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Direction: the reference system 

 

Direction provides us with one way of answering "Where?" questions. Like location, 

direction is a basic geographic concept and an important cartographic element. We now 

proceed to explain exactly what we mean by direction, and how direction is indicated on 

maps. The latter is important, because for aviators, navigators and yachtsmen, motorists, 

surveyors and engineers who have to conduct surveys in the field, it is important to have 

maps on which direction is correctly indicated. 

 

We usually indicate the direction of a place relative to the direction of another point. What do 

we mean by this? Let's draw two vertical reference lines through points A and B, as shown in 

figure 1. We then join A and B and extend the line AB to either side. You will agree that if 

we need to explain to someone where B is situated, the only way of doing so would be to say 

that B lies to the right of and below A. If we think of the two vertical lines as two lines of 

longitude, our task is somewhat easier. The logical answer then would be that B lies to the 

south-east of A. If we want to be more exact, we could measure the angle at A and say that B 

is situated 125º to the east of A. In all these cases we used the vertical line through A as our 

reference line. A reference line of this kind is known as the zero line and depending on which 

line is used as the zero line, we distinguish between two kinds of direction, namely 

geographical bearing and magnetic bearing. 

 

 
Figure 1 



 

Geographical or true direction 

 

We speak of geographical direction when the zero line is a line of longitude or meridian that 

indicates true north. True north and true south are the directions that point respectively to the 

geographical North Pole and South Pole. As you already know, 90º north latitude and 90º 

south latitude are known, respectively, as the North and South Poles. Because all the 

meridians converge at these two points, lines of longitude (either on the earth's surface or on 

a map) always indicate the correct geographical north-south direction. In some English 

textbooks true north is also known as meridian north. 

 

One of the properties of lines of longitude is that they converge at the poles, and in the next 

section you will see that the lines of longitude on many maps are not straight lines but curves. 

This is the reason why the use of true north as zero line on maps is not very practical.  

 

Magnetic direction 

 

We speak of magnetic direction when the zero line in figure 1 is not a line of longitude but a 

straight line indicating the magnetic north. The question is: What is the magnetic north pole? 

 

One of the most important discoveries ever made is that the earth is not a motionless mass. 

The earth's core consists of extremely hot, molten material which is under high pressure and 

in which electrical currents are present. These currents cause the earth itself to behave like an 

enormous magnet. One of the first indications of this was the discovery by seafarers on the 

Mediterranean in the 13
th

 century that a small piece of lodestone (Fe304) floating on a piece of 

cork in a dish of water always turns in a north-south direction. This discovery paved the way 

for the invention of the magnetic compass, which no aviator, navigator or surveyor could 

manage without today. 

 

The north-south direction indicated by a magnetic compass bearing, like the axis that 

connects the North Pole to the South Pole, runs through the centre of the earth. The two 

points where this imaginary axis "extends" through the earth's surface do not, however, 

coincide with true north and true south. One of the most important characteristics of the 

magnetic poles is that they shift continually. Although this variation is only slight from year 

to year, it is never possible to determine a fixed position for the magnetic poles. For example, 

in 1975 the magnetic North Pole was situated at 76º12' north latitude and 100º24' west 

longitude, and in 1980 the location of the pole was found to be 76º54' north latitude and 

101º18' west longitude. In January 2001 the location of the magnetic North Pole was found to 

be 80º40'12''N; 109º8'53''W, which is a spot more than 600 km south of the North Pole. 

 

Magnetic declination or magnetic deviation 

 

The fact that the magnetic North Pole and the geographical North Pole do not coincide has 

important implications for cartography. In the first place it means that the compass needle 

always deviates slightly from the local meridian pointing to true north. In other words, if we 

were to place a magnetic compass on a topographical map which was correctly orientated, the 

compass needle would not point in the same direction as the meridians, but would deviate 

slightly. This small angular deviation is known as the magnetic declination or magnetic 

deviation and it could lie to either the east or the west of true north, depending on one's exact 

position on the earth's surface. This also means that the magnetic declination differs from 



place to place. In Cape Town, for example, the magnetic declination was 23º04' west of true 

north in 1970, and in Pretoria it was 15º40' west in the same year. In 2000 the magnetic 

declination in these two cities was 23º19' west and 16º13' west respectively. 

 

On any topographical map the magnetic declination in the area covered by the map is usually 

indicated by means of a small diagram in the margin of the map. In figure 2 A, which appears 

in the margin of the official SA 1:50 000 topographical map 2530BD NELSPRUIT (a section 

of which map appears in appendix D), we see that the average magnetic declination in 1986 

was 15º2' west of true north, and that the average annual change in the magnetic declination, 

as based on observations carried out during the period 1980 to 1985, was 3' eastwards. 

According to information collected from the Magnetic Observatory in Hermanus about 70 km 

to the east of Cape Town, we know that the magnetic declination in the year 2000 in the 

Nelspruit area was 16º28' west of true north, and the annual change was 4,4'. Figure 2 B 

shows the corresponding data for the official SA 1:50 000 topographical map 2930CB 

PIETERMARITZBURG (a portion of which map appears in appendix D). Here we see that 

the average magnetic declination in January 1994 was 21º29' west of true north and that the 

average annual change as calculated for the period 1987 to 1990 was 8' westwards. What 

does this mean? 

 
Figure 2 A: The magnetic declination as shown on the 1:50 000 topographical map 2530BD 

NELSPRUIT. 

 

 
Figure 2 B: The magnetic declination as indicated on the 1:50 000 topographical map 

2930CB PIETERMARITZBURG. 

 

Because the magnetic declination at a place is not constant but differs from time to time, the 

declination has in fact to be recalculated every year, for each individual place. To simplify 

this problem, geophysicists do not work with the annual changes as such, but calculate a 

mean change in magnetic declination over three-to-five- year periods. In South Africa, for 

example, these periods extend from 1985 to 1990, from 1991 to 1995, from 1996 to 2000, or 

in some cases from 1987 to 1990 (see the 1:50 000 map of Pietermaritzburg). Because these 



periods are fairly short, the mean change represents the true change fairly accurately, and it is 

not necessary to calculate the magnetic declination for each place each year. 

 

To sum up, you need to remember the following about magnetic declination and magnetic 

deviation: 

■  In South Africa the magnetic deviation is always to the west of true north. 

■  The magnetic deviation differs from place to place and changes continually. 

■  Magnetic deviation can shift in either an easterly or a westerly direction, depending 

on the location of the place where the measurement is taken. In South Africa the 

change is always in a westerly direction. 

■  If the shift is in an easterly direction, the magnetic deviation becomes smaller, but if it 

is towards the west, the magnetic deviation becomes larger. 

 

It is self-evident that if the magnetic declination on the 1:50 000 map of Nelspruit was 

measured as 15º 2' west in 1984, and on the 1:50 000 map of Pietermaritzburg as 21º29' west 

in 1994, this will no longer be true today. Therefore, to measure a directional angle on the 

map today, we would first have to calculate the change in magnetic declination since the date 

of measurement. 

 

How is direction indicated on maps? 

 

The most widely used method of specifying direction exactly today is with the aid of a full-

circle bearing. Suppose, for example, that you are at point P in figure 2 and you want to give 

the bearing on the tree, the house, the motor car and the church from P. In all four cases the 

directional angle is measured clockwise from the zero line, we use a full circle and the 

bearing varies between 0º and 360º. When the true north-south line (the line of longitude that 

points to true north) is used to take the angular reading, the direction is known as true (full-

circle) bearing. When the angular reading is taken from the magnetic north-south line as the 

zero line, it is known as magnetic bearing. 

 

 
Figure 2: Full circle bearing varies between 0º and 360º and is always read off the protractor 

in a clockwise direction. 

 



In figure 2 you can see that the angle between the true north-south line and the tree, as 

measured at P, is 50º. This means that the tree is situated 50º to the east of true north. 

Because the magnetic bearing at P is 22º west, the magnetic bearing on the same tree is 72º. 

In the same figure we can see that the true bearings on the motor car and the church spire are 

240º and 295º respectively. However, if the angular reading at P is taken from the magnetic 

north-south line, the magnetic bearing on the motor car is 262º and that on the church spire 

317º. 

 

It is important at this stage that you should understand the concepts of true bearing and 

magnetic bearing. 

 

 


