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Vice-Chancellor’s Message 
I congratulate you on being part of the historic evolution of our Centre for 
External Studies into a Distance Learning Centre. The reinvigorated Centre, 
is building on a solid tradition of nearly twenty years of service to the 
Nigerian community in providing higher education to those who had hitherto 
been unable to benefit from it. 

 Distance Learning requires an environment in which learners themselves 
actively participate in constructing their own knowledge. They need to be 
able to access and interpret existing knowledge and in the process, become 
autonomous learners. 

 Consequently, our major goal is to provide full multi media mode of 
teaching/learning in which you will use not only print but also video, audio 
and electronic learning materials. 

 To this end, we have run two intensive workshops to produce a fresh 
batch of course materials in order to increase substantially the number of texts 
available to you. The authors made great efforts to include the latest 
information, knowledge and skills in the different disciplines and ensure that 
the materials are user-friendly. It is our hope that you will put them to the best 
use. 
 

 

 

 

 

 

 

Professor Olufemi A. Bamiro, FNSE 
Vice-Chancellor 
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Foreword 
The University of Ibadan Distance Learning Programme has a vision of 
providing lifelong education for Nigerian citizens who for a variety of reasons 
have opted for the Distance Learning mode.  In this way, it aims at 
democratizing education by ensuring access and equity.   

 The U.I. experience in Distance Learning dates back to 1988 when the 
Centre for External Studies was established to cater mainly for upgrading the 
knowledge and skills of NCE teachers to a Bachelors degree in Education.  
Since then, it has gathered considerable experience in preparing and 
producing course materials for its programmes. The recent expansion of the 
programme to cover Agriculture and the need to review the existing materials 
have necessitated an accelerated process of course materials production. To 
this end, one major workshop was held in December 2006 which have 
resulted in a substantial increase in the number of course materials. The 
writing of the courses by a team of experts and rigorous peer review have 
ensured the maintenance of the University’s high standards.  The approach is 
not only to emphasize cognitive knowledge but also skills and humane values 
which are at the core of education, even in an ICT age. 

 The materials have had the input of experienced editors and illustrators 
who have ensured that they are accurate, current and learner friendly. They 
are specially written with distance learners in mind, since such people can 
often feel isolated from the community of learners. Adequate supplementary 
reading materials as well as other information sources are suggested in the 
course materials. 

 The Distance Learning Centre also envisages that regular students of 
tertiary institutions in Nigeria who are faced with a dearth of high quality 
textbooks will find these books very useful. We are therefore delighted to 
present these new titles to both our Distance Learning students and the 
University’s regular students.  We are confident that the books will be an 
invaluable resource to them. 

 We would like to thank all our authors, reviewers and production staff 
for the high quality of work. 
 

Best wishes. 
 

 

 

 

 

 

 

Professor Francis O. Egbokhare 
Director 
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General Introduction and Course Objectives 
 
In GEO 282, we shall deal with Map reading and interpretation. Conventional 
signs are the foundation of maps and maps are usually made to scale. It is the 
reading of these signs and the use of the scale lines correctly that one refers to as 
map reading. Interpretation on the other hand involves a synthesis in which 
complex ideas are deduced and combined from simple ones. At the end of the 
course, you will be in a position to understand what a map is and how to analyse 
it for various uses. We shall start by examining the meaning of map.
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LECTURE ONE 
 

 

 

The Nature and Scope of Map Reading and 
Interpretation 
 

 
 
 

Introduction  
This lecture shall examine the origin of the term "map" and clarify the 
usage of the other terms such as charts and plans. The three essentials of 
any map would be explained; while what makes a map to be accurate 
would be highlighted. At the end, maps would be classified. 
 

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

1. discuss the origin of the word “map"; 

2. list the other terms used for map by various users; 

3. discuss the three essentials of any-map; 

4. list the types of map; and  

5. outline the uses of map. 
 

 
Pre-Test 
What are the three essentials of any map?  

 

CONTENT  

Definition  
The word “map” comes from "Mappa" a latin word meaning cloth or 
napkin i.e. the stuff on which map was drawn. There are other terms that 
are used which mean the same thing. One of such terms is chart which 
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originally refers to navigational map for sailors i.e. chart of the sea and 
coastal waters. Nowadays we use the term chart for air navigation map. 
The word “plan”  is another term which refers to a very large scale map of 
a town. It shows detail precisely with no exaggeration and little variation 
from the ground shapes they portray. 

The Three Essentials of Any Map 
There are three essentials of any map which readers and interpreters must 
know. These are distance, orientation and location. 

a.  The distance between two fixed points introduces the question of 
scale. This can be shown by: 

i.  A linear scale. A scale need not be marked in standard linear 
measurements as miles, feet, kilometres, metres and nautical 
miles only, it could also be marked in paces, and days (i.e. any 
measure of time taken to traverse an area by foot, cycling, 
carmel, etc). 

ii.  Representation fraction - i.e. the proportion of the paper to the 
earth, e.g. lcm to 1 kilometre 1: 100,000. 

iii.  Diagonal Scale - A devise for measuring fractioner Part of any 
measured length. 

iv.  Varying scale on small scale maps where projection results in 
scale change in various parts of the map. 

 

b.  Orientation - A map is oriented when it is made to correspond with 
the ground it represents. We usually have north to the top of the 
map sheet. Orientation can be shown by compass point or by the 
meridians of longitude which all point N-S. 

 

c.  Location - Location is established by one or two systems. The only 
universally applicable one is by geographical co-ordinates i.e. Lati-
tude and Longitudes. There is also a rectangular co-ordinate 
system.  

 

What We Require in a Map 
A Map should be accurate, clear and graphical. Accuracy which a user 
would require depends on the following: 
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1. Mathematician's calculation of projection figure of the earth and 
survey calculations. 

2. Surveyor's original readings and survey plots. 

3. Cartographer's ability to transform the data into map. 

Since this is not a lecture on Cartographic production suffice it to say 
that it is only the cartographer that can achieve clarity and graphical 
expression in maps. 

 

Types of Map 
Map can be divided into three groups on the basis of scale  

1. Atlas maps: small scale general maps of continents and countries. 

2. Topographical maps: Medium scale maps delineating the general 
topography of an area. Topographic sheets are usually in series 
covering a country or continent. Most, if not all our exercises, 
would be on this type of maps. 

3. Cadastral maps: Large scale maps showing property boundaries, 
building limits, etc. I want you to recognise other types that are 
based on purpose. 

4. Administrative maps: showing breakdown or sub-division of 
various units of government. They are extremely useful for the 
definition and delimitation of areas. 

5. Aeronautical and hydrographic charts: They are both designed as 
navigational and piloting aids. Both are designed with the topo-
graphic feature generally minimised and the special features 
required for air and sea navigation amplified. 

6. Waterway maps (Rivers and Canals) especially designed to fill a 
need in a particular area. Some show depth sounding for 
navigation or piloting; some .are designed to show changes due to 
flooding or meandering. 

7. Special purpose maps: showing such information as Geology, 
Vegetation, Recreational facilities, Population, etc. 

 



 

 4

Summary 
The terms "Map", "Chart" and "Plan" are used interchangeably. The 
three essentials of any map are distance, orientation and location and 
they introduce the idea of scale, location and marrying map information 
with the ground details into map reading and interpretation. What users 
want from any map are clarity, accuracy and the language must be 
graphical. Maps are classified, based on the scale used and the purpose. 

 

Post-Test 
List the different types of maps based on scale and purpose. 

 

Answers to Pre-Test and Post-Test 

 

 

Pre-Test 
Distance, Location and Orientation.  

 

Post-Test 
As in the lecture notes. 

 

References 
Audifferen, C.O. (1980), Notes on the History of the Development 

of Cartography.  

Birch, T.W. (1978), Maps Topographical and Statistical, Oxford 
University Press. 
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LECTURE TWO 

 

 

 

Language of Maps I - Symbols 
 

 

 

 

Introduction  
This lecture shall examine the reason why we use map and the language 
we shall come across on the maps. 

 

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

1. write the operative definition of the Word "map"; 

2. outline the uses of maps; 

3. discuss the language employed by the map; 

4. appreciate the problems of representing features on map; and  

5. use some of the aids available to interprete the map. 

 

Pre-Test  
The only language of map is written words, True or False?  

 

CONTENT  

What is a Map? 
A map is a presentation on paper what obtains on the ground. The 
language employed by the cartographers must be properly understood 
before a map can be used for the following purpose: 

1. to obtain spatial distribution pattern of phenomena e.g. vegetation, 
population; 

2. to understand the spatial relationship between the various 



 

 6

phenomena shown on the map; 

3. to make statistical and descriptive analyses of the phenomena 
shown on the maps and 

4. to identify research problems for study purposes. 

 

Conventional Signs and Symbols 
Symbols are the graphic language of maps; their shape, size, location and 
colours all have special significance. On topographical maps published by 
Federal Surveys of Nigeria and on those by some foreign countries, the 
colours of the symbols indicate the features they represent, while man-
made objects such as roads, railroads, buildings, transmission lines and 
many others are shown in black; green distinguishes wooded areas. The 
contour lines which show the shape and elevation of the land surface are 
brown. 

 Some map symbols are pictographs resembling the object they repre-
sent, but the brown contour lines are abstractions that have no counterpart 
in nature. Contour lines are an effective device for representing the 
vertical dimension on flat paper. Practice and imagination are needed by 
the map reader to visualise hills and valleys from the con tour lines of a 
topographic map. For easier reading, index contours are emphasised by a 
heavier line. Supplementary contours are sometimes added to better depict 
areas of little relief where the basic contours are widely spaced. The 
supplementaries are shown as dashed or dotted lines. 

 Figures in brown, shown along the index contours, designate their 
elevations above the reference level. The elevation of any point can be 
read directly if it coincides with a contour or can be interpolated if it is 
between contours. Map users who are concerned with quantitative 
measurements of the terrain features can determine the data from the 
contours. Maps with shaded relief are useful to those who are more 
interested in the land than in exact ground elevations. These types of map 
are published only- for area of special topographic or recreational interest. 

 All water features are printed in blue but are generally classified as 
perennial or intermittent. The perennial features contain water throughout 
the year (except for infrequent periods of severe draught) and are shown 
by solid lines, while the intermittent features contain water only part of the 
year and are indicated by broken lines. 

 Single lines represent streams, canals and ditches usually less than 25 
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metres wide on 1: 50,000 and less than 12.5 metres wide on 1 : 25,000. 

 Larger streams and rivers are shown to scale with double lines and a 
blue tint. Maps that include seacoast and tidal water sometimes show 
depth curves soundings, some obstructions to navigations .and other 
marine details of interest which have been extracted from nautical charts. 

 Heavily built-up areas are shown with grey overprint. Streets, 
railroads, boundary lines and contours are shown in the usual manner in 
these areas. The only buildings you will see, shown are landmark 
structures such as schools, churches, mosques, public buildings and others 
that are prominent because of their outstanding size, design or historic 
interest.  

 Red represent or emphasises map features such as the more important 
roads and route numbers. Public land lines and civil boundaries shown in 
black are mapped as accurately as possible on the basis of information 
obtained from documentary records and field surveys. All published 
topographic maps give as complete a picture of the terrain as can be 
legibly produced. However, one should realise that small but important 
features are exaggerated in size to make them readable. Some features are 
mapped because of their relative local or regional importance such as 
wells, spring and gallery vegetation in their drier environment. Other 
features such as waterfalls and bridges are mapped for their value as 
landmarks. Geographic names are an important part of a topographic map. 

 From the foregoing it is clear that symbols convey the bulk of direct 
information on the map. It is therefore necessary to study them so that the 
map will be intelligible.  

 

Problems of Representing Physical and Cultural Features on Maps 
1. It is often difficult to show the various dimensions of most features 

on two-dimensional pages. 

2. There is problem about the choice of symbols in terms of type, 
size, number and density which will achieve uniformity, legibility, 
comprehensibility and precision all at the same time. 

3. Many symbols cannot represent the extent and the spread of 
phenomenon adequately. 

4. There is the problem of maintaining equal scale representation as 
regards the symbols used in relation to the actual size of the 
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features e.g. size of roads and railways on maps in relation to their 
actual sizes on land. 

 

Aim to Measurement and Computation 
Types of measurements and computations made from maps are many and 
so users would need short cuts. 

Aids in measurement of lengths, areas and angles are: 

a. graduated rules 

b. straightedges 

c. strings and 

d. pairs of compasses. 

 

These can measure map distances and with relation to the scale of the map 
we can arrive at actual distance.  

 Aids in computations are the following computational devices: tables, 
slide rule, calculators, computers, etc. 
 

Summary 
Definition of map is given and the uses of maps are outlined briefly. 
The language of map - conventional signs and symbols are explained. 
The problems posed by the use of symbols on the map are in area of 
inadequacy of paper to show three-dimensional features, the choice of 
symbols to carry the intended message, the symbols inability to 
represent extent and spread, and exaggerative nature of some symbols.  

 

Post-Test 
Using any topo sheet 1: 50,000 group the symbols used into types. How 
many types can you find? 
 

Answers to Pre-Test and Post-Test 
 

Pre-Test 
False 
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Post-Test 
1. Line symbol  

2. Point symbol  

3. Area symbol  

4. Descriptive symbol  

 
References 

Ajaegbu, H. I. and Faniran, A. 1973, A New Approach to Practical 
Work in Geography, Heinemann Educational Books. 

Ado-Ekiti S.W. Sheet 244 First Edition 1966 Federal Survey.  

Harvey, D. 1973, Explanation in Geography. Edward Arnold. 
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LECTURE THREE 
 

 

 

Language of Maps II - Marginal Information 
 

 

 

 

Introduction  
Before a map can be considered complete, the contents, the location and 
orientation of the map sheet, the scale, projection data, the date and 
method of production, and relation to other maps of the surrounding area 
must be c1early defined. All these information are usually grouped 
together under the heading - marginal information. A full interpretation 
and proper map reading depends on the understanding of this marginal 
information. 

 

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

1. identify the constituents of a typical topographical map sheet; and 

2. draw the layout of the marginal information for a topographic map. 

 

Pre-Test 
With a topographic sheet 1: 50,000 or 1 : l00,000 spread before you, locate 
the map face and gutter. 

 

CONTENT  

Constituents of a Typical Topographic Map Sheet 
1.  The entire area is called the map sheet but it is often referred to as 

simply, the map. 

2.  The map area or map face is the part of the sheet actually occupied 
by the map itself. 
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3.  The map area is bounded by the neat line.  

4.  The space between the neat line and the border line is sometimes 
referred to as the gutter. It could be anything from 1cm to 3cm 
wide. 

5.  Outside the borderline is the margin for reference divided into left, 
right, upper and lower. 

6.  The sheet edge defines the size of the completed map sheet. It is 
sometimes referred to as the trim line, as the map sheet is trimmed 
or cut to this size after printing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: The constituents of a typical topographic map sheet. 

 Most countries or organisations have their own system of marginal 
information, but in general the following are considered essential for a 
topographic series. 

 

1.  Sheet Name or Titles 

This is given in large conspicuous lettering. The sheet is usually named 
after the most important town or village in the area concerned. If none 
exists, the most conspicuous physical feature is chosen (e.g. a mountain or 
lake). 
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2.  Sheet Number and Identification  

In a topographic series, it is important that sheets should be named accord-
ing to an index system – thus, the sheet for any particular area can be 
located easily. 

 

3.  Series Designation 

A number of maps covering a particular area - all having the same scale 
and style is referred to as a series. A new series occurs whenever there is a 
major change in style and content of the maps. 

 

4.  Edition Designation 

The edition number refers to the particular printing of a map sheet. The 
first produced map of an area would be the first edition. Later, if minor 
revision is made and the map was reprinted, that would be the second 
edition. Major revision resulting in major changes in the style and content 
would be termed a new series. 

 

5.  Numerical Scale 

The scale of the map must always be stated, e.g. 1 : 50,000.  

 

6.  Graphical Scale 

To aid appreciation of distance and scaling of distance on the map a 
graphical scale should be given. This will consist of a linear scale on 
which the distances on map scale equivalent to the unit measurement in 
use are given. Commonly, graphical scales for kilometres, statute miles, 
and Nautical miles are given. At large scales (greater than 1 : 15,000), 
scales graduated in metres or yards/feet are normally given. 

 

7.  Conventional Signs Legend 

It is most important that the symbols used on the map be clearly exp-
1ained. This is done by means of a legend - listing symbols and explaining 
what they represent. 
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8. Contour Interval 

This must be clearly stated. 

 

9.  Index to Adjacent Sheets 

Normally, a diagram is given showing the numbers of the sheets adjacent 
to the map. Usually, this is confined to sheets of the same series, but 
sometimes coverage of the area at different scales may also be indicated.  

 

10.  Sheet History 

This should state the publishing agency, the date of publication and the 
type of survey (e.g. photogrammetric compilation from photographs dated 
July, 1990). 

 

11.  Meridian Convergence and Declination Diagram or Note 

This is necessary to establish the relation between true north, grid north 
and magnetic north. 

 

12.  Geodetic Information 

The ellipsoid of reference - the projection system and the levelling datum 
should be stated. 

 

13.  Copyright Restriction 

Stated to prevent unauthorised copying of the map.  

 

14.  Reliability Diagram 

A diagram of the map area showing the expected reliability of the map. 
This is usually only included where the entire map does not meet the 
accepted accuracy standard or was not to the same standard overall e.g. if 
part had been compiled from new aerial photography and the remainder 
revised from a previous map. 

 

15.  Aerial Photography Coverage Diagram 

The positions of principal points of photographs would be indicated.  
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16.  Abbreviations and Glossary 

If abbreviations or local terms are used on the map these should be 
explained. 

 

17.  Corrections Note 

Users may be invited to refer any errors - or changes to the agency 
responsible for production. 
 

18.  Sheet Index Box  

When maps are stored either in drawers or in hanging chests, it is conve-
nient to have a quick method of identifying any particular sheet. One way 
is to have an index box; which lists the sheet number series, edition and 
perhaps also the sheet title. It is convenient to place this in the bottom left 
corner, and upside down in the top right corner. Then the information can 
always be read - no matter in which direction the sheet is facing. 

 

The space adjacent to the neat line (the gutter) contains:  

1.  Grid numbers, if a grid is included.  

2.  Geographical co-ordinates of the corner points of the map, and at 
required intervals between. 

3.  Destination of roads or railways which run off the map (if neces-
sary). 

4.  The portion of names which may fall outside the map (i.e. would 
continue on the adjacent sheet). 
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Figure 2: Typical layout of the marginal information for a topographic 
map 

 

Summary 
Such information found at the margins of maps include; title of map 
which indicate the extent or amount of information the map user may 
expect and sheet history to assess the accuracy as far as the time of 
compilation is concerned. This help in estimating the reliability of the 
map being used, while reliability diagram shows area of reliability 
where the entire map does not meet the accepted accuracy standard. 

  
Post-Test 
List the information contained in the gutter of a topographic map. 
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Answers to Pre- Test and Post- Test 

 

Pre-Test 
As in the lecture notes diagram. 

 

Post-Test 
As in the lecture notes. 

 

Reference 
Van Zuylen, L. and Shearer, J.W. 1970. Cartogtaphy ITC Lecture 

Notes. 
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LECTURE FOUR 
 

 

 

Analysis of Relief 
 

 

 

 

Introduction  
Relief is the difference in elevation between the high and low points of a 
land surface, usually measured as relative relief. There are several 
methods for analysing relief morphometry. These include: 

1. Relative relief map  

2. Summit frequencies  

3. Slope analysis.  

 

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

1. relate the altitude of the highest relief in an area to its lowest 
portions; 

2. identify areas of low or high relief in a given environment; 

3. decide on the nature of the slope of the relief region; and 

4. plot isopleth to show the nature of the slope graphically.  

 

Pre-Test 
Calculate the difference in height between the highest and lowest points 
on the topographic map you have. 
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CONTENT  

Arithmetical Method -- Relative Relief Maps 
The procedure to follow for drawing a relative relief map of an area is as 
follows: 

1. Identify the area for which the Relative Relief map is required. 

2. Superimpose grids on the area. The spacing of the grids depends 
on the amount of detail required. The more the details required the 
closer the grid should be, e.g. with 1 : 50,000 topographic maps 4-
6cm squares are best. 

3. Calculate the difference in height between the highest and lowest 
points in each square and insert the figure at the centre of the 
square. The figure is assumed to represent the relief at the centre. 

4. Choose a suitable relief interval and draw isolines to join places of 
equal height. 

5. Shade the different relief regions and show the key to shading. 

 

Summit Frequencies 
Frequency Distribution of Absolute Elevation 

This is normally obtained from spot heights, trigonometrical stations and 
benchmarks. To construct a graph of frequency distribution of absolute 
elevations, the following steps should be taken: 

1. Impose a transparent paper on the map and then transfer all spot 
height and Trig stations on it.  

2. Use the contour lines to obtain other heights.  

3. Get all the summit heights and arrange them in terms of their fre-
quencies. 

4. Calculate the percentage frequency of each class e.g. 

  100
9

3 × or 100
9

2 ×  

5.  Plot the graph of absolute elevation against the frequency %. 
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Figure 3: Frequency distribution of Absolute Elevation 

 

Slope Analysis 
Geographers are interested in slope analysis because sometimes the exact 
height of a point above sea level is for some purposes much less important 
than the relation of its altitude to that of surrounding areas. Among the 
methods used in determining slope are gradient determination, mean 
slope, and hypsometric curve. 

 

Gradient 

The calculation of the gradient of a slope is quite familiar to us: 

 

Gradient = 
Distance Horizontal

Difference Vertical
 

 

Mean Slope 

The method of mean-slope was proposed by Wentworth in 1930 and the 
procedure is as follows: 

i. Cover the area with grid N-S and E-W. 

ii. Count the number of times each grid line is crossed by contour 
lines. 

iii.  Determine the total length of aol grid lines with reference to the 
scale of the map. 

iv. Calculate the average number of crossings per kilometre of grid 
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line 

i.e.  Total number of crossings/Total length of grids in km. 

e.g.  If total number of crossings  = 500 

And total length of grids  = 10km 

  Average crossing/km  = 
10

500
 = 50 crossings/km 

v.  Multiply the crossing per km by the contour interval of the map i.e. 
the vertical interval of the map. 

vi.  Divide the result by 3361 which is a constant as put forward by 
Wentworth. 

vii.  The result gives the tangent of the slope and could be 
converted to degrees by looking at the tangent table 

OR 
Use the formula directly 

tan θ = 
G

n × 
3361

VI
 

       where tan  θ  =  tangent of the slope 

n = no. of crossings/grid line 

G  = aggregate length of the grids in km. 

VI  = contour interval in (m) 

3361  =  a Constant 

Note 50 feet =  15 metres.  

 

Hypsometric Analyses (Area Height Diagram) 
Hypsometry is the measurement of the relationship between area and 
altitude. It is also the study of the distribution of ground Surface area of a 
landmass with respect to elevation. An example of hypsometric analysis is 
the area-height curve. This shows the actual area of land between two 
adjacent contours. 

 

Steps 

i. Measure the actual area. This is the 2 successive contours using 
graph sheet. 
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ii. Plot the height of the contours on the vertical scale and the area 
enclosed on the X-axis. 

 

 

 

 

 

 

 

 

 

Figure 4: Hypsometric curve. 
 

Another example of hypsometric analysis is the Percentage Hypsometric 
curve. 

 

 

Step 

i. Select a drainage basin by tracing the watershed or other forms of a 
boundary. 

ii. Compute the area ratios by 

a. measuring the entire basin area (A) 

b. measuring the area enclosed between the chosen contours (b) 
and express (b) as a percentage of (A).  

   X = 
1

100

A

b ×  

iii.  Compute the height ratios by 

a.  estimating the total range of height between the lowest point in 
the basin e.g.: the basin mouth as the height or summit point 

b. determine the height of each chosen contour (h). 

c. express (b) as a percentage of (a) 

 i.e. 
1

100

H

h ×  
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iv.  Plot the obtained percentages on a suitable graph with appropriate 
graduation and join the points by a smooth curve. 

 

Summary  
We have defined the word relief and have looked at two methods of 
relief analysis i.e. relative relief maps and summit frequencies method. 
You have also been taught how to analyse slope of the land using 
gradient formula as well as Wentworth's method which is more relevant 
to an area rather than a transect of the land. 

 Finally, you learnt about hypsometric analysis which relates area to 
height of the land. 

 

Post-Test 
Produce a relative relief map of an area 5 minutes by 5 minutes on your 
topographic map. 

 

Answers to Pre- Test and Post- Test 

 

Pre-Test 
Difference between Your highest and lowest point  

 

Post-Test  
Follow the steps I-V in the lecture note to produce the map.  

 

References  
Ajaegbu. H. J. and FA. (1973). A New Approach to Practical Work 

In Geography, Heinemann Educational Books. 

Dury, G. H. (1951). Methods of Cartographical Analysis, In 
Geomorphological  Research in Indian Geographical society Silver 
Jubilee Souvenir Volume. 
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LECTURE FIVE 
 

 

 

Analysis of Drainage Basins I – Linear 
Properties 
 

 
 

 

Introduction  
Water is by far the most important agent of landform evolution. It is the 
dominant process in the humid regions while its effects cannot be waved 
off in the arid and cold regions, hence the importance of analysing drain-
age basin in geomorphological studies. A basin is a good unit for planning 
purposes. Quantitative study of drainage features on maps is usually done 
under 3 major headings. i.e. Linear properties, Areal properties and Relief 
properties. 

 

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

1. order (rank) the streams in a given basin; 

2. measure stream length; 

3. calculate Bifurcation Ratio; and 

4. determine mean stream length by order.  

 

Pre-Test 
Precisely what do we mean by stream ordering?  
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CONTENT  

Linear Properties 
Streams and stream channels are viewed as linear data so their study is 
therefore restricted to lengths, numbers and arrangements. Before 1945, 
drainage lines and segments were studied qualitatively and descriptively in 
the tradition of Professor Williams Morris Davis. Drainage were described 
then according to their overall pattern and planimetric layout with such 
descriptive terms as dendritic, annular, trellis, rectangular, centripetal etc. 
In addition, there were stage terms such as youth, maturity and old age 
used in the analysis. Horton (1945) revolutionalised the study of fluvial 
morphometry. He introduced analytical approach whereby we can study 
from topographic maps the following - stream order, stream length, 
bifurcation ratio, drainage density, stream frequency, and drainage 
intensity. 

 

Stream Order 
In stream ordering the mapped stream - channel network of an area - is 
subdivided into individual lengths of channels or channel segments and 
arranged according to a hierarchy or magnitude of orders. There are many 
ways of doing it but Strahler's system is the most popular. According to 
Strahler, first order is the unbranched finger tip, second order is formed 
when two first order join while 3rd order is formed when two second order 
join. Where first and second order meet, no difference is made, the 
resulting stream is still of the second order. 

 This analysis makes it possible to make generalisation about the form 
and dimensions of the drainage network-of a particular region and to make 
comparisons of the drainage networks of two regions with respect to form 
and dimensions. 
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Figure 5: Stream Order 

 

Number of Segments of Each Stream Order 

This can be counted and their various lengths measured e.g.  

first order = 16 

second order = 9 

third order = 5 

 Generally the number of stream segments of successively lower 
orders in a given basin tends to form a geometric series beginning with a 
single segment of the highest order and increasing according to a constant 
bifurcation ratio. 

 

Stream Length 

Generally, first order channel segments are the shortest, the segments 
becoming longer as order increases.  

 

Bifurcation Ratio 

This is the ratio of the number of segments of a given order to that of the 
segments of the next higher order (calculated by the formula) 

Rb =
1Nu

Nu

+
 

where u = order designation of a stream segment 

N = total number of segments of that particular order  
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Nu = number of the order streams. 

e.g.  Rb 1 = 
9

16
 = 1.78 approx.  

Rb 2 = 
5

9
1.8 approx. 

Mean Length of River 

You can find Mean length of river by using the formula 

Lu = 
Nu

Lu∑  

where  u  = order of stream 

I = length of all the order streams 

Nu  =  number of the order streams 

Σlu = the sum of lengths of all stream segments of order 
u. 

e.g.  Σlu  =  length of 1st, 2nd and 3rd order streams 

=  (17 + 7.5 + 3) km 

=  27.5 kilometre 

Nu  =  total number of 1st, 2nd and 3rd order streams  

=  16 + 9 + 3 

=  28. 

∴ Lu =  
28

5.27
 = 98 

 

Mean Stream Length by Order 

L1 = 
N1

11∑   =  average length of 1st order segments = 
16

17
= 1.06 

L2 = 
N2

12∑   = average of 2nd order segments = 
16

17
 = 0.8  

L3 = 
N3

31∑   =  average length of 3rd order segments = 
5

6
 = 1.2 
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Summary 
In analysing a drainage basin, streams and stream channels are studied 
under sub-headings, lengths, numbers and arrangements for the purpose 
of quantification of our analysis. 

 

Post-Test 
Order the streams in a given basin from your topographic map. 

 

Answers to Pre-Test and Post-Test 

 

Pre-Test  
Ranking.  

 

Post-Test 
As in the example in the note.  

 
References 

Ajaegbu, H. I. and Faniran, A., 1973. A New Approach to Practical 
Work in Geography,  Heinemann Education Books. 

Areola. O. 1986. An Introduction to Aerial Photo-Interpretation in 
the African Continent. Evans Brothers (Nigeria Publishers) Limited. 

Taiwo, Bisi 1988, Map Work for Senior Secondary Schools. 
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LECTURE SIX 
 

 

 

Analysis of Drainage Basins II-Areal 
Properties 
 

 
 

 

Introduction  
In the first part of drainage analysis you have studied linear properties of a 
drainage basin. In this second part, the lecture will introduce you to the 
areal properties and the type of analysis based on these properties. 

 

Objectives 
A t the end of this lecture, you should be able to: 

1. discuss what map analyst do under area studies; 

2. calculate drainage density; 

3. calculate stream frequency; 

4. calculate index of drainage intensity; and 

5. explain the usefulness of the drainage density. 

 

Pre-Test 
Mention one specific operation you think areal studies in map inter-
pretation must include. 

 

CONTENT  

Areal Properties 
Areal studies include the measurement and the description of the surface 
area of drainage basins. It involves comparison of basin area to stream 
order as well as derivation of certain generalisation or statistics including 



 

 29

drainage densities, stream frequencies and drainage intensity which relates 
linear and areal properties of drainage basins. 

 

Drainage Density 
Drainage density is the ratio of the total length of all the streams within a 
single river system to the area drained by that system. It is calculated 
simply by dividing the total length of the streams by the area drained.  

Dd= 
A

ΣL
 

 To determine the drainage density of a basin you should first find out 
the total channel length of the streams in the given basin (see lecture 5) 
and divide the result by the total area of the basin in whatever units 
suitable. 

 To calculate the area of the basin you can use the graph sheet e.g. the 
scale of your topographic map 1: 50,000 means 1 cm = 

2
1  km. 

 Therefore, 1 cm2 = 
2

1  kilometre square which is equal to 
4

1  

kilometre square on land = 0.25 km2. 25 small squares make up 1 big 
square. So the area depends on how many complete big squares you 
obtain. If we have 120 complete squares you multiply it by .25 km2 = 30 
sq km. 

So having obtained the length and the area we can apply the 
formula: 

     Dd  =
A

ΣL
 

= 
A

3)7.5(17 ++
km 

= 
30

5.27
= 916  

So Dd  = 92 
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Stream Frequency 
Frequency is the number of stream segments per unit area in a basin. In 
other words, it is the ratio of the total number of stream existing in a 
drainage basin to the total area of that basin. This may be described as 
high or low depending on a number of factors like the nature of the rocks, 
the level of the water table etc. If the frequency is not less than one stream 
per unit area, it is regarded as high. To calculate the frequency in a basin 
we apply the formula 

FS = 
A

ΣL
 

What you will do is to count all the available streams, then calculate the 
area of the basin within which the streams are set and then use the area to 
divide the total number of stream. 

e.g.  1st order  16 

2nd order 9 

3rd order 5 

Total         = 30 

Area        = 30km2 
 

FS = 
30

30
= 1 0 

 
Index of Drainage Intensity 

Id = 
2A

N  L ∑∑  

To calculate this you should multiply the total number of all stream 
segments in the area with the total length of stream segments and divide 
the product by the square of the area of the basin. 

e.g.  .92
900

825

(30)

(30)  (27.5)
2

==  

  Id = .92 
 

Usefulness of the drainage density 
1.  It gives a measure of the density of stream network therefore, an 
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indication of amount of dissection. Density is a permanent feature 
of drainage basin and it is time dependent. It is influenced by 
rainfall intensity, vegetation, soil erodibility etc. 

2.  Because it depends on basin characteristics it can be used for 
classification of drainage basins. 

3.  Because it varies with environmental factors, it may give idea of 
the pattern of distribution of rock type’s e.g. coarse texture, per-
meable rocks, fine texture, and non permeable rocks. 

4.  It is an important factor influencing stream discharge and sediment 
yield. 

5.  It can be used in the prediction of basin processes e.g. a basin with 
a higher Dd will have higher discharge - other things being equal. 

6.  Former drainage networks in an area can be predicted by under-
standing the spatial and temporal variations of Dd. 

 

Limitations to Uses  

1.  Replication: obtaining same value of Dd or the same area by diffe-
rent users because the information on topographic map is different 
from that on aerial photo map. If different users used topographical 
maps at different scales they will get different answers. Differences 
are also introduced into the answer because of the differences in 
accuracy and knowledge of map users. 

2.  Derivation: It is problematic to measure the length of all the 
streams of a very large basin. 

3.  Interpretation of streams or stream channel is affected by the 
season of the year. 
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Figure 6(a): Effect of stream length on drainage density 

Figure 6(b): Effect of number of stream on stream frequency. 

 

Though basin A is more dissected than B, yet because B's length is greater 
than A's its drainage density is less. Fig. 6(a). The same figure will be 
obtained given two rivers of different lengths in an area. Fig. 6(b).  

 

Summary 
In this lecture you have learnt about areal properties of Drainage Basin 
and how to analyse quantitatively. Rather than saying that a basin is 
finely dissected, we can say precisely and numerically that it is 5 km per 
square kilometre. We can do the same thing to stream frequency. 
Therefore we can make simple comparison between drainage densities 
on rocks of the same type under different climatic and vegetation 
conditions. Stream frequency is also a measure of drainage texture and 
deals with dissection of a landscape. 

 

Post-Test 
What is the Index of drainage intensity? If the total stream length is 15 
kilometres and the total stream segments is 20, while the area of the basin 
is 18 km2. 

 

Answers to Pre-Test and Post-Test 

 
Pre-Test 
Measurement of the surface area of the drainage basin in question.  
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Post-Test 
Id = 0.925 = 0.93. 

 

References 
Ajaegbu, H. I. and Faniran, A., 1973, A New Approach to Practical 

Work in Geography, Heinemann Education Books. 

Areola, O. 1986, An introduction to Aerial Photo-Interpretation in 
the African Continent, Evans Brothers (Nigeria Publisher) Limited. 
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LECTURE SEVEN 
 

 

 

Analysis of Settlement  
 

 

 

 

Introduction  
In this lecture I shall introduce you to settlement analysis. Our focus will 
be different from the mere description of settlement in the traditional way 
but rather we shall attempt to analyse the settlement patterns in relation to 
their environments. It is not enough to be able to distinguish between 
"rural" and "modern" or between "dispersed" or "scattered" and 
"nucleated". You should be able to account for settlement's sites, 
situations, functions and densities. 

 

Objectives 
A t the end of this lecture, you should be able to: 

1. identify settlement pattern in an area; 

2. draw the link between each settlement and its nearest neighbours;  

3. measure total area under study area using graph paper; 

4. calculate the mean distance between the nearest neighbours; and 

5. calculate indices of directedness between a pair of settlement.  
 

Pre-Test 
Calculate the area of 5 minutes by 5 minutes square on your 1: 50,000 
topographic sheet. 
 

CONTENT  

Settlement Patterns 
Settlement patterns may be clustered, dispersed or random. The nearest 
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neighbour technique can be used to determine settlement patterns.  

The procedure is as follows. 

a.  On transparent overlay sheet, draw lines showing the link between 
each settlement and its nearest neighbours. 

b.  Measure the distances and record the answer in tabular form.  

c.  Measure total area under study e.g. 300 km2. 

d.  The total number of settlement (n) in the study, area must be 
found, e.g. (183). This figure is needed both for working out the 
mean distance between the nearest neighbours and also for 
calculating Rn. 

e.  Calculate the mean distance between the nearest neighbours D  or 

X . 

D = 
n

dΣ  = 
183

69.78 = 0.43 

f.  Having found D  you can then substitute in the formula 

Rn = 2D
A

N
 

g.  With Rn = 0.67 this meant that the distribution of settlement in this 
area was more clustered than regular. 

Rn ranges in value from 0 - 1-2.15 

If 0 = clustering 

If 1 = random 

If 2.15 = regular or uniform.  

 

Settlement Density 

The simplest measure of the density of settlements (of all sizes) by the 
area, e.g. a density of 0.43 km2 means that one settlement per 0.43 square 
kilometres. Density isopleths can also be produced and the procedure is as 
follows: 

1. Cover the area of distribution with grid squares of equal size. 

2. Count and record the number of occurrences of the feature in each 
square. 

3. Join the centre of the squares of equal values with lines to produce 
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the isopleths. 

 The map can illustrate how the number of settlement decreases or 
increases from given points.  

 

Settlement Size 

The size of a settlement can be determined by the area extent, the number 
and types of functions or services performed or provided in the settlement 
e.g. church, Post offices, trunk road, railways. 

 

Determining Area of Settlement 

Trace the extent of the built up area and/or the legal (administrative) 
boundary of the settlement. Find the area using graph sheet, and the scale 
of the map. 

 

Number and Type of Functions 

We can use number and type of functions to know how big each 
settlement is in relation to the other settlements in the area shown on the 
map. What you should do is to score the criteria or variables used to 
measure the index of size e.g. 

Amenities -  Roads  -  minor roads -  2 

main paths  -  1 

Health -  dispensary  -  2  

hospital  -  5 

Legal -  Court  - 2 

Police station  -  3 

 The sum of all the scores by each settlement on all the attributes 
measured would constitute that settlement's index of size. The settlements 
can then be grouped or classified according to the index ranges within 
which they belong. 

 

e.g.  0 - 5 points = compound and hamlet 

6 -10 points   =  small village 

11- 20 points  =  1arge village 

21 - 40 points  =  small town 
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> 40 points = large town/city. 

You can plot area of town (size (Y) against number of functions 
(x). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: Rank size rule. 

 

Accessibility of Settlement  

We are often interested in the degree of connectivity that exist within a 
settlement system. One useful index for this is the index of directedness 
(ID) which can be calculated for pairs of settlements. It expresses the 
relation between the direct distance between two points or settlements as 
the crow flies (the straight line) and the actual route distance through the 
shortest available route way between the two points of settlements. It can 
be expressed as follows: 

ID = 
scale map using (RD) distance routeshortest  available

(DD) distancedirect 
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Figure 8: Index of directedness between 

6 and 1  

6 and 2  

6 and 3  

6 and 4  

6 and 5  

 A low ID value indicates post connection between the pair of 
settlement for which it was calculated. If we calculate the ID from one 
centre to several others, the pair with the highest value is the best 
connected and such things as information, innovation, subsidies etc. would 
get to them first. This index aids decision on locational efficiency. 

 

Settlement Centrality or Nodality 
We want to know how centrally located and accessible a settlement is 
when compared to others in an area. One measure for doing this is the 
vertex accessibility index. The procedure for obtaining this index is as 
follows: 

1.  Form a matrix with the names of settlements in the chosen area 
appearing in the rows and columns. 

1  2 3  4 5  6 
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1 –   

2   – 

3    – 

4     – 

5      – 

6       – 

 

2.  Measure the distance between each settlement and all others in the 
area (you can leave in cm).  

3.  Sum up the distance along each row or column.  

4.  The settlement with the lowest value of row or column total is the 
most accessible. 

 

Summary 
In this lecture you have learnt how to describe settlement pattern in a 
continuous way numerically with values ranging from 0-2.15. We have 
also looked at the topic, settlement density which is calculated simply by 
dividing the number of settlements by the area. When we talk of 
settlement size we are referring to area extent and the type and number 
of functions performed. Index of directedness is calculated by dividing a 
straight distance by the actual route distance. The higher the value 
between a pair, the better the connection between the pair. Finally to 
determine the centrality or accessibility of a settlement compared to 
others in an area, we calculate using the vertex accessibility index. 

 

Post-Test 
Which is the most accessible settlement in the above table? 

 

Answers to Pre-Test and Post-Test 

 

Pre-Test 
84.2 sq kilometres Approximately. 
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Post-Test 
Answer to be in line with procedure four in the note.  

 
References 

Ajaegbu, H. I. and Faniran A., A New Approach to Practical Work 
in Geography, 

Heinemann Education Books 1973. 

Peter Toye and Peter Newby, 1971, Techniques in Human 
Geography. Macmillan Education. 
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LECTURE EIGHT 

 

 

 

Land Use Analysis I -- Rural 
 

 

 

 

Introduction  
There are two main types of land use, these are agricultural (rural) and 
urban land use.  

 Land use refers to the use to which land is put; therefore agricultural 
land use is the type of agriculture that is practiced.  

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

1. discuss the theory of agricultural location developed by J. Von 
Thunnen; 

2. outline the three important aspects of agriculture; and  

3. explain economic rent curve. 

 
Pre-Test 
Who developed the theory of agricultural-location? 

 

CONTENT  

Agricultural (Rural Land use) 
The analysis of agricultural land use is based primarily on the theory of 
agricultural location developed by J. Von Thunnen. The theory is con-
cerned among other things with three very important aspects of 
agriculture. 

1.  The spatial pattern of crops - that is which type of crop is grown 
where.  
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2.  Spatial pattern of farming system - that is which type of farming 
system is practised where. In respect of crop types, we find that on 
any agricultural landscape, different crops occupy different loca-
tion e.g. the location of market gardening, and root cropping may 
be different from that of cash cropping and grains. Similarly, the 
farming systems also vary in space. There are basically two types 
of farming systems - intensive and extensive. The location of these 
two types with respect to the market may be different.  

 3.  There is a third aspect of agricultural land use which is farm or plot 
size. Farm size also varies in space; in some areas farm plot may 
be large while it may be small in some other areas. These three 
terms - crop type, farming system and farm size, are what we use 
to analyse agricultural land use pattern. 

 

Spatial Pattern of Crops 
Agricultural location theory tries to explain the spatial pattern of crops in 
terms of economic rent. Economic rent is the net return/surplus production 
accruing to a particular plot of land over and above the net return accruing 
to the plot of land at the margin of economic cultivation. The net return is 
measured per unit area. According to Von Thunnen, in any village 
landscape, different crops are regarded as being in competition as to which 
one is to be cultivated on which plot. In other words, on any given 
plot/farm, different crops are in competition as to which one will be 
cultivated on the plot in question. This competition among crops is usually 
resolved by economic rent.  

 On any given plot, the crop that yields the highest economic rent is 
cultivated, thereby displacing other crops to other plots or location where 
they might be in a position to yield high economic rent. 

Competition between farming system is also resolved by the theory of 
economic rent.  
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Fig. 9: Economic rent decrease with distance away from the village 
  

 Just as different crops have different economic rent curves, different 
farming systems have different economic rent curves. 

Usually, the curve that has a very steep gradient is bu1ky or 
perishable and because of this, is usually cultivated very close to the 
village since it will be expensive to transport to the market. On the other 
hand, less bulky and more transportable crops which are not perishable 
can be cultivated at distant farm plots. With regard to farming systems, 
intensive system is practised near the village while the extensive is 
practised far away from the village. 

 
Farming Systems 

A  = intensive 

B - E  = extensive 

 

Crops 

A  = market gardening 

B  = root crops - yams, cassava  

C  = grains - rice, millet 

D  = horticulture - Sorghum  

E  = grazing  

 

 

Figure 10: Von Thunnen's Theory of spatial pattern of crops and farming 
systems. 
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 With respect to farm sizes, farm plots that are closer to the village are 
smaller in size than those that are farther away. Given this fact, the only 
way a farmer can maximize his income/output is to intensify the plot that 
is, practice intensive agriculture. 

What to do 

1.  Count the number of farms/plantation of all shapes and sizes in an 
area. 

2.  Calculate the sizes of different farm/plantation. 

3.  Find the average size of farm plot in different parts of the area 
mapped. 

4.  Measure the farm sizes at different distances from the village and 
plot the graph of size upon distance from the village.  

5.  Finally, calculate the density of farm per unit area, 

D = 
Area

farms of No.
 

 

Summary 
To understand the application of Von Thunnens theory to land use 
analysis you have been taught three aspects of agriculture - Spatial 
pattern of crops, spatial pattern of farming system and farm size. There 
is competition between crops for space and there is competition 
between the farming systems. Economic rent theory solves both 
problems. 

 

Post- Test 
According to Von Thunnen's theory, intensive farming is practised near 
the settlement while extensive farming is practised far away from the 
settlement. True or False? 

 

Answers to Pre-Test and Post-Test 

 

Pre-Test 
Von Thunnen. 
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Post-Test 
True 

 

References 
Faniran, A. and H. I. Ajaegbu, 1973, A New Approach to Practical 

Work in Geography, Heinemann Education Books. 

Peter Toyne and Pyter Newby, 1971, Techniques in Human 
Geography, Macmillan Education. 
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LECTURE NINE 
 

 

 

Land Use Analysis II- Urban 
 

 

 

 

Introduction  
Like the theory of agricultural land use, we have also the theory of urban 
land use; which explains why different uses are located where they are. 
There are essentially three main types of urban land uses; commercial, 
residential and industrial. Others are recreational, educational, etc. All 
these uses require proper attention in our analysis. Some of the land uses 
may be named on the map, but several would be deduced from the 
symbols employed. 

 

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

1. identify areas of different uses on the map using the map legend; 
and 

2. calculate the density of houses in a residential zone. 

 

Pre-Test 
Is it possible in real life situation to draw a hard and fast line between 
different uses of the land in an urban area? 

 

CONTENT  

Urban Land Use - (Commercial Uses) 
In any urban area, the commercial land use are concentrated in some 
points or in some areas while residential and industrial land uses are also 
located in a specific area. This is not to say however that we cannot find 



 

 47

residential areas in mainly commercial areas. 

 The theory of urban land use says that the commercial land use 
occupy the central part of the city (Central Business District), C.B.D. The 
theory of urban land rent also dictates that low income earners live 
immediately after the CBD. Here, there is a high density unit. The upper 
class area is very far from the CBD where there is a low density unit of 
houses. 

 

Residential Use 
There are three types of residential land uses - upper class, middle, and 
lower class: meaning that residential land use varies in density, quality, 
occupancy and age. Example from the United State shows that as the city 
grew, single-family homes extended its circumference. In the higher class 
sectors, the inner, older homes were typically replaced with upper-class, 
high-rise apartments. In the poorer sections, the older homes were divided 
into tenements. Although land value and taxes were high and per family 
rents low, net revenue per property could be quite large, giving a high 
density of population. 

 
Industrial Land 
This occurs in wedges or clusters within the metropolis or city. It includes 
an older, inner industrial zone near the central business district that uses 
little space. 

 The observed decentralization of industry in most cities is due to lack 
of space -and to excessive land costs for the space that is available. Only 
manufacturing that requires face to face contact with other industries and 
services, can utilize the labour of nearby poorer groups, and does not 
require much space will seek and pay for central locations. On the other 
hand, many industries prefer more spacious peripheral sites such as 
refineries, metal processors and fabricators. Also, specialized small manu-
facturers, whose employees are skilled and for whom local accessibility is 
not important, prefer peripheral locations in or near middle-income 
suburbs. 
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Work to Do 
1. Several types of analysis can be undertaken of urban land uses. 

2. Trace out and calculate the area of the various patches devoted to 
each type of use, whether residential, industrial, commercial, 
administrative, social, etc. 

3. Group the results according to the different land use types, and 
work out the proportion of the total urban area occupied by each 
type of land use. 

4. Work out the maximum and minimum distances from the city 
centre, or any other chosen centre, to areas of major or dominant 
types of land use. 

5. Calculate the route distances separating major areas of varying 
land use, such as residential areas from industrial. Major shopping 
centres and markets from the ports. 

6. Calculate the density of houses in each residential zone where 
possible  

7. Calculate the dimensions of the major houses, especially public 
and commercial buildings where possible. 

 

Summary 
In interpreting urban land use on map it is sometimes easy and possible 
at a glance to account for the functions performed by different zones or 
sectors. At some other times, such exercises are not easy, e.g. land 
situation or location is easily visible on any map. On the other hand, the 
character, quality and value of land are not easily detectable. To make 
analysis quantitative, the section work to do is included for better 
understanding. 

 

Post-Test 
Mention three main types of urban land use.  
 

Answers to Pre-Test and Post-Test 
 

Pre-Test 
No 
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Post-Test 
1. Commercial 

2. Residential and 

3. Industrial. 

 
References 
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Taiwo, Bisi (1988), Map Work for Senior Secondary Schools. 
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LECTURE TEN 
 

 

 

The Use of Graphs and Diagrams in 
Illustration I  
 

 
 

 

Introduction  
According to Bygott, graphs and diagrams of various types are frequently 
used in geographical texts to avoid long written discussions and to give 
quick visual interpretation to tables of statistics. They are useful devices to 
facilitate comparisons of amounts to show variations or the relative 
volume and value of various commodities. There is hardly any statistics 
that cannot be represented graphically. 

 In the map, graphs and diagrams give quantitative information on 
point and area data. Graphs are used on their own and they are frequently 
placed on maps e.g. rainfall and temperature graphs placed over the station 
to which they refer. 
 

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

1. represent some geographical statistics using appropriate graph or 
diagram; and 

2. discuss the merits and shortcomings of the methods used. 
 

Pre-Test 
Bar and line graphs are useful for showing geographical facts in a simple 
and striking way. True or False? 
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CONTENT  

Methods in Statistical Mapping 
Commonly used method to illustrate statistical data graphically in map 
analysis are bar, and line graphs. 
 

a.  Columnar diagram (Bar Graphs) 

They are the commonest form of graph. Rectangular coordinate system 
with dependent and independent variables is used. The quantities are 
shown by bars or columns. They may be placed either vertically or 
horizontally. "Various types of bar graph can be distinguished. 

 

 

 

 

 

 

 
 

Figure 11: Simple bar graph 

 

i.  Simple Bar Graph 

The independ.ent variable (e.g. time, countries etc.) is plotted along one 
axis (X) the dependent variable along the other (Y). So the height (length) 
of the bars is directly related to the value (absolute or relative). It may be 
used to show statistics which cover a number of months or years e.g. mean 
monthly rainfall from January to December. The usual and logical way of 
arranging the bars is with the vertical method to draw the earliest on the 
left and read across to the latest on the right. 

 With the horizontal method the earliest is put at the top and is read 
down to the least at the bottom. In this method, long names and numbers 
can be set horizontally. When space in the map is limited (which is often 
the case) the spaces in-between the bars have to disappear; and to save 
even more space, bars could be represented such that they stand partly 
behind each other. 

 



 

 52

b.  Divergence Bar Graph 

This shows increases or decreases (divergences) compared with a certain 
average value. If horizontal method is used, increases are to the right while 
decreases are to the left. If vertical method, increases are above while 
decreases are below. 

 

c.  Multiple Bar Graph 

This bar graph gives quantitative information on more than one feature, 
state or country. The bars which represent the production of each area in a 
particular year are placed side by side and always in the same order. Each 
area has its own particular shading or colour. 

A multiple bar graph can be drawn which uses two different units. 
The scale for each is shown on opposite sides of the graph. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12: Multiple bar graphs (I & II) 



 

 53

d.  Divided Bar Graph 

Instead of being placed side by side, the component parts of the group are 
placed end on. The contribution of each area can be seen because of the 
special shading (of colouring) and the total length of the bar compared 
with the scale gives the total production. Unlike multiple bar graph where 
all the bars rest on the same zero line, thus facilitating easy reading and 
comparisons, divided bars do not rest upon the same base and so it is more 
difficult to compare them by eye. It is thus good to include the actual 
statistics on the face of the bar. 

 

 

 

 

 

 

 

 

 

 

 

Figure 13: Divided bar graph. 
 

e.  The Population Pyramid  

A well known and very characteristic type of bar graph is the one used to 
show the sex and age structure of the population, the so called population 
pyramid. The graph consists of two parts: a left part usually representing 
the male part of the population, the right part representing the females. 

 Vertically the pyramid is divided into a number of age classes (of 
equal steps). The youngest group at the base. Quantities are plotted 
horizontally, starting from zero at the inside of the pyramid and increasing 
in both directions. 

 Sex and age structure of the population can be combined with the 
change of the population i.e. the sex and age structure in different periods. 
Each age class has then more than one bar. These bars can be drawn in 
various ways. 



 

 54

 

 

 

 

 

 
 

 

 

 

 

 

Fig. 14: Population pyramid graph - The graph consists of two parts: a left part 
usually representing the male part of the population, the right part representing 

the females. 

 

f.  The Histogram 

A histogram is a bar graph showing frequency distribution. The original 
set of data is grouped in classes and the frequency in each class is calcu-
lated. The classes are usually plotted along the abscissa, the frequencies a 
long the ordinate. The histogram may not be confused with a simple bar 
graph of a similar form: The term histogram is specially used for bar 
graphs showing frequency distributions. 

 

Line Graphs 

Line graphs are based on the same principle as bar graphs. They have two 
rectangular co-ordinates; the X axis or abscissa and the Y axis or abscissa. 
Both axes are scaled. 

 Along one axis the independent variables are plotted, such as an equal 
time division (months, years, periods), whereas the other axis represents 
the dependent variables i.e. the quantitative values from the statistical 
data. Usually, the independent variables are plotted on the abscissa.  

 The scaling of the axis can be done in various ways. The scaling 
system used depends on the kind of feature that is represented. The most 
common type of scaling is the linear scaling, a scaling with equal steps.  
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 However, if the range of the values that have to be represented is very 
large, the linear scaling system has the disadvantage that the relative diffe-
rences cannot be shown properly. 

 The solution for this is to use a non-linear scaled line, of which the 
most usual one is the logarithmic scaling. 

Line graphs are most often used to illustrate statistics given for a 
period of time e.g. so many months or years. Bars, solid and with separate 
units catching the eye, are used where it is wanted to draw attention to 
actual yearly amounts: Whilst the line method emphasises continuous 
changes or fluctuation. Time is along the bottom and the other component-
value, unit up the side. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 15: Line graph 

 In the above diagram (a) a dot has been placed on the top of each bar. 
These dots have been transferred to (b) joined together by straight lines to 
produce simple bar graphs. In line graph both dates and scale values are 
written opposite the co-ordinate line so that if produced would cut the 
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figure. We shall look at the following types of line graphs briefly.  

 

1.  The Simple Line Graph 

The simple line graph shows by one single line the relation between two 
variables (the dependent and independent variables). 

 

 

 

 

 

 

 

 

 

 

 

Figure 16: Simple line graph 

 

2.  The Multiple Line Graph 
It is possible to plot on one line graph more than one dependent variable 
related to one independent variable. The various lines in the graph are 
represented with various line symbols. The different line symbols used 
have to be coded differently with explanation. It is advisable not to have 
too many features represented 5 to 6 different lines should be the maxi-
mum.  
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Figure 17: Multiple line graph 

 

3.  Compound Line Graph 

This type of line graph is more complex than the simple and multiple line 
graphs. Compound line graph is used for much the same purposes as a 
compound bar graph but it is less pleasing to the eye and harder to read. It 
must be shaded or coloured and may be misleading unless it is held firmly 
in mind that only readings along the vertical co-ordinates correspond to 
the statistics. The upper line for one item is at the same time the zero line 
for the other. 
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Figure 18: Compound line graph 

 

Summary 
In this lecture, we have looked at the various ways of presenting 
geographical facts statistically using both bars and line graphs. It is 
expected that map analyst would be able to plot these graphs and 
interprete them accordingly. 

 

Post-Test 
Produce a combined line and bar graph (bars for rainfall, line for tempe-
rature) from the data below. 

 
Port 
Harcourt 

J F M A M J J A S O N D 

Rainfall  1.2 2.3 5.0. 7..5 9.9 13.
3 

12.
9 

12.
3 

15.
5 

10.
7 

5.5 1.8 

Temperatu
re  

88.
7 

90.
6 

90.
3 

89.
3 

87.
7 

85.
3 

82.
9 

83.
7 

84.
4 

85.
6 

87.
3 

88.
2 

 

 Graph the above data using combined line and bar graph method. 

 

Answers to Pre-Test and Post-Test 
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Pre-Test 
True 

 

Post-Test 
Follow the example in the note.  
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LECTURE ELEVEN 
 

 

 

The Use of Graphs and Diagrams in 
Illustration II 
 

 
 

 

Introduction  
In this lecture I shall introduce you to pie graph, circular graph, adjacent 
symbols, segmented graduated circles, adjacent graduated squares and 
triangular graph. 

 These miscellaneous graphs are very much used to present 
geographical statistics and so we should understand their construction and 
interpretation.  

 

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

1. discuss the stages involved in the construction of a pie graph; 

2. draw pie graphs from given statistics; 

3. construct polar chart; 

4. interprete a given polar chart; 

5. identify the different types of adjacent symbols; and 

6. interprete the information at a given point on a triangular graph. 

 

Pre-Test 
How many stages are involved in the construction of a pie graph? 
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CONTENT  

Pie Graphs (Pie charts, divided circles: wheel graphs) 
Pie graphs are circles divided into two or more sectors. They are used to 
represent quantitative information of a set of value being a proportion of a 
whole. The size of the sectors is made proportional to the value they 
represent and is normally expressed in percentages. 

 

Three stages are involved in its construction namely:  

1.  A circle must be drawn proportional in area to the total quantity to 
be represented. 

2.  Each component part must be expressed as a decimal or percentage 
of the whole. 

3.  The angle which corresponds to this decimal or percentage of 360 
represents 100% so that 1% is represented by 3.60. To find the 
number of degrees (and so. the size of the sector) corresponding to 
each percentage, multiply by 3.6 to the nearest degree. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19: Pie graph (Divided circle) 
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Rules to Follow in Plotting Pie Graph 

1.  Start the plotting of the circle sectors from one point, i.e. '12 o' 
clock at noon' and proceed in a clockwise direction. 

2.  It is better if the sequence in which the variables are placed is 
maintained in all pie graphs in one map. 

3.  Take care that sufficient space is reserved for the smallest sectors, 
you could start with the smallest sectors. 

 

Limitation 

User can only extract relative quantitative information from most pie 
graphs. Absolute quantitative information is usually not shown.  

 A very simple way to add absolute quantitative information to the pie 
graph is to indicate the total value next to the pie graph. A more usual 
solution to introduce absolute quantitative information is to combine the 
pie graph with the principle of proportional circles. 

 The principle of the pie graph can be applied in case quantitative 
information on various variables at one moment has to be compared with 
the quantities at these variables of another period. The solution to this is to 
present the information in the form of two concentric pie graphs. 
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1.  Treatment of non-metal-liferous mine products.  

2.  Bricks, pottery, glass.  

3.  Chemicals, dyes. 

4.  Industrial metals, machines, engineering.  

5.  Textiles. 

6.  Skins and leather. 

7.  Clothing and footwear.  

8.  Food and drink. 

9.  Sawmills, joinery, boxes. 

10.  Furniture, bedding. 

11.  Paper-making, printing. 

12.  Miscellaneous.  

 

Structure of industrial employment 1938/39 (inner circle) and 1962/63 
(outer circle). The radii of the circles are proportional to total employment 
in industry. 

 

 

Fig. 20: Two concentric circle pie graph 
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Circular Graph 

It is useful for mapping values related to a recurrent state of affairs, e.g. 
mean monthly temperature and rainfall. With this cyclic feature normal 
line or bar graph is not suitable because the left and right hand edges of 
the graph breaks what is supposed to be a continuum and thus makes it 
difficult to appreciate trends at a critical time. To overcome this, circular 
graph is used. The basic idea is that of taking the normal graph and 
stretching and bending it so that the two outer edges meet. Values increase 
radically outwards. It is usual to make zero a small circle so as to ease 
drawing.  

 Though this graph solves problem of interrupting cyclic occurrence of 
features, it creates other problems like: 

1. The normal rise and fall of the bar or line method value is replaced 
by the idea of a line moving away from or toward the centre of the 
circle. 

2. It needs practice before its message can be appreciated in detail. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 21: Circular graph (polar chart) 
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Adjacent Symbols 

They are used for comparison. Within one diagram, an easy comparison 
can be made between the quantities of different features that occur at a 
particular spot or in a particular area. The technique employs the principle 
of 'size is proportional to the value’. 

 

 

 

 

 

 

 

 

 

 

Figure 22: Adjacent symbols 

In figure 22 the two adjacent symbols are half circles. This method could 
be used if for instance quantities have to be shown of two different 
products of which the comparison is relevant, or in case quantitative 
information has to be given of one feature in two different periods. 

 Figure 2 and 3 can be used to compare quantities of four different 
features. The sizes of the segmented circles and of the squares are propor-
tional to the value they represent, i.e. for the calculation of the sizes, 
square root of the values have to be calculated first. 

 Usually, the dimension in which the quantities are expressed are the 
same for all segments or squares (e.g. all quantities in $, £, N, km, m, 
litres, kg, etc. 

 

Triangular graphs 
This version of graph is based on a system of non-rectangular co-
ordinates, three coordinates together form one equal sided triangle. The 
graph is used if a feature is defined by three variables. 

 The three coordinates are scaled with a percentage scaling. A given 
point in the triangle is determined by the percentages of the three sectors.  



 

 66

Summary 
We have looked at a number of other statistical graphs for presenting 
geographical facts for comparison purposes and for precise location. 
Those of them that are unusual may appear difficult but they serve 
useful purpose for more advanced map reading and interpretation. 

 Pie graph is easy to construct so long the stages involved are 
understood. The output involves approximations. The precision and 
immediate comparison which is lacking in pie graph can be obtained 
with the use of adjacent symbols because among other things, it 
employs the principle of 'size is proportional to the value'. 

 

Post-Test 
If A state records 150, 50 and 25 metric tonnes respectively of groundnut, 
cotton and rice in a season, work out the circle sector for each product. 

 

Answer to Pre-Test and Post-Test 

 

Pre-Test  
Three Stages 

 

Post-Test 

Groundnut 
1

100

225

150× = 67% approximately. 

Cotton
1

100

225

50 ×   = 22% approximately 

Rice 
1

100

225

25 × = 11%. 

Since 11% is equivalent to 3.60 convert the percentages to degree. 

Thus  Groundnut = 67 × 3.6° = 241° app.  

Cotton = 22 × 3.6° = 79° app. 

Rice = 11 × 3.6° = 40° app. 
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LECTURE TWELVE 
 

 

 

Distributional Map 
 

 

 

 

Introduction  
In this lecture we .shall study quantities distributed within given areas. 
This topic can be properly studied if we take time to distinguish statistical 
maps from statistical diagrams. In statistical map, the statistics which are 
being represented contain an element of spatial distribution, which is 
either so important or so complicated that a base map is needed on which 
this distribution can be recorded. 

 In statistical diagrams, we do not need to do this since the statistics 
may refer to only one place or even where several localities are involved, 
their spatial distribution may not need a map. The two types of maps we 
shall study are Dot maps and Density maps. 

 

Objectives 
A t the end of this lecture, you should be able to: 

1. discuss the steps for constructing choropheth (shading) map; 

2. outline the three problems to be solved in constructing dot map; 
and 

3. outline the rules for selection of class intervals in Choropheth map-
ping. 

 

Pre-Test 
Are distributional maps the same as topographical maps? 
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CONTENT  

Dot Maps 
Dot Map is a distribution map. The principle is very simple but its 
execution raises some problem. There are three main problems that must 
be solved in constructing this map. 

a. How much or how many shall each dot represent? 

b. How big shall each dot be? 

c. Exactly how shall each dot be placed within the area? 

The answer to problem one will be suggested by the statistics itself. 

The difficulty lies in finding a dot value which will achieve a satisfactory 
compromise between the lower end and upper end of the range. Trial and 
error is involved in the solution. 

 Solution to problem two depends on the methods available for 
drawing the dots. Also it depends on how much value we attached to a dot 
in problem one. The rule is to arrange the number and size of dots in such 
a way that they will just begin to touch each other in the densest area. 
With small dots, it is much more difficult to judge variations in density. 
Small dots tend to reduce the map to a more even looking distribution. On 
the other hand, bigger dots produce congestion. This may be an advantage 
because it emphasises and attracts attention towards the areas of densest 
distribution.  

 Problem three is more difficult to solve than the first two. There are 
two possible solutions which are opposed to each other. 

1. To spread the dots evenly. 

2. To spread the dots unevenly so that they are as representative as 
possible of these variations. 

 The second solution is the best and it gives a realistic result. However, 
to distribute dots on this basis involves guesswork and subjective judge-
ment. The results vary in reliability depending on the cartographer's de-
tailed knowledge of the topic. Aids in placing the dots include maps e.g. 1 
: 50,000 or 1 : 1 mile. They will help to indicate where villages and ham-
lets are, but not the detailed population of each unit. Some other speciali-
sed maps may be useful too. A person constructing a dot map must surely 
have some additional knowledge of its subject matter beyond the bare 
statistics. 
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Advantages of Dot Maps 

1. It is good for areal distribution.  

2. It is also good for showing distribution by values, volume, weight 
and number. 

3. It is good for showing the distribution of things which occur in 
discontinuous units, such as people, stock and crops. 

4. It is good for showing overlaps. 

5. It can be reconverted to statistics. 

 

Disadvantages of Dot Map 

1. It is not easy to construct uniform dots without specialised instru-
ment. 

2. Dots would merge if value is low. 

3. Blank areas are inevitable if dot values are high.  

 

N.B.  Small scale map need high value dots.  

Large scale map need low value dots. 

 

Density Mapping  

In density mapping, quantitative information is shown within the enu-
meration districts or administrative units e.g. state, country, etc. The 
quantity mapped in a density mapping is not the absolute number, but the 
relative values such as ratios i.e. quantity compared to area. 

 

Steps for Constructing Density Map 

1. Plotting of the boundaries of the enumeration districts or of other 
units. 

2. Calculation of ratios or percentage from the statistics. 

3. Choosing the proper class intervals. 

4. Plotting of the quantities according to the chosen class intervals in 
the map made in step 1 using a graded series of shadings or colours 
(follow the principle; the higher the value, the darker the colour).  
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Some Rules for Selection of Class Intervals 

1. The class intervals should cover the full range of the data. 

2. Classes may not overlap. 

3. No class interval should be vacant. 

4. Number of class intervals should be large enough to ensure that the 
accuracy of data is not lost. 

 

Systems of Class Intervals 

In this type of map data could be grouped in a limited amount of classes, 
and these classes are presented in the map with different symbols. The 
selection of the class intervals is a very important matter and basic to the 
map. A wrong choice of class intervals can make the map worthless. A 
series of data can be divided in many ways. 

 

Equal Class Intervals 

Subdivision of the data in an equal step system is most probably the best 
known e.g. 0-5, 6 - 10, 11 – 18, etc. The interval is constant in size.  

 

Summary 
The basic difference between statistical maps and diagrams is the 
element of spatial distribution which is involved in statistical maps. The 
two types of maps dealt with in this lecture fall under statistical maps 
which are quite different from topographical map (see lecture one). 

 To compile any of these maps, a compiler must have a good know-
ledge of the map subject and map appreciable statistical knowledge to 
back up the cartographic skills. To solve the outlined problems and to 
follow the steps laid down for the map, these prerequisite knowledge 
must be there. 

 

Post- Test 
1. How many problems would a dot map compiler have to solve? 

2. How many steps would you have to take to compile a density map?  
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Answers to Pre-Test and Post-Test 

 

Pre-Test 
No 

 

Post-Test  
1.  Three problems. 

2.  Four steps. 
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LECTURE THIRTEEN 

 

 

 

Analysis of Geological Maps 
 

 

 

 

Introduction  
Interpreting geological maps is of importance to both geographers and 
geologists. This is because geology helps to explain topographical features 
e.g. landform, soils and vegetation. 

 This then raise the question of how should it be arranged. Is it the 
study of geology before topography or the other way round? In most 
places it is topography before geology because topographic map is the 
base. 

 In this lecture we shall talk briefly on the meaning and interpretation 
of simple geological structures like bed, bedding planes, dip, strike folds, 
faults, intrusion and unconformities. The approach shall be both descrip-
tive and quantitative. 
 

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

1. define some key terms pertaining to geology; 

2. discuss the relationship between Topography and Geology; 

3. discuss the guidelines in interpretation of Topographic maps; 

4. discuss the nature of Geological section; 

5. interprete a given Geologic map; 

6. determine bed thickness; and 

7. find the dip and strike of a dipping plane. 
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Pre-Test 
What does Geological section illustrate? 
 

CONTENT  

The Geological Map 
It shows both the occurrence and distribution of surface rocks of an area. It 
is published in different scales e.g. 1.2 million, 1,250,000, 1: 125,000 etc. 
It makes use of conventional signs to give its information. There is 
Topographic elements at the background of the map e.g. roads, foot path, 
rivers, etc. mostly designed in monochrome. Numbers show the age of the 
rocks and letters show minerals. It is designed in this way to facilitate 
clarity. 
 

Relationship between Topography and Geology 

Erosional processes determine the size, shape and distribution of the 
landforms so long the rocks react in a uniform manner. On the other hand, 
where different hardness exists, we have lithology structure and erosion 
agents determining the erosional pattern. Therefore contour pattern or 
topographic map suggests structure and geomorphology. 
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Some Guidelines in Interpretation of Topographic Maps 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23: Contours bend upstream 

6.  No Contour = Level ground 

7.  All isolated contour has the same elevation as the next adjacent 
contour. 

8.  All points inside a depression contour are lower than that contour 
line. 

 

Geological Section 
It illustrates geological structure. The rules for drawing it are similar to 
that of topographic sections. In fact, most geological sections are topogra-
phic sections with geological outcrops and structure shown.  

 Exaggeration should be limited so as not to distort the dip and 
thickness of the beds. The first thing to Consider is the vertical scale. 
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V.S = 1 : 12,000 

Horizontal scale = 1 :63,360 

 Vertical exaggeration = 
V.S

HS
  

V. E. 
V.S

HS
= 

12,000

63,360
=5.28 times. 

Note.  Before Working the V.E. out make sure the two scales are in the 
same unit. 
 

Terminology 

Sedimentary rocks - rocks laid down regularly in stratified or bedded form 
and bounded by bedding surfaces in simple state. They are conformable 
i.e. one layer lying on top of another. Rock strata are said to be dipping 
whenever they depart from the horizontal. 

Bedding Surfaces are Called Planes 

Strike:   Direction in which slope is nil. 

True dip: Right angle to the strike. It is the direction of maximum 
slope downwards. 

Apparent dip: Angle made by the bedding plane in any direction with the 
horizontal. 

Outcrop: Outcrop of a bedding plane is the line of intersection of the 
bedding plane with the surface of the ground. In geological map, the 
outcrop is the projection of the bedding plane unto the horizontal plane of 
a map. 

Igneous rocks: Irregular masses intruded from the earth's interior into the 
rocks near the surface. Their planes are not conformable e.g. batholith, 
loccolith, sill and dyke. 

Structure: Large features of rocks including bedding, folds, faults, joints 
and the relation of rock groups. 

 

General Procedure for Studying 

1.  Study the Topographic Maps under the headings - Elements of 
Topographic maps and Design of Topographic elements. 

2.  Study the basic geology i.e. origin of rocks, rock types, rock 
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classification, process of weathering, transportation and deposition 
and sedimentation. 

 

Description of a Geological Map 

Our main objective in geological map interpretation exercise is to identify 
as accurately as possible the features depicted on the map. 

Step 
1. Examine the map for all available geological information. 

2. Key will give clue to distribution and age of the rocks. 

3. Be able to think 3 dimensionally. 

4. Constant practice is needed: 

You should note the following points 

i.  It is very rare to have a geological bed that is plane and with 
uniform dip. 

ii.  Earth movements often distort simple structures to the extent that a 
bed exhibits variable dips. 

 There are two parts to the description of a geological map, namely; 
geological history and geology of the area. Geological History Account 
should be based mainly on the events in the geological history of the area 
in chronological order i.e. rock succession.  

1. You should describe the oldest bed taking note of the peculiarities 
of the outcrops. 

2. Treat other beds in a similar way. 

3. Note the disappearance of beds resulting from the effect of 
unconformity or overlap. 

4. Ages and types of folding, faulting and igneous activities should 
also be given. 

5. Start from the oldest to the youngest bed. 

 

 It usually ends with the erosion of the area into present topography. 
Note that commonly, the superficial deposits and landforms record the 
latest geological events in any given area.  
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Geology of an Area 

A full account of the geology should be given. Account could be broken 
down into sections, thus:- 

i.  Introduction: Describe the main relief features and drainage pattern 
using contour spacings. Take note of the peculiarities of outcrops 
and relate them to the relief and or structure. 

ii.  Stratigraphy: Tabulate or use diagram.  

-  True thickness if known should be written in front of each of the 
strata. 

-  indicate positions of igneous and metamorphic and unconformities 
accurately as    well as the superficial deposits. 

iii.  In the course of searching for the relief and outcrop pattern 
structural features may become evident namely; unconformities 
folds, and their nature - type(s) of faults 

- Amount and direction of throw. 

- Dip of the fault plane. 

- Age(s) of period(s) of earth movement should be indicated.  

 

Igneous Activity 

Study Igneous and metamorphic rocks if they are present in terms of their 
nature and distribution. Describe in detail and date them. 

 

Economic Geology 

Indicate mines and quarries by recording them. 

 

Calculation of Bed Thickness 

Bed thickness varies from a few centimetre to several metres. There are 
two types of thickness - vertical and true. True thickness is the perpendi-
cular distance between the two boundaries or bedding planes. 
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Fig. 24: Thickness of a bed 
In the above figure  CD = true thickness  

BC = vertical thickness. 

Angle BCD is the angle between vertical and true thickness. 

This is equal to the true dip angle = α 

Cos α = 
BC

CD
 

CD = BC Cos α. 
 

It is therefore easy to measure the true thickness from an accurate 
cross-section by using a pair of dividers and referring the measurement to 
the horizontal scale or the scale of the map. 
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Summary  
In this lecture we have discussed the nature of geological map. Some 
guidelines in the interpretation of topographic map are given because 
underlying geology guides the topography of an area. To illustrate 
geological structure, geological section has to be drawn. 

 General procedure for studying geological maps is embedded in the 
understanding of the element and design of the topographic maps and 
the basic geology. This will lead users to the proper identification of the 
geological features that are on the map. By measuring the true and 
vertical thickness of the beds and applying cosine formula we can 
determine the bed thickness. 

 

Post-Test 
State the chief aim in interpreting geological map. 

 

Answers to Pre-Test and Post-Test 

 

Pre-Test 
Geological Structure. 

 

Post-Test 
To identify as accurately as possible the features depicted on the maps.  
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LECTURE FOURTEEN 
 

 

 

Weather Maps 
 

 

 

 

Introduction  
Weather map or "synoptic chart" is a map which summaries the existing 
weather conditions and it gives a forecast of weather to be expected during 
the next twenty-four hours. Weather map is composite, most aspects of 
weather being shown on -one map. 

 Isobars are the most prominent features on the weather map, but no 
lines are used for temperature and rainfall.  

 Temperatures are shown by numbers near the observing stations. 
Rainfall and degree of cloudiness are indicated by symbols. Though a 
maximum of information is given on one weather map, it is not 
overcrowded.  

 

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

1. discuss the terms used on weather maps; 

2. discuss the methods of data representation on weather maps; and 

3. outline the procedure for mapping weather elements. 

 

Pre-Test 
What other names can you give to weather maps?  
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CONTENT  
Terms Used in Weather Maps 

1.  Barometric Pressure 

Air has weight with which it presses upon the earth. Pressure at the foot of 
a mountain is greater than at the top, and at the sea-level pressure varies at 
different places and at the same place at different times.  

 The chief cause of the variation is temperature which affects the 
density of air. Atmospheric pressure is measured by the barometer. 
Barometric pressures on weather maps are now represented in millibars 
instead of inches as was the case in the past. 
 

2.  Isobars. 

These are lines of equal barometric pressure drawn through places where 
the pressure is the same. The vertical interval is 4 millibars.  
 

3.  Barometric Gradient  

The barometric gradient is the rate of fall of barometric pressure measured 
at right angles to the isobars. Where isobars are close together, gradient is 
high and winds are strong. Where isobars are far apart and the gradient is 
low, winds are light. 

 

4.  Isotherms 

These are lines of equal temperature. The lines are not drawn on weather 
map however. Temperature reading is only shown in degree in the site of 
each meteorological station. Isotherm maps are associated with climate 
rather than with weather. 

 
5.  Isohyets 

These are lines of equal rainfall amount for a given period. It is obviously 
impossible to draw them accurately. On weather maps, a special symbol is 
used to show that rain falls at a given station. Different symbols are used 
for cloud coverage; snow, hail, fog, mist, etc. 
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6.  Isallobars 

These are lines drawn through places where the barometer has risen or 
fallen by the same amount during the preceeding three hours.  

 

7.  Depressions and Anticyclones 

A depression is an area of low pressure surrounded by high pressure. An 
anticyclone is an area of high pressure surrounded by low. 

 

Representation of Weather Data 
Weather map is similar to topographical map because it attempts to 
present the totality of the weather conditions of an area at a particular 
point in time. 

 All elements of weather for a particular station are shown in a station 
model. In a typical station model the location of the station is given by a 
circle. The circle is shaded to show the conditions of the sky at the time of 
record. Above and below the shaded circle are symbols showing clouds 
form; high and medium clouds above, low clouds below. An arrow with 
feather pointing towards the station shows the direction and the force of 
the wind. If a circle encircles the station mark it indicates calmness at the 
time of observation. 

 Pressure is one of the most important elements shown on a weather 
map and so it is shown with solid line. Other weather elements like the 
appearance of the sky, fog situation, haze, precipitation and fronts all have 
symbols used for them in the station model. 
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Fig. 25: Symbols used on weather maps: (a) for cloud forms; (b) amount 
of cloud; (c) present weather; (d) fronts. 

 

Analysis of Weather Map 
In this exercise weather map is dissected into its component parts. In 
essence, all the weather elements on a weather map can be analysed on 
individual basis. However, in practice, only a few can be singled out for 
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analysis. To analyse a weather map, there are two tasks. 

1.  Describe the general picture of weather over the entire area. This 
involves taking note of the position of the front, and passing com-
ments on conditions regarding the wind, cloud, temperature 
humidity, pressure, etc. 

2.  The quantifiable parameters should be isolated for analysis. 
Isorithmic method is the most common. By this method, isolines 
are drawn. The procedure for drawing the isoline map of pressure 
is as follows:  

1. Locate the stations. 

2. Write in the pressure reading for each station and 

3. Interpolate the isolines. 

 This procedure can be followed in mapping other continuously distri-
buted elements such as temperature and wind. The aforementioned proce-
dure is a static one. 

 

Dynamic Meteorology  
The second aspect of weather study is dynamic. This aspect include infor-
mation on the speed of travel of fronts, type and rate of changes in the 
various other weather elements. 

 Generally, cold fronts move faster than warm fronts and this is why 
cold fronts generally overtake warm fronts to form an occlusion.  

 

Forecasting 
Weather forecasting is primarily based on: 

1. The study of air masses, particularly their relation to one another. 

2. Their physical properties, especially temperature, humidity and 
pressure. 

 Air masses are classified according to their place of origin. The origin 
of air masses can be inferred from their properties, temperature, dew point, 
lapse rate etc.  Lapse-rate can be inferred from surface phenomena e.g. a 
showery type of weather is associated with polar air. Once the fronts have 
been identified on the map, the isobars can be sketched from the pressure 
readings and wind direction. Surface towards the lower pressure, if the 
wind is strong the deflection is small. 
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 Steep gradient causes strong winds. Forecaster will have to estimate 
the direction and rate of movement of each front. Having done this one is 
in a position to judge when the conditions associated with these fronts may 
be expected to reach the area for which one is forecasting. 

 

Summary 
In this lecture, you have been introduced to the various terms used in 
weather maps. You have also been taught how to represent the weather 
elements cartographically on maps. In analysing a weather map the two 
essential aspects ate description of the general picture of weather over 
the area in question and secondly, producing an isoline map of the 
quantifiable parameters of weather. This of course is a static approach to 
analysing weather map. 

 The dynamic approach was mentioned in passing. This touches on 
speed of movement of fronts and rate of changes in the other weather 
elements. Weather forecaster must study the air masses relationship and 
know their physical properties. 

 

Post-Test 
Which weather element is described as one of the most important on 
weather map and how is it shown? 

 

Answers to Pre-Test and Post-Test 

 

Pre-Test 
Synoptic chart. 

 

Post- Test 
Pressure. 

It is shown as isobars in solid lines. 
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LECTURE FIFTEEN  
 

 

 

Climate Maps 
 

 

 

 

Introduction  
Climate map is more specialised being as a rule used for only one main 
aspect. Separate climate maps are generally used to show temperature, 
pressure, and rainfall conditions, using isotherms, isobars and isohyets 
respectively. Climatic maps deals with the average conditions of the 
atmosphere over a long period, usually more than thirty years. 

 

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

1. discuss the difference between climate map and weather map; 

2. analyse precipitation data; and 

3. discuss qualities of octile analysis as they apply to rainfall data of 
any place having a record of over 30 years. 

 

Pre-Test 
Mention the forms of precipitation you know. 

 

CONTENT  

Analysis of precipitation Data 
Precipitation can occur in many forms, namely: rain, snow or hail. For the 
purposes of generalisation, precipitations records should be kept for at 
least 35 years at any given station.  
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To compare the averages you must observe the following steps:-  

1. Tabulate all the 35 years records for all the stations in the region.  

2. Obtain the annual average for each station and for each year.  

3. Find the mean general average for the 35 years period.  

4. Express each annual figure as a percentage of the mean calculated 
in step 3 above. 

5. For each station with a short-period record, find the mean annual 
rainfall for that period. 

6. Express each annual figure as a percentage of the calculated mean 
in step 5 above. 

7. By reference to the general percentage for that short period 
calculated in (4) above, increase or decrease the short-period mean 
to give a computed 35 year mean for each station. 

 

The mean can be found on daily basis, monthly or on quarterly basis 

 

The Mode 
The mode is the most frequently occurring amount of rainfall. To obtain it, 
it is necessary to subdivide the record into convenient class intervals and 
to count the number of occurrences for each class or band. The class with 
the highest number of occurrences is the modal class or mode. Note there 
may be more than one mode. 
 

The Median 
This is simply the middle value e.g. in a 35 year record, the 18th record 
from top or bottom is the median when arranged in an ascending or 
descending order. 
 

Quartiles 
In quartiles ana1ysis, the period is divided into four parts. The mid-point 
between the lower extreme and the median and the upper extreme is the 
upper quartile. If the record is divided into eight sections it will give octile 
analysis.  

 Medians, quartiles and octiles reflect the percentage of expectation of 
rain e.g. the inter octile range gives a 75 percent expectation of rain. 
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Magnitude frequency analysis of precipitation, some hydrologists call this 
"Theory of Extreme Values".  

 This analysis allows us to speak of the annual rainfall for specific 
periods, i.e. the highest annual peak appropriate to that period of time, 25 
years, 50 years, 100 years annual rainfall. 
 

Steps to be taken:  

1.  Rank the observed values in order to magnitude beginning with the 
highest. 

2.  Recurrence intervals are computed using the formula.  

ri = 
r

n 1+
 

where ri is the recurrence interval 

n is the number of observations in a series. 

r is the ranking order of a particular observation. 

3.  Recorded totals are plotted against their computed recurrence inter-
val. A scatter diagram can then be produced. 

 

Length of Rainfall Data 
The length of the rainy season in any area is a very important geographical 
phenomenon and it can be determined objectively from rainfall data. One 
way is to use average monthly values of rainfall. The procedure for this is 
as follows. 

1.  Accumulating the average monthly figures in both directions i.e. 
forward from January and backwards from December. 

2.  Inspecting the accumulated totals for the month during which the 
effective rains begin. The point of effective rains is taken as that 
when sufficient rain has fallen to ensure sufficient water in the soil 
to maintain crop growth. 

3.  Deriving the actual date in the month when the effective rains 
begins, this is obtained from the equation  

Der = Days in month × 2 
month for the rainfall Total

month) previous of  totaled(accumulat
 

where Der = date of effective rains. 

 



 

 91

Percentage Variation Graph 
This is a type of graph which can be used to analyse rainfall as well. 
 

The step for constructing it is as follows: 

1. Work out the percentage deviation for the required period. To do 
this you can draw a graph of arithmetic progression of variations. 
From the graph, the total variations can be read and converted to 
percentages. 

2. Draw the axis AOB for the percentage variation and OC for the 
years.  

3. Draw lines (bar graph to represent the percentage deviation for 
each year on the OC axis. 

 

Rainfall periodicity graph  

1. Work out the accumulated totals for each year. 

2. Choose suitable scales for rainfall amount on the Y axis and year 
on the X axis. 

3. Draw the average accumulated graph OA by representing the 
average accumulated total point by A. The line obtained represents 
the amount by which rainfall in a place is expected to increase, 
assuming total increase by the average figure. 

4. Plot the real accumulated total for each year and join by a smooth 
curve. 

 From the two graphs it is possible to derive useful information about 
the rainfall characteristics over the year.  

 Negative percentage deviation coincides roughly with years of rainfall 
below average drought year while positive deviation shows wet years.  

Accumulated Deviations (Rainfall in Inches) 

 Mean Rainfall for the series 23.0 
Year Rainfall Deviation Accumulated Deviation 

1860 25.9 +2.9 +2.9 

1861 30.4 +7.4 +10.3 

1862 17.9 -5.1 +5.2 

1863 24.6 +1l6 +6.8 

1864 25.2 +2.2 +9.0 
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Analysis of Other Climatic Data 
Similar analysis can be performed on temperature and other form of 
climatic data. 

 Graphs are widely used in the representation of temperature to show 
seasonal, annual, monthly, daily and hourly variations. Temperature dis-
persion graph and scatter diagrams are also very common. 
 

Climatic Maps (Isopleth Maps) 
Climatic statistics form the basis of various types of maps. Mean monthly 
temperature and mean monthly pressure form the basis of isotherm and 
isobar maps. They represent average conditions. Mean monthly mean 
annual and mean seasonal rainfall figures form the basis of rainfall maps. 
In addition to their use for climate maps, temperature, pressure and rainfall 
figures can be illustrated by various types of graphs. The simple line graph 
is commonly used for this purpose. 

 In such graphs the months form the abscissae, the temperature or 
amount of rainfall the ordinates. 

 Temperature curves for a single month as well as for a year are 
possible similarly, temperature curves can by drawn for hourly readings 
throughout any day. Monthly or daily pressure charts are, in like manner, 
constructed from barometrical readings, but there has been considerable 
development in self-recording instruments which automatically record 
curves of temperatures and pressures and this enable observations of 
maximum and minimum to be made. Mean monthly rainfall can be plotted 
absolutely or as a percentage of the mean annual fall. 

 

Summary 
In this lecture the distinguishing feature of climate map is spelt out i.e. a 
climatic map is used for only one main aspect of climatic element at a 
time. 

Rainfall being one main element of climate has been studied in detail in 
the following areas: calculation of averages, mode, median, and 
quantiles. 

The procedures for calculating "Extreme Values", Length of rainfall 
data, percentage variation graph and rain fall periodicity graph are 
outlined. 
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In conclusion the nature of climatic map was then highlighted, some 
examples of climatic maps being isotherm map, isobar map and rainfall 
map. In addition to maps emanating from temperature pressure and 
rainfall data, various types of graph could be produced from them. Line 
graph is the commonest used method. 

 

Post-Test 
Distinguish climatic map from a weather map. 

 

Answers to Pre-Test and Post-Test 

 
Pre-Test 
Rain, snow, hail. 

 

Post-Test 
Climatic map deals with element of climate as a theme at a time while 
weather map is a summary of all weather conditions prevailing at a place.  
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