registered with any distance
education provider, you are advised to make use of their learner support components such as study
centres, tutorials, radio programmes and counselling support. Study centres are resourceful in that you
may have access to additional resources like books, maps and videos. In addition, a study centre
provides an opportunity to meet and discuss the subject with other learners. Furthermore, remember
that your tutors are available to assist you with any difficulties you may be having in this unit.

An audio lesson has been prepared for you on climate. Make sure you listen to it when you get to that
section.




Terminology

Assessment

Each lesson has activities that you must do which will help you to understand the lesson. Feedback is
given immediately after the lesson. There are assignments for every topic and assessment exercises at
the end of the unit that will help you check how well you have understood the unit. Answers to these
exercises are provided so that you can correct you own work. It is advisable to go through the whole
unit or lesson again if you do not do well on these.

Glossary

Words that are difficult are explained in the glossary. You may also use a dictionary if you come
across other difficult words that do not appear in the glossary.

Deforestation: Removal, destruction or clearing of vegetation or woodland

Deciduous trees: Trees that shed their leaves during the dry season

Endangered Species or wildlife threatened by extinction

species:

Extinction: Complete disappearance of a species

Gully erosion: Removal of soil that produces steep sided valleys called gullies and dongas
Habitat: A specific environment in which an animal lives

Land

degradation: Destruction of the productive value of land

Wilderness: Undisturbed natural environments

Topic 1: Botswana’s Climate

Introduction

Before we begin our lesson on Botswana’s climate, you first need to listen to the audio clip on
climate. This audio clip will give you a good background to the different types of climate. Play it and
after listening you can continue with this topic. This audio has been supplied to you as part of the
package. If you are reading this from a computer, double click on the 01 Track 1.wma icon below.
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In this topic we will studying the climate types of Botswana. We




will identify and locate these regions on maps. This will be followed by a discussion on the climatic
and vegetation characteristics of these regions. The last part of this lesson will focus on human
activities in Botswana and their impact on the environment.

Topic Objectives
At the end of this topic you should be able to:
e identify and locate on the map, the climate types of Botswana

e discuss the climate types of Botswana under the following: location/distribution, climatic
characteristics and natural vegetation of each environment

e discuss human activities and their impact on the environment in Botswana

1.0 Natural Climatic Regions of Botswana

In the introduction to this unit you have learnt that the world is divided into climatic zones or regions.
Each region has its own climatic and natural characteristics. In the audio you played, it has been said
that Botswana’s climate is savannah or tropical continental climate. This is not quite true. Botswana
like many other countries in the world has more than one type of climate or natural regions. Study the
map on figure 1 showing the major climatic regions of Botswana.

— SN ARG

Fig 1: Major climatic regions of Botswana




Before we discuss these climatic regions, their location and distribution, answer the following
questions based on the map shown in figure 1.

Activity 1

Study the climatic map (figure 1) carefully and then answer the following questions:

1. Name at least three types of climate of Botswana as
shown on the map. [3 marks]

2. Which type of climate covers the largest area of
Botswana? [1 mark]

3. Which type of climate covers the smallest area? [1 mark]

Total = [S marks]

o responses:

o tropical sub-humid
o semi-arid or semi-desert
e arid or desert
2. The type of climate covering the largest area is semi-arid or semi-desert

3. Desert or arid climate covers the smallest area

In this activity you have learnt that Botswana’s main types of climate are Tropical sub-humid, semi-
desert and desert climates. According to this map, the sub-humid climate covers the northern and
south eastern parts of the country. The extreme south western part experiences desert or arid type of
climate while the rest of the country has a semi-arid climate. From this activity, you now understand
why Botswana is generally described as a semi-arid country. This is because this type of climate
covers the largest area of the country. Having learnt about Botswana’s climate types, let us now
discuss the climatic and vegetation characteristics.




2.0 Temperature

As can be seen from the map (figure 1), Botswana lies on both sides of the Tropic of Capricorn. The
country experiences hot summers with mean monthly temperatures of about 12°C. Temperatures of
over 40°C have been recorded on some summer days especially in the west and south western parts of
the country. The highest temperatures are usually recorded in December and January. Winter
temperatures range between 2°C and 19°C. Lower temperatures below the freezing point are often
recorded in June and July. Large diurnal (daily) temperature range is often recorded in winter. This is
because of the clear skies and absence of clouds and lack of moisture. During the day, temperatures
are high because of direct insulation and during the night the ground loses heat very rapidly. The
following activity will enable you to learn more about temperature variations in Botswana during
winter and summer.

Activity 2

Study the maps in figure 2 (a) and (b) showing temperature variation in Botswana and answer the
following questions:
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Fig 2 (a) and (b) Temperature variations in Botswana
1. State the January temperature at;

(a) Mahalapye

(b) Ghanzi

[2 marks]
2. State the July mean temperatures for :
(a) Tsabong
(b) Maun
[2 marks]

3. Which part of the country has the highest mean temperature in January?
[1 mark]

4. Which part of the country has the lowest mean temperatures in July?
[1 mark]

Total = [6 marks]




Feedback
Before you look at the answers, let me remind you that if a place lies between 2 isotherms, you give
the answer as a decimal. For example, a place lying between isotherms 25°C and 26°C is at 25.5°C.
The answers are then as follows.
1. (a) Mahalpye = 25.1°C
(b) Ghanzi = 25.6°C
2. (a) Tsabong = 11.9°C
(b) Maun = 16°C
3. (a) the south western part of the country has the highest temperatures in January
(b) the south western part of the country has the lowest temperatures in July
Having done this activity, the first thing you probably noted is that temperatures are generally high in

January (summer) and low in July (winter). There is also a temperature variation in the same season,
as you have noted the difference between Tsabong and Maun temperatures in July.

Now that we have discussed the temperatures experienced in the country, let us now focus our
attention on rainfall patterns in Botswana.

3.0 Rainfall

In order for you to know more about rainfall in Botswana, Let us look closely at the map in figure 3
which shows the distribution of annual rainfall in Botswana. Notice isohyets which are lines showing
places of the same rainfall in the country. They range from 250mm in the south western part of the
country to 650mm in areas around Kasane.
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Fig 3: Rainfall distribution in Botswana (Source: Silitshena and Mc Cleod,2003, page 38)

In order to describe Botswana’s rainfall, first attempt activity 3. As you do this activity, note how
rainfall is distributed in Botswana.

Activity 3

Study the maps on figure 1 showing Botswana’s climatic zones and rainfall distribution
(figure 3) and answer the following questions:




1. (a) Which area in Botswana receives the highest amount
of rainfall? [1 mark]

(b) How much rainfall does it receive? [1 mark]

(c) What type of climate does this area have? [l mark]

2. (a) Name two settlements in Botswana which have a
semi-arid climate. [2 marks]

3. (a) Which region receives the least amount of rainfall?
[1 mark]

(b) What type of climate is found there? [1 mark]

(c) Name one settlement in this climatic region.
[1 mark]

Total = [9 marks]

Feedback

If you have read the two maps well, you should have something similar to the following as your
response:

1. (a) The Chobe district or Kasane area receives the highest amount of rainfall.
(b) It gets more than 600 mm of rainfall
(c) The Chobe district has a tropical sub-humid type of climate

2. (a) Settlement with a semi arid climate are Ghanzi, Kang and Francistown.
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(b) This region receives rainfall of amount of 250-500 mm per annum.
3. (a) The south-western part of the country receives the least amount of rainfall.
(b) It has a desert or arid type of climate.

(c¢) Examples of settlements in this environment are Tsabong and Bokspits.

3.1 Rainfall Distribution in Botswana

From the map, we can see that Botswana is generally a low rainfall (semi-arid) country. The northern
parts of the country, especially the Chobe district gets the highest amount of rainfall. This area
receives more than 600 mm. The south-eastern part or area around Gaborone and Lobatse get more
than 500 mm. Rainfall gradually decreases from these areas to the west and south-western parts of the
country. Now that we know how rainfall is distributed in the country, we can conclude that
Botswana’s rainfall is low and unevenly distributed. The next two sections will introduce us to the
seasonality, reliability and variation of rainfall in the country.

3.2 Seasonal Rainfall

When do we get rainfall in Botswana? In order to answer this question, study figure 4 below, showing
the mean monthly rainfall for five places in Botswana

Month
Place J F M| A M|J|J|A|S |O|N D Total
Kasane 163 | 135 {98 |24 |4 |2 |- |- |2 |21 |71 | 149 | 669

Francistown 103 |82 |61 (24 |7 3|11 |6 |27]|59|90 | 464

Ghanzi 98 [82 |71 |35|8 |1 |- |1 |3 |21]|47 |66 |433

Gaborone 99 |83 |69 (44 |13 |5 3|4 15|44 |67 |88 | 534

Tsabong 51 |53 |53 (33|13 (7|22 |7 |15|27|35 |298

Fig 4: Variations in recorded annual rainfall in selected areas in Botswana (Adapted from
Silitshena and McCleod, 2003, page 37)

From the table in figure 4, you will notice that rain mainly falls between November and April. From
our discussions on Botswana’s temperature, we know that these are summer months and therefore, we
can say that Botswana has summer rainfall. The table also shows that there is very little or no rainfall
in winter, that is May, June and July.

3.3 Reliability and Variation of Rainfall
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We just mentioned that rainfall occurs in summer. Can we tell in advance when it starts and finishes?
In order to answer this question, study the table in figure 5 showing monthly variations in rainfall at
Francistown.

Fig 5: Monthly variations in rainfall for Francistown (Data from Botswana Meteorological
Department)

If you study the table carefully, you will observe that rainfall does not always start or finish as
expected. There are times when it comes as early as September and finishes as late as April.

The table in figure 6 shows the total annual rainfall of different places in Botswana. Do you think
those places always get the stated amount every year? Before answering this question, study the table
carefully.
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76/7 752 512 437
77/8 842 733 376
78/9 362 291 297
79/80 645 510 288
80/1 711 494 258
81/2 406 210 229

Fig 6: Recorded annual rainfall (in millimeters) (Data from Botswana Meteorological
Department)

The table in figure 6 clearly shows that there is a significant variation from one year to another. The
annual amount changes from year to year and therefore we cannot be sure of how much rain will fall
in a year. Because of this, we can conclude that Botswana’s annual rainfall varies a lot. Because of
these variations in rainfall, we sometimes have periods of droughts which are common in this country.
We sometimes have long periods of drought. Droughts sometimes alternate with periods of heavy
rainfall. Remember that drought is caused by lack of rainfall, rapid percolation of water into the
ground and a high rate of evaporation.

In the next section we are going to have a closer look at the types of rainfall in Botswana. Do you still
remember the different types of rainfall that we discussed in Unit 4? Which of these types do you
think are found in Botswana? Read on to find out.

4.0 Types of Rainfall

Did you know that Botswana experiences all the three types of rainfall that we discussed in the
previous unit? Botswana experiences conventional, relief and frontal rainfall.

4.1 Convectional Rainfall

This rain falls as heavy showers, often accompanied by lightning and thunder. Convectional type of
rainfall affects the whole country since it is caused by the heating of land or intense solar radiation.
Botswana is a very hot country with a high rate of evaporation. The hot air is forced to rises by
convectional currents. This air then cools and the water vapour condenses into water droplets to form
clouds and eventually rain falls.

I hope you can still recall that this type of rainfall usually comes in the afternoon and is associated
with thunderstorms and lightning. The other type of rainfall is relief rainfall. Do you still remember
how it is formed? Read about it in the next section.

13




4.2 Relief Rainfall

Botswana also receives relief rainfall. The moisture laden South East Trade Winds that blow in
summer from the Indian Ocean are forced to rise when they reach the Drakensberg Mountains. As this
warm and moist air rises, it cools and condenses into tiny droplets of water thus forming clouds. Some
of these clouds eventually reach Botswana bringing rainfall. The rain that reaches Botswana however
is smaller than the one that falls on the windward side of the Drakensberg Mountains. If you have
forgotten, go back to the previous unit where we discussed relief rainfall.

Another type of rainfall received in Botswana is frontal rainfall. Do you recall how this rain is
formed? Let’s read about it more in the next section.

4.3 Frontal Rainfall

Frontal rainfall comes in summer when the Inter Tropical Convergence Zone (ITCZ) moves
southwards into northern parts of Botswana and brings heavy rains. During this time moist air from
the south east and very warm moist air from the north west meet. The meeting of the two air masses is
called convergence and this rain is therefore called convergence or frontal rainfall.

Let us turn our attention to the conditions of the relative humidity, evaporation and winds in the
country. [ am sure you are familiar with these concepts from Unit 4 on weather.

5.0 Relative Humidity, Evaporation and Winds

In our previous unit we learnt that relative humidity and winds influence weather and climate.
Evaporation is a product of high temperatures.

5.1 Relative Humidity

From your previous unit, you learnt that relative humidity refers to the amount of moisture or water
vapour in the air at a certain period of time compared to the amount there would be if the air was
saturated. In Botswana relative humidity is low most of the time, though it is high during the rainy
season.

5.2 Evaporation

Botswana is a hot country therefore evaporation rates are high, at a rate of 2000mm per year. This
exceeds (is more than) the average annual rainfall which is about 450 mm.
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5.3 Winds

The prevailing winds affecting climate are both the north east trade winds and the south east trade
winds. As mentioned earlier, the convergence of the trade winds results in convergence rainfall in the
northern parts of the country.

By now you should be having a clearer picture of the type of climate that we have in Botswana. In the
next section we will be looking at the natural vegetation. This section is linked to what you have
discussed because the type of vegetation you have will depend on temperature and rainfall.

6.0 Natural Vegetation

If you were to travel around Botswana, you would come across a wide variety of plant species.
Vegetation is a very important natural resource. There are many areas in Botswana with the same type
of vegetation cover. The map on figure 7 shows Botswana’s natural vegetation types. Notice the
various types of vegetation shown in the key.
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Fig 7: Botswana’s natural vegetation types (Adapted from Silitshena and Mc Cleod, 2003, page
60)
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Vegetation in any place is controlled by the climatic and soil conditions. These vegetation found in
Botswana can be grouped into the following catrgories:

e Deciduous forests
e Savannah vegetation

e Aquatic vegetation

6.1 Deciduous Forest

As you can see in the map (figure 7) this vegetation is found in the extreme north eastern part of the
country, that is, the Chobe District. This area receives the highest amount of rainfall. Deciduous trees
shed their leaves during the dry season to reduce transpiration. Examples of such trees are mukwa and
mukusi. In between these grows bushes and scattered grasses. The picture in figure 8 shows what
deciduous forest vegetation looks like.

Fig 8: A deciduous forest

http://en.wikipedia.org/wiki/Deciduous - retreieved 26/05/11

6.2 Savanna Vegetation

Botswana has different types of savanna vegetation as shown in figure 9. This is due to difference in
the climatic and soil characteristics. Savanna types of vegetation in Botswana are as follows:
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a) Mophane Vegetation
This occurs mainly in the east and north east parts of the country that are free of frost. Short
coarse grasses and bushes grow in between these trees. Mophane trees also occur with other
types of trees like mokoba, morula and mowana.

b) Tree and Bush Savanna
From the vegetation map on figure 7 you can see that this vegetation occurs in semi-arid
regions with a rainfall amount of 400 — 600 mm. This vegetation consists of acacia thorn trees
and trees like mokoba, moloto and small bushes.

¢) Bush Savanna

This is also found in the semi-arid environments but with lower rainfall of about 300 — 400
mm. Bush savanna is characterized by scattered shorter trees, bushes and grasses.

d) Shrub Savanna

This occurs in the driest parts of the country where rainfall is below 300 mm. The vegetation
is characterized by thorn bushes, cacti and scattered grasses.

e) Grass Savanna
This is found at Mababe depression, Lake Ngami and Makgadikgadi saltpans. Grass savanna

consists mainly of short coarse or wiry grasses. During the rainy season, the soils here become
waterlogged. There are a few trees and bushes in this area.

Now that you know the type of savanna vegetation that we have in Botswana, let us now focus our
attention on aquatic vegetation.
6.3 Aquatic Vegetation

As the name suggest, these consists of water loving plants like reeds, water lilies and palms. Aquatic
vegetation occurs in the swampy areas of Okavango Delta and also on the banks of the Chobe River.

Having completed the discussion on vegetation, now it is time to do an exercise on what you have
covered. To see how much you have learnt, attempt activity 4 that follows.
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Study figure 9 and write down the type of vegetation represented by each picture

Activity 4

Fig 9: Types of vegetation

A. Vegetation type

B. Vegetation type

C. Vegetation type

D. Vegetation type

E. Vegetation type
Total = [S marks]

Source: Pictures compiled from
http://www.eoearth.org/files/112201 on 25/5/11

Feedback

You should have been able to match the vegetation description with the picture. The answers are as
follows:
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Picture A = Tree and bush savanna

Picture B = Aquatic savanna
Picture C = Arid scrub savanna
Picture D = Grass savanna
Picture E = Deciduous savanna

Vegetation, to a large extent determines what people do in their communities. Let’s now proceed to
the section on human activities.

7.0 Human Activities
Now that you are familiar with the natural regions of Botswana, let us discuss how the people interact

with their environment to make a living. Human activities are greatly influenced by the environment.
Before we discuss these activities in more detail, let’s attempt the exercise that follows.

Activity 5

Complete this table by filling in 3 human activities for each region of Botswana

Chobe District

1. 2. 3.
Okavango Delta

1. 2. 3.
North East and South East

1. 2. 3.

Central and South West Region

L. 2. 3.

Total = [12 marks]

Feedback

In Botswana human activities include;
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Chobe District: Tourism, crop farming and fishing

Okavango Delta: Tourism, crop farming and fishing

North East and South East Region: Tourism, crop farming and pastoral farming
Central and South West Region: Tourism, pastoral farming, hunting and game farming

From activity 5, you now are familiar with important human activities. Now, let us find out
more about them.

7.1 Crop Cultivation

Crop cultivation is confined to the eastern and northern parts of the country. These are the wetter parts
of the country with fertile soils. A variety of crops including maize, sorghum, millet, beans,
groundnuts, melons and peas are grown. Commercial arable farming also takes place on freehold and
leased land. Try to identify these areas on a map below in figure 10. Intensive irrigation is practiced in
the Tuli Block and Gaborone Block areas. Crops grown include vegetables and fruits. Extensive dry
land farming also takes place at Pandamtenga and Barolong farms. The main crops produced here are
sorghum, maize and watermelons.
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Fig 10: Land use map of Botswana (Down loaded from
http://wwwl.eis.gov.bw/ELS/SOER/Maps/ w/landuse jpg.jpg on 25/5/11)

Earlier on we discussed the climatic conditions of Botswana. What types of animals do you think are
suitable for the country’s climatic conditions?

21




7.2 Pastoral Farming

This is an important economic activity particularly for rural households. Climatic conditions and the
vegetation have made most parts of Botswana ideal for livestock farming. Pastoral farming is
practiced in most parts of the country. The extreme northern part of the country has fewer livestock
because of pests and diseases such as Foot and Mouth. Livestock kept in Botswana include cattle,
sheep, goats, poultry and in small numbers donkeys, horses and pigs. Cattle farming is very important
and has led to the establishment of a beef industry in Botswana.

7.3 Tourism

Vegetation in many parts of the country provides a good habitation for wildlife. Wildlife and
wilderness are the main tourist attractions in the country. There are game parks and reserves with a
considerable variety of wildlife. These together with wilderness areas such as Okavango Delta and
Makgadikgadi Pans are frequented by tourists. Tourism brings money to the country through
recreational hunting (hunting for sport or pleasure) and hotel accommodation.

In this section we listed the human activities as crop production, animal husbandry and tourism. These
activities are influenced by climate. Now that we have discussed these we need to look at how they
affect the environment.

8.0 Impact on Human Activities on the Environment

All human activities we have discussed in this topic have an impact on the environment and resources.
Let us now look at some of the consequences of human activities on the environment in Botswana.

8.1 Deforestation

In Botswana, deforestation occurs all over the country. You may be aware of what causes this problem
in your local environment. In many areas it is caused by uncontrolled cutting of trees, especially fuel
wood. In some cases, vegetation has been removed or cleared for crop cultivation, to provide fencing
material for the fields, used as building materials and timber. You will learn more about deforestation
in Unit 7.

8.2 Soil Erosion and Land Degradation

Study the diagram on figure 11 showing causes of these environmental problems.
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Fig 11: Causes of soil erosion

Figure 11 shows four human activities that cause environmental problems of soil erosion, land
degradation and desertification. The problem of soil erosion is due to poor methods of farming such as
ploughing up and down the slope and intensive cultivation of land. Overgrazing occurs in most parts
of the country and is increasing in intensity every year. This problem has led to many other problems
as shown in figure 11. Burning of bushes has also contributed to problems of soil erosion and
desertification especially in semi arid regions.

8.3. Poaching

The wildlife population has been reduced due to overhunting. To save the animals from extinction and
to protect the tourist industry wild animals are now protected by law and permit have to be obtained
before any killing is to be done. However, animals continue to be illegally killed for subsistence use
(for food), for their skins and other trophies.

8.4. Pollution

The tourism industry contributes to pollution. In some of the tourist areas there is indiscriminate
littering by tourists. Poor management of wastes by hotels and tourist resorts may cause water
pollution in rivers. These will be discussed in more detail in the unit on tourism.

@ 9.0 Summary

In this topic you have learnt that Botswana has 3 types of climate, namely tropical sub-
Summary humid, semi desert and desert climate. Botswana is generally described as a semi-arid
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country because this is a dominant climate. The country experiences hot summers with mean monthly
temperatures of about 26°C and cool winters at an average of 12°C. Extreme diurnal temperature range
is experienced in deserts and semi arid environments. This is due to clear and cloudless skies. High
temperatures are usually recorded before the rainy season. Extreme temperatures have resulted in
evaporation rates of about 2000 mm annually. Atmospheric moisture content is usually low because of
dry air. The country is characterised by uneven distribution and unreliable rainfall, with great
variations. Annual rainfall varies from less than 250 mm in desert region to 600 mm in sub-humid
region. The average rainfall is 475 mm.

Vegetation cover is influenced by soil and rainfall patterns. The dominant type of vegetation is
savanna which consists of deciduous trees mainly acacia, bushes and grasses. Forests occur in the
northern part of the country where the amount of rainfall is the highest. Swamp and aquatic vegetation
is found in the Okavango and along the Chobe River.

From the topic you have also learnt that various human activities in different environments of the
country are crop cultivation, livestock farming, fishing, hunting and tourism. All these activities
involve the use of natural resources. However, rapid population increase has exerted pressure on these
resources. The result is problems of deforestation, soil erosion, pollution, land degradation and
desertification.

You will need to use the information you have learnt in this topic to do the assignment at the end of
the unit. Feedback is also provided to correct you. In the next topic we will now move from Botswana
to look at the climatic regions of Africa starting with the equatorial region.

Topic 2: The Equatorial Climate

Introduction

We shall start this lesson by a brief introduction to the climatic regions of Africa. The rest of the
lesson will then focus on the equatorial type of climate. Here, we will look at both the climatic and
vegetation characteristics. Then we shall find out how human activities in this region are influenced
by climate and their impact on the environment. You were first introduced to the different climatic

environments of Africa at junior secondary level. With your background knowledge you will certainly
enjoy this lesson.

Topic Objectives
At the end of this lesson you should be able to:
° identify and locate in a map of Africa the equatorial natural region

° discuss the equatorial region under the following: location and distribution, climatic
characteristics and the natural vegetation

° discuss human activities in the equatorial region
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° discuss the impact of human activities on the equatorial environment

1.0 Africa’s Climatic Regions

Africa has the largest tropical area of all continents. The seasons for areas south of the equator are the
opposite of areas north of the equator. Most of Africa has a warm or hot climate. The highest
temperatures have been recorded in the Sahara Desert and the lowest in high mountains where snow
or frost occurs. Rainfall varies significantly from one area to another. Areas like the Congo Basin
receive high rainfall of up to 2 500 mm whilst others like deserts get little or no rain at all.

Africa can be divided into six climatic regions. These are the Equatorial Climate, the Tropical
Savanna Climate, Semi Desert, Desert Climate, Warm Temperate Continental and the Mediterranean
Climate. The map below shows the geographical distribution of these climatic regions.

African Climate Zones

B Equatorial

P Humid Tropical

[ Tropical
Sahelian

[ |
- Desert
|

Mediterranean

Fig 12: Climatic map of Africa (Downloaded from
http://www.empathosnationenterprises.com/ on 25/5/11)
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Now that you have an idea of the different climatic regions of Africa, let us look in more detail at the
climatic characteristics of the equatorial region.

2.0 The Equatorial Climate

The Equatorial Climate as its name suggest occurs along the equator between latitude 5° south and 5°
north of the equator. In Africa this climate occurs in the Congo basin and the lowlands of West Africa.
It does not extend to East Africa because the highlands there reduce temperature by about 15°. East
Africa therefore experience a modified equatorial climate which is more like the tropical savanna
climate. Study the map in Fig 12, the shaded area gives the location in Africa of the equatorial
climate. Notice that it lies along the equator but does not extend all the way to east Africa.

2.1 Climatic Characteristics of the Equatorial Region

The region lies in a low pressure belt called the doldrums. Conditions are the same throughout the
year hence there is only one season. It receives high rainfall of between 1250 and 3000 mm per year.
The region is hot and wet all year round. Temperatures are high because the sun is always overhead at
the equator. Daily temperatures range between 26°C and 32°C. Annual temperature range hardly
exceeds 3°C. Abundant cloud cover prevents temperature from rising above 32°C during the day and
from dropping below 22°C at night. The air is always moist. Heavy convectional rain falls almost
every day. It mostly comes in the afternoons and is accompanied by lightning and thunder. There is
very little difference between the wettest and the driest months.

The diagram in figure 13 is a good example of a climate graph for an equatorial region. Notice that the
temperature curve is almost a straight line. This indicates that temperatures are almost the same all
year round. There are no seasons like summer and winter. The temperature ranges from 27°c to 28°c.
The bar graph in figure 13 shows that there is no month without rainfall. Total rainfall stands at a high
of 2354 mm per year.

Average annual préecipitalian: 2354 mm
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Fig 13: Climatic chart of an equatorial area (Adapted from http://intranet.st-
peters.york.sch.uk/fileadmin/subjects/geography on 25/5/11)
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Now that you have learnt about the climatic descriptions of the equatorial climate, attempt activity 1
that follows before you proceed with this topic:

Activity 1

Study the climatic chart of Kisangani in DRC in figure 14 and answer the questions that follow
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Figure 14: Climatic figures for Kisangani (Adapted from
http://www.tour.tk/pics/weather/kisangani-climate-chart. On 25/5/11)

1. What features of this graph shows that it is an equatorial type of climate?
[2 Marks]

2. Why is there high temperatures and low daily temperature range in the equatorial

climate? [2 Marks]
3. Which month receives the highest rainfall? [1 Mark]
4. What is the rough annual temperature range of the area shown? [1 Mark]

—
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1. High temperatures and rainfall throughout the year

2. The heat of the sun’s rays is concentrated because the sun is always overhead the equator.
Extensive cloud cover, high humidity and heavy rains prevent temperature from rising highly
during the day and from dropping too much at night

September

4. About 1°c or 2°c

“w

Remember that we said the climate of this region is hot and wet throughout the year. Now that you
have covered the climatic characteristics of the equatorial region, what type of natural vegetation do
you think is found in this region? Read on to get the answer.

2.2 Natural Vegetation

This area receives a lot of sunshine, high temperatures and large amount of rainfall. These are very
good conditions for the growth of plants. The natural vegetation of the area has tall, broad leaved and
evergreen trees called the tropical rainforest. The rainforest is covered with dense trees of many kinds.
There are about 500 different species of plants growing in this region. These trees are found in three
layers:

o Upper layer: these are very tall trees that go up to 50 m high. These giant trees are supported
by their buttress roots that may go up to 3 m high. They form a continuous canopy above the
forest. The canopy provides shade for plants and animals from the scorching sunlight. Many
tropical birds, monkeys, apes, reptiles and snakes live in the canopy.

e Middle layer: these are trees that grow up to 30 m high. They include creepers or climbing
plants that use tree trunks for support.

e Lower layer: a layer of dense trees that grow up to 10 m in height. They are under constant
shade. Many smaller animals like anteaters and tree kangaroos live here.

The forest floor is always under the shade. Very little sunlight reaches the forest floor and very few
herbs and bushes grow there. The forest floor has poor soil. Insects and large mammals like gorillas
live on this layer. There are also many rivers due to the heavy rains. Study figure 15, notice the three
different layers of trees. There are also climbing plants that go up the tall trees for sunlight.
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Fig 15: Characteristics of the tropical rainforest

The vegetation has adapted to the wet and hot environment in the following ways:

Trees grow very tall in an effort to reach for sunlight. Very tall trees have buttress roots for
support. Creepers climb large trees to reach the top for sunlight.

Plants are ever green because of availability of water all year round. They have broad leaves
for transpiration.

The vegetation is dense because the condition are suitable for the growth of plants

Trees have shallow roots as the water is easily available at the surface.

There is continuous growth of vegetation due to constant heat and rain throughout the year.
Plants flower and produce fruits throughout the year

Trees have thin trunks and smooth barks as there is neither the need to store moisture in their
trunks and to protect themselves from cold weather.

There is little growth at the forest floor because of lack of sunlight.

When the forest for some reason has been cleared of its original vegetation, the secondary forest
develops. Secondary forest is not as luxuriant as the original vegetation. It is characterised by shorter
trees with dense undergrowth.

Now that you have completed the section on natural vegetation, attempt activity 2. Use the
information given in figure 15 to answer the questions. When you are finished, compare your work
with the feedback given.
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Activity 2

Using the picture in figure 15, identify characteristic features which enable the equatorial vegetation
to adapt to its environment.

Total = [3 marks]

Feedback
From figure 15 we can see the following features
o Trees that are growing very tall as they are always competing for sunlight
o Trees with straight trunks and branches lower parts enables them to grow straight
o Trees with large crowns to protect the roots from the sun sun’s heat
o Tall trees with buttress roots to support their great height

e Lianas climbing large trees to reach the crowns for sunlight

Now that we have discussed the climatic characteristics of the equatorial region it is now time to
discuss the human activities. After discussing the climatic characteristics, what do you think are the
most suitable human activities for this region?

3.0 Human Activities

Given the kind of climate of this area, you can probably guess the kind of human activities that could
be found here. Tropical rainforests have few people due to thick forests and unfavourable climatic
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conditions. The climate influences the way in which people live. Major activities of the equatorial
region include:

e Fishing, hunting and gathering
e Shifting cultivation
e Plantation agriculture

e Lumbering

3.1 Fishing, Hunting and Gathering

The pygmies of the Congo basin are traditional inhabitants of this region. They live by hunting,
fishing and gathering as there are plenty of foods like leafs, nuts, fruits, birds, animals and fish.

3.2 Shifting Cultivation

Some communities of subsistence farmers in the rainforest practise shifting cultivation which is also
called the slash and burn technique. These people clear the surrounding vegetation. The vegetation is
left to dry and then burned. The land is planted with crops like bananas, pineapples, yam, cassava,
cocoyam and coconuts until it loses its fertility. Once the fertility of the soil is exhausted they shift to
another fresh area.

3.3 Plantation Agriculture

Large scale farming of cash crop is done in plantations. Plantations are large farms covering several
thousands of kilometres usually specialising in the production of one cash crop. The equatorial climate
is good for growing a variety of crops including those that are grown for commercial purposes such as
rubber, cocoa, palm oil, coffee, tea, tobacco and bananas. Some of the plantations are owned by
international companies. After harvesting crops are sent to processing industries or for export.

3.4 Lumbering

Lumbering which is sometimes called logging, is the commercial cutting of trees for purposes of
making timber. There are many valuable trees that grow in the rainforest that are used to make good
timber such as sapele, iroko, mahogany and ebony. This has given rise to important timber industries
that produce timber used in making building materials and furniture.

Agriculture and lumbering contribute to the establishment of processing industries in the region.
Timber is used to manufacture wood products such as plywood, paper and boats. It is used in housing
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construction and for making railway sleepers. There are a number of industries that process
agricultural products. Some plantations have their own processing plants.

In this section we have discussed the human activities in the equatorial region. These are hunting and
gathering, shifting cultivation, logging and plantation agriculture. These activities have had a negative
impact on the environment.

4.0 Environmental Impact

Both the rainforest and man affect each other. The rainforest makes it difficult for people to carry out
some of the human activities in the region. Factors that impact on human activities include:

e The hot and wet conditions of the rainforest are good for the spread of diseases and insects
that affect man, his crops and animals. Dangerous pests such as tsetse fly and deadly diseases
such as malaria and yellow fever are common in this region.

e The region has high temperature. Hot and humid condition causes sweating and sometimes
even sunstroke.

e The dense forest makes it difficult and expensive to clear the land for developments. For
instance forest has led to the development of timber industries. However, it is difficult to
construct roads and the task of transporting logs from the forests is also difficult.

e The thin soil of the equatorial region loses its fertility very quickly once the forest is removed.
If the soil is exposed heavy rains make it lose its nutrients through leaching and soil erosion.

Human activities on the other hand have left a lasting impact on the equatorial environment. Some of
the negative human impact on the rainforest include:

e Deforestation is one of the major environmental problems in the region. Deforestation is the
cutting down of trees without replacement. The felling or clearing of land is done for the
purpose of cultivating crops, for extracting timber, for expanding settlements as the
population increases or to create space to build infrastructure. The tropical rain forest is
fragile. Once destroyed it is not easy to replace the original vegetation.

e Loss of wildlife as a result of overhunting and destruction of the ecosystem. Some of the
animal species in the region are threatened by extinction due to overhunting. Vegetation is
part of the ecosystem and if removed the ecosystem is disrupted and the habitat and food for
wildlife is destroyed. This has negative effects on wildlife.

e Soil erosion and land degradation occurs as a result of deforestation.

e Pollution arising from the use of fertilisers and pesticides as well as from processing
industries. These activities cause pollution of surface water, underground water and air
pollution with negative effects on people, plants and animals.

Now that you have covered the section on human activities and the environment, attempt the activity
that follows:
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Activity 3

What are the effects of deforestation on the environment? Pause for a minute and list at least
three of them.

Total = [3 marks]

Feedback

This includes:

(a) Soil erosion

Cleared land is exposed to heavy rains and winds which cause soil erosion.
(b) Declining fertility of the soil

The removal of vegetation affects the nutrients cycle because there will be no trees to replace humus
in the soil. Some of the nutrients will be washed away or removed through leaching

(c) Contributes to climate change

Deforestation contributes to changes in climate because of carbon dioxide and oxygen imbalance in
the atmosphere. Deforestation means less vegetation for taking in carbon dioxide and giving out
oxygen.

Now consolidate your knowledge by reading the summary given below.
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5.0 Summary
@ In this topic you have learnt that the equatorial region is mainly found between

latitudes 5° north and south of the equator. In Africa this climate is best developed
Summary along the west coast, from Guinea to Democratic Republic of Congo. The equatorial

region experiences heavy rainfall throughout the year, with a total amount of about 2
000 mm. Even though each month is wet, there are two wettest times in the year which occur just after
the equinoxes. Rainfall is mainly of convectional type, accompanied by lightning and thunder, and
this occurs mostly in the afternoons. Temperatures are high and almost uniform throughout the year.
The daily average temperatures are about 26°C and the annual temperature range is 3°C. Humidity is
high throughout the year (about 80%) due to heavy rains and high temperatures. The equatorial region
is a low pressure belt and this is known as the doldrums. Generally we can describe the equatorial
region as hot and wet throughout the year.

You have also learnt that this region supports luxuriant vegetation known as the tropical rainforest.
This consists of thousands of plant species that are well adapted to the environment. The vegetation is
evergreen and always growing. It is divided into three layers. The top layer of very tall trees (30-45 m)
forms a continuous canopy. The middle layer consists of tree ferns, lianas and epiphytes. Herbaceous
plants, ferns and saprophytes make up the bottom layer. Forest clearing has led to the development of
less luxuriant trees called secondary forest.

The equatorial region is sparsely populated. The early people lived as hunters and gatherers and the
more advanced tribes practised shifting cultivation. Plantation agriculture takes place producing crops
such as bananas, palm oil, rubber, cocoa, tea and coffee. The forest contains valuable timber such as
mahogany, makore and sapele resulting in the development of timber industries. The region however
may hinder development because the jungle is dense and inaccessible making land clearance and
developments costly. There are many diseases (like malaria) and pests. Soil fertility is declining due to
deforestation. The disappearing rain forest caused by humans is a major and global environmental
problem.

At the end of the unit, there is an assignment. You will need to use the information you have learnt
here to do that assignment. Feedback is also provided to guide you. In the next topic we are going to
look at another climatic region of Africa which is the savanna climate also known as the tropical
continental climate.

Topic 3: The Tropical Savanna Climate

Introduction

In the previous topic you learnt about the equatorial region. We said this region can generally
be described as hot and wet throughout the year. In this topic we shall look at another climatic
region of Africa called the savanna or tropical continental region. We will discuss and
describe the climatic characteristics and the natural vegetation of this environment. This will
be followed by a discussion about human activities on the savanna and their impact on the
environment. During our discussion, note the difference between the equatorial and savanna
environment.
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Topic Objectives

At the end of this topic you should be able to:

° identify and locate in a map of Africa the savanna climatic region

° discuss the climatic and natural vegetation characteristics of the savanna environment
° discuss human activities in the savanna region

° discuss the impact of human activities on the environment

1.0 Location and Distribution

The tropical Savanna climate is also known as the tropical continental or Sudan climate. It is called
tropical continental because it is found within the tropics, between the tropic of Cancer and the tropic
of Capricorn inside continents. It is also called Sudan type because it is best developed in Sudan. It is
found on both sides of the rainforest between 5° and 15° north and south of the equator. It stretches
from the equatorial zone to the desert and covers about one-fifth of the area of Africa. Study the map
on figure 16 which shows the distribution of this climate in Africa.
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Fig 16: Location and distribution of the savanna region in Africa

Notice that the shaded area on the map is on both sides of the equator. It also lies between the tropic of
Cancer and Capricorn. You can also see that this region surrounds the area in the centre which is the
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Equatorial climate. The savanna climate stretches to East Africa along the equator because the
highlands there have modified the Equatorial climate to Savanna like climate.

2.0 Climatic Characteristics

The Savanna climate is characterized by a hot and wet season during the summer months and a dry
and cold season during the winter months. Study the climatic graph of a town in this region. Figure 2a
shows the climate of Kayes, Mali in the northern hemisphere. Notice that rain falls mainly from June
to September, these are summer months in the northern hemisphere. The same graph for the southern
hemisphere will show rainfall and high temperatures between the months of October and February.
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Fig 17: Climatic graphs of a town in the Savanna (Adapted from

www.eldoradocountyweather.com/.../Kayes.html on 25/5/11)

Notice that in figure 17 the months of rainfall are also the months when temperatures are high. Read
the sections below for details on the temperature and rainfall of the region.

2.1 Temperature

Monthly temperatures ranges between 21°c and 32°c, making the annual range of about 11°.
Summers are best described as hot and winters as cold. The maximum daily temperatures are recorded
just before sunset in summer. Although temperatures are high in summer, when rain falls,
temperatures may drop due to the overcast sky and cooler atmosphere. The dry winter season is
associated with low period of sunshine.
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2.2 Rainfall

In the northern hemisphere the hot rainy season begins in May and lasts until September. The rest of
the year is cool and dry (winter). The situation is just opposite in the southern hemisphere. The rainy
season starts from October and lasts until April. From May to September the southern hemisphere
Savanna experiences winter. Study the climate graph in figure 17. You will note that rain falls when
temperatures are high (summer) and there is no rain in winter. This is because of the prevailing winds
that blow onshore in summer but are off shore in winter. In West Africa the north east trade winds
blow off shore from the Sahara desert. This dust laden wind is locally called the Harmattan. In
southern Africa the north east trade winds blow onshore in summer and bring rainfall.

In the savanna, rainfall differs from place to place. Around the borders of the equatorial region,
rainfall is quite high and decreases gradually towards the desert borders. The annual rainfall is about
762 mm and is mainly convectional. Humidity is high in summer due to high temperatures and
rainfall. In general the savanna region experiences hot wet summers and cool dry winters.

Now that you have covered the climatic characteristic of the savanna region, this is the right time to
complete the activity that follows.

Activity 1

Study the savanna climate graph in Figure 17 and answer the following questions

1. (a) In which hemisphere is this station? [1 mark]

(b) When does most rainfall occur? [1 mark]

(c) What is the annual temperature range for this region? [1 mark]

(d) Briefly describe temperatures just before period of maximum
rainfall [1 mark]

Total = [4 marks]
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Feedback
From this graph we can see that:

(a) Northern hemisphere, because rain falls when temperatures are high (in summer) May, June
and July are summer months in the northern hemisphere

(b) In June, July, August and September, which are summer months
(c) About 13°C

(d) The highest temperatures are recorded just before the period of maximum rainfall.

The natural vegetation is influenced greatly by rainfall and temperature. We said the climate of this
region is hot and wet in summer and cold and dry in winter. What kind of vegetation do you think will
be most suitable for these conditions? Read the section that follows to get the answer.

2.2 Natural Vegetation

Savannas are characterized by tall grass and scattered trees. Grass may grow up to a height of 2
meters. This vegetation is sometimes referred to as parkland vegetation. Savannah vegetation varies
with the amount of rainfall in a given area. In areas bordering the rain forest, trees dominate. There are
broadleaved trees some of which are evergreen and others deciduous. This type of vegetation is
sometimes called savannah woodland. As one moves further away from the equatorial rain forest the
dry season becomes longer and these areas bordering the desert is called savannah scrub. It consists
mainly of drought-resistant and fire-resistant open deciduous trees, thorn bushes or scrub. Figure 18
shows typical vegetation of the savanna region.

Fig 18: Typical savanna vegetation (Downloaded from http://www.savannas.net/luimages/w.gif on
25/5/11)
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In summer due to high rainfall and high temperatures, the veld is green with luxuriant trees and
grasses. The opposite occurs in winter. Some areas of the savannah region have low rainfall and a
long dry season. The vegetation have adapted to the long dry season in the following ways:

e Some trees have small leaves, others lose their leaves in winter. This prevents loss of moisture
through transpiration. Trees that lose their leaves in winter are called deciduous trees.

e Some trees such as the acacia tree have long roots to reach for water deep underground.
Acacia trees also have an umbrella shaped canopy to provide shade for the roots and trunk
thus conserving moisture.

e Some trees like the baobab tree store water in their trunks, others like cacti have thick
succulent stems for storing water.

e QGrasses wither during the dry season. Their roots remain dormant and when the rains come
they spring back to life.

e Trees grow separate from each other thus avoiding competition for water.

There are fewer types of trees in the savannah than there are in the rainforests. However, the seasonal
fall of leaves produces abundant nutrients and more fertile soils than found under tropical rainforests.
Fires are common because of the dry grasses and leaves which create fuel for fires. Termites, which
are many in this region contribute to soil formation and also build big mounds.

To test your understanding of the natural vegetation of the savanna that you have covered, try this
activity

Activity 2

Study figure 19 showing savanna vegetation during a dry season and a rainy season
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Fig 19: Savanna vegetation during a dry season and a rainy season

Briefly explain why this vegetation has the following features as labelled in figure 19.
[1 mark each]

a) Trees lose leaves during the dry season

b) The baobab tree has a thick trunk with a diameter of about 10m

c) Trees have Y shaped branches

d) Trees have long tap roots

e) Some trees have few leaves

f) Grass becomes straw like and die leaving only the roots during the dry season

Total = [6 marks]
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Feedback

a) Trees lose leaves during the dry season to reduce transpiration

b) The baobab has thick succulent trunks to store water

¢) Trees have Y shaped branches to conserve moisture around the roots

d) Trees have long tap roots to reach water and nutrients deep underground

e) Some trees have few leaves to reduce transpiration

/) Grasses die and leave roots to lie dormant while awaiting the rainy season and grow again

In short, the savanna vegetation can be described as having tall grasses and scattered trees while its
climate is hot and wet in summer and cold and dry in winter. These conditions affect the way in which
people live as discussed below.

3.0 Human Activities

What kind of human activities do yo