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Learning Unit 2 (Geographic data: nature, sources and 
representation)  

 
The nature of geographic data: 
 
Distinguish between data and information: 
 
Data – unprocessed facts. 
Information – data that have been processed in order to add value. 
 
Example – Number of males (2 500) and females (10 000) in a neighbourhood; data 
is unprocessed raw data. Using these raw numbers information can be generated 
such as the females account for 80% of the population. 
 
Explain the term geographic phenomenon and geographic variable: 
 
Geographic phenomenon: 
- any phenomenon of which we can study spatial characteristics such as location, 
distribution and variation.  
 
We can distinguish between two types: discrete and continuous: 
• Discrete – not present everywhere. Think about sport fields, roads, nature reserves 
and dams. 
• Continuous – are present everywhere. Think about atmospheric pressure, height 
above sea level, temperature. 
 
Geographic variable: 
- Measurable property or characteristic of a geographic phenomenon. 
- Think of rainfall as a geographic phenomenon, because its characteristics varies 
across space. Not all places receive the same amount of rain. The variable can be 
the amount of rainfall can be measured at various places to get the quantity of 
rainfall and how it varies across space on a certain day or a certain period during the 
year. 
 
Establish the nature of geographic data: 
 
Geographic data can be described in terms of: 
 
1. Spatiality: 
 
- At this stage you already know that all geographical phenomena have an absolute 
and relative location, a spatial distribution and vary across space. 
 
2. Temporality: 
 
- The location of phenomena as well as their characteristics can vary over time. Thus 
it is important that when obtaining data, that it should ideally be for the same moment 
or period in time. It would be a futile exercise to compare incidences of HIV/Aids 
across Africa if the years during which data were collected in the different countries 
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do not coincide. 
 
3. Scale or resolution: 
 
Since the concept of scale has been addressed in Learning Unit 1 and will again be 
dealt with later in this learning unit, we only highlight a few crucial aspects here: 
 
•The scale of a map indicates the extent to which reality has been reduced to fit on 
the map. 
•There is a direct relationship between scale and the level of detail on a map. 
•As regards level of detail, consider how literacy levels vary across Africa on one 
map, and over South Africa on another map. The map of South Africa is at a higher 
level of resolution and thus offers more detail than the map of Africa. In addition, we 
cannot infer the literacy levels of provinces in South Africa from the map providing 
literacy level per country in Africa. We thus cannot “upgrade” low resolution data to a 
higher level of resolution. In contrast, we can use the data on a map providing 
literacy levels per province of South Africa to infer the average literacy level that is 
displayed for South Africa, and then to display that on a map of Africa. Thus data can 
be generalised by “downgrading” it from a higher to a lower level of resolution. 
 

 
 
4. Dimensionality: 
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5. Scale of measurement: 
 

 

 
 
Representations of the Earth: 
 
- Maps are most important tool used by geographers to show where things are 
located and represent geographic phenomena or situational contexts. 
 
There are a few key points related to maps we should be aware of: 
• Maps are scaled, 2D representations of Earth and are reduced and somewhat 
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distorted representations of a portion of Earth. 
• Maps can’t show everything on Earth with precise accuracy, and are therefore 
generalisations of reality. 
• Maps serve as an universal geographic reference and communication tool. 
• Information represented on the map gets chosen by the cartographer and is 
determined by the purpose of the map, which therefore is a simplified representation 
of reality. 
 
- The data that is represented on maps, through the legend, scale, geographic grid 
and symbology, aid map users in deriving real world information from maps.  
- Contour lines and indications of spot heights and trigonometric beacons allow map 
users to derive heights above sea level, gradients, characteristics of land forms and 
profiles from the map.  
Describing locations of places on Earth: 
 
* The geographic grid, also referred to as the geographic coordinate system, is the 
most important reference system used to describe the absolute location of places on 
earth. This is done with reference to the point where the Greenwich Meridian and the 
Equator intersect. This is then used to help us answering “where?” questions. The 
geographic grid is universally accepted and is also used to determine universal time. 
 
The purpose of the geographic grid: 
 
The main function of the geographic grid is to tell the time. 
 
The different characteristics of latitude (parallels) and longitude (meridians): 
 
Longitude: 
• Are meridian.  
• The location’s determined by a numbering system known as longitude. 
• Prime meridian – the meridian passing through the Royal Observatory at 
Greenwich, England = 0° longitude. 
• Meridian opposite the prime meridian is the 180° longitude. 
• Are a human creation. 
• All have the same length and run between the poles. 
• Plays important role in telling time. 
• By international agreement, Greenwich Mean Time (GMT) or Universal Time (UT), 
which’s the prime meridian, is the master of all points on Earth. 
• Earth rotates Eastwards.  
• The International Date Line for the most follows the 180° longitude.  
 
Latitude: 
• Are parallel. 
• The location’s determined by a numbering system known as latitude. 
• The equator is 0°, North Pole is 90° N and the South Pole 90° S on the latitude. 
• Are derived by Earth’s shape and its rotation around the sun. 
• The equator is the parallel with the largest circumference and is the place where 
every day as 12 hours of daylight. 
• Latitude could be measured by the length of daylight and position of Sun and stars 
in the ancient time.  
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The format in which absolute location is given: 
 
• The format is degrees, minutes, seconds, NO SPACE, then S (South) or N (North). 
• Degrees, minutes, seconds, NO SPACE, then E (East) or W (West). 
 
Example = 20°21'36"S;32°39'58"E 
 
S and E goes together and N and W goes together. 
 
How the geographic grid is used to determine universal time and date: 
 
* Lines of longitude help us to standardise time throughout the world by creating time 
zones. The world is divided into 24 time zones, of which each is one hour earlier or 
later than the previous (depending on the direction in which you travel over the 
Greenwich Meridian). In addition to time zones you should understand the 
significance and purpose of the International Date Line. This line (which, with a few 
exceptions coincides with the 180° line of longitude) determines the day of the year 
in the different halves of the globe. Crossing this line would mean that you either 
loose or gain one day – depending on the direction from which you cross the 
International Date Line. 
 
Determining absolute location: 
 
- Refers to the point where a line of latitude meets a line of longitude. 
 
Important things to know: 
• 60 minutes (') = 1 degree (°).  
• 60 seconds (") = 1 minute (01') 
• Latitude can vary between 0° (Equator) to 90° (Poles). 
• Longitude can vary between 0° (Greenwich meridian) and 180° (International Date 
Line). 
• The format is degrees, minutes, seconds, NO SPACE, then S (South) or N (North). 
• Degrees, minutes, seconds, NO SPACE, then E (East) or W (West). 
 
Example = 20°21'36"S;32°39'58"E 
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S and E goes together and N and W goes together. 
 

 
 
 
 

 
 
Determining relative location: 
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Terms to understand: 
 
True bearing: 
An angle measured from a base line which extends through true north. (We get this 
by using a protractor.) “Protractor-trick”. 
 
Magnetic bearing:          
An angle measured from a base line which extends through magnetic north. 
 
Magnetic declination:    
The angle describing the difference between the location of true north and magnetic 
north. 
 
Magnetic variation:        
The extent to which the magnetic declination changes over time.   
 
True north: 
Direction pointing to the geographical North Pole – located at 90° North latitude. The 
location of the North Pole doesn’t change.  
 
Magnetic north: 
Direction in which a compass will point. It is not a static point, but differs over time. 
Magnetic north is different for each location on Earth. 
 
Why do we need to calculate magnetic declination? 
 
• The magnetic north differs on Earth. 
• We need to calculate it so that we can determine the difference between true and 
magnetic north. 
• Magnetic declination will then help to navigate successfully with a compass. 
 
True bearing: (Protractor trick) 
 
- Refers to the size of the angle of bearing measured clockwise from the zero base 
line (the line from point of observation extending through true north). 
 
Method for measuring the true bearing from A to B: 
Follow these steps:  
Step 1: Draw a straight line joining A and B.  
Step 2: Draw a north line through A (the point of measurement).  
Step 3: Place the 0 of your protractor at the top of the north line.  
Step 4:  Moving in a clockwise direction from 0, read off where the line joining A and 
B touches the protractor 
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Magnetic bearing: 
 
Formula for magnetic bearing: 
Magnetic bearing = true bearing + magnetic declination  
MB = TB + MD 
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Method for calculating magnetic bearing 
Step 1: Measure the true bearing from A to B  
Step 1a: Draw a straight line joining A and B.  
Step 1b: Draw a north line through A (the point of measurement).  
Step 1c: Place the 0 of your protractor at the top of the north line.  
Step 1d: Moving in a clockwise direction from 0, read off where the line joining A and 
B touches the protractor.  
Step 2: Calculate the magnetic declination  
Step 2a: Work out the difference in years between the current year and year given 
on the map. Your answer must be in years. (Use the year that is printed straight after 
the words ‘true north’. You can ignore the month that is shown.)  
Step 2b: Multiply the number of years with the mean annual change (this is given on 
the map) to get the change since the declination was recorded.  
Step 2c: If the mean annual change is eastwards, then you have to subtract the 
change from the magnetic declination given. If the mean annual change is 
westwards, then you must add it to the given magnetic declination.  
Step 2d: Your answer is the magnetic declination for the current year. Magnetic 
declination is always west of true north.  
Step 3: Now add the true bearing to the magnetic declination. Your answer must not 
have a direction (north, south, east or west) because it is an angle measured only in 
degrees and minutes 
 
Example: 
MD = 18°,8 W = 17° 48’ W  
Change in years = 2012 – 1988 = 24 years  
Change since 1989 = 24 × 4’ = 96’ W = 1° 36’ W  
MD = 17° 48’ + 1° 36’ = 18° 84’ W = 19° 24’ W  
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TB = between 299° and 303°  
MB = TB + MD  = 301° + 19° 24’ MB  = 320° 24’ 
 
Magnetic declination 
 
Method for calculating magnetic declination  
Follow these steps:  
Step 1:  Work out the difference in years between the current year and year given on 
the map. Your answer must be in years. (Use the year that is printed straight after 
the words ‘true north’. You can ignore the month that is shown.)  
Step 2:  Multiply the number of years with the mean annual change (this is given on 
the map) to get the change since the declination was recorded.  
Step 3:  If the mean annual change is eastwards, then you have to subtract the 
change from the magnetic declination given. If the mean annual change is 
westwards, then you must add it to the given magnetic declination.  
Step 4:  Your answer is the magnetic declination for the current year. Magnetic 
declination is always west of true north. 
 
Worked example 1: If the annual change is westwards 
Mean magnetic declination (MD) 20º 10’ west of true north (1990.01)  
Mean annual change (AC) 2’ westwards (1985–1995) 
Calculating magnetic declination for 2012  
MD = 20° 10’ W of TN AC = 2’ W  
2012 – 1990 = 22 years  
22 × 2’ W = 44’ W  
MD = 20° 10’ W + 44’ W = 20° 54’ W of TN 
 
NB!!!!!  
For West its + 
 
Worked example 1: If the annual change is eastwards 
Mean magnetic declination (MD) 18º 50’ west of true north (1985.01) 
Mean annual change (AC) 1’ eastwards (1980–1990) 
Calculating magnetic declination for 2012  
MD = 18° 50’ W of TN AC = 1’ E  
2012 − 1985 = 27 years  
27 × 1’ E = 27’ E  
MD = 18° 50’ W – 27’ E = 18° 23’ W of TN 
Worked example: If the magnetic declination answer has the minutes greater than 
59’ 
Once you have done your calculation, if the magnetic declination for the current year 
has minutes greater than 59’ you need to convert the minutes to degrees.  
For example: MD = 23° 76’ 76’ – 60’ leaves 16’.  
The 60 minutes you subtracted equal 1 degree, which you add to the 23° to get 24° 
16’.  
Now look at the following worked example:  
Mean magnetic declination (MD) 31º 33’ west of true north (1990.08)  
Mean annual change (AC) 2’ westwards (1987–1993) 
 
Map projections: 
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*Transforming a spherical object (as the Earth) onto a flat surface (as a map) is not 
easy and therefore cartographers use mathematical projections to accommodate the 
required transfer. The transformation of a spherical object to a flat surface will distort 
some of the properties of the globe, such as distances, shapes, areas or directions. 
It is impossible to retain all these properties on one map. Therefore, it is the choice 
of the cartographer to decide which of these properties need to be preserved to 
support the purpose of the map. Thereafter, a projection is used to preserve the 
globe property we decided upon. 
The classification of projections according to the geometric principles on 
which the projection depends: 
 
Cylindrical Projection 

A cylindrical projection map is the most common type of map that we see. Imagine 
placing the movie screen around the globe in a cylinder shape. The projection that 
results is depicted in this image. Notice that areas close to the equator have very 
little distortion. However, the closer to the poles that one travels, the more distorted 
the map becomes. In this example, Greenland appears to be many times larger than 
it really is. Cylindrical Projection 

Cylindrion  
• Produce maps with straight, evenly-spaced meridians and straight parallels that 
intersect meridians at right angles. 
• Cylindrical projections are created by wrapping a cylinder around a globe and 
projecting a light source through the globe onto the cylinder. The cylinder is then cut 
along a line of longitude and laid flat.  
 
Conic Projection 

A conic projection map is created by placing a cone shaped screen on a globe. The 
resulting projection is more accurate than the cylindrical projection map discussed 
above. However, the further we travel down the map, the more distorted and less 
accurate the map becomes.                                                                                                                              
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• Produce maps with straight converging longitude lines and concentric circular arcs 
for latitude lines. 
• Conic projections are created by setting a cone over a globe and projecting light 
from the center of the globe onto the cone. The cone is then cut along a longitude 
line.  
 
Plane Projection 

A plane projection is created by placing an imaginary screen directly above or below 
a globe. The image that would result is called a plane projection. This type of map 
projection is not commonly used. 
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• Produce maps on which the longitude lines converge at the north pole and radiate 
outward. The latitude lines appear as a series of concentric circles. 
• A planar projection is created by passing a light source through the earth onto a flat 
surface (plane). In this example, the plane touches the earth at the north pole.  
 
Interrupted Projection 
 
There are many different types of interrupted projection maps. These types of maps 
try to depict the continents as accurately as possible by leaving blank space in the 
less important areas of the map, such as in the oceans. 
  

   
 
http://www.kidsgeo.com/geography-for-kids/0031-map-projection-types.php 
 
The classification of projections in terms of the properties of the globe that are 
preserved (size, distance, shape and orientation): 
 
Conformal maps preserve...?  
- Preserves local shapes and angles. 
Ex: Shapes, such as outlines of countries, look the same on the map as they do on 
the earth.  
 
Used on:  
-Topographic maps,  
-navigation charts,  
-weather maps  
 
Name four spatial properties on a map that are subject to distortion.  
- Shape 
- Area 
- Distance 
- Direction  
 
How will an object look if you want to preserve "area"? 
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•The size of a feature on the map is the same relative to its size on the earth. 
 
How will an object look if you want to preserve "distance"? 
•If a map preserves distance, then a line between one point on the map and another 
is the same distance as it is on the earth (taking scale into consideration).  

Azimuthal maps preserve...? 
• All directions are true from a single specified point (usually the center) to all other 
points on the map. 
• On an azimuthal map, directions from one central location to all other points on the 
map will be shown correctly. 
 
Used on: 

Navigation and route planning maps  
 
Equal Area map projections  
- Preserves areas. 
 
Used on:  
• Dot density maps,  
• thematic maps  
 
Equidistant map projection  
- Preserves distance from one or two specified points to all other points on the map. 
 
Used on: 
• Maps of airline distances,  
• seismic maps showing distances from an earthquake epicenter.  

Compromise map projections (combination of preserving 2 or more spatial 
properties).  
- No point is completely distortion free; distortion is minimized near the center and 
along the equator. 
 
Used on:  
• World maps  
 
Some important points (4) for you to remember.  
-Because of surface irregularities, the earth cannot be adequately modeled by a 
single spheroid. Instead, different spheroids are applied to different parts of the world 
to achieve local accuracy.  
-Locations on the earth's surface are measured with lines of latitude and longitude. 
The mesh of intersecting lines of latitude and longitude is called a graticule.  
-Latitude and longitude are measured in degrees, minutes, and seconds. 
-Decimal degrees (DD) are similar to degrees/minutes/seconds (DMS) except that 
minutes and seconds are expressed as decimal values. E 
 
Which term is used for map projections that preserve shape? Area? Distance? 
Direction?  
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-A projection that preserves shape is conformal.  
-A projection that preserves area is called an equal-area map.  
- A projection that preserves distance is an equidistant map. (No projection, 
however, maintains true distance to and from all points.)  
- A projection that preserves direction is an azimuthal map. (Again, no projection 
maintains true direction to and from all points.) 

*Distortion increases in relation to the surface area of the Earth that is being 
represented on a map. This happens because representing a larger area (like a 
continent) means that a larger part of the Earth’s curve is being represented and 
thus more distortion is caused. A map of a residential neighbourhood does not 
extend beyond the visual curve of the Earth (if the observer is standing within the 
area being mapped) but a map of the world includes the full curve of the Earth and 
will therefore be more distorted. 
 
The language of maps:  
 
What is meant with “the language of maps”?  
 
*The language of maps refers to the way in which maps communicate information to 
map users. The map language is primarily determined by the type of map, the data 
depicted on the map and the symbols used on the map to represent important 
information. In order to interpret a map correctly you need to understand, among 
other things, its locational context and orientation. 
 
*The locational context can be derived from the map title and the geographic data 
represented on the map. Being sure of the map’s orientation is important for 
descriptions of relative location and also because north is not necessarily towards 
the “top” of the map. The most basic indication of orientation is provided by cardinal 
direction and is represented on the map by either a compass or simply a north arrow. 
The geographic grid can be used to orientate a map, but this is not the primary 
purpose of the geographic grid and therefore most maps contain at least a north 
arrow. 
 

 
 

https://www.stuvia.co.za
https://www.stuvia.co.za


 

 

   

 

The symbols used to represent real world objects on a map: 
 
1. Point symbols:  
- are used to represent real world phenomena found in fixed locations in the area 
being mapped and generally take the form of dots, circles, letters or icons.  
2. Line symbols: 
- are used to represent real world phenomena which have a linear character (i.e. 
roads or rivers).  
- Line symbols generally take the form of lines, dot strings, double lines, contours 
and hatched lines.  
3. Area symbols/polygons: 
- are used to represent two-dimensional objects — such objects have a width and a 
length (think about a dam, a nature reserve, a shopping centre, a house).  
- Area symbols are differentiated by shading, colouring, crosshatching and dot 
patterns.  
 
* The basic properties which distinguish all map symbols from each other include 
colour, shape, size and orientation. All these symbols are defined in the map legend, 
along with other important information related to the map. 
 
Topographic map/physical map vs thematic map: 
 
Topographic maps: 
 
- A topographic map represents the physical characteristics of the Earth, like rivers, 
mountains, roads, towns/cities, etc.  
- A thematic map is focused on a specific geographic phenomenon (like rainfall, 
climate regions, population density, life expectancy, etc.) and displays the spatial 
extent, variation and pattern of that geographic phenomenon.  
- The most common types of thematic maps include dot distribution maps, qualitative 
maps, graduated symbols maps, choropleth maps, flow maps, cartograms and 
isoline maps. 
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Thematic map: 
 
- Can be used to convey information about many different geographic topics. 
 
2 primary considerations for each map type: 
1. Geography of the data relates to how information is collected + stored. 
   - Data = collected according to different kinds of spaces 
                 - POINT = a town on a national map 
                 - LINE = along a path or road 
                 - AREAL = a country 
2. Map symbols are selected to convey differences in data. 
       - Some symbols = display quantitative differences, such as rainfall totals + rates  
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         of poverty 
       - Other symbols = show different types of things, called nominal or categorical  
         data, for example = agricultural areas or location of different types of power  
         plants. 
 

 
 
Map scale: 
 
- A map scale is printed on all maps for the purpose of relating the map back to the 
real world, thereby enabling the map user to derive accurate real world information 
from the map. 
 
The three different types of scales: 
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SCALE     
-length on a map or globe and its relation to the same distance on the earth 
expressed as a ratio 
-way of reducing actual distance on the earth’s surface so that it fits on a map 
  
3 TYPES OF SCALES 
 
1.DIRECT STATEMENT-written words 
ie: 1cm to 1km/1cm represents 1km 
-This means that 1cm on the map represents 1km on the earth’s surface 
 
2. REPRESENTATIVE FRACTION-written in numbers as a ratio 
ie: 1:100 000 or 1/100 000 
-This means that 1cm on the map represents 1km on the earth’s surface 
 
3. LINEAR SCALE-divided line.   
Use a ruler to measure linear scale. 
ie:  -You will see that 1cm represents 1km on the earth’s surface 
-For conversion of DIRECT STATEMENT to REPRESENTATIVE FRACTION, 
multiply the number of  kilometres by 100 000 (number of cms in a km). 
-For conversion of REPRESENTATIVE FRACTION to DIRECT STATEMENT divide 
the number of kilometres by 100 000. 
 
•Large scale maps- scale of 1:1 000 000 or larger (ie: 1:250 000, 1:50 000, 1:10 000) 
-show a small area of the earth in considerable detail 
-usually topographic maps 
 
•Small scale maps- scale of 1:1 000 000 or smaller (ie: 1:5 000 000, 1:8 000 000) 
-show relatively large areas of earth in not so much detail 
-thematic maps 
 
(http://hrsbstaff.ednet.ns.ca/mcfadden/GEO10/Mapping%20Unit/scale.htm) 
 
The difference in the use of and the detail represented on a small-scale map 
and a large-scale map: 
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The map of Nakusp (1:20 000) on the left is a large-scale map in relation to the 
small-scale map of southern British Columbia (1:5 000 000) on the right. Scale ratios 
are representative fractions. When you see a ratio of 1:20 000, it means that the 
objects portrayed on the map are drawn at 1/20 000 their actual size. 1/20 000 is a 
larger fraction than 1/5 000 000, and thus the 1:20 000 map is of a larger scale. One 
can see how it could be considered somewhat counterintuitive: when you see a large 
number on a map in the millions, and the area covered by the map is large, you may 
lean toward that map as being ‘large-scale’ (our brains tend to associate ‘big’ with 
other things that are ‘big’). But this is incorrect. Those fractions are referring to the 
size of the object. 
 

- In other words: The larger the object appears on the map, the larger the 
map’s scale is. 

 
Large-scale maps are able to show more detail, since they can ‘zoom in’ on the 
features being displayed. Smaller-scale maps are more useful for giving broad 
overviews of large area. As a general rule, large-scale maps are considered to be 
anything greater than 1: 70 000; medium-scale maps are those between 1:70 000 
and 1:400 000; small-scale maps are those beyond 1:400 000 (for example, pretty 
much anything you’ll find on a world atlas plate; anything beyond 1:1 000 000 is very 
small). 
 
 
A map which depicts a small territory is referred to as a large scale map. This is 
because the area of land being represented by the map has been scaled down less, 
or in other words, the scale is larger. A large scale map only shows a small area, but 
it shows it in great detail. A map depicting a large area, such as an entire country, is 
considered a small scale map. In order to show the entire country, the map must be 
scaled down until it is much smaller. A small scale map shows more territory, but it is 
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less detailed. 
 
*The map scale is one of the first things you need to establish when you start 
working with a map. There are a few key points (outlined below) to take note of 
concerning map scales: 
•The map scale indicates the relationship between any distance on the map and the 
corresponding real distance on the Earth’s surface. This relationship does not 
depend on the measuring unit being used and is expressed as a ratio. For example, 
on a 1:10 000 scale map, 1 mm on the map equals 10 000 mm in reality and in the 
same way one length of your cell phone on the map equals 10 000 lengths of your 
cell phone in reality. 
•The accuracy of map measurements has important implications for small scale 
maps. Consider the implications if the map measurement that you made is 2 mm 
longer or shorter than the correct measurement. If using a 1:1 000 scale map, the 
real distance will be wrong by 1 m. However, on a 1:500 000 scale map, the real 
distance will be wrong by 1 000 m or 1 km. 
•Also remember the following: A word scale should always be simplified to represent 
easy-to-interpret real distances. Specific attention is drawn to the examples of word 
scales in Section A, page 57, figure 1-24. Never indicate a word scale as “one 
centimetre is equivalent to a thousand centimetres”, but rather as “one centimetre is 
equivalent to ten metres”. 
•A ratio scale on the other hand uses the same measurement unit before and after 
the colon (when represented as a ratio) or the same measurement unit for both the 
numerator and denominator (when represented as a fraction). 
 
*Converting map scales from one type to another is an important skill for a 
geographer and is based on a thorough understanding of scale and simple metric 
conversions. Map scale is also used to calculate real distances and real areas from a 
map.  
 
Converting distance and area: 
 
A rhyme to help to express real distance: 

 
 
Convert 6 200.5 mm to m: 
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Convert 10.75km to cm: 

 
 
Converting the size of an area from one metric unit to another. An area of 10.7km² is 
equivalent to 10 700 000m²: 

 
 
Alternative method to convert an area from one metric unit to another: 

 
 
Converting scale: 
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Calculating real distance and real area: 
 
Real distance: 
Formula Actual distance = map distance × scale  
AD = MD × S 
 
Method for calculating distance  
Follow these steps:  
Step 1:  Measure the map distance in centimetres.  
Step 2:  To convert to kilometres, multiply the map distance by 0,5 if on a 
topographic map, or by 0,1 if on an orthophoto to get km. To convert to metres, 
multiply the map distance by 500 if on a topographic map or by 100 if on an 
orthophoto. 
 
Area: 
Formula for area  
Area = Length × Breadth  
A = L × B 
 
Method for calculating area Follow these steps:  
Step 1: Measure the length in cm and convert to km or m.  
Step 2: Measure the breadth in cm and convert to km or m.  
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Step 3: Apply the formula A = L × B.  
Step 4:  Write the answer in kilometres squared (km²) or metres  squared (m²) 
 
Remote sensing technology: 
 
- In essence remote sensing refers to the process during which information is 
gathered about a geographic object over a distance without the object and 
measuring device being in physical contact.  
- In other words, you are observing it from a distance.  
- This includes observing the Earth from space, the atmosphere and even just from 
lower heights like the top of a building or a mountain. 
 
- The first vertical aerial photograph was taken of a French village from a hot air 
balloon in 1858. Although this aerial photograph does not exist anymore, other aerial 
photographs taken shortly after still do exist. Later in the 1800’s aerial photography 
was done using pigeons, kites and rockets, while aeroplanes were first used in the 
early 1900’s (Professional Aerial Photographers Association, 2015). The intended 
use of aerial photographs was focused on map making and surveying, both of which 
paid dividends during the first and second world wars. In 1960, the development of 
new methods and technologies to survey the Earth from a distance led to the 
introduction of the term “remote sensing” which included the use of satellites to 
survey significantly larger parts of the Earth (Baumann, 2009). Today, geo-spatial 
technologies allow us to gather visual data of the Earth on almost a continuous basis 
and at very high levels of resolution and then to use it in an integrative manner within 
a Geographic Information System (GIS).  
 
The type of data that can be gathered through remote sensing: 
 
Aerial photography: 
Aerial photography has two uses that are of interest in class exercises: (1) collection 
of detailed measurements from aerial photos in the preparation of maps; and (2) to 
determine land-use, environmental conditions, and geologic information (outcrop 
locations, lineation, etc). It should be noted that aerial photographs are NOT maps. 
Maps are orthogonal representations of the earth's surface, meaning that they are 
directionally and geometrically accurate. Aerial photos often display a high degree of 
radial distortion that must be corrected. Most GIS packages have some mechanism 
or work flow for correcting this distortion or you make an effort to find corrected data 
online. 
 
Types of Aerial Photography 
•Black and White: Older and lower cost surveys are collected on black and white 
media and coverage over the U.S. is essentially complete. Multiple generations are 
ideal for comparing for recent change detection of the land surface. 
•Color: More recent or higher cost aerial photo surveys are on color media and 
coverage over most key areas of the US are available but not always at zero cost. 
•Infrared: Primary use is vegetation studies as vegetation is a very strong reflector of 
infrared radiation. 
 
Satellite Imagery 
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Satellite imagery is collected by a host of national and international government, and 
private agencies. Most of this data is protected by copyright and use access has to 
be negotiated by individual users or institutions. Free access is possible through 
collaboration with NASA and NASA funded institutions. Data products span the 
useful electromagnetic spectrum in a variety of resolutions and it falls upon the 
instructor to consider the utility of this data in the instructional environment. In many 
cases, free or low-cost data has a resolution cell size greater than 100m/pixel thus 
this type of imagery often provides a big-picture regional view but may not provide 
detailed insight to geologic features found on the ground. Nonetheless, this type of 
data can be very useful in multi-scale analysis and to help students gain an 
appreciation for the scale of features on the ground that can have a substantial 
influence on the bulk reflectivity collected during satellite flyovers. 
 
Types of Satellite Digital Imagery 
Remotely sensed satellite data comes in two basic types, passively collected data 
and actively collected data. Passive data collection focuses on acquiring intensities 
of electromagnetic radiation generated by the sun and reflected off the surface of the 
planet. Active data collection is largely restricted to devices that send and generate a 
pulse of energy to that is reflected back to the satellite to be recorded. Most of the 
readily available data is passively collected and is limited to energy not absorbed by 
the Earth's atmosphere. Satellite imagery based on passive reflectivity comes in 4 
basic types, which are visible, infrared, multispectral, and hyperspectral. 
 
The type and resolution of the data that is collected is generally keyed to the mission 
of the satellite. Visible data consists of pixels composed of color values of red, green, 
and blue to make three bands of data on a raster image. Infrared imagery usually 
consists of the images that include the visible channels as well as some range of the 
infra-red spectrum. Multispectral data include up to 7-12 channels of data and 
hyperspectral can be up to 50 bands or more of data collected over discrete 
bandwidths of the electromagnetic spectrum. How all of this data is used goes 
beyond the scope of this site, but it's worth keeping in mind that there are a range of 
available products and it may require a great deal of research to determine what type 
of data is useful in the context of the field based exercise. 
 
http://serc.carleton.edu/research_education/geopad/imagery_data.html 
 
The technologies used to gather remotely sensed data: 
 
1. Active remote sensing: 
- Send a signal to the surface of the Earth + then record how it is reflected back. 
- Example – radar aerial photography + radar + microwave satellite sensors emit a 
radio wave signal that’s measured on return. 
- The frequency of the returning signal + the time it takes to return provide 
information about the shape, form + extent of the feature or features that reflect the 
radio waves back to the sensing device. 
 
2. Passive remote sensing: 
- Involves instruments (sensors) that simply record the radiation reflected from the 
surface of Earth. 
- Example – a camera records visible light reflected from the surface of the Earth and 

https://www.stuvia.co.za
https://www.stuvia.co.za


 

 

   

 

an infrared sensor records emissions of infrared radiation. 
 
Common applications of data obtained through remote sensing: 
 
Users: Application: Examples of questions: 
Marketing Analyse business markets Where do most of the 

clients of a business live? 
How far will they travel to 
the business? 

Real estate Select future business 
sites 

Where is the best site for 
the new KFC? 

Advertising Create the best media 
campaigns 

Where’s the best place for 
a billboard to advertise a 
rugby match? 

Medical rescue Vehicle routes + street 
addresses 

What’s the shortest route 
to an address where 
someone has been hurt? 

Large stadiums Develop evacuation plans What’s the best way for 
people to leave a stadium 
if a fire breaks out? 

Environmental 
management 

Manage natural resources How best to manage 
rivers, floodplains, 
wetlands, agricultural 
lands, forests + wildlife? 

Environmental impact 
analysis 

Study the influence of 
development on the 
environment 

What will the influence of 
a new highway be on the 
environment? 

Municipalities Zoning Where to place new 
business or housing 
developments? 

Electricity networks Manage electricity 
supplies 

Where are underground 
cables? How to manage 
electrical networks + track 
energy use? 

 
As with its varied types of data, the specific applications of remote sensing are 
diverse as well. However, remote sensing is mainly conducted for image processing 
and interpretation. Image processing allows things like air photos and satellite 
images to be manipulated so they fit various project uses and/or to create maps. By 
using image interpretation in remote sensing an area can be studied without being 
physically present there. 
The processing and interpretation of remote sensing images also has specific uses 
within various fields of study. In geology, for instance, remote sensing can be applied 
to analyze and map large, remote areas. Remote sensing interpretation also makes 
it easy for geologists in this case to identify an area's rock types, geomorphology, 
and changes from natural events such as a flood or landslide. 
 
Remote sensing is also helpful in studying vegetation types. Interpretation of remote 
sensing images allows physical and biogeographers, ecologists, those studying 
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agriculture, and foresters to easily detect what vegetation is present in certain areas, 
its growth potential, and sometimes what conditions are conducive to its being there. 
 
Additionally, those studying urban and other land use applications are also 
concerned with remote sensing because it allows them to easily pick out which land 
uses are present in an area. This can then be used as data in city planning 
applications and the study of species habitat, for example. 
 
Finally, remote sensing plays a significant role in GIS. Its images are used as the 
input data for the raster-based digital elevation models (abbreviated as DEMs) - a 
common type of data used in GIS. The air photos taken during remote sensing 
applications are also used during GIS digitizing to create polygons, which are later 
put into shapefiles to create maps. 
 
Because of its varied applications and ability to allow users to collect, interpret, and 
manipulate data over large often not easily accessible and sometimes dangerous 
areas, remote sensing has become a useful tool for all geographers, regardless of 
their concentration.  
 
http://geography.about.com/od/geographictechnology/a/remotesensing.htm 
 
25 uses of remote sensing: 
1. Determining soil moisture content using active and passive sensors from space 
2. Mapping with laser precision using Light Detection and Ranging technology 
3. Catching tax-evaders red-handed by locating new construction and building 
alterations 
4. Spinning the globe with mapping services like Google Earth, Bing Maps and 
OpenStreetMaps 
5. Predicting retail earnings and market share by counting cars in parking lot 
6. Snapping aerial photos for military surveillance using messenger pigeons in World 
War II 
7. Charging higher insurance premiums in flood-prone areas using radar 
8. Doing the detective work for fraudulent crop insurance claims 
9. Searching for aircrafts and saving lives after fatal crashes 
10. Detecting oil spills for marine life and environmental preservation 
11. Counting polar bears to ensure sustainable population levels 
12. Uncovering habitat suitability and fragmentation for panda bears in protected 
areas 
13. Identifying forest stands and tallying their area to estimate forest supplies 
14. Navigating ships safely with the most optimal route 
15. Measuring wind speed and direction for wind farms, weather forecasting and 
surfers 
16. Spying on enemies with reconnaissance satellites 
17. Delineating and assessing the health of riparian zones to conserve lakes and 
rivers 
18. Estimating surface elevation with the Shuttle Radar Topography Mission 
19. Extracting mineral deposits with hyperspectral remote sensing 
20. Watching algae grow as an indicator of environmental health 
21. Forecasting weather to warn about natural disasters 
22. Detecting land cover/use types for decision making 
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23. Monitoring the environment with the ESA’s Copernicus Program 
24. Mapping soil types for agriculture planning 
25. Preventing the spread of forest disease types 
 
For all 100 uses - http://gisgeography.com/100-earth-remote-sensing-applications-
uses/ 
 
The use of satellites and GPS technology in navigation and determining 
absolute location: 
 
*Satellite technology, and the vast network of satellites that have been established, 
provides numerous opportunities for gathering and sharing information across the 
globe. One simply needs a connection to the global satellite network to obtain and 
share information. One of the most common everyday uses of this network is GPSs 
(Global Positioning Systems). A GPS uses satellites to determine time of events and 
absolute location of objects (think about a person, a vehicle, a rhino, a house). The 
main application is related to navigation and real-time tracking of people, vehicles, 
aircrafts, ships, goods, etcetera. Since its initial development in the early 1970s for 
military purposes, the applications of GPS technology have only expanded and 
became so user-friendly (think about location-based services accessible through 
GPS-enabled smartphones) that it is currently very popular in the private domain and 
an essential element in many business operations. 
 
Absolute location gets determined by using satellites to get the exact degree, 
minutes + seconds of the object or image looked at. 
 
Geographic information systems  
 
A Geographic Information System (GIS) is a system which uses hardware and 
software to capture and analyse spatial data and display such spatial data in a 
variety of formats (especially maps). GIS is eminently suited to monitor and analyse 
different related phenomena that are spatial in nature in an integrated manner. 
 
The components and functions of a GIS: 
 
GIS:  
• GIS captures, stores and analyses geographic data. 
• Can be used to produce maps – are more accurate and attractive. 
• Each type of info can be stored in a layer. 
• Geographers use it to calculate if relationships between objects on the map are 
significant coincidental.  
• Layers can be compared – showing the relationships between different info. 
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The applications of GIS in everyday life:  
 
GIS has come to play an increasingly significant role in the way in which governance 
and business is conducted around the world. Many governments and organisations 
rely on GIS to inform decision making processes while GIS is also a very important 
component in the planning and monitoring of development projects and 
environmental management. GPS’s also uses it for navigating especially in cars. 
 
Guidance for preparation for MCQ’s: 
  
The nature of maps and the map symbols used on official South African maps: 
 
The main elements of a map:  
 
Maps serve 2 purposes: 
1. Reference tool – helping us to find the shortest route between places and not 
getting lost along the way. 
2. Communication tool – the best means for depicting the distribution of human 
activities or physical features, as well as for thinking about reasons underlying a 
distribution.  
 
Elements found on all maps: 
 
Distance or scale: 
Distance or scale must always be indicated or implied, unless the audience is so 
familiar with the map area or distance of such little relative importance that it can be 
assumed by the audience. Distance and scale can be indicated in a variety of ways 
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on a map in verbal, numeric, or graphic form. In using computer systems, the graphic 
form of representing scale is often preferred. With computers, maps are often drafted 
at different scales than they are printed. In using verbal or numeric scales, the 
cartographer must be certain that the map is printed at precisely the scale indicated. 
If a graphic scale is inserted in a digital map, it will always maintain its relative size 
with respect to the digital map no matter how it is printed. Remember, scale varies 
significantly across the area of some maps. If this is true of yours, be sure to note the 
adjustments required.  
 
Direction:   
The question of what is north can be an issue on some maps. On the earth, true 
north (the direction to the North Pole) differs from magnetic north, and the magnetic 
north pole moves due to changing geophysical conditions of the earth's crust and 
core. Many reference maps indicate both. Most maps we compose are oriented to 
true north, even though compass readings in the field are angled to the magnetic 
pole. Adjustments for these compass deviations are made routinely.  
 
Legend: 
The legend lists the symbols used on a map and what they depict. These symbols 
should appear in the legend exactly as they are found in the body of the map and be 
described clearly and fully. Do not treat the legend as an afterthought; it should 
receive careful attention. Be aware, however, that not all maps require legends. 
Sometimes the necessary information is put in a caption, or subsumed by textual 
annotations placed directly on the body of the map.  
Sources of information and how processed: 
Unless it is absolutely clear from the context in which a map appears, readers will 
need to know about the sources from which the map was derived. You must identify 
your sources so that the reader could, if needed, track them down to check your 
information and interpretation. Often the age, accuracy, and reliability of sources is 
critical to the interpretation of a map and should be noted. Sometimes it is also 
important to indicate how the data was processed, grouped, generalized, or 
categorized. 
 
Essential elements that are sensitive to context: 
 
Title:  
The title of a map is usually one of it's most essential features. As such, it should 
receive very careful attention so as to match the needs of the theme and audience. A 
short title might suffice if readers can be assumed to be familiar with the theme being 
presented, more information is needed for less experienced readers. The content of 
the title should also be measured against other lettering applied to the map, for 
example in the legend or annotations. Sometimes, legends and annotations supplant 
much of the content of a title. Also, be aware that captions usually take the place of 
titles for maps appearing in publications such as books and journals.  
Projection: 
The projection used to create a map influences the representation of area, distance, 
direction, and shape. It should be noted when these characteristics are of prime 
importance to the interpretation of the map. Some widely used locational reference 
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systems such as the U.S. State Plane Coordinate system and Universal Transverse 
Mercator system are based on predefined projective geometries that are implicit in 
the use of the coordinate systems themselves.  
Cartographer:  
The authority lying behind the composition of a map can be of prime importance in 
some situations. Most maps note the name, initials, or corporate identity of the 
cartographer(s).  
Date of production:  
The meaning and value of some maps--such as those relating to current affairs or 
weather--are time sensitive. The reader must know when they were produced to 
gauge whether to trust them. An out-of- date road atlas or city map can cause 
tremendous frustration. Other maps are less sensitive to the passage of time, but the 
date of production can still be important if, for example, better information becomes 
available in the period after publication. Be sure to indicate the date of production for 
your map, or make sure that it can be inferred from the context in which it is to 
appear (maps that appear in newspapers, magazines, and journals can be dated in 
this way). The detail with which you specify the date of production will depend again 
on the nature of your theme and audience. 
 
Info obtained from: 
http://www.colorado.edu/geography/gcraft/notes/cartocom/elements.html 
 
Map symbols on SA Maps: 
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Characteristics (spatiality, measurement scales, temporality, resolution) of 
geographical data: 
 
- Geographic data are of many types, and each different type has certain 
characteristics that determine how the data can be analysed, interpreted + displayed. 
- One distinction = between vector + raster data. 
- Raster data = arranged in a rectangular grid of cells, which are all the same size. 
   Example – some computer screens = display info in a grid that’s 1050 rows high by  
                    1680 columns wide, containing 1764000 grid cells. Each of these cells =  
                     contains specific info – in this case the color that’s displayed on the  
                     screen.  
- The pixels in a remotely sensed image usually contain info about the amount of 
light or energy sensed as coming from a particular place on the Earth’s surface. 
- Vector data = based on points with X and Y coordinates that specify location. 
  Are of 3 basic types: 
 1. Points – defined by a single pair of X and Y coordinates. 
 2. Lines – Straight line – defined by 2 points and more complex lines comprised of  
                  many shorter straight segments. 
 3. Polygons – Regions or areas – represented with polygons, which are simply lines  
                        that begin + end at the same point.  
- Raster + vector data differ in the kind of info they can portray, the spatial accuracy 
with which they portray it and the amount of computer space needed to store the 
info. 
- Raster image – Landsat image (30-meter by 30-meter) pixels, every place within 
the pixel is assumed to have the same value for a given characteristic. 
- As long as pixels are small in relation to the objects being portrayed, raster formats 
are very useful for storing + manipulating info about complex maps such as satellite 
image of a vegetated landscape and shapes of vegetation patches. 
- Vectors = are very efficient for storing info about regions, such as political units or 
lines such as roads. 
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http://i.stack.imgur.com/r2wim.png 
 
Using maps (e.g. doing calculations) to calculate absolute location, real world 
distances, gradients, and magnetic bearing:  
 
Real distance: 
Formula Actual distance = map distance × scale  
AD = MD × S 
 
Method for calculating distance  
Follow these steps:  
Step 1:  Measure the map distance in centimetres.  
Step 2:  To convert to kilometres, multiply the map distance by 0,5 if on a 
topographic map, or by 0,1 if on an orthophoto to get km. To convert to metres, 
multiply the map distance by 500 if on a topographic map or by 100 if on an 
orthophoto. 
 
Area: 
Formula for area  
Area = Length × Breadth  
A = L × B 
 
Method for calculating area Follow these steps:  
Step 1: Measure the length in cm and convert to km or m.  
Step 2: Measure the breadth in cm and convert to km or m.  
Step 3: Apply the formula A = L × B.  
Step 4:  Write the answer in kilometres squared (km²) or metres  squared (m²) 
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Method for measuring the true bearing from A to B: 
Follow these steps:  
Step 1: Draw a straight line joining A and B.  
Step 2: Draw a north line through A (the point of measurement).  
Step 3: Place the 0 of your protractor at the top of the north line.  
Step 4:  Moving in a clockwise direction from 0, read off where the line joining A and 
B touches the protractor 
 

 

 
 
Magnetic bearing: 
 
Formula for magnetic bearing: 
Magnetic bearing = true bearing + magnetic declination  
MB = TB + MD 
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Method for calculating magnetic bearing 
Step 1: Measure the true bearing from A to B  
Step 1a: Draw a straight line joining A and B.  
Step 1b: Draw a north line through A (the point of measurement).  
Step 1c: Place the 0 of your protractor at the top of the north line.  
Step 1d: Moving in a clockwise direction from 0, read off where the line joining A and 
B touches the protractor.  
Step 2: Calculate the magnetic declination  
Step 2a: Work out the difference in years between the current year and year given 
on the map. Your answer must be in years. (Use the year that is printed straight after 
the words ‘true north’. You can ignore the month that is shown.)  
Step 2b: Multiply the number of years with the mean annual change (this is given on 
the map) to get the change since the declination was recorded.  
Step 2c: If the mean annual change is eastwards, then you have to subtract the 
change from the magnetic declination given. If the mean annual change is 
westwards, then you must add it to the given magnetic declination.  
Step 2d: Your answer is the magnetic declination for the current year. Magnetic 
declination is always west of true north.  
Step 3: Now add the true bearing to the magnetic declination. Your answer must not 
have a direction (north, south, east or west) because it is an angle measured only in 
degrees and minutes 
 
Example: 
MD = 18°,8 W = 17° 48’ W  
Change in years = 2012 – 1988 = 24 years  
Change since 1989 = 24 × 4’ = 96’ W = 1° 36’ W  
MD = 17° 48’ + 1° 36’ = 18° 84’ W = 19° 24’ W  
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TB = between 299° and 303°  
MB = TB + MD  = 301° + 19° 24’ MB  = 320° 24’ 
 
Magnetic declination 
 
Method for calculating magnetic declination  
Follow these steps:  
Step 1:  Work out the difference in years between the current year and year given on 
the map. Your answer must be in years. (Use the year that is printed straight after 
the words ‘true north’. You can ignore the month that is shown.)  
Step 2:  Multiply the number of years with the mean annual change (this is given on 
the map) to get the change since the declination was recorded.  
Step 3:  If the mean annual change is eastwards, then you have to subtract the 
change from the magnetic declination given. If the mean annual change is 
westwards, then you must add it to the given magnetic declination.  
Step 4:  Your answer is the magnetic declination for the current year. Magnetic 
declination is always west of true north. 
 
Guidance for questions requiring written answers:  
 
The 6-mark question:  
 
Draw an annotated profile (side view) of a landscape depicted on a contour 
map. In such a case you will be provided with graph paper on which you 
should draw the profile.  
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Draw simple contour maps to illustrate different landforms:   
 
River valley: 
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Mountain spur: 

 
Butte: 
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Table mountain – Mesa: 
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Escarpment: 
 

 
Poort and necks: 
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The 4-mark question:  
 
Explaining interrelatedness by referring to the interaction between the 
biosphere and any one or more of the Earth’s main abiotic physical systems 
(spheres).   
 
Interrelatedness refers to the way in which each of two or more things are related to 
the other or others.  
 
How the abiotic physical systems interact in the biosphere: 
 
The lithosphere: 
• allows the plants and animals to obtain food to survive and shelter. 
The hydrosphere: 
• provides water to drink, and physical support for aquatic life.  
The atmosphere:  
• provides the air for animals to breathe and protects them from the sun’s rays. 
 
The characteristics that make a Geographical Information System (GIS) 
unique: 
 

Location:  
GIS applications are built around the notion that location matters. The question of 
where things are, or spatial distribution of subject matters is crucial to making 
informed decision in disaster management, environmental monitoring, marine 
biology research, facilities management, community development, marketing, and 
campaign just to name a few. GIS is often seen as a special case of information 
system. Information system is intended to induce the effective use of data by 
organizing data in some way or another. What distinguishes GIS from other 

https://www.stuvia.co.za
https://www.stuvia.co.za


 

 

   

 

information systems is that data is organized spatially. For instance, library 
information system may store literature with no regard to its location. Hurricane 
tracking system stores "where, when, and what" of hurricanes. This multi-
dimensionality makes GIS data management distinct and complex from a 
standpoint of general IT professionals. This all originates from the notion of 
geography that encompasses space, time, and attributes of problems concerned.  
 
Digital:  
Like other information systems, GIS is digital. These days, most of GIS store some 
information about places as computerized databases, retrieve that information by 
means of software functions, and share that information through distributed network 
like internet. The digital nature of GIS poses both opportunities and challenges. It is 
hardly easy to manage geographic problems (e.g., finding ways, monitoring air 
quality, managing natural resources, and tackling climate change) given the scale 
beyond mundane human cognition. If we can digitize what was/is going on in the 
village and community, and connect digital villages through the network, human 
civilization will be able to do science and business in an entirely different way in few 
decades. Challenges arise from the very nature of computerization. Computational 
constructs are finite whereas the world is not. GIS or Digital Earth is never 
equated with the Earth. Computerization like virtual reality might augment human 
sensory inputs, but has virtually no control over creativity and ethics of human mind 
put into GIS. GIS is never value-free. Technological optimism needs to be 
exercised with caution.   
 
Hybrid:  
The field of GIS is hard to define. The truth is that no single discipline can claim the 
ownership of GIS. Many fields of science and technology shape the making of GIS 
(e.g., mathematics, computer science, geodesy, cartography, and operations 
research). Many disciplines and industries participate in the remaking of GIS by 
contributing applications (e.g., public policy, marketing, civil engineering, and 
environmental science). GIS is founded on science, is driven by technology that 
evolves quickly, and is activated by applications that range widely. Moreover, 
GIS allows users to see how things are related by gluing different subjects to the 
geographic frame of reference (picture a layer cake model!). GIS, by putting all 
things together, gives rise to a new way of understanding and problem-solving. Aside 
from the synergy of integrating knowledge directed at a certain purpose, it remains to 
be seen how well the seam between intellectually contributory patches of GIS can be 
tied together from knowledge engineering perspectives 
 
http://gis.depaul.edu/shwang/ThreeDistinguishingCharacteristicsOfGIS.htm 
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The process of data acquisition through satellite remote sensing:  
 
The 7 elements of a satellite remote sensing system: 
 
1. A source of energy: 
- To be able to see things we need light + to produce light we need energy. 
- Sun = primary source of energy. 
- Sun = radiates electromagnetic energy that travels through the atmosphere in the 
form of electromagnetic waves. 
- The total range (spectrum) of waves is known as the electromagnetic spectrum. 
- We can distinguish between different waves on the basis of their wavelength. 
- Long low energy waves – radio waves (measured in km). 
- Very short high energy waves – x-ray (measured in um) 
- Only a very tiny portion of the waves in the electromagnetic spectrum can be seen 
with the naked eye. 
- That part is known as the visible wavelengths or visible spectrum and consists of 
the colours of the rainbow. 
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2. Transmission through the atmosphere: 
- Not all electromagnetic waves from the sun reach Earth’s surface. 
- Dust particles + gases in the atmosphere cause scattering + absorption of some of 
the light + radiation. 
- The regions of the electromagnetic spectrum which are not seriously affected by 
scattering + absorption and thus reach the Earth are called atmospheric windows. 
- Satellite sensors are designed to be sensitive to the wavelengths that are able to 
pass through these windows to the Earth’s surface. 
 
3. Interaction at the Earth’s surface: 
- At the Earth’s surface the energy can be absorbed, transmitted or reflected. 
- The amounts of energy that will be reflected, absorbed or transmitted or reflected is 
unique for different Earth features. 
- In remote sensing terminology we say that unique features have unique spectral 
signatures. 
- This is very important since it allows us to distinguish between Earth features by 
measuring the nature of their interaction with electromagnetic energy. 
- As our signatures and fingerprints are unique, different phenomena respond in a 
unique manner to different waves within the electromagnetic spectrum. 
- Think about a well-groomed soccer field. 
- The grass = reacts in a unique manner to the waves in the visible spectrum. 
- Most of the light associated with the green waveband is reflected to our eye while 
the light associated with other colours is absorbed by the grass and does not reach 
our eyes. 
- In our brain the incoming reflection is compared with thousands of images already 
stored which we use as references (signatures) to recognise features. 
- Within a fraction of a second our brain responds back that the new image best 
matches the image of “grass”. 
 
4. Reflected energy: 
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- Most satellite sensors are designed to measure the amount of Earth reflection in 
those regions in the spectrum which we refer to as atmospheric windows. 
- They’re active sensors – they emit their own energy + then measures the radiation 
that’s reflected or scattered back to the sensor. 
 
5. Recording of reflected energy by a sensor system: 
- A conventional digital camera records all wavelengths within a visible spectrum as 
a single image. 
- Satellite sensors = more sophisticated. 
- They can measure + record the reflection within the individual wavelengths of the 
visible spectrum as separated numeric images. 
- They can even record wavelengths which we cannot see with the naked eye. 
- Example = detection of infrared radiation or the x-ray image. 
 
6. Transmission, reception and processing: 
- The image gets processed into a format in which it can be used for analysis by the 
South African user community of researchers + local + international government 
departments. 
 
7. Interpretation + analysis: 
- We can attempt the impossible by trying to make sense of the individual numbers 
written into the cells or pixels of the image. 
- Since a numerical image such as that of LANDSAT TM consists of more than 38 
million pixels for each of the spectral bands, this is not really an option. 
- Computers + image processing software are therefor used to create an image that 
resembles a picture that we can view + interpret manually or to automatically” 
interpret the image data according to our instructions. 
 
An explanation of why a satellite image is grid-like: 
 
Earth is divided into latitudes and longitudes (degrees, minutes and seconds). Due to 
the lines it forms a grid-like effect on the satellite image. There’s degrees, minutes 
and seconds which we talk about and because of that the image must work with that 
to get the exact position on the Earth’s surface. Remote sensing is used by the 
satellite to give the exact position and what it’s capturing. 
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http://jedi.ks.uiuc.edu/~johns/aboutme/pictures/satellite/urbanaclose.jpg 
 
Test yourself:  
 
1. Which one of the following is not an attribute of all paper maps? (Section A: 38-
39,55) 
 
(1) The use of symbols as map language. 
(2) A 1:1 scale.    
(3) The presentation of spatial data. 
(4) A two-dimensional flat-surfaced representation of reality. 
 
2. Which one of the following word scales describing the relationship between the 
distance on a small scale map and the corresponding distance in reality may be 
true? (Section A: 38-39) 
 
(1) 1 centimetre on the map represents 500 kilometres in reality.   
(2) 1 centimetre on the map represents 1 centimetre in reality. 
(3) 10 kilometres on the map represents 1 centimetre in reality. 
(4) 1 centimetre in reality represents 1 kilometre on the map. 
 
3. Which one of the following statements about the geographic grid is false? 
(Section A: 52-55, Section B: 10-11) 
 
(1) Every meridian has the same length and the same beginning and end points. 
(2) Parallels are drawn around the globe parallel to the Equator at right angles to the 
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meridians. 
(3) The term used to indicate the location of parallels is called longitude.  
(4) The Equator is the parallel with the largest circumference and all places situated 
on this line have 12 hours of daylight every day. 
 
4. On an official 1:50 000 topographic map of an area in South Africa the symbol for 
a recreational ground will be shown as a … symbol, a police station will be shown as 
a … symbol and a fence will be shown as a … symbol. (MO002: 42) 
 
(1) point; point; line 
(2) area; point; line  
(3) area; line; line  
(4) outline; polygon; line 
 
5. A equal-area map projection preserves … while a conformal map projection 
preserves … and distorts …(Section A: 56-59, Section B: 19) 
 
(1) shape; shape; direction 
(2) shape; size; shape 
(3) size; direction; shape 
(4) size; shape; size  
 

 
Figure 2.10: A map of a hypothetical picknick area on a beach. 
 
6. Which one of the following word scales correctly represents the ratio scale of the 
map in figure 2.10? (MO002: 27-29, Section A:56) 
 
(1) 1 cm on the map is equal to 5 000 cm in reality. 
(2) 1 cm on the map is equal to 500 m in reality. 

https://www.stuvia.co.za
https://www.stuvia.co.za


 

 

   

 

(3) 1 cm on the map is equal to 5 km in reality. 
(4) 1 cm on the map is equal to 50 m in reality. 
 
7. The real distance between point A and point B on the map in figure 2.10 is … 
(MO002: 26, 29-30) 
 
(1) 0.55 km 
(2) 2.75 km 
(3) 550 m 
(4) 275 m 
 
8. How many families would be able to have picnic on the beach if each family 
occupies 10 m2 of the picnic area (see figure 2.10).  (MO002:30) 
 
(1) 750 
(2) 15 
(3) 0.15 
(4) 7 500 
 
9. The January 2022 magnetic declination for the map area depicted in 2.10 is … 
(MO002: 16-20) 
 
(1) 4°36ˈ west of true north 
(2) 3°24ˈ east of true north 
(3) 4°36ˈ east of true north 
(4) 3°24ˈ west of true north 
 
10. The January 2022 magnetic bearing from point A on point B is …  
(MO002:16-20) 
 
(1) 273°24' west of true north 
(2) 93°24' west of true north 
(3) 266°36' west of true north 
(4) 86°36' west of true north 
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