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UNIT 1: CLIMATOLOGY
LEARNING OBJECTIVES
Prior knowledge Grades 10 and 11
•
•

If you have studied this section before, you should only spend a few hours
revising it.
If this is the first time you have seen it, go through it carefully, making sure that
you know all the definitions and vocabulary words.

You should spend more or less 10 hours on this unit.
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1. TEMPERATURE, WINDS AND PRESSURE
Prior knowledge Grades 10 and 11.
If you have studied this section before, you should only need to spend a few hours
revising it.
If this is the first time you have seen it, go through it carefully, making sure that you
know all the definitions and vocabulary.

1.1.

Introduction

One of the best things about studying Geography is that it is about your world. You can
see all of geography, but most especially Physical Geography all around you all the
time. When you have finished this module, you will be able to look at a pretty cloud or a
mountain and understand how it was formed. You never know...you might even be able
to predict the weather!

1.2.

Revision (Grade 10)

1.2.1. Factors affecting temperature
Latitude:
The temperature drops as you go from the equator towards the poles.

Altitude:
The average temperature drops as you go higher above sea level as the air gets thinner
higher up, holding less heat.
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Distance from the sea:
The difference between the hottest and coldest
temperature (the temperature range) increases as you
go further from the sea.

Ocean Currents:
Most East coasts are warmed by warm ocean
currents e.g. the Agulhas Current and most West
Coasts are cooled by cool currents or upwellings
for example the Benguela Upwelling.
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Winds (air mass origin):
Polar winds (from the Arctic or the Antarctic) are cold. Tropical air (from the tropics) is
warm.

Aspect:
Places facing the sun (facing North in the Southern Hemisphere and South in the
Northern Hemisphere) are warmer than places facing away from the sun.
Topography: (Shape of the land surface)
In addition to aspect, topography affects the temperature as cold air sinks into the
valleys at night. (This is called katabatic flow)
Albedo: (% surface reflection) Surfaces that reflect a lot (high albedo - smooth, light
coloured surfaces) are cooler than surfaces that reflect a little but absorb a lot (low
albedo – darker rougher surfaces.)
Cloud Cover:
Cloudy places are cooler during the day and warmer at night than places without cloud.
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Did you know?
Even the driest desert has some moisture in the air. Water vapour is invisible. Clouds,
which you can see, are made of tiny liquid cloud droplets. When you can see your
breath on a cold morning, you are breathing out invisible water vapour which condenses
to form a visible cloud in the cold air.
1.2.2. Moisture in the atmosphere
Dry air is made up of two major gases, namely Nitrogen (79%), Oxygen (20%) and
several minor gases (including carbon dioxide) which make up about 1%.
Moist air has between 1 and 4% water vapour. The actual amount of water vapour in
the air is called actual humidity or absolute humidity.
It is difficult to measure absolute humidity, so we use Dew Point Temperature – Td to
tell us how much moisture there is in the air. This is the temperature at which cloud will
form.
Td greater than 20°C – Air very moist (humid)
Td between 15° and 20° C – Air humid
Td between 10° and 15° C – Air moderately humid
Td between 5° and 10° C – Air dry
Td less than 5° C – Air very dry.
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1.2.3. Precipitation
Precipitation is any form of water, liquid or ice that is deposited on the Earth’s surface
from the atmosphere.
Rain is made of liquid water drops that fall out of clouds.
Hail is made of small balls of hard ice that sometimes fall out of cumulo-nimbus clouds.
Snow is made of flakes of light feathery ice crystals that sometimes fall out of nimbostratus clouds, mostly commonly on high mountains where it is cold enough not to melt
the snow.
Sleet is frozen rain
Dew is liquid water that condenses directly on the Earth’s surface from the air. Dew
does NOT fall or rise. You can make your own dew by putting ice in a glass of water.
Dew will condense from the air on the outside of the glass almost immediately.
Frost is ice that forms directly on a very cold surface from the air.
1.2.4. Causes of rain, hail and snow
For rain, hail or snow to fall, air has to rise, cool and the moisture in the air has to
condense to form clouds.
There are four basic ways air can be made to rise (the word ‘convergence’ is used to
describe all processes that cause air to rise. It is also used to describe air flowing
together).
1.2.4.1.

Wind Convergence

If two winds squeeze together (converge), the air between them is forced to rise.
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1.2.4.2.

Organic Convergence

When wind blows against mountains, it can be forced to rise and form clouds and rain.
This is called orographic convergence and explains why mountainous areas often
receive a lot of rain.

1.2.4.3.

Frontal Convergence

(The boundary between a mass of cold air and a mass of warm air is called a front).
Cold air is heavier than warm air. When cold air meets warm air along a front, it
squeezes under the warm air lifting it up and so causing it to cool and condense to form
cloud.

1.2.4.4.

Thermal Convergence

If air is warmer than the air around it, it will also be lighter than the air around it. Warm
air, caused by a veld fire, or a ground surface that has been heated by the sun, will rise.
This type of rising air is sometimes also called convection.
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1.3.

Revision (Grade 11)

1.3.1. Winds and pressure
•
•
•

General circulation of the atmosphere
Coriolis Effect
South Africa’s position in the global wind system
1.3.1.1.

Atmospheric pressure

Definition, measurement and representation.
Did you know that the air helps to hold us together? If the air around you were suddenly
to be removed, you would explode!
The atmosphere is held close to the Earth by gravity in the same way that you are held
on the Earth's surface. The weight with which the air is pulled down toward the Earth is
called pressure. At the 'top' of the atmosphere (about 100km above the surface) the
pressure is so close to zero as makes no difference. At the top of Mount Everest, just
over 9000m above sea level, the pressure is about 1/3 of sea level pressure. At 50
000m, the pressure is about 10% of the sea level value. At the level of Johannesburg,
about 1500m above sea level, the pressure is about 80% of sea level pressure.

The change in pressure with height is called the vertical pressure gradient. Now you
might expect air to go rushing from the high pressure near the ground to the low
pressure higher up. Gravity prevents this from happening.
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The human ear responds to changes in pressure by 'popping' as pressure is released or
increased behind the eardrum as a person goes rapidly up of down. Travelling in a lift, a
car or a plane causes this to happen quite noticeably. Modern aircraft are 'pressurised'
to enable the passengers to survive with enough oxygen at 10 000m, the approximate
height at which most passenger jets fly.
While the vertical change is pressure can easily be felt by humans, it has little influence
on the weather. Far more important are the small changes in pressure horizontally
caused by different amounts of energy in different parts of the atmosphere. At Sea
Level, pressure varies from about 900 hPa in a severe storm to about 1040 hPa in a
calm high-pressure system.
1.3.1.2.

The representation of pressure

Synoptic charts (Pressure maps)
Maps such as this can be found at www.weathersa.co.za
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Figure 1 is a typical pressure map, showing the pressure patterns for South Africa on
the 3rd December 1999. It looks extremely complicated, but once you know how it
works it is very easy to interpret. Let us have a look at how this map was compiled.
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Figure 2 is an extract of a 'high' pressure from Figure 1. Figure 2a shows how the 1020
hPa isobar was drawn from the 'raw data' received from ships and automatic weather
stations. Notice the 1020hPa line goes between the 1024 and 1016 lines.
Each line is called an 'isobar' and is drawn by joining places of equal pressure.
Individual pressure readings are sent to central weather stations by ships and automatic
weather stations on land and sea.
Just as you can draw isobars from the actual figures, you can 'read' the pressure off the
map by looking at the isobars.

What is the pressure at 'X'? We can see that 'X' lies between the 972 hPa isobar and
the 964 hPa isobar. There is another isobar between these two. Each isobar is 4 hPa
apart, so the unnumbered isobar is (964 + 4) hPa = 968 hPa
OR
( 972 - 4)hPa = 968 hPa.
Point 'X' is halfway between the 972 hPa isobar and the 968 hPa isobar, so the
pressure at 'X' is 970 hPa.
This method of finding the pressure is called 'interpolation'.
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UNIT 2: YOUR TURN
LEARNING OBJECTIVES
At the end of this unit, you should be able to:
•
•

Answer questions on topics covered in Module 1.
Apply knowledge gained in this module.

You should spend more or less 4 hours on this unit.
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1. EXERCISE 1
Practice reading the pressure at different points on Figure A.
What would the pressure at 'X' be if 'X' was three times further from the 968 hPa isobar
than from the 972 hPa isobar?
As you can see from Figure A, areas of higher pressure are labelled with and 'H' and
areas of lower pressure are labelled with an 'L'
Relationship between pressure and wind - Pressure Gradient Force and Coriolis Effect
Guess what? Wind does NOT blow from high to low pressure on the Earth's surface. It
should, but it does not.
The force that causes wind to blow is called the pressure gradient force this force DOES
go from high to low pressure.

Unfortunately, it is not as simple as this. The wind caused by the pressure gradient
force is deflected by the spin of the Earth.
The wind is deflected in the opposite direction in the two hemispheres.
This deflecting 'force' is called Coriolis Effect.
In the Southern Hemisphere the wind is deflected to the LEFT.
In the Northern Hemisphere, the wind is deflected to the RIGHT.
As a result of this deflection, the wind tends to blow parallel to the isobars. If we go
back to the previous pressure map, we can draw winds blowing away from the high
pressure and being deflected to the left and INTO the low and still deflected LEFT.
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Over smooth surfaces, such as the open ocean, the Pressure Gradient Force and the
Coriolis Effect may be exactly balanced, causing the wind to blow parallel to the isobars.
This wind, parallel to the isobars is called the geostrophic wind. The Coriolis Effect
always acts at right angles to the wind. The Pressure Gradient force always acts from
High to Low pressure.

2. EXERCISE 2
Copy figures 4 and 5 on the next page.
•
•
•

Redraw them with Northern Hemisphere winds.
Clockwise around the High Pressure,
Anticlockwise around the low pressure.
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Synoptic Weather Maps
Synoptic weather maps are maps that record daily weather conditions at a moment in
time. Thus, a synoptic map is a summary map.
•

Weather: This describes the day to day changes in the atmosphere with
relation to air pressure, temperature, humidity, movement in the form of wind
speed and direction, cloud cover and fronts.

•

Time in synoptic charts show the weather of the day at 12:00 Universal Time
(UT). As South Africa is two hours ahead as the earth turn, it will be 14:00
South African Standard Time.

•

Weather stations are shown as a circle on land and as a ship when it is in the
seas. When a ∆ is shown, it refers to an automatic weather station with digital
electronic equipment.

•

Pressure is indicated by isobars that are lines on the synoptic map that are 4
hPa apart. Where the isobars form circular systems, it is known as a
pressure system. When pressure systems are high, it is known as anticyclones. There are three anti-cyclones: The South Atlantic High in the West,
the South Indian High in the east and the Kalahari High overland in winter.
Air flows outwards from the anti-cyclones and it is deflected to the left of the
anticyclone.

•

Temperature: This is shown as the actual temperature at 14:00 by the
number top left of the station and as a dew point temperature bottom left of
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the station. Note that these indications are not minimum and maximum
temperatures, but they indicate the humidity in an area that is calculated by
by subtracting the numbers from one another. If the numbers are close to
one another, it is wet and the further apart they are, the drier the air is.
•

On a synoptic map, air movement or wind is indicated by arrows or feathers.
A wind is named from the direction it is blowing. The feathers show the wind
speed: One feather is 10 knots or 18km per hour. Half a feather will be 5
knots which is 9km per hour.

•

Cloud cover: This is shown in the shading of the circle in the station and is
recorded in 1/4s and 1/8s. If the circle is black, it indicates overcast.

•

Fronts are shown with special symbols for a cold front and a warm front. In
South Africa there is no warm front weather, because warm fronts pass too
far South.
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Meteorologists do not always talk about 'High' or 'Low' pressure systems. They also
talk about cyclones (lows) and anti-cyclones (highs).
In the Southern Hemisphere cyclones (lows)rotate clockwise and anti-cyclones (highs)
rotate anti-clockwise.
In the Northern Hemisphere, cyclones (lows) rotate anti-clockwise and anti-cyclones
(highs) rotate clockwise.
If you are having trouble remembering this, remember that our Sensible (Southern)
hemisphere names them as they rotate - anticyclone, anticlockwise and cyclone
clockwise.
The Not-sensible (Northern) hemisphere, names them not sensibly - cyclone anticlockwise, anti-cyclone clockwise.

NB!

The most important thing to remember is that ALL cyclones are LOW
pressures and ALL anti-cyclones are HIGH pressures.

Look at the pressure map again (also known as a synoptic chart) on page 9. It shows
two large anticyclones (marked with an 'H'). The one in the South Atlantic Ocean (to the
west of Cape Town) is known as the South Atlantic Anticyclone or SAA ('So who is
surprised?) and the one in the South Indian Ocean is known as the South Indian
Anticyclone or SIA.
In the Southern Ocean, there are four cyclones on this map (one of them is very 'weak').
You will learn more about cyclones as storm systems in the Grade 12 module.
Wind Speed and Pressure Gradient
The closer together the isobars, the stronger the pressure gradient force. Since it is the
pressure gradient force that causes the wind, this means that the wind is strongest
where the isobars are closest together.
Global Scale Pressure Systems
For you to do:
On the Global pressure system map, below, provide labels
using the labels, a-j in the text that follows.
Label the low pressures with an “L” and the highs with an “H”.
As we saw earlier, differences in pressure cause a pressure gradient force, which in
turn causes wind. Wind is deflected by the spin of the Earth (Coriolis Effect).
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Pressure differences are caused by differences in energy.
There are basically FOUR different kinds of large-scale pressure systems (although in
detail there are more):
Low pressure is caused by adding energy.
The low-pressure zone along the equator, called the Inter-tropical Convergence Zone
(a) and Tropical Cyclones (b).
High Pressures (anti-cyclones) are caused by sinking dry air over the tropics. These
are the Sub-Tropical Anticyclones (c & d).
Low Pressures on the Polar Front (e & f) where differences in temperature and
opposing winds cause the Mid-latitude Cyclones (g & h).
High Pressures over the poles where cooling air contracts and becomes more dense,
creating the Polar Anticyclones (i & j).
Global Scale Wind Systems - The Primary Circulation

For you to do:
Using the text on the next page as a source, provide labels for A, B and C in the middle
block of the diagram above to name the winds on the right side of the diagram above.
Label High and Low pressures. Label the Highs (H) and Lows (L) in the right-hand
diagram.
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The zone of rising air near the equator is called the Inter-tropical Convergence Zone or
ITCZ Air flows into the ITZC from the tropics around the subtropical anticyclones. The
resulting winds are called the Tropical Easterlies (A). In the days of sailing ships, these
winds, which tend to blow steadily over the tropical oceans were referred to as the
Trade Winds. However, the term Tropical Easterlies is preferred today as it is a more
accurate description.
Just as the Subtropical Anticyclones drive the Tropical Easterlies on the equatorward
side of the anticyclones, so they drive the Westerlies (B) on their poleward side. The
Westerly Winds are very important as they drive the Mid-latitude Cyclonic storm
systems along the Polar Front. Sinking cold air causes the Polar Anticyclones

3. EXERCISE 3
On the Meteosat image below, label the ITCZ, the Sub-tropical Anticyclones.
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In the ITCZ, warm, moist air tends to rise, causing convective rain.
Once it has rained, the air leaving the top of the convective system is dry. It then sinks
over the sub-tropics where it warms by compression, causing it to be hot by the time
that it reaches the surface. The result is the hot, dry, high pressure zones that you now
know are called ‘Sub-tropical Anticyclones’.
This hot dry air spreads out of the anticyclones and become the Westerly and Easterly
winds described above. The Westerly winds carry the heat towards the poles and huge
swirling air masses develop along the boundary between the warm Westerlies and the
cold Polar Easterlies.
The warm air continues its journey toward the poles in the upper troposphere. In the
polar regions, air tends to lose energy, cool and contract, causing sinking. This sinking
cold air causes the Polar Anticyclone, which drives the Polar Easterlies.
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Seasonal shift of the wind belts
As the seasons change due to the movement of the sub-solar point, so the wind belts
move north and south. Not only do the pressure and wind belts move a few degrees
north or south, but the pressure systems strengthen and weaken with the seasons.
This seasonal shift is most noticeable over the continents and nowhere more so than
over Africa. This is because Africa has a compact shape and so the whole interior of
the continent is far from the moderating influence of the oceans.
The Primary Circulation of the atmosphere is described above. The primary circulations
are those that occur on a global scale and that can be seen throughout the year.
The Primary Circulation is studied in Grade 11, but you must know the names of the
wind and pressure systems described in this section to understand Grade 12.
In the Grade 12 Section to follow you will study the following wind systems.
Secondary circulations are embedded in the primary circulations and occur on a scale
of about 1 000 to 5000 km in diameter. These circulations include individual storm
systems such as:
•
•
•
•

•

•
•
•
•
•

Mid-latitude Cyclones (embedded in the Westerlies).
Tropical Cyclones (embedded in the Tropical Easterlies).
Easterly Wave storm lines (embedded in the ITCZ). Local movements of the
ITCZ are also considered part of the secondary circulations.
Sub-tropical Anticyclones, while part of the primary circulation, these have a
great influence on the path of secondary circulations such as Mid-Latitude
and Tropical Cyclones.
Monsoons, the seasonal winds of the tropics are part of the Tropical
Easterlies and are greatly influenced by the distribution of oceans and
landmasses.
Tertiary Circulations are local systems and include:
Thunderstorms,
The South African Berg Wind,
The Austrian Föhn and the Canadian Chinook.
Land and Sea Breezes and
Katabatic and Anabatic winds caused by land/sea interfaces and topography.
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ANSWERS TO EXERCISES
1. EXERCISE 1
971 hPa

2. EXERCISE 2

3. EXERCISE 3
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UNIT 4: GRADE 12 – EXAMINATION
GUIDELINES
•
•
•
•
•
•

There will be two papers during the examination.
Paper I (Theory) for 3 hours and 225 marks covering all topics.
Section A covers Climate and Weather and Geomorphology.
Section B covers Settlement Geology and Economic Geology of South
Africa.
Paper 2 (Map work) for 1 ½ hours and 75 marks covering grade 10 – 12 map
work knowledge.
Paper 2 covers the application of theory and map and photo interpretation.
Also, multiple choice questions covering the complete syllabus. Geological
techniques and calculations and Geological Information Systems are
included.
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1. OVERVIEW OF THE GRADE 12 SYLLABUS
1.1.

Climate and weather

1.

Mid-latitude cyclones
General characteristics
Areas where mid-latitude cyclones form
Stages of development
Cold front conditions
Warm front conditions
Occluded fronts*
Identification on synoptic charts and on a satellite image

2.

Tropical cyclones
General characteristics
Factors causing tropical cyclones
Areas where tropical cyclones form
Stages in formation
Associated weather patterns
Identification on synoptic charts and satellite images
Impact on human activities and the environment
Possible precaution and management of the effects

3.

Subtropical anticyclones and associated weather conditions
Factors affecting South African climate
Location of the high-pressure systems
General characteristics of the high-pressure systems
Anticyclonic circulation
Travelling disturbances: Midlatitude and tropical cyclones, line
thunderstorms, berg winds
Reading and interpreting satellite images and synoptic weather maps

1.

Valley climates Slope aspect
Anabatic winds
Katabatic winds
Inversions
Frost pockets
Influence on human activities (settlement and farming)

5.

City climates Reasons for differences between rural and urban climates
Urban heat islands
Pollution dome
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Ways to reduce the urban heat island effects

1.2

Geomorphology

Drainage systems of South Africa
1. Drainage basins
2. Drainage patterns
3. Drainage density
4. Types of rivers
5. Discharge of rivers Hydrographs, Laminar flow, Turbulent flow
6. River profiles
Cross profile
Longitudinal profile
7. Fluvial landforms
8. River grading
9. Rejuvenation Reasons
Landforms
10. River capture/Stream piracy
11. Catchment and river management

1.3

Rural settlement and urban settlement

1. Study of settlements Concept of settlement
Site and situation
2. Study of settlements Patterns
Size
Complexity
Functions
3. Rural settlement
3.1 Site and situation of the rural settlements
3.2 Classification of rural settlements
Patterns
Shape
4. Land use in rural areas
5. Rural settlement issues
5.1 Rural-urban migration
5.2 Rural depopulation and its consequences on rural areas
5.3 Ways to address rural depopulation
5.4 Social justice issues in rural areas
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URBAN SETTLEMENT
6. The origin of urban settlements
7. Site and situation of the urban settlements
8. Classification of urban areas
8.1 Function
8.2 Central place towns
8.3 Trade and transport
8.4 Specialized cities
9. Urban Hierarchy
10. Urban structures and patterns
11. Land use zones
12. Morphological structure of a city
13. Models of the urban structures
14. Urban settlement issues
14.1 Problems in the urban settlements
15. Environmental, economic and social injustice

1.4

Economic geography of South Africa

1. Structure of the economy
1.1 Economic sectors Primary, Secondary, Tertiary, Quaternary
1.2 Contribution of the economic sectors
Primary
2. Agriculture/Farming
2.1 The role of small- and large-scale farmers
Importance of farming
2.2 Main products
2.3 Factors influencing farming in South Africa
Promote/Favour
Hinder/Restrict/Limit
2.4 Food security and insecurity
3. Mining
3.1 Contribution of mining/Role of mining
3.2 Factors influencing mining in South Africa
Promote/Favour
Hinder/Restrict/Limit
4. Secondary and tertiary sectors
4.1 Contribution of secondary and tertiary sector
Secondary sector
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Types of Industries
Factors influencing
Industrial development and their location
Promote/Favour
Hinder/Restrict/Limit
South Africa’s industrial regions
Gauteng (PWV)
Ethekwini (Durban-Pinetown)
Nelson Mandela Metro (Port Elizabeth-Uitenhage)
South Western Cape
Strategies for industrial development
Post-apartheid industrial development
Spatial development initiatives
Industrial development zones
Informal sector Characteristics
Reasons for development
Challenges facing Informal Sector
5. Quarterly economic activities

1.5

Geographical skills and techniques

1. Mapwork techniques
2. Application and Photographs
3. Photographs used in mapwork
4. Application
5. GIS
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