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SESSION FOUR: MAPWORK CALCULATIONS
KEY CONCEPTS:
In this session we will focus on the following aspects:

i Calculations you need to know (when doing calculations it is important to
show all the steps as marks will be allocated for each step).

1 The relevance of the different calculations. This makes understanding of the
calculations easier e.g. gradient tells us about how steep or gentle a slope is.

1 Scales of the different maps and conversion of scale

Learner Note: The extracts of the maps are exaggerated and do not represent the
actual distance on the maps. The measurements indicated on the map extracts are
correct. This was done to improve the quality

X-PLANATION

1. TOPOGRAPHIC /ORTHOPHOTO MAP SCALE
The scale of the topographic map used by the learners in South Africa is 1:50 000
which means 1 CM on the map represents 0,5km on the actual ground. The scale of
the Orthophoto map used by the learners in South Africa is 1:10 000 which means 1
CM on the map represents 0,1km on the actual ground.

Maps are always smaller than the area of the ground they represent. The size, by
which actual distances on the ground have been shrunk to draw proportionate maps,
is known as the scale of the map. There are three ways of expressing map scales:

1.1 Representative Fraction / Ratio: This is a numerical way of showing how
greatly ground distances have been reduced. It is also known as a numerical
scale. This scale is shownin two ways: e.g.

- Asafraction,e.g: 1
50 000
- Asaratio, e.g. 1:50 000

Topographic
1:50 O00 SUBARLRKS <«—— map extract

ORTHOPHOTO MAP SERIES 1 10 000 SOUTH AFRICA Orthophoto
ORTOFOTO KAARTREEKS ' SUID-AFRIKA map extract

Representative fraction scale and ratio scale are basically the same. They both
mean that 1cm on the map represents 50 000cm on the ground. On topographical
maps, the representative fraction is given as a ratio, which is 1:50 000.
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NB The larger the denominator, the smaller the scale and so less detail can be
shown. The smaller the denominator, the larger the scale and so, more detail can be
shown on the given area of the map.

NB A large scale is used if the map shows a small area, e.g. 1:100. A lot of detail
can be seen on such a map.

A small scale is used to draw a map of a large area, e.g. 1:1 000 000. Not much
detail can be shown as the map represents a large area.

1.2Line Scale/ Linear Scale

ag X10, Mowbray

This is a horizontal line drawn on the map, which is divided into a number of
equal parts. A line scale is accurate and no calculations are used. A line scale is
divided into two parts:
(a) To the right of zero T each division of the scale represents a distance
of 1km.
(b) To the left of zero i The distance represents 1km (1 000m). This is

subdivided into ten equal parts, each representing a distance of
100m.

1.3Word Scale

A word scale indicates scale by means of a verbal statement such as 1cm on the
map represents 500m on the ground. Here, the scale is given in words. Note that the
statement mentions two distances: The smaller distance refers to the map and the
larger distance refers to the ground. In this case, a distance of 1cm on the map
represents a distance of 500m onthe ground.

Conversion of Scale, Used in South African Topographic Maps According to
Different Units

TOPOGRAPHIC ORTHOPHOTO
MAP MAP
1cm: 50 000cm 1cm: 10 000cm
1 cm: 500m 1cm: 100m
1cm: 0.5 km lcm: 0.1 km
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2. CALCULATING DISTANCE

Distance on the map is calculated between two points, e.g. between a school and
the museum. You are required to convert map distance into actual distances on the
ground. The following methods show how distance can be measured.

2.1MEASURING A STRAIGHT LINE DISTANCE ON A MAP.
- This measurement i s sometimes referred
- Use a ruler and measure the distance between two points in centimetres.
- Convert the centimetre reading to kilometres by multiplying by 0,5km if the
map scale is (1:50 000) to obtain the kilometres onthe ground.
- For example, the distance as the crow flies from A to B is 5,5cm on a map.
Therefore 5,5cm x 0,5km =2,75km on the ground.

2.2MEASURING A CURVED LINE DISTANCE

- Place the straight edge of paper along the feature to be measured e.g. road.

- Make a mark where the paper intersects the road. Hold the paper steady with
the point of a pencil.

- Swivel paper

- Mark where paper insects with the road.
NB i An alternative method is where a piece of string is used to measure the
curved / winding line. Make sure that the string is not elastic.

Consider the Following Example as a Procedure for Calculating Distance on
the Map:

EXAMPLE: Calculating the distance between spotheight 1268(H1) and spotheight
1282in (G2)
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FORMULA
Actual Distance = Map distance x Scale

AD =MD xS

Jointhe two places in question with a line as in above.

Then measure the length of the line using a (transparent) ruler with clear cm units.

Write down the reading after measuring the line, e.9.3.8 cm.

Check the scale of the map (remember SA topographic maps have a scale of 1:50

000).

Now multiply the distance betweenthe -1 256 and @29 by the scale
3.8cm x50 000 = 190 000cm.

The answer above needs to be converted to the unit for ground distances i.e.
kilometres or metres. ( 1,9Km),(1900m)

3. CALCULATING AREA

Area is calculated to determine the actual (size on the ground) of a feature / region/
demarcated area

EXAMPLE - Calculate the area, in Kilometres of the block labelled O on the
topographic map

FORMULA

Area = (Length x scale) x (Breadth x Scale)

A=(L xS)x(B xS)

9.8cm

7.4cm
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Using a ruler measure the Length and multiply by the scale of the map and convert
to kilometresi.e.:
Length =9.8cm x 50 000 cm.

=490000

Converted to = 4.9 Km
Using a ruler measure the Breadth and multiply by the scale of the map and convert

to kilometres i.e.
Breadth = 7.4cm x 50 000 cm.
=370000cm
Converted to = 3.7 Km
Multiply the length and breadth (remember you final answer must be in km2),
the answer: =4.9km x 3.7 Km
= 18.13 Km?

4. FINDING PLACES BY MEANS OF BEARINGS

Bearing is defined as the direction measured in degrees from north clockwise and
back to north again to complete a circle of 360°. It is the angle between the north-
south line which runs through the place you are measuring from and the line joining
the two places in question. In other words, bearing is an angle measurement
between the observer, the object and the north. The starting point that is, the north-
south line is always taken as 0°.

Bearing is an accurate way of giving the direction of one place in relation to another.
It is more accurate than direction because it has 360 points compared to the 16
points of a compass. Instead of saying, for example, that place A is north east of
place B, we use degrees. So we would say that place B is situated at 45° from place
A.

Q° = w
MNorthy | '}i ¥ ;;0 7 <t
E 4 SONE (North East)
: e
= —":E o\ 2
= o 90°
Centre s - | (2R
= “3 =
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Brought to you by mmlggfrf D)] Page 5



E R

Geography
learn Xtra Grade 12

Learn more... Learn Xtra

www.learnxtra.co.za

T | m—
g (Nortnh)
0 =
315 —— A5
(North West) g :;:
E S
270" R g_“ -
270 : ‘ Centre
£3
e
(South West) i ;_:; 180°
y = (South)

Procedure for Measuring True Bearing

True bearing (TB) is a bearing where the true-north line is taken as 0°. Itis
measurement of the angle between the true-north line and the line joining the two
places in question (e.g. A and B). True-north, whichis usually indicated on a map by
means of an arrow found along one of the margins, is the imaginary theoretic
intersection of all lines of longitude at the North Pole. If no arrow is marked, the
general rule is that the top of the map shall be taken as north.

To calculate bearing accurately you will need to understand how to use a protractor.

Draw a north-south line across the place from which the measurement is to be taken.
Draw a line between the two places in question (e.g. A and B).

Place your protractor along the true-north line with 0° at the north.

Measure the angle from the true-north line clockwise.

5. MAGNETIC DECLINATION

Magnetic declination is the measurement in degrees between the true north and
magnetic north.
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Example:
"\: \\\ "v ‘ 2
3\ /
\

Procedure for Determining Magnetic Declination:

o

Mean magnetic declination 18°7° West of True North( 1981.0 ).
Mean annual change 2 Westwards( 1971-1975 ).
Supplied by Hermanus Magnetic Observatory.

Gemiddelde magnetiese deklinasie 18°7° Wes van Ware Noord( 1981.0 ).
Gemiddelde jaarlikse verandering 2° Weswaarts( 1971-1975 ).
Voorsien deur die Hermanus Magnetiese Observatorium.

e
e
/—/&"I'vrye N. Ware N.

Magnetic Declination (MD) is the angle between True North (TN) and Magnetic North

(MN). TN is a definite fixed point on the globe where all lines of longitude meet. MN

is measured with the compass and is not fixed. The MN is determined by the
magnetic field that surrounds the Eart h. Th
the mineral constituents of its core layer. The core of the Earth consists of nickel and

iron (NiFe) which are highly magnetic.

The Earthdés magnetic field is not static, it
In SA (and in the rest of Africa) the MN is always west of TN and moves westward.
The movement changes depending on the magnetism of the Earth, i.e. whether the
strength of the magnetic field is high or low that year. This is to say that the change

i s determined annually and is expressed i n n
Eastwhilethe MD i s 21A3706W, then we subtract 20E f
say 406w, then we wil/ add the 46W to the MD

same direction.

To calculate magnetic declination accurately you will need to:
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- Find the magnetic declination on the map and the year it was taken (ltis
found on the right hand side of the map).

- Calculate the difference in years (the present year 1 the year indicated
on the map)

- Multiply the difference in years by the mean annual/average yearly
change to find the total annual change Calculate the magnetic
declination for the present year by either adding or subtracting the total
annual change from the magnetic declination indicated on the map. (If
the change is westwards you add and if its eastwards you subtract)

6. MAGNETIC BEARING

Magnetic bearing is the measurement of the angle between the magnetic north line
and the line joining the two places.

FORMULA

Magnetic Bearing = True Bearing +Magnetic Declination

7. CALCULATING SPEED, DISTANCE AND TIME

The formula triangle above is a simple way to remember how to calculate the time it

would take a person to travel a given distance on a map at a given average speed.
This formula triangle can also be used to calculate speed if given distance and time

or distance if given speed and time.
You can use the triangle to help remember the following formulas:

Time = Distance Speed=Distance Distance=Speed x Time
Speed Time

8. CROSS SECTION
How to Construct a Cross Section:

o Draw a straight line joining the two points in question.
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flat land

steep rise

highest point

gentle slope

0 Puta piece of paper with a straight edge along this line.

o On this strip of paper mark off each contour line you cross and indicate its
altitude.

0 The position of any major features such as rivers, national roads, etc. should
be noted.

B contour heights
[ marked along edge
of paper

o

Get graph paper and draw a horizontal and vertical axis on it.

o The height of the vertical axis depends on the contour readings on the strip of
paper, e.g.

o On the vertical axis put a scale of 1cm = 20m and 1:50 000 on the horizontal
scale.

0o Make your bottom line one contour interval lower that the lowest height on
your strip of paper. On the above graph the lowest height is 1 620, therefore
your bottom point on your vertical scale is 1 600m.

o Place your strip of paper along the bottom line and move it up keeping your

starting point on the vertical axis. When the first height on your piece of paper

corresponds with the same height on the vertical axis, mark its position with a

dot on the graph.
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pach point is 1100 : |
blotted at its — 1060 —— i\{]er':]';?ézca .
correct altitude ﬂ 1020
1!
A B

o Jointhese dots to complete your cross section.

Cross-section from A to B
SW NE
summit

1 gentle slope T 1100m
\ T \ flat plain 1060 m
; 1 =-1020 m

i

A B

Horizontal scale 1 ;50 000

9. GRADIENT

Gradient: is the relationship between vertical height (also called vertical interval) and
horizontal distance (also called horizontal equivalent).

Average Gradient: is the average/general relationship between vertical height (also
called vertical interval) and horizontal distance (also called horizontal equivalent).

Calculating Gradient and Interpretation of Gradient:

FORMULA
Average Gradient =  Vertical Interval (Vertical Distance) or G=VI(VD
Horizontal Equivalent (Horizontal Distance) HE (HD)

Brought to you by an,i;f: D)’ Page 10




Geography
learn Xtra Grade 12

Learn more... Learn Xtra

www.learnxtra.co.za

Always remember these rules based on the formula above:

- Both the numerator and the denominator are in metres.

- Divide the figure above the line (numerator) into the figure below the line
(denominator) so that the vertical cancels to 1. (Punch the denominator into
your calculator first).

- Gradient is expressed as a ratio: Vertical distance : Horizontal distance

- So, the answer is always given as 1 to something e.g. 1:25, where 1
represents the vertical distance and 25 the horizontal distance.

- Thus the gradient of 1:25 means that for every 25 metres you have moved
horizontally, you raise 1 metre.

- To convert the height measured to a value of 1 you must divide this
measurement by itself. Because you are dealing with a fraction, what you do
to the top (numerator) you must also do to the bottom (denominator). You
must therefore also divide the horizontal distance by the vertical distance.

- The greater the horizontal distance the more gentle the gradient.

Example of a Gradient Calculation:

E.g. Calculate the average gradient between 1343 (A2) - 1309 (B5).

When gradient has to be found on a 1:50 000 topographic map, the following
procedure has to be followed:

Step 1: Find the vertical distance (height) of the same two points. This is obtained by
subtracting the smallest height from the biggest. This is the VI.

Step 2: Measure the horizontal distance between two points in cm by using a ruler.

Convert the centimetres to metres reason being that Vlis already in meters. This
gives HE.
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Learners must practice the calculation of gradient on both the topographical and the
orthophoto map. This will help them to acquire this skill using different scales

The gradient of 1:126.5 means that for every 126.5, units that you travel horizontally,
there will be an elevation of 1 unit.

Relevance of Average Gradient:

We have various uses for average gradient. Some of the uses of average gradient
are:

1 When we are going on a hiking trail and we want to take the easier route we
could determine the route with the gentler gradient.

1 When we are building, e.g. a house

1 When we are driving etc

10.VERTICAL EXAGGERATION

The vertical exaggeration is the size by which the vertical scale of a cross section is
bigger than the horizontal scale. Cross sections are always drawn with some vertical
exaggeration. Without vertical exaggeration hills and mountains would be very flat
and it would be difficult to see landscape detail. Vertical exaggeration is abbreviated
as VE. The larger the vertical scale, the more the height and steepness of hills is
exaggerated.

FORMULA

VERTICAL EXAGGERATION (VE) = VERTICAL SCALE (VS)
HORIZONTAL SCALE (HS)

Example of a Vertical Exaggeration Question:

In order to calculate vertical exaggeration, follow the steps below:

Step 1: Determine the horizontal scale; it will vary depending on the map used. For
the topographic map it will be 1:50 000 and for the orthophoto map it will be 1:10
000.

Step 2: Determine the vertical scale, this is scale used on the vertical axis of the
cross section. Look at the cross section below and you will notice that for every 1 cm
space the contour reading changes by 20m, therefore the vertical scale is 1cm: 20m.

Step 3: Convert the vertical scale to centimetres i.e. 1cm: 20m = 1cm: 2000cm

Step 4: Divide the vertical scale by the horizontal scale and that will give you the
answer. This answer tells us by how many times the cross has been exaggerated.
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11.INTERVISIBILITY

Intervisibility refers to whether one can see a given place from another. One can also
use the cross section to determine intervisibility between two points.

12.CALCULATING THE SCALE OF VERTICAL AERIAL PHOTOGRAPHS

FORMULA

Photo distance = Distance on photo x Map scale
Distance on map

This is an average scale as the surface is uneven and the scale of the vertical aerial
photograph is not the same all over the photograph.

Steps:
1 Locate two places that can be identified on both photo and map
1 Work out the distance between the two places on the photo
1 Work out the distance between the two places on the map
9 Divide the photo distance by the map distance and then multiply by the scale

13.DRAINAGE DENSITY

Drainage density is the total length of streams per unit area of a drainage basin

FORMULA

Total length of the streams in the basin [km]
Total area of the drainage basin [km?]

X-AMPLE QUESTIONS:

Question 1.

Refer to the map of Dundee and answer the following questions:
1.1 State the scale of the Topographic map.

1.2 State the scale of the Orthophoto map.

1.3 Which scale is bigger? Give a reason for your answer.

1.4 State the scale of the Orthophoto map as a word scale
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Question 2:
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2.1  Calculate the straight line distance between N (H6) and O (H8)
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Question 3:

3.3cm

3.7cm <

-

3.1 Determine the area of Block K7

Question 4:

o

2648

4.1 Locate spot height 1403 (I6) and trigonometrical beacon 284 (18). Determine
the true bearing of spot height 1403 from trigonometrical beacon 284.

Question 5:
5.1 Calculate the magnetic declination of Dundee for 2011
Question 6:

Locate spot height 1403 (16) and trigonometrical beacon 284 (I8). Determine the
magnetic bearing of spot height 1403 from trigonometrical beacon 284.
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